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PREFACE. 


Tn  volume  now  offered  to  the  Public  is,  so  far  as  I  am  aware,  the  only  English 
one,  OQfntwmng — ^within  a  moderate  compass — so  large  an  amount  of  information  con- 
ccmng  the  conation  and  progress  of  Physical  Science,  and  presenting,  at  the  same 
dme,  every  fttSltj  as  to  reference.  I  earnestly  and  respectfully  hope  therefore,  that 
it  win  prove  uaefbl,  especiaUy  to  the  Student.  That  it  is  what  a  book  with  such  a 
title  oii|r1it  to  be,  I  do  not  in  the  least  imagine.  Few  living  authors  are  capable  of 
prodocmg  an  adequate  **  Cyclopaedia  of  the  Physical  Sciences."  The  time 
leqmted  to  compose  soch  a  book,  in  the  hands  of  even  the  best  informed  and  readiest 
r,  would  extend  over  a  far  larger  space  than  our  modem  rapidity  of  Discovery 
tike  press  and  hurry  of  modem  Publication,  will  allow;  and  the  difficulty  of 
the  right  kind  of  assistance  can  be  appreciated  only  by  those  who  have 
f^ai|uiiiid  to  seek  it* 

I  dttli  not  specify  the  defects  of  this  volume,  either  as  regards  proportion  or 

esfiealion ;  for,  they  are  apparent  enough.    I  believe  however,  that  I  know  them 

wll;  and,  assaredly,  I  could  have  wished,  for  the  sake  of  the  Reader,  that  circum- 

had  permitted  me  to  present  him  with  a  volume  free  from  such  defects.    It  is 

agreeable  to  me,  to  have  the  opportunity  of  thanking  a  few  of  the  eminent 

to  whose  kmdnesB  it  owes  its  excellences.    The  philosophical  Student  of 

will  find  a  series  of  letters  on  QuATERiaoNS  (in  the  Text  and  Appendix) 

Sot  WiLUAH  RowAM  HAMILTON  alonc  could  have  written, — so  thorough  are 

tbej,  and  so  load.    Hiese  remarkable  letters  will  make  known,  probably  for  the  first 

to  many  mathematical  Inquirers  on  this  side  the  Irish  Channel,  the  nature, 

power,  and  fertility  of  the  method  of  Quaternions;  and  I  believe  they  will  be 

in  after  times,  with  the  interest  with  which  we  refer  now  to  the  best  parts 

scientific  literature  of  this  description,  rich  though  that  is. — ^A  second  most 

valaabte  contribution  is  due  to  the  Rev.  Dr.  Robinson  of  Armagh.    This  very  dis- 

tti^aislied  Asircmomer  and  Physicist  kindly  wrote,  at  my  request,  the  article  Speculum; 

IB  artide  in  which  is  presented,  to  the  general  Reader^also,  I  believe,  for  the 

fine  time— a  critical  account  of  the  inventions  and  processes  by  which  Lord  Rosse 

aad  ochers  have  snoeeeded  in  bestowing  on  the  Reflecting  Telescope  a  degree  of 

and  a  grasp,  until  recentiy  quite  unhoped  for.    Dr.  Robinson^s  artide, 

ffff^m^  is  yet  so  full  and  precise,  that  I  am  fiun  to  indulge  the  hope  of  its 

and  guiding  ftirther  enterprise. — To  Archibald  Smith,  Esq.  of  Lin- 


VIU  PREFACE. 

coln*8  Inn,  my  best  thanks  are  offered  for  an  ample  and  very  instmctiye  article  on 
question  with  which  his  name  is  intimately  assodated,  yiz.,  the  disturbing  effect  of  ti 

Magnetism  of  Ships  on  the  Compass ^My  colleagues,  Professors  Whxiam  Thomsc 

and  Raneikb,  haye  also  given  me  their  assistance.  To  the  former  I  owe  many  invali 
able  suggestions,  besides  his  notice  on  THBEMO-MAGmsTiSM — (a  subject  wbich,  in  i 
present  form,  is  almost  wholly  a  creation  of  his  sagadty  and  genius) — and  his  Essay  t 
the  Appendix  on  the  Electric  Telegraph:  and  the  originality  and  power  of  tt 
latt^  will  be  recognized  in  articles  Heat,  Elashcitv,  Vapours,  Steam  Ekqinis,  Sh 
— I  am  deeply  indebted  to  my  friend  Dr.  John  Tatlor  of  the  Andersonian  Uni 
versity.  He  has  written  many  articles  on  Electricity,  and  on  those  portions  of  Optic 
that  have  relations  with  Physiology  and  with  Photography.  Nor  do  these  contribu 
tions  comprehend  the  amount  of  my  obligations  to  him. — I  have,  been  favoured,  besidei 
with  aid  from  Mr.  J.  R.  Napier  of  Glasgow;  from  Mr.  R.  Ritchie,  O.E.,  and  Mi 
James  Eujot,  of  Edinburgh;  and  from  Mr.  E^er,  one  of  our  recent  Brbaoalbaih 
ExmfirnoincRS :  but  I  must  emphatically  specify  the  services  of  another  am 
younger  Breadalbane  Exhibitioner — ^Mr.  William  Jack,  now  of  St.  Peter^s  College 
Cambridge.  This  well-mformed  and  very  promising  Student  has  contributed  numerou 
separate  articles;  and  I  must  say  farther,  that  without  the  help  of  his  untiring  indus* 
try,  it  would  have  been  difficult  for  me  to  have  gone  through  the  almost  intolerabh 
labour  inseparable  from  the  producing  of  a  volume  like  the  present  one. 

Turning  fi^m  Men  to  Books^  I  shall  candidly  confess,  that  when  I  assented  tc 
Mr.  Griffin's  proposal  that  I  should  edit  such  a  Cyclopaedia,  I  had  it  in  my  mind  that 
I  might  make  the  scissors  eminentiy  effective.    Alas  I  on  narrowly  examining  our  best 
Cydopssdias,  I  found  that  the  scissors  had  become  blunted,  through  too  frequent 
and  vigorous  use.    One  great  exception  exists,  viz.,  the  Penny  Cydopcsdia  of  Charles 
ICnight.    The  cheapest  and  the  least  pretending,  it  is  really  the  most  philosophical  of 
our  scientific  dictionaries.    It  is  not  made  up  of  a  series  of  treatises,  some  good  and 
many  indifferent,  but  is  a  thorough  DkHonaty,  well  proportioned,  and  generally  writ- 
ten by  the  best  Men  of  the  time.    The  more  dosely  it  is  examined,  the  more  deeply 
will  our  obligations  be  felt  to  the  intelligence  and  conscientiousness  of  its  Projector 
and  Editor. — ^But  I  acknowledge  many  debts  to  various  separate  works  in  dif- 
ferent departments  of  science.    I  have  spoken  frequentiy  in  the  text  of  the  volume 
on  Practical  Astronomy  by  Professor  Loomis  of  New  York; — once  more,  I  beg 
to  recommend  it  as  the  best  work  of  the  kind  in  the  English  tongue.    May  I 
record  the  wish,  that  Professor  Loomis  would  translate  the  invaluable  volumes  of 
BRtfFNOW  and  Savhtch?    A  new  Mathematical  Dictionary  by  Messrs.  Davies 
and  Peck  has  recentiy  been  published  in  New  York.    It  is  a  great  advance  on 
Barlow^s  Dictionary,  and  has  many  claims  on  the  attention  of  the  Student.    I 
have  extracted  a  few  articles  firom  its  pages :  as  I  have  done  also  firom  the  useful  and 
pleadng  introduction   to  the  Modem    Geometry^   by  Professor  Mulcaht  of 
Galway. — ^In  Physics,  there  is  not  at  present,  in  English,  any  standard  general  woriL 
To  Dr.  Lloyd^s  Lectures  on  the  Theory  of  Light,  I  have  been  largely  indebted, 
especially  in  the  article  on  Thin  Plates,  and  part  of  the  article  on  Double 
Refraction.    Sir  David  Brewster^s  recent  volume  on  Optics  has  often  guided 
me  in  the  exposition  of  phenomena;  as  well  as  his  original  Memoirs:  and  of  course 
the  Repertoire  of  the  Abbjs  Moigno  has  proved  a  constant  source  of  information.  It  is 


FBBFACE.  IX 

KBcdy  neoeasttry  to  aUude  to  the  servioes^of  which  I  have  freely  availed  myself— 
the  Abstracto  of  Memoin,  &c.,  which  are  fotmd  in  our  English  and  Foreign 
vio&als,  vis. : — 7^  Edinburgh  and  London  Philosophical  Magazine^  the 
.4«wiiet  dt  P%tfaiqae  et  dUmie^  and  Poggendorf$  Annalen,  Finally,  let  me  acknow- 
ledge tlie  oMigatianii.  I  am  under  to  the  exqniate  and  instmctive  Physical  Atlas  of 
AuExaxDUi  KxiTH  J0HM8TOK,  Esq. 

Hie  atatement  now  made  may  convince  my  Readers  that  I  have  not  neglected 
sfplwiifna  Ckely  to  affi>rd  adequate  aid.  I  wish  I  oonld  have  lessened  farther  the  very 
hrfjt  amount  of  what  as  a  glance  over  the  contents  of  this  Cyclopsedia  will  show — 
on  my  own  responsibilxty.  Owing  to  the  ceaseless  but  irregular  pressure 
ftlfing  on  the  Editor  of  such  a  volume,  I  have  not  been  able  to  restrict 
mjBcIf  to  ihe  treatment  of  ihoae  parts  of  Physical  and  Mechanical  Science,  with 
wUck  prewioua  aequirement  had  rendered  me  rather  familiar:  nay,  I  have,  in  some 
caaes,  ieh  obliged  to  del^ate  the  treatment  of  portions  even  of  these. — So  much  for 
tkt  bniifing-i;^  of  this  book. — Mbj  I  solicit  that  it  be  received  in  the  spirit  in  which 


Tk  ndrantagea  of  Alphabetical  arrangement  in  such  a  work,  are  undoubtedly 
lai^gdy  ooontabalanoed  by  the  broken,  incomplete,  and  therefore  unsatisfactory 
of  mai^  of  the  separate  articles.    This  inconvenience  has  been  obviated, 
aa  pgacticable,  by  distinct  references  from  article  to  article:   and  several 
referenoea  omitted  in  the  text — are  indicated  and  sopplied  in  the  pre- 
tnble  of  Errata. — ^I  must  allude  however  to  two  matters  of  greater  conse- 
It  haa  not  been  possible  to  do  justice— even  comparative  justice— to  the 
who  have  advanced  and  are  rapidly  advandng  all  departments  of  Physics. 
tbe  names  of  special  Inquirers  are  mentioned,  it  is  because  of  some  very  notice- 
peodiatity  in  their  relations  to  the  subject    I  should  indeed  have  rejoiced  had 
pennilted  the  introduction  of  Historical  oonnderations,  or  of  attempts  to  appro- 
oiler  tribnte  to  the  worth  of  Contemporaries.    Neither  have  I  desired 
absolutely  concerning  those  few  physical  questions  now  under  active 
The  wrilen  of  the  articles  connected  with  such  questions  may  not 
tboogfat  fit,  in  every  instance,  to  conceal  thdr  leanings;  but  the  intention  has 
^■sjv  been  to  state  ftiriy  the  nature  of  the  conflicting  views. 

J.  P.  N. 
OisavjiiwT,  SOtk  JiumiwTf,  1857. 


PREFACE  TO  THE  SECOND  EDITION. 


It  is  neonsarj  to  state  the  circtmutances  under  which  the  Second  Edition  of  the 
Ctclopjedia  of  the  Physical  Sciences  is  issued.  The  revised  sheets  were 
pnmg  nnder  the  Author's  hand  when  it  was  arrested  by  death  in  the  midst  of  thb, 
bis  latest  effort ;  but  such  arrangements  had  been  made  for  completing  the  work, 
that  the  Editors  have  had  only  difficulties  of  detiul  to  surmount  in  carrying  into 
execution  what  they  knew  to  be  the  Author^s  intentions. 

A  few  emm  in  the  First  Edition  have  been  corrected,  some  omissions  sup- 
plied, and  seTeral  articles  materially  enlarged,  to  make  room  for  the  more  recent 
results  of  experiment  and  speculation.  Among  other  subjects  which  have  received 
a  owre  extended  treatment,  it  is  right  to  specify  that  of  **•  Equations,"  which  has 
been  ably  and  fully  expounded  by  Mr.  Ker.  The  short  notice  of  '^  Electrical 
E^g,**  which  formerly  appeared,  has  been  replaced  by  an  article  of  considerable 
length,  in  whidi  the  subsequent  important  discoveries  under  that  head  are  dis- 
cused.  PsoFESSOB  William  Thomson  has  kmdly  revised  and  amplified  his 
articles  on  **  Electrometer,^' and  the  *^  Electric  Telegraph."  A  valuable  addition 
his  been  made  to  that  on  Frauenhofer*s  lines  in  the  account  which  Professor 
SroKES  has  given  of  his  discoveri^  with  reference  to  the  Invisible  Spectrum. 

Several  entirely  new  articles  have  been  added.  Professoiw  Raneine  has 
supplied  those  on  the  ^  Conservadon  of  Force,"  and  the  *^  Skew  Arch."  We  are 
iiidd)ted  to  Dr.  Taylor  for  an  interesting  essay  on  the  "  Atmospheres  of  the 
Planets;^  to  Mr.  Hemming,  of  London,  for  a  history  of  ^^  Decimal  Coinage;"  and 
to  Mr.  P.  £.  DovEf  for  an  article  on  '*  Rifles." 

The  whole  Wori^  has  thus  been  considerably  increased  ;  and  we  have  only  to 
exprev  a  hope  that  enough  has  been  done  to  render  it  yet  more  worthy  of  the 
rapport  with  which  it  was  formerly  favoured. 

Glasgow,  Jinwafy,  1860. 


SUPPLEMENTARY  REFERENCES. 


IThe  Reader  Urequeated  to  inuf%  or  notice^  tkefoUowwg  r^ereneetfrom  Text  to  Appendix.2 

Hbatuio  of  BuiLDXHOd,  page  4S1.    6«e  Note  oonoeroing  VsMTiLATioir  in  Appendix. 

iKAomABiES,  page  458.    See  Iicaoihabt  Ezpbbssiovs  in  Appendix. 

Light,  VKLocirr  of,  page  506.  Somewliat  discrepant  statements  are  found  in  varions  articles 
in  reference  to  the  actnal  velodtj  of  light.  The  best  Aetroiwmioal  determination  of  it  is 
still  perhaps  that  by  Strnye,  which  gives  it  as  191,515  miles  per  eeoond.  The  physical 
determination  by  Fizean  gires  a  higher  number— nearer  to  the  original  one  of  Blhner. 
But  whatever  the  excellence  of  Fizean*s  experimontSi  we  must  take  our  absolute  determina* 
tion  from  astronomical  methods. 

Stbbbosoope,  page  812.    See  Appendix. 
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poltkomb. 
Pulley. 


SCBEW. 

Stbam. 
Steau-Boiler. 

XJNlVBBaAL  biSTBUMEKT. 


LIST  OF  MAPS  AND  PLATES. 


Fbontibpibcb — Cratsrlform  Structure  of  the  Moon. 

MAPS> 

I- — ^Annual  Isothbbicalb,          ......  to  face  page  475 

IL — Jakuart  Isothebmals,         ......  n        476 

III. — July  Isothebmaus,   .......  it       477 

IV.— Maoxetio  Mbbidiabb  ahd  Paballels,       ....  «       565 

PLATES. 

I.— AuROBAS,       ........  tofacepage  61 

II. — ^Thb  Plahxts,           .......  »»       479 

III. — POBnOMS  OF  THE  MoON,        ......  ,»          598 

IV. — Nebula,        .                       .           .           .                                  .  ,,608 


CYCLOPEDIA 


or  TUB 


PHYSICAL    SCIENCES. 


ABE 

t  atonn  used  to  derigDaie  three 
of  mndi  importanoe.    Thej 


0 


(1.)  AUtrtaum  fff  Light ;  aTerycnriofOS  sppar- 
cttfie^MCHMBt  of  Che  atan ;  one,  to  whkh  any 
rihjirt  ntirinr  to  the  eaith,  and  unafiected  by 
the  notin  proper  to  that  orb,  would  appear  sob- 
bed. Ita  Baton  may  be  ffloatrated,  simply,  ms 
folkpn: — ^ImagiDeA  ahower  of  rain,  fUliDg,  in  the 
ajbaeaee  of  wind,  perpendicalarly ;  eveiy  drop 
wali  evidently  lall  i^lfat  thnmgh  the  axis  of  a 
tajba  hdd  ii^<  up  or  m  a  perpendicnlar  poeition, 
provided  that  tube  were  at  rest    The 

•  Tcrtieal  poaitioa  of  the  tube  would 
*  1       thus  cMTBtpood  with  the  direction  of  the 

tain,  and  indicate  it  But  if  the  tube 
vtcre  in  modoo,  tay  in  the  direction 
of  B,  the  lain  drop  entering  at  the 
entre  of  its  top  at  b  would  no  longer 
eooK  out  at  the  oentie  of  the  end  at 

*  *     A :  on  the  other  hand,  it  would  strike, 
«r  tani  to  strike,  before  issuing,  on  the  nds  a  b 

In  sndi  a  caie,  if  an  observer  or 
desired  to  catch,  at  the  middle 
the  tnbe  s  end  a,  the  diop  which  entered  at 
r  adddleof  the  end  b,  he  would  require  to  wi- 
the tnbe  towards  the  direction  of  the  tube's 
aa  holow.    And  the  degree  or  amount 

€i    the    requisite 

I  mdmaiitm    would 

/    \  /  /      /      evidently    depend 

on  the  swiftness  of 

ths  tube's  motion, 

/     /  /^      /  *nd  the  swiftness 

of  the  fall  of  the 
drop.  Now,  should 
in  this  ease  require  to  judge  of  the 
in  wfatcb  tlie  drop  fUls,  by  the  direction 
On  odbe,  lie  w«Ndd  evidently  fUl  into  great 
«  dionld  ha  suppose  the  direction  of  the 
to  be  idotial  with  the  direction  of  the 
irito-;  er  if  he  did  not  apply  aoorrecfuMi,  liar  the 
of  avoidiqg  the  enor  ooessioned  by  the 
— ^i^i^ii  of  tha  tnbe^ — ^The  cirenmstances 
««  kava  fast  Jmngined,  wi^  pndady  thoee  under 

'- "  to  look  at  any  ol^ject 
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unaffected  by  the  motion  of  the  earth.  Wbat^ 
ever  Ught  is,  it  is  propagated  in  straight  lines 
with  a  definite  velocity  of  195,000  miles  per 
tecond;  and  thus  is  in  so  fiff  analogous  to  a  fsllLug 
ndn.  And  when^we  look  at  a  star,  ve  ons  fio< 
atreiL  The  earth  partakes  of  various  motions,-*— 
the  two  leading  ones  known  to  us,  being  its 
anmuU  motion  in  its  planetary  axis,  and  its  cSur- 
nal  rotation.  The  direction  or  incUoation  of  the 
tube  or  telescope  through  which  we  look,  there- 
fore, can  never  correspond  exactly  with  the  direc- 
tion of  the  light  coming  firom  any  star  or  external 
object ;  and  if  we  judged  the  direction  or  place 
of  the  latter  to  be  identical  with  the  direction  of 
the  former,  we  should  go  wrong.  Further  still, 
the  error  in  question  would  be  a  oorutaiU  and  fsii- 
Jbrm  one,  if  the  motion  of  the  earth  toere  dwaya 
M  the  some  diredion;  but  as  we  move  in  a  curve 
around  the  sun,  that  direction  must  be  always 
varying :  i.  s.  the  star,  as  determined  by  the  posi- 
tion of  the  observer's  telescope,  must,  during  the 
course  of  the  year,  seem  removed  by  small  quanti- 
ties towards  eachtide  ofitBretdplaos.  Infac^ eveiy 
star  appears  to  describe  a  small  annual  dlipee 
around  its  true  place ;  the  mi^or  axis  of  which  is 
20j"  of  space.  This  eUipse,  however,  is  described 
iir^g;ularly,  owing  to  the  varying  velocities  of  the 
earth ;  but  as  its  entire  character  is  now  ascer- 
tained within  very  small  limits  of  error,  the  cot" 
rtctUm  is  easfly  made. — ^The  diurnal  aberration, 
or  that  depending  on  the  rotattba  of  the  earth,  is 
very  ^mall,  and  is  also  accurately  determined. — 
It  will  readily  occur  to  the  thoughtful  student, 
that  other  aberrations  of  tliis  kind  may  exist,— 
depending,  for  instance,  on  that  motion  of  trans- 
lation thioo^  spsce  to  which  we  caAnot  doubt 
that  the  sun,  with  all  his  planets,  is  subjec| :  the 
determination  of  the  amount  of  that,  and  of  its 
corresponding  oiemifioo,  is  one  of  thoee  feats 
whose  aooomplishment  will  inspire  and  reward 
the  ambition  of  future  times. — ^The  disooveiy  at 
once  of  the  fkct  and  cause  of  the  annual  abcsrra- 
tion  is  due  to  the  illustrious  Knglishman,  Brad- 
ley. The  best  practical  discussion  of  it,  we 
owe  to  a  recent  continental  astronomer;  one 
whose  endnent  tests  and  exact  genius  place 
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him  by  the  side  of  Bradley  —  the  Umented 

BeaseL      See  the    TabultB   HeffionunUana. 

The  explanation  now  given  merely  assumes  the 
fondamental  fiict  that  light  is  transmitted  in 
stnught  lines.  But  oonsiderable  difficulty  arises 
so  soon  as  we  accept  the  modem  physical  theoiy 
of  light  Under  the  doctrine  of  Undulations, 
the  direction  of  propagation,  or  the  direction 
in  which  the  luminous  object  as  seen,  is  nor- 
mal or  perpendicular  to  the  front  of  the  wave; 
and  the  theoretical  question  is,  in  what  manner 
a  wave,  propagated  through  a  motionless  Ether, 
is  affwted  by  the  motion  of  a  body  such  as  the 
Earth,  sweeping  through  that  Ether?  Modifi- 
cation clearly  must  take  place,  else  there  were 
no  aberration  whatever :  but  what  is  that  modifi- 
cation ?  how  can  it  be  reconciled  with  the  geome- 
trical theory  of  the  propagation  by  waves  ?  The 
difficulty  evidently  consists  in  determining  in 
what  manner  the  direction  of  the  normal  of  a 
wave  can  be  aifected  by  the  motion  of  the  body 
vHiich  that  wave  reaches.  Professor  Stokes 
has  ftilly  discussed  this  problem ;  nor  can  any- 
thing at  present  be  added  to  his  memoirs  and 
those  of  Professor  PowelL  He  supposes  that 
the  Earth  and  Planets  drag  along  with  them 
a  portion  of  the  Etherial  Medium;  so  that 
while  the  Ether  at  their  surfisuses  is  at  rest  with 
tegard  to  these  snrikoes,  its  motion  gradually 
diminishes  with  distance,  until  it  takes  on  the 
repose  of  the  nniversal  Ether  beyond.  All  aber- 
rations may  be  explained  on  this  hypothesis — 
even  that  which  may,  in  after  ages,  be  found  d»* 
pendent  on  the  motion  of  translation  of  the  Sun. 
Other  contributioDS  have  been  made  to  this  sub- 
ject— for  instance^  those  of  M.  Radlck6. — For  Mr. 
Stokes*s  memoirs,  see  TrantaOiona  rf  Cambridge 
PhUotophioal  Sociehf, 

(2.)  Aberration  oj  RefrangtbOUg.  White 
light  is  composed  of  a  number  of  heterogeneous 
rays,  of  difiierent  colour.  Their  refrangiUlity  is 
unequal,  and,  therefore,  when  they  traverse  a 
lenticular  glass,  they  have  on  its  sods  as  many 
sets  of  foci  as  there  are  colours.  The  images  pro- 
duced at  these  points  are  superimposed,  more  or 
less,  and  the  edges  fringed  with  indistinct  oolomv 
ittg.  The  abeiration  holds,  both  in  length  and 
breadth,  the  less  refrangible  rays,  unite  at  foci 
flhrther  away  than  the  others,  and  constitute  the 
aberration  in  length.  The  laiger  cover  to  some 
extent  those  whoee  light  is  most  powerful,  pro- 
ducing an  indistinctneas  of  colouring,  and  some* 
times  a  sort  of  variegated  ring.  This  gives  rise 
to  the  aberration  in  breadth.  See  Aghbomatic 
Telbscopb  (g.  9.) 

(8.)  AberraHon  qf  JSlpheridtg,  Consider  a 
spherical  cap,  forming  a  concave  spherical  mir- 
ror. The  openhig  of  the  muror  will  be  the  angle 
formed  by  two  radii  from  the  centre  of  the  sphere 
to  two  extremities  of  the  diameter  of  the  rim.  Let 
vs  suppose  a  lummous  point  situated  on  the  axis, 
that  is,  the  line  joining  the  centres  of  all  the  con- 
oentiic  drdes  of  the  cap^  with  the  centre  of  the 
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sphere  of  which  it  Is  a  part.  The  rays  emitt 
by  this  point  will  b^  reflected  and  reooncentrat 
at  one  or  more  points  of  this  axis.  If  the  angl 
which  all  the  rays  make  with  the  axis  be  und 
8^  or  4°,  they  will  be  reflected  upon  one  poii 
or  nearly  so,  and  that  pdnt  is  called  the  foci 
But  if  the  range  of  the  angles  of  emisdon  be  set 
sibly  higher  than  this,  thero  would  be  a  Ikne 
Jbei;  one  point  serving  for  reconcentrating  all  tl 
rays  upon  one  of  the  concentric  drcnmferences 
the  cap;  and  the  focus  for  each  such  drcnmfe 
enoe  being  nearer  the  cap,  the  greater  that  ci 
cnmferenoe  is.  We  would  have  thus  a  Une  t 
magee  of  the  luminous  point;  and  this  effect 
termed  the  cherraiion  ofiphtridtg.    See  Tsu 

SOOPB,  BXFL£0TIKO. 

AhamrpUmu. :  etymologicaUy,  a  **drinkin 
in;"  technically,  the  physical  aaslmUation  of  or 
substance— ^fHWeraMs  or  trnpoiMiisraMe,  accorc 
ing  to  still  current  phraseology — by  another  sut 
stance;  as  if  the  first  substance  got  retaine 
among  the  pores  of  the  second.  There  are  thrc 
classes  of  phenomena  to  which  the  word  Abtorp 
dUm  is  usually  applied. 

(1.)  Abacrption  ofcm/e  PondenMe  hg  oMtier 
— ^for  instance,  gates  by  voter  or  chareoaL  Sc 
CgeiopcBdia  <^  Chemistry  passim.  Absorption 
of  this  description  seem  to  have  been  no  mum 
portent  agencies,  in  modifying  even  the  soil 
crust  of  our  globe. — ^In  reference  to  the  absorp 
tion  of  gases  by  liquids, — by  fiff  the  most  im 
portent  of  all  cases  of  absorption, — the  receo 
reeearches  of  Bunsen  leave  little  to  be  desired 
The  special  phenomena  to  be  observed  and  tb 
problem  to  be  realized  are  as  follows : — **  Whe 
a  gas  and  a  liquid,  exercising  no  redprocal  che 
mical  action,  are  placed  in  contact,  a  portio: 
of  the  gas  disappears,  or  is  absorbed  by  th 
liquid.  The  quantity  absorbed  depends  on  th 
temperature  of  the  two  masses,  and  on  the  natur 
of  the  gas  and  of  the  liquid ; — ^the  problem  is  t 
determine  the  part  played  by  each  of  these  de 
ments  in  the  production  of  the  observed  effect.' 
We  sutrfoia  Bnnsen's  leading  results.  (1.] 
Suppose,  Jtrttj  that  a  liquid  of  nnit-volnme,  ii 
in  contact  with  an  indefinite  atmosphere  of  a  de* 
terminate  gas,  it  will  always  absorb  the  sam< 
quantity  of  the  gas,  provided  the  pressure  anc 
temperature  remain  the  sama  Taking  the  tem< 
penture  and  pressure  at  zero  (temperature  at  82* 
and  pressure  80  inches),  the  numerical  expres- 
sion denoting  the  quantity  absori)ed  is  termed 
the  ooejfieient  qf  absorj>tion  of  that  gas  by  the 
liquid.  If  the  temperature  is  nonstant,  and  m 
the  weight  of  gas  alMorbed,  under  the  zero  pres- 
sure^ the  weight  of  the  quantity  absortwd  under 

p 
any  other  pressure,  P,  is  found  to  be  to  ^7:.    Any 

ov 

other  volume  u  of  the  same  liquid  will,  under  such 

p 

drcumstances,  absorb  u  *  w  ^^ — ^Again,  let  the 

indeflaito  atmotphera  be  oompoaed  of  diflferent 
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eocflkimB  aTAbsarptioii  «ra  respec- 
thi*y  •»  ^t  «*;  Ac  If  »,  r',  r^,  represent  the 
ywytiw—  oC  «m1i  gis  in  the  miztora^  It  can  be 
Am  diai  «^  «  »%  •" »*,  &c,  are  the  measons 
«r  the  vofauMB  or  the  difierent  gam  absorbed  by 
the  liqaid  mdcr  anjr  given  preesme;  and,  oon- 
tbai  in  a  iinit^nilinDe  of  the  com- 
the  foUowing  quantities  of 
viUbefiwnd,  viz.: — 

(<)  ffewJ^,  If  the  soperposed  atteosphere  be 
the  pleasure  will  change  as  absoqvtiDn 
~  the  pvohkoi  becomes  somewhat 
Suppose  that  the  atmosphere  at 
tiM  pujsnre  P,  contained  «  and  v' 
lef  two  gasea,  whose  coefficients  of  absofp- 
ftempsntare  are  «  aiMi  «^  and  let 
ignale  the  unknown  iiiul  pressures 
efthetwodastieflaidB.    The  YofainMS  absorbed, 
to  the  pressure  P,  wOl  evideoUy  be 

floa  of  the  gases  under  the  presBore  P 
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occupied  a  volume  equal  to  v.    There  remains 

then  unabsorbed  a  quantity  capable  of  occupying, 

under  the  same  pressure^  a  volume  expressed  by 

fi  A<v 
9 p-  ;  and  as  this  gas  really  occupies  a 

volume  V  +  V  under  the  pressure  x,  we  derive 
from  the  law  of  Mariotte  the  equation 

V ^  =       pi  whence, 


X  = 


t>P 

c  +  t/  +  tt  • 


The  quantity  of  this  gas  not  absorbed,  there- 
fore, is 

r  +  r' 

»  +  ©'  +  «• 

And  80  of  the  other  gas,  or  of  any  element  of  a  more 
complex  combination. — (8.)  Bonsen  next  ex- 
aminee the  efiect  of  the  variation  of  temperature, 
and,  after  elaborate  investigation,  he  constructs 
a  tsble,  of  which  the  following  is  an  extract  It 
gives  the  ooeffident  of  absorption  of  the  gases  by 
water  under  pressure  SO  inches,  and  at  any  tem- 
perature i,  Centigrade: — 


Bthyle  gaa, 

Oaafrom  a  marsh, 
Metfa7legae» 


CMeAantgM, 

Gaibonic  add  gas,  >•••■••••••• 


e  =s 

c  =s 
C   ss 

e  S9 
e  = 
e  = 
e  3s 


0,020346  —  0,00053887  t  +  0,000011156  e 


0,0198 

0,031474 

0,05449 

0,0871 

0,032874 

0,25629 

1,7967 


0,0010449  t 
0,0011807  t 
0,0088242  t 
0,00081682  t 
0,00918631 1 
0,07761   I 


+  0,000015066  f 
+  0,000010278  ^ 

+  0,0000608    e 

+  0,000016421  ^ 

+  0,000188108  e 

+  0,0016424     <* 


the  theory  of  the  sulgect  in  the 
indicated  above,  Bunsen  proceeds 
valuable  applications  of  his 
Bciening  lor  his  processes — which 
mm  siffwtinglj  simple — to  his  second  memoir, 
m  the  rykmjkiml  MagazmB  for  1855,  vol  L, 

room  ibr  the  more  important 
(a).  Supposing  tliat  in  the  case  of 
the  following  quantities  are  known, 
tba  absorption-ooeffident  of  the  first 
fas;  fit  Am  absorption-eoeffident  of  the  second; 
T  Ike  rtwrnr^  vobiiiie  of  both  gases  before 
dkMptiun  udsr  pressure  P;  Yi  the  residual 
tbe  abaorption  under  pressure  Fi ; 
iHliy,  Ike  Tolimie  k  of  theabsortung  water: 

W  =  VP 

A  =.(V, +«*)Pi 


two  gases,  reduced  to  pressure  1,  may  be  deter- 
mined. In  the  memoir  referred  to^  tiie  formula 
ia  tried  on  two  unknown  mixtures  of  hydrogen 
and  carbonic  add  gas ;  and  for  the  sake  of  com- 
parison, the  same  gas  was  analyzed  by  the  ordi- 
nary endiometric  methods.  The  following  are 
the  results :   The  first  experiment  gave — 

Hydrogen.  CarlMnieAcid. 
0-9346  0^04 

0*9207  0-0793 


L  By  eadiometry,  . 
X.  By  abiorptiometxy. 


By  the  second  experiment  on  other  proportiona 
of  the  same  gases,  Bunsen  obtained— 


I.  By  endlometry, 
8.  By  atMorptkimetiy, 


Hydro|]fon< 
86-8L 
26*67 


Carbonic  Add. 
78-19 
78  83 


r+j       A-B    W 
«^|l^th«iMBM 


The  conespondence  in  both  cases  is  certainly  suf- 
ficiently remaricable  to  establish  the  value  of 
abeorptiometr)'.~(5),  But  this  mode  of  analysis 
may  go  much  farther ;  it  may  determine  also  the 
noAms  of  the  oomponent  parts  of  an  unknown  gaa, 
as  well  as  their  proporti<ms  in  tbe  compound,  when 
once  the  absorption-coeffidents  of  all  the  gases 
are  determined.  Bunsen  justly  remarks  that  any 
genenl  re*agent,  to  distinguish  between  the  con- 
stituents of  a  gaseous  mixture,  has  hitherto  been 
vqIbbmb  of  the  ,  wanting.    TIm  quantitative  composition  of  a  gaa 


8 


ABS 

M  determined  by  endiometiy,  is  mixed  up  with 
bypotheses  as  to  its  qualitative  constitation.  '*  If," 
be  says,   **  analysis  shows   the  presence  of  a 
mixture  of  marsh  gas  and  hydrogen,  it  is  onoer- 
tain  whether  we  are  not  experimenting  upon 
mixtures  of  methyle  and  hydrogen,  or  of  methyle, 
marsh  gas,  and  hydrogen."    It  is,  however,  easy, 
by  means  of  the  law  of  abeorpUon,  to  remove 
these  doubts,  for  "  the  absorption-coefficients  serve 
as  re-agents  which  cannot  be  found  in  other 
modes  of  gas  analysis — presenting  the  peculiar- 
ity that  they  not  only  show  the  qualitative,  but, 
at  the  same  time,  the  quantitative  oompo^tion 
of  the  gas.    Our  author,  indeed,  develops  easy 
formulie,  by  which,  should  an  unknown  gas  he  a 
mixture  of  |m  unknown  volume  x  with  another 
▼olume  y  of  another  unknown  gas,  it  is  poosible, 
alter  three  absorptiometric  experiments,  to  deter- 
mine, ^sf,  what  gases  are  present  in  the  mixture, 
and,  teeondl!f%  in  what  proportion  tliey  are  pre- 
sent— (c),  Bunsen  next  lays  down  rules  for 
determining,  in  the  most  precise  manner,  the 
alteration  which  a  mixture  of  gases  undergoes 
by  contact  with  water;  and  he  passes  to  con- 
sideration of  those  highly  interesting  phenomena 
which  accompany  the  evolution  of  gas  in  mineral 
springs, — phenomena  that  cannot  be  fully  undei^- 
stood,  unless  by  help  of  the  law  of  absorption. 
Passing  over  more  delicate  inqnirles,  it  is  plain, 
for  instance,  that  in  all  springs  that  contain,  car- 
l)onic  acid  gas  alone  in  soluUon  (and  these  are 
by  {at  the  most  conunon),  the  limit  or  maximum 
of  the  gas  depends  definitely  on  the  temperature 
of  the  spring,  the  depth  of  its  shaft,  and  the 
height  of  the  spring  above  the  sea.    The  preten- 
sions of  all  springs  can  thus  he  rigorously  tested. 
Sigwart,  for  instance,  gave  out  that  the  **  Fiir- 
sten  Quelle"  in  Imnaa  contained  2,600  cubic 
centimetres  in  the  litre;  the  maximum  is  only 
1878*2.    By  the  same  unerring  guide,  we  are 
led  to  determine  the  maximum  amount  of  oarbo- 
nic  acid  gas  that  can  be  carried  down  firom  the 
atmosphere  to  the  surface  of  the  earth,  as  well 
as  the  mode  of  its  distribution  over  the  diflferent 
zones  of  terrestrial  climate.    This  quantity  dimi- 
nishes as  the  temperature  rises ;  and  therein  seems 
to  appear  an  effort  of  nature  to  assist  the  tardy 
vegetation  of  the  cold  north  by  a  richer  nourish- 
ment, and  by  a  sparing  supply  to  keep  the  luxu- 
rious growth  of  the  tropics  within  limits.— 
Bunsen  proceeds  with  the  rationale  of  the  great 
productiveness  of  mould,  rich  in  summer,  and  of 
the  advantages  derived  by  the  agricultuiiit  from 
breaking  up  lus  land.    He  promises  to  extend 
his  res^rches  fiuthei, — ^to  scrutinize  the  pheno- 
mena of  the  oceanic  atmosphere  and  of  the  ab- 
sorption of  air  by  the  blood. 

(2.)  Almrptum  <f  Calorie  or  EmL  The 
technical  terms  of  the  sdences  generally  originate 
in  theories  or  hypotheses :  they  express  not  only 
the  fact  but  some  supposed  explanation  of  it. 
But  although  it  is  often  oonyienient  to  ntain 
them  after  the  discredit  of  the  speculation  in 
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which  they  originated,  the  student  requlreB  to 
on  the  watch  lest  they  carry  into  his  mind  son 
what  of  those  exploded  nclions,  and  thus  a& 
injuriously  his  train  of  thinking. — Ahaorptian 
Heat  meant  originally  as  follows: — A  nj 
beam  of  heat  fidling  on  any  substance,  part 
it  enters  that  substance  and  warms  it,  or 
abiorbed;  while  another  part  is  njected  or  ] 
fleeted  by  that  substance,  and  passes  off  throu 
space.  The  dass  of  inquhies  for  which  it  reai 
stands,  on  the  other  hsnd,  may  be  defined  thu 
Difierent  bodies  exposed  to  the  same  beating  i 
fluence  become  heated  wlA  various  facilities,— 
there  any  law  rsgarding  such  facilities,  and 
that  law  connected  with  other  relations  of  th< 
bodies  to  the  phenomena  of  heat?  Two  distis 
inquiries  demand  attention, — ^the  Jlrstj  omittii 
reference  to  the  opacity  or  transparency  of  bodi 
with  regard  to  heat — thehr  otAennaney  and  d£ 
thermaiuy;  and  the  aecond  relating  especial 
to  these  latter  properties. — Firat,  The  gen 
ral  abaorhififfy  or,  as  it  has  also  been  teime 
the  admiatwe  power  of  bodies  with  regard 
heat,  has  been  the  subject  of  laborious  inveetigi 
don  by  Leslie,  Dulong  and  Petit,  Melloni,  az 
•more  recently  by  Provoetsaye  and  Desains.  '. 
seems  to  depend  mainly  on  two  elements,-— tl 
nature  of  the  body'a  aurfaee,  and  the  nature  < 
the  hmting  aource,  1.  The  nature  and  amoui 
of  the  influence  of  body's  surface,  on  its  capi 
bility  of  being  warmed,  may  be  inferred  iVoi 
the  following  results,  obtained  chiefly  by  "Bn 
vostsaye  and  Desains.  The  numbers  represei 
the  quantities  absorbed  of  100  incident  rays  < 
heat: 

Lamp  black 100 

Black  lead. 100 

Writing  paper 98 

Common  glass 90 

Chma  ink. 85 

Rock  salt 72 

Silvered  glass 27 

Mercury 28 

Polished  iron 28 

sine 19 

steel 17 

PUtina,  slightly  polished 24 

. in  thin  leaves 17 

Tin 14 

Mirror  metal,  polished. 14 

Brass,  highly  polidied 7 

Copper 7 

Gold 6 

Silver,  polished. 8 

Numerical  determinations  of  this  kind  sre  o 
lugh  importance  in  the  aits,  and  of  easy  applic» 
tion.  11]«)  following  general  oondusion  is,  hoW' 
ever,  of  higher  interest  A  heated  body  oommo 
nicates  heat  in  two  ways,-— through  contact,  a 
by  that  mode  of  influence  from  a  distsnoe,  whid 
has  been  caUed  hmIm^im  or  omMSM.  Now,lki 
4i&for^  or  cMftmswM  quality  of  bodies,  and  th4i 
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facility,  9ntBirteiUi  prcpor- 

f;  &  body  when  hMtted  radiates  with  an 

ocactlj   measurable  by  its  facility  in 

ibsnrtMng ;  a  oondii^oin  indicated  by  Leslie  and 

tihi>Jiihed  for  all  cireuiiMWancpa  and  all  tempera- 

tana  by  Dakmgp  and  Petit.    Experimental  de- 

tamiattkiona  of  abaotptire  power,  are  thus  deler- 

wiwatifw  of  tiie  cmiinive  power  also. — ^2.  This 

abaatbing  lenity  of  bodies  varies  to  some  extent 

with  the  Baton  and  temperatnrs  of  the  source  of 

fcaal;  a» that  no  numerical  eraloation  is  precisely 

accama  nalesa  in  lefiErenoe  to  one  specific  source 

sf  hsaL    8eience  is  indebted  to  Helloni  for  the 

■nt  exact  psasentatkaiof  this  curious  phenomenon. 

Its 


win  afipear  in  the  following  table; 
the  nnmb»  in  the  Tertical  columns  re- 
the  xdatira  absorbing  poweis  of  the  sub- 
named,  when  subjected  to  the-spedfied 
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are  tnfBdently  striking.  Helloni 
a  Hiiffifal  view  of  the  phenomena,  and 
by  analogies  drawn  ftom  prevalent 
of  light  Jost  as  a  ray  of  white  light 
of  varioas  rajs  separsble  by  means  of 
diflait  TCftangibilitiea— (see  Spbctruii) 
ha  imagines  it  with  a  ray  of  oidinaiy  heat; 
ray  in  the  sheaf  having  its  peculiar  rdatioD 
s  bod|y  on  which  it  impinges.  And  as  the 
ftom  difiacnt  sources,  and  with  dif- 
may  contain  varioas  proper- 
of  them  shnpk  rays,  the  apparent  anomalies 
in  the  foregoing  horizontal  lines  may 
czpGcableL  It  cannot,  however,  be 
that  MeDooTs  rsmarkable  experimental 
dafalidb  the  trath  of  his  theoiy.^^Sls- 
The  term  titotytiom  has  likewise-  been 
ly  appfiel  to  that  lom  of  radiant  heat  which 
OBI  its  passing  tfanagh  bodies, — akin  to  the 
lorn  of  light  on  its  passage  through  semi- 
and  eolomd  mbstances.  MeQoni  has 
given  to  tliis  class  of  phenomsna  the 

of  oCAermoacy  end 
we  shall  docribe 
the  old  and  better  known  terma 
an  the  keding  fiicts  at  present 
Hie  quality  of  boidies  which  censes 
of  hmt,  has  no  relatkm  to 
or  opacity;  that  is,  to  the  quality 
their  transmission  or  absorption  of 
For  instawy,  rode  salt  has  no 
being  purely  diathennanoos, 
of  atam  absorbs  a  very  large  por- 
if  As W,  MpsdaDj  if  the  sowoe  of  heat  be 
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of  low  temperature;  black  glass,  too,  and  discs 
of  quartz,  would,  with  smoke,  transmit  no  light, 
while  they  are  much  less  absorbent  of  heat  than 
alum.  No  body  yet  known  is  so  perfectly  dia- 
thezmanous  as  rock  salt;  it  absorbs  no  sensible 
portion  of  radiant  faeat,^  sithough  the  plate  be  an 
ineh  thick :  all  other  substances  absorb  more  or 
less  of  the  transmitted  beam ;  and  the  absorbed 
proportion  varies  with  the  thickness  of  the  plates 
and  the  source  of  heat,  according  to  very  com- 
plex laws.  Generally  speaking,  rays  proceeding 
from  sources  of  a  low  temperature,  contain  a  laige 
proportion  of  absorbable  rays ;  and  in  regard  to  the 
thickness  of  the  plate,  the  quantity  absorbed  in- 
creases rapidly  as  the  ^ckness  increases.  To  this 
increase,  however,  there  is  a  limit;  for  after  the 
plate  attains  a  certain  thidmess,  its  power  to  ab- 
sorb seems  incapable  of  further  augmentation, — 
M  if— to  recur  to  the  words  of  our  former  theory 
— ^the  dieaf  of  rays  proceeding  fmm.  each  source 
were  composed  of  donents  variously  absorbable, 
some  being  completely  absorbed  by  plates  of 
slight  thickness,  others  yielding  only  to  greater 
thidcneBses,  while  the  remainder  resist  idl  ab- 
sorption.. There  is,  in  fact,  a  striking  analogy 
between  the  phenomena  of  absorption  of  heat, 
when  passing  through  media,  not  perfectly 
athermanous,  and  the  transmission  of  radiant 
light  through  coloured-  glasses.  For  instance, 
light,  whidi  has  passed  through  a  red  glass,  is 
not  further  absortMible  by  red  glasses,  while  a 
disc  of  violet  £^aas  will  iS)sorb  or  destroy  it  all ; 
so,  while  additional  thicknesses  of  alum  ab- 
sorb no  more  heat,  the  interposition  of  a  thin 
plate  of  green  glass  will  destroy  the  whole  of  the 
ray  transmitted  through  a  thin  plate  of  alum ; — 
the  effects  of  the  combination,  or  superposition  of 
different  screens,  bdug,  hi  either  case,  indepen- 
dent of  the  order  of  superposition.  —  CJompara 

DtATHERMASflSX,  DiFPUSION,  RADIATION,  Rr- 

FLBcnoir.    Reference  is  also  made  to  MdbmFi 
Remarkdbh  Pt^pen^  rqninted  in  Toylor*$  Sctm- 


(8.)  Abiorptum  o/IdghL — ^The  snbjectB  compre- 
hended under  the  forgoing  term,  are  the  obscur- 
est in  all  Optics.     They  have  not  been  ftilly 
expbred  by  experiment,  and  thdr  theory  is  far 
i^om  satisfactocy.    They  may  be  ranged  under 
three   heads. — FinL    The   natural  cohur   of 
6oefies,  has  until  latdy  been  attributed  to  an  ab- 
sorption.   The  white  or  natural  solar  ray  being 
shown  by  the  prism  to  be  a  diesf  of  rays  of  dif- 
fisrent  colours,  it  was  supposed  that  every  mate- 
rial substance  has   the   foculty  to  absorb  or 
appropriate  part  of  the  natural  ray,  and  to  r^ect 
or  reflect  the  residuum ;  and,  as  this  reflected 
ledduum  might  consist  of  one  primary  colour,  or 
any  wrmbinat^  of  primary  ooIouib,  the  notion 
oflbred  a  pnrna  fadu  highly  probable  account 
of  that  infinite  luxuriance  of  hue  whidi  distin- 
guishes external  nature.     But  the  speculation 
will  not  stand  the  test  of  inquiry.    Analyzed  by 
the  polarieoope,  the  coloured  light,  reaching  ua 
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from  nuiteiial  bodies,  turns  out  not  to  be  r^leded 
bat  refracted  light,-- emanating,  therefore,  from 
the  bodies*  interior.     And,  sdll  fiirtiier,  it  is 
maintained,  on  gronnds  far  from  imteoAble,  that 
the  white  or  oi^naxy  lay  fidling  on  any  body 
which  appeals  colomed,  is  naOy  reflected  wMu ; 
so  that  there  can  be  no  deoomposition  of  the 
ray,  or  one  set  of  colonn  abtor^ed  and  an- 
other set  r^kcted.    The  whole  of  th»  eorions 
subjeot  is  discussed  nnder  Ck>LOimi.     It  is 
certamly  not  proved  as  yet  that  a  btmajide  ab- 
sorption has  aught  to  do  with  the  phenomenoiL— 
Secondly,     The  term  iram^pcKrency  is  only  rela- 
tive.     No  body  is  so  txanspannt  that  light 
passing  through  it,  shall  emerge,  of  the  same 
quantity  and  quality,  as  when  it  entered.    And 
the  loss  or  modification  which  the  rvy  mdetgoes 
is,  in  common   language,  termed   ahtorption. 
One  instance  will  sii^ce  to  illustrate  the  casa 
Through  a  piece  of  polished  smalt  blue  glass,  the 
oolonr  transmitted  is  mamly  blue.    But  to  define 
the  efiects  of  transmission,  it  is  needfiil  to  look 
not  at  the  compound  white  liglit,  but  at  the 
^peOrtm,  throu^  such  a  medium.    If  the  glass 
be  of  extreme  thinness,  all  the  colours  are  seen, 
although  the  eye  can  recognize  difibrences  in 
their  relative  intensity.    But  when  the  thidc- 
ness  of  the  plate  readies  the  twentieth  of  an  inch, 
we  discern  veiy  striking  and  singular  appearances. 
The  spectrum  seems  no  longer  oontimiouey  bat 
consists  of  several  detached  portions,  sepuated 
by  broad  black  intervals ;  the  rays  filling  these 
spaces  in  the  perfect  spectrum  beuig  msome  way 
eztinguiahed.    If  the  thickness  of  the  plate  b 
Increased,  the  blabk  spaces  become  broader,  till 
at  length  all  the  colours  between  extreme  red 
and  extreme  violet  are  wholly  destroyed.     If 
these  semitransparent  media  were  perfBcUy  trans- 
parent with  regard  to  one  primitive  colour,  and 
opaque  to  all  others,  the  resulting  phenomena 
would  be  simple ;  but  as  each  thin  medium  is 
veiy  impezfectly  transparent  with  regard  to  any 
colour,  and  variously  so  with  regard  to  the  difiSsr- 
ent  ooloun,  the  phenomena  of  abeoiption  are 
most  complex ;  the  same  medium,  when  altered 
in  thidm^  appearing  to  transmit  quite  different 
colours.    Take,  for  instance,  a  thin  hollow  glass 
wedge,  and  fill  it  with  muriate  of  chromium ; 
white  paper  seen  through  the  thin  edge  will  iq)- 
pear  of  a  fine  green,  but  as  we  lode  through  a 
greater  thickness,  the  green  tint  grows  livid,  and 
passes  through  a  brownish  hue  to  a  deep  blood- 
red.    No  one  has  contributed  so  much  to  the 
frets  of  this  subject  aa  Sir  David  Brewster. 
We  owe  to  him  espedally  the  discovery  of  thoee 
remarkable  powers  of  the  nitrous  oxide  and 
other  gases,  to  which  we  shall  afterwards  refer. 
Compare     Spbctbux.  —  Thirdly,       The    re* 
markable  discovery   by  Frauenhofer   of  dark 
lines  in  the  solar  spectrum,  naturally  originated 
much  novd  and  curious  speculation   regard- 
ing  light     The  phenomenon   itself  is   ftdly 
described   under   Fbauszihofbb*8   Lines,   as 


AGO 

wen  as  the  effiwt  of  sundry  gases  Just  aUodi 
to.  Suffice  it  here,  that  its  similarity  to  the  0 
called  absorptive  effects  cf  cdkmred  glaeeee^  eoj 
gested  at  an  eariy  period  of  these  inquiries  a  00 
responding  explanation:  the  absent  imys  we 
spoken  of  as  oftaorMby  thegases  in  the^dtter  oa8( 
in  the  Jotmer  by  the  atmoipkeree  of  the  sun  ax 
other  stars,  Ihnn  whidi  the  defective  light  issoai 
This  theory  naturally  enough  led  to  a  strict  exi 
mination  of  the  solar  ray  during  an  annuli 
edipee;  for  then  the  light  reaching  the  eart 
pierces  through  an  unwonted  thickneBW  of  ov 
Inminary'a  atmoephere :  but  as  no  unusual  defe( 
is  dlsceniible  under  such  dreomstanees,  no  ooo 
firmation  of  the  theory  of  absorption  has  bene 
been  derived.  In  the  opinion  of  many  physidsti 
a  better  explanation  of  the  entire  class  of  phe 
nomena  can  be  drawn,  on  the  basis  of  the  Doe 
trine  of  VndulaHoHij  ttom  what  is  termed  i» 
terferenoe.  We  shall  discuss  this  folly  unde 
iMTERFBREirGB  and  C0LOUB8,  q,  V.  Thi 
fltudent  is  referred  Anther  to  the  nimieroafl 
and  most  Interesting  researdiea  of  Sir  Davi< 
Brewstei* 

Aecclerai€«  HctlMu  The  simplest  mode  o 
motion,  as  we  concdve  it,  is  when  the  movini 
body  passes  through  equal  spaces  in  equal  time 
— a  mode  to  which  the  name  of  uniform  motim 
is  rightiy  appropriated.    It  is  evident,  however 

fer  itt 


that  many  other  modes  are 
stance,  the  body  may  move  quicker  and  quickei 
the  longer  its  motion  is  stt8tafaied—-in  other  words 
it  may  move  over  a  greater  space  during  the  seooni 
«eo(MM<  than  it  did  dming  the  firsts-over  agreates 
space  during  die  third  eeoond  than  it  did  durim 
the  second,  and  eo  on.  Motion  of  this  descriptkn 
is  termed  Aeoekrated  Motion,  It  is  dear,  aba 
that  an  infinite  variety  of  aooderatioDs  is  poflsible 
inasmudi  as  we  can  concdve  aa  infinite  vaiietj 
in  the  lam  according  to  which  the  ooos^sroltm 
takes  place;  that  is  to  say,  during  any  aeeoiNi  oi 
time,  the  swiftness  may  be  Apposed  increasec 
only  ae  muA  as  during  any  other  eeoond,  or,  thai 
increase  may  follow  any  other  law.  The  case  ii 
much  the  sunplest  when  the  aocderation  in  a  gives 
time  is  tnU/orm — the  Motion  being  hence  termed 
uni/ormhfaeederated motion;  and  this  is  theonlj 
mode  of  aooderated  motifm  presented  to  us  by  thi 
sfanplerphen^mfana  of  the  universe.  Whenaheavj 
body  iSiUa  ftom  a  height  it  is  firand  to  InverM 
16  l-12th  feet  during  the  first  eecond  of  its  fall, 
and  at  the  end  of  that  eecond  it  has  acquired  t 
vdodty  capable  of  canyhig  it  through  2  X  IC 
l-12th  feet,  or  82  l-6th  feet  during  thenextMooml 
During  that  second,  however,  it  is  found  to  move 
through  82  l-6tii4- 16  l-12tii  i^  or  48  l-4tli 
feet,  so  that  it  has  been  again  acoderoted  by  the 
same  quantity  as  before,  viz.,  16  l-12Ui  feet,  and 
the  same  acceleration  holds  during  every  sucoes- 
dve  eecond.  The  hwi  of  such  a  motion  an 
easily  determfaied.  In  the  first  place,  geometri- 
cally. The  motion  wliidi  most  doady  resemUei 
imi^bna^  ocosftnia^  molum  would  be  one,  wharf 
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of  dme,  tlie  bodyiaqnes- 
and  at  the  ezpiiy  of  etch 
%  nnifann  increase  of 
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.  ftr  wrawmlff,  the  line  Ao,  repre- 
the  time  in  wbidi  a  body  moves,  to  be 
Bto  Soulier  equal  portfams  at  b,c,i>,b,f. 
I  ftntlMr,  that  fv  fbtb  wbde  space  of  time 
i  by  ▲  B.  the  body  Bioves  with  the 
o  (pfipwHttmlar  to  ▲  b);  and  that  at 
IftneeiTeaaD  incrasie  of  speed  snffi- 
to  malBe  it  w/ofm  fcr  the  next  interral  with 
liipimiiHiid  bj  n  o.  At  the  tennl- 
of  tfds  agifai,  it  win  be  set  to  mov«  over 
thMiaftBTalwilhavelocftxMD,  aDdsooo, 
Ba,«€^Mn»  LB^  FK,  each  perpsn- 
ta  AO,  and  diifcringeach  firan  tibeone 
pneeAa^by  an  equal  amonnt*  Tlie 
I  Hill  leadilj  ase  that  the  sommits 
ju  <>»  v»  «■  Lk  K,  B  win  be  along  one  stialgfat  linsk 
>  wka  afa  not  aeqnainted  with  geometiy  may 
t  tfaeniBdves  by  drawing  the  iigore 
then,  we  liave  here  a  esse  of 
_oiM  to  that  whose  InM  we  are 
let  wa  efaserre  the  resoltB.  In  all  «n^ 
,  the  spaee  deecnbed  Is  measured  \iy 
pgediKt  of  the  number  of  nnitB  of  time  by  tlie 
'  waits  of  ^eed.  If,  lor  example,  a 
■nifti  miy  far  nine  seconds,  with  if 
h  that  it  win  move  through  three  feet 
it  win  have  moved  throa'gfa  27  feet 
of  ita  coone.  Suppose,  then,  a  b  to 
of  seconds,  and  b  o  the  vdodty, 
~  throogii,  would  be  measured  by 
of  A  B  and  B  a  But,  this  is  also 
of  the  space  covered  by  a  rectangle 
with  these,  ai  a^acent  sides.  Hence, 
f  US  taring  the  area  of  the  rectangle 
B  as  the  number  expressing  the  space 
Ijet  US  complete,  then,  the  rectangles 
«B,rc;  BD,  tB,  TP,  xo,  TO.  Then,  accord- 
ing to  tiUs  hnr  of  unifam  motion,  theqMoesde- 
""led  in  the  ftut,  aeeond,  third,  60.,  portions  of 
twffl  be  mfawnffd  by  the  numbcn  expressing 
QB,  rc,B»,  aB,TF,  zo,  which 
Hp  A  B  <»,  tf^gecher  with  series  of 
.,  AQO^FOV,  4e.  Now,  the  geo- 
i  win  4gam  see  that  Q,  F,  b,  Ac,  Ub  upon 
~    Ine^  and  that  theee  triangles  are  m 

^         lesB  wiMB  pot  together  than  the  one 

1^1 9XB.   Hesioe,tlie  space  deecnbed  would 
fe  SRate'  thn  the  spaoe  a  bo,  and  less  tban 
MJjgrfiM  fo  A  Q  X  B.    80  much,  tiien,  ibr 
f^BHiiiao-     It,  however,  is  not  exactly 


ACC 

the  motion  we  wish  to  know  about;  but  if  we 
suppose  die  intervals  of  the  increasiog  of  qwed 
smaller,  we  should  have  a  closer  resemblance  to 
it  If  the  intervals  were  smaller,  we  would  have 
a  figure  similar  in  every  respect  to  the  one  given ; 
the  only  difierenoe  bdng,  that  the  breadth  of 
A  Q  X  B  would  be  less.  If  we  go  on,  continually 
making  the  intervals  of  accelention  smaller  and 
smaller,  we  should  approach  infinitely  near  the 
case  whose  laws  we  are  in  search  of.  The  results 
at  which  we  would  arrive  would  of  coune  ap- 
proach the  result  in  that  case;  and  if  we  imsgine 
the  intervals  infinitely  small,  we  may  suppose 
ourselves  actuaUy  to  have  arrived  at  a  ani/orm^ 
QCO^kroUd  motion.  The  result  in  this  ultimate 
case  would  be,  that  the  space  described  would  be 
measured  by  something  between  a  b  o  and  a  b  o 
added  to  a  figure  analogous  to  a  q  x  h.  We 
easily  see,  however,  that  this  figure  constantly 
diminishes  as  bo  diminishes,  and  that  it  again 
becomes  smaller  with  the  interval  ab.  Hence^ 
where  A  b  is  infinitdy  small,  a  q  x  h  would  be- 
come infinitely  snuUl  also,  and  the  space  could 
only  difiiar  by  an  infinitely  sroaU  quantity  from 
AOB.  The  space  described  is  thus  measured  l^ 
ABO  virtnaUy.  The  qmoo,  therefore,  which 
is  described  by  a  body  moving  with  a  imiformly 
accelerated  motion,  firom  an  initial  vdocity  =  o, 
to  any  ultimate  velocity,  wffl  be  kc^  that  de- 
scril>ed  in  the  same  time  by  a  body  moving  nni- 
fbrmly  with  the  vdodty  to  wldch  it  attains.  The 
velocity  (repreeented  by  the  perpendicolan  b  o, 
B  o,  &C.,  at  the  points  indicatmg  the  time)  ia 
evidently  proportional  to  the  time— that  is,  the 
velocity  acquired  at  the  end  of  four  seconds  wiU 
be  four  times  that  acquired  at  the  end  of  one 
second.  FInaUy,  the  space  described  in  the  time 
represented  by  a  d,  wiU  bear  to  that  described 
in  the  time  measured  by  A  o,  the  proportion  of 
A  D« :  A  o*.  This  is  evident  geometricslly ;  but 
the  ordinaiy  reader  wiU  readfly  comprehend  it 
In  this  case  the  leilgthAD  ishslf  of  A  o,  and  the 
height  D  M  is  evidently  half  of  o  B,  so  that  the 
space  ADB  willbejof  ^of  AOH,  or}  of  it — 
The  method  of  the  differential  calculos  is  much 
more  simple,  and  produces  the  same  results.  We 
shall  not  enter  at  all  into  an  exposition  of  it,  but 
merely  give  the  steps.  The  velocity  of  any  body 
moving  iiregolarly  will  be  found  by  dividing  the 
infinitely  small  space  traversed  at  the  moment 
for  which  we  wish  to  know  the  velocity,  by  the 
infinitely  small  time  in  which  it  is  described. 
Kow,  in  uniformly  accelerated  motion,  this  velo- 
city will  be  =  o-^-^,  where  a  is  the  velocity  at 
tibe  commencement,  if  any,  g  the  velocity  acquired 
in  each  eecond,  and  t  the  number  of  seconds  after 
the  commencement  at  which  we  note  the  moti(«L 

Hence  ~  =  a  -{-gt  .♦.  S  =  at  -f-  §1  +C,and 

if  we  commence  to  calculate  motion  firom  the 

point  of  starting,  S  =:  at-|-§L-    We  have  in- 

cfaided  in  these  latter  fonnuln  a  case  which  Is 
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not  At  first  the  same  as  that  which  we  have 
hitherto  oonsidered.  It  is  that  of  a  body  which 
oommenoes  to  more  with  a  vdodty  of  its  own, 
and  which  retains  that  velocity  acootdiog  to  the 
law  of  inertia.  In  this  case  we  have  simply  to 
consider  what  space  would  be  passed  through  by 
the  body  due  to  the  uniform  motion  whi(£  this 
force  impresses  upon  it,  and  add  it  to  the  motion 
which  the  force  of  gravity  has  impressed  upon  it. 
'^Betarding  forces  are  also  frequently  spoken 
ot  When  we  have  a  body  in  motion  against  a 
ibroe  constantly  pulling  it  backward,  we  have  to 
consider  how  fax  the  body  would  move  forward 
in  consequence  of  the  motion  which  the  primitive 
force  has  impressed  on  it,  and  to  subtract  from  it 
the  eflbct  of  the  retarding  force,  calculated  exactly 
as  above,  as  a  wttformly  occderalmg  force  act- 
ing in  the  opposite  direction. — The  laws  of 
untformbf  acceirated  tnodon  are  so  simple,  that 
natural  philosophers  have  taken  it,  along  with 
uttiform  motiont  as  the  two  standard  species  of 
motion.  Whereverthey  wish toexamine  the  conse- 
quences of  any  complex  lawof motion,  they  consider 
that  motion  as  compounded,  for  an  instant,  of  one 
which  is  perfectly  uniform  depending  on  the  velo- 
city at  that  instant,  and  of  one  uniformly  aooder- 
ated.  The  details  of  the  process  of  decomposition 
of  motion  belong  to  the  Idgher  dynamics,  and  we 
ahall  not  enter  into  them. 

Accekanulac  F«rc«  (technical).  That  force 
which  is  applied  in  any  given  case  to  the  unit 
of  mass  is  called  the  accelerating  force.  Its 
value  depends  on  the  proportion  of  an  infinitely 
small  increment  of  the  vdodty  of  any  moment, 
to  an  infinitely  small  increment  of  the  time 

/-Tj.  This  expression  is  quite  general,  and  ap- 
plies also  to  the  case  of  a  retarding  force,  which 
is  considered  as  a  negative  acceleratjng  force,  and 
is  measured  by  the  proportion  of  Uie  increment 
of  the  vdodty,  (which  in  this  case  becomes  nega- 
tive, indicating  a  decrement),  to  the  increment  of 
the  time.  - 

Accldtoatal  €•!•■»•    See  CJoloubs. 

Accidental  P«lMt.   See  Yamxshiko  Point. 

AcluwHuulc.  In  the  article  on  the  aberra- 
tion of  refrangibility,  we  have  indicated  tliat 
the  difiivent  coloured  rays  of  which  white  light 
is  composed  are  diffarently  refrangible.  When, 
thtfefore,  light  direct,  or  reflected,  passes  through 
media,  and  becomes  refracted  before  reaching 
the  eye,  the  rays  will  be  separated  one  from  the 
other,  and  the  image  of  the  object  become  con- 
fused. Achromatism  compensates  for  this,  by 
making  the  luminous  rays  pass  through  different 
diaphanous  substances,  possessing  difi^crent  re- 
fracting and  dispersive  powers.  By  dispersion 
we  mean — ^that  there  is  a  difference  between  the 
tfM^tce*  qfreffxiction  (£.  o.)  of  the  componoit  colours 
of  a  ray  of  decomposed  light,  when  passing 
tkiroagh  refracting  media.  The  disperrive  power 
of  any  substance  is  measured  by  the  quotient 
of  its  dispersion  by  the  mean  index  of  refirao- 
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tion  (which  depends  on  the  mean  light 
the  spectrum),  diminished  by  unity.  There 
substances  possessing  unequal  refractive  paw 
with  equal  dispersive  powers.  The  aoco 
plishment  of  the  aim  of  achromatism  was  h 
considered  impossible.  Newton  himself  thou| 
that  refhujted  light  must  always  be  deco 
posed.  Euler  pointed  out  that  in  the  hum 
eye— which  is  only  an  optical  instrument — t 
difficulty  was  in  foct  overcome — and  suggest 
the  possibility  of  imitating  the  manner  in  whj 
it  was  so.  Hall,  in  1738,  constructed  achroma 
lenses,  but  did  not  publish  his  discovery.  DoUoi 
however,  arrived  at  the  same  discovery  in  17j 
independently,  and  published  it  He  oombin 
flint  glass,  or  artificial  aystal,  in  the  ajrangemc 
of  his  lenses,  with  crown  glan,  or  good  ordina 
window  glass;  and  he  found  that  by  a  suital 
curvature,  given  to  his  object  glasses,  the  ima 
of  an  obj^  might  be  seen  through  them  distis 
and  colourless.  Itiseasytocslculatewhatrelatit 
ou^t  to  subsist  l>etween  the  refracting  angles 
two  substances,  in  order  that,  when  used  togeth< 
they  may  neutralize  the  natural  dispersion  of  tl 
various  coloured  rays.  Prisms,  which  traosn 
light  without  colouring  it,  are  called  achromati 
and  lenses  are  so^  when  they  fonn  in  their  fo 
oolouriess  images.  Achromatism  is,  however,  n 
by  any  means  complete.  It  has  become  sufficien 
ii^  Art,  for  practical  purposes;  but  it  is  still  dange 
ous  for  the  sdentifio  observer  to  trust  implicit] 
to  it.  The  proportion  of  the  parflal  dispersioi 
of  the  two  substances  used  is  not  constant  throng 
all  their  extent;  and  the  indices  of  dispersion  vai 
from  one  colour  to  another  in  the  same  luminoi 
ray.  The  nearest  approach  to  achromatic  pes 
fection,  is  made,  when  we  employ  a  considerab 
numbor  of  prisms,  of  difibrent  substances. 

AchraMicsU  (•,  noty  xp^*h  ^mm).  Denofa 
the  point  of  time  of  the  sun^s  rising  or  setting 
the  commencing,  or  terminating,  of  a  reckonin 
of  time.  In  modem  astronomy  it  is  confined  t 
the  time  of  the  sun^s  setting.  A  star,  therefor 
is  said  to  rise  or  set  acfaronically,  when  it  rises  ( 
sets,  at  the  moment  of  sunset  The  word  use 
to  denote  the  moment  of  the  sun*s  rising  is  comm 
cal;  and  the  star  is  said  to  rise  or  set  co$micoH 
{»UfAH',  order,  harmony),  when  it  does  so  at  th 
moment  of  the  sun's  rising.  When,  agam,  th 
exact  moments  of  the  rising  or  setting  of  the  sta 
and  sun  are  not  identical,  though  nearly  th 
same,  the  star  is  said  to  rise  or  set  htUaot^ 
(jiXf*<,  the  sun). 

Ae«iiatlcar— the  physical  science  of  Sonal 
As  in  every  similar  caae,  the  MMoiUm  of  soaa 
must  be  separated  firom  its  material  or  physica 
tMUcudaU  or  cmwe.  These  two  phenomena 
although  indissolnbly  oonnected,  bear  no  resem* 
blance  to  each  other :  a  sound,  9B  we  general^ 
understand  it,  has  no  more  likniess  to  the  mat» 
rial  changes  that  necessarily  precede  the  seosif 
tion,  than  a  colour  has  to  the  vibrations  of  thi| 
ether  or  molecules  that  are  the  antecedents  <X 


8 


AGO 


with  nght  Now,  it 
k  with  then  material  aatecedents  that  physical 
nace  alona  coneema  itsdt  The  fandameiital 
pnpoMlioii  of  Aeoostici  is  this,— every  sensation 
sf  soaad  is  preceded  by  the  vibratiras  of  some 
cstamal  material  body :— without  this,  as  ao 
■MeedsBt,  no  aoiiDd  Is  ever  heard.  The  subject 
thoelOTe  nay  be  dtvided  into  three  chief  parts: 
•^L  A  atody  of  the  general  relations  between 
die  vibntBooB  of  esternal  bodies  and  the  sounds 
whiebwie  bear  aa their  consequences.  II.  Astady 
af  the  BBoda  in  wliich  a  loiowledge  or  sense  of 
vibratioo  is  eoodncted  to  the  linman  ear. 
IlL  A  study  of  the  difiereot  or  special 
of  Tibcatioa  wbkfa  are  effectlTe  in  pro- 
We  shall  take  up  these  pohits 
iathdrevder. 

L  Tbb  Gbskkai.  RxLATioira  bstwskh  Sochds 

AK»  TBB  VlUUkXlOXS  OV  EXTSBHAL  BODIES. 

1.  Let  OB  Urat  endeavour  to  form  a  distinct 
iAea  of  whai  is  meant  by  the  vibration  of  an 
•Uitfe  body, — an  otgeet  that  may  be  acoom- 
bgr  aid  of  a  veiy  rimple  illustration. 
8appose  a  pieoe  of  thin  elastic 
metal,  a  s~say  a  piece  of  the 
main-spring  of  a  watcbi  liaving 
one  end  fixed  at  a,  while  the 
ether  at  t  is  (resb    By  a  pres- 
sure of  the  finger  bend  the 
spring,  BO  that  the  end  a  shall 
reach  the  position  e,  and  then 
by  removal  of  the  finger  set  it 

firaau    The  spring  will  rebound 

toward  i,  but  it  will  not  attain 
sm(  on  raacfaing  ita  original  position,  ▲  a.  The 
Tcladty  attained  daring  tlie  rebound  will  cany 
k  tj  A  /,  ooiTCspooding  on  the  other  side  with 
AC.  From  thit  ntw  position  it  will  return 
an  oqaal  lebound ;  and,  precisely  like  the 
It  would,  were  its  elasticity  perfect 
mad  if  ao  cactaraal  obstruction  existed,  osdllate 
ar  vifasala  fiv  ever  betwem  these  opposite  poei- 
tisaa.  Tfaa  time  occupied  by  the  spring  between 
ha  gifting  one  positioQ  A  e,  and  again  retnm- 
inc  la  it,  ia  termed  the  period  of  one  oecillatioa 
er  varation  ;  and  it  has  been  shown  to  be  a  law, 
if  the  Tibntioos  are  small,  that  is,  if  e  is 
hr  from  «,  this  period~(a/7  otkerMiigt  re- 
the  aoatf) — ^b  constant;  in  other  words, 

laoas.     Kow,whatwe 

inmgined  to  happm  in  the  case  of  this 

viitually  oeeas  wlimever  any  elastic  body 

to  Tibfata,-*be  that  })cdy  a  solid  mass, 

ia  a  atate  of  tension,  or  aa  elastic  fluid. 

a  bdl  tolH  for  instance,  each  molecule  of 

to  and  ftu,  between  two  sncb  posi- 

€,  €";  aad  the  important  law  holds  here 

ska,  as  indeed  in  eveiy  other  case,  that  under 

Iks  SBBB  dfomiatancss,  the  vibrations  are  iio- 

idfmma. — It  will  be  eoovenient  that  we  observe 

ska  ia  t!as  plnoav  how  each  vibration  of  an  ex- 

ItmI  bedy,  bo  it  what  it  may,  must  originate 
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or  create  an  undulation  in  the  surrounding  air, 
wliich  undulation  will  form  itself  into  a  wave, 
proceeding  outwards  on  all  sides  from  the  place 
of  that  primary  vibration.  Suppose,  for  instance, 
that  p  is  the  vibrating  molecule — that  as  to  say, 
a  molecule  alternately  advancing  and  receding ; 
and  for  the  sake  of  simplicity,  let  us  likon  it  to 
a  piston,  moving  in  the  long  open  tube  tt^, 
through  the  vpaco  p  s,  and  again  backwards  to 
p.  (The  linear  dimensions  of  the  piston  must  be 
considered  as  very  small  in  relation  to  the  length 
of  the  tube.)'  Had  the  air  within  the  tube  been 
rigid,  the  forward  motion  ef  p  ta  s  would  of 
course  have  merely  forced  a  corresponding  quan- 
tity of  that  air  out  of  the  tube  at  the  end  T.  But 
the  atmosphere  being  elastic  or  compressible,  the 
impulse  given  by  the  motion  of  p  will  compress, 
in  the  flnt  place,  that  portion  of  it  next  p.    Let 
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this  effect  be  supposed  to  have  reached  a,  when 
the  piston  stops  at  a; — the  air  formerly  occupy- 
ing the  space  pa  will  now  be  compressed  within 
the  smaller  space  8  a.  The  effect  of  the  action 
of  F  will  just  have  begun,  or  rather  be  on  the 
point  of  beginning,  at  the  vertical  layer  or  stra- 
tum A  T,  and  at  the  same  time  it  will  at  the 
same  moment  be  just  ceasing  at  the  vertical 
stratudi  at  a — ^the  pressure  of  p  then  ceasing. 
The  molecules  in  the  vertical  strata  between  a 
and  A  will,  however,  be  subject  to  compression, 
and  in  consequence  to  motion;  and  near  the 
middle  of  that  line  they  will  be  subject  to  the 
greatest  compression,  and  therefore  to  the  greatest 
velocity.  Their  state  may  be  represented  to 
the  eye,  if  we  raise  ordinates  x  xf,  t  t',  &c., 
representing  the  degrees  of  compression  at  z  r, 
Ac.,  and  connect  their  extremities  by  a  curve. — 
Should  the  piston  remain  at  s,  the  force  accumu- 
lated by  copipression  within  the  space  of  air  a  T, 
will  discharge  itwlf  on  the  next  layer  a  b,  and 
produce  there  a  state  of  things  exactly  resembling 
its  own,~ia  other  words,  it  will  propsgate  itself 
onwards,  giving  rise  to  a  new  or  second  nndnla- 
tk>n,  whidb  in  its  turn  must  generate  a  third, 
more  advanced  still;  so  that  the  primary  dis- 
turbance^ caused  by  the  advance  of  p,  must 
result  in  the  creation  and  propagation  of  a  wave 
that  will  advance,  as  we  shall  see  hereafter,  with 
a  definite  velocity  on  all  sides  through  the  whole 
atmosphere.  It  is  easy  to  see  that  during  the 
subsistence  of  the  process  now  described,  another 
— in  so  far  opposite  in  character — has  been 
occurring  on  the  other  side  of  the  pbton  p.  At 
that  pbwe  the  air  occupying  a  space,  sensibly 
equal  to.  a  A,  must  have  been  rarifled ;  and  at  the 
dose  of  the  second  interval  this  portion  will 
return  to  rest,  while  the  portion  occupying  a'  b' 
will  come  to  be  in  motion.  Aerial  pulses  will 
thus  be  produced  on  tYvrj  side.    Since  small 
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▼ibntions  are  ModbtMou^  these  polflM  or  vaves 
must  also  be  iaoduonona,  and  of  a  length  deter- 
mined by  the  length  of  the  vibrations  of  the 
sonorous  body.  The  poises  in  qneetion  an  oom- 
monly  named  pulses  or  waves  of  sound. 

2.  Seeing,  then,  that  the  invariable  antsoedeot 
of  the  senastion  of  sound  is  a  body  in  a  state  of 
vibration,  communicating  waves  or  vibrations 
iBorresponding  to  its  own  to  the  atmosphere^  and 
thus  diffushig  its  effects,  we  essily  recognize  it  as 
the  general  problem  of  aoonatios,  to  ascertain 
what  special  eflbcts  belong  to  the  noters  of  the 
body  vibrating;  to  the  sneryy  or  farcB  with 
which  its  molecules  oscillate ;  and  to  the  rapidity 
oitheaB  oscUlatians. — (a.)  As  to  the  influence  of 
the  nature  of  the  body  vUiratingi  bo  satisfactory 
physical  solution  lias  yet  appeared.  Twodifbrent 
musical  instmmentsi  eommanicating  to  the  air 
the  same  number  of  vilirations  in  the  same  time 
^each  vibration  being  of  equal  strength — do 
indeed  aflbct  us  with  sensations  veiy  ^fifereuL 
Who  does  not  recognize  the  difierenoep  for  in- 
stance, between  a  note  of  a  flute  and  the  name 
note  of  equal  loudness  prodnoed  by  the  violin? 
And  yet  in  all  Imown  physical  attribntes  the 
aerial  oscillations  originating  in  the  action  of 
these  instruments  correspond  to  «  nicety.  The 
fidl  solution  of  the  difficulty  may  depend  on 
physiology;  neverthdess,  there  most  be  some 
decisive  ph}*Bical  cause  antecedent  to  the  diflte- 
ence  of  effect  on  the  sensorium. — (ft.)  The  eneigy 
or  ampUiude  of  the  primaiy  impulse  or  vibration, 
or  the  contnuy,  exercises  an  influence  that  la 
intelUgible  enougli.  It  is  dear  that  this  as^pff- 
iude  lus  nothing  to  do  with  rapieUtg: — ths  main- 
spring of  our  first  illustration,  for  instance,  might 
have  been  made  to  deviate  much  fartiier  from 
A  8  than  A  e  is,  in  which  esse  the  sweep  or  ampli- 
tude of  its  oscillations  would  have  been  lai^ger, 
although  tkeir  number  m  a  given  time  toould  not 
have  been  auffmented.  Now,  on  this  amplitude, 
that  attribute  of  a  sound  which  we  term  its 
loudneu,  depends.  A  note  of  a  chamber  oigan 
differs,  in  this  respect  alone,  from  the  same  note 
rolled  out  in  Yoric  Minster,  or  by  the  oigan  in 
St  Paurs.»(e.)  There  remains  the  question  as 
to  the  rapidity  qfvibrationy — a  question  of  pro- 
fonndest  interest,  one  concerning  which  phj'sics 
can  do  but  a  part,  for  we  soon  enter  the  region  of 
physiological  psychology.  It  is  on  this  primaiy 
ph}*sical  element  that  the  characteristic  depends 
which  induces  us  to  divide  sounds  into  ^^raoe  and 
ucvto.  The  Jirtt  thing  that  strikes  one  when 
entering  on  this  curious  subject  is  the  immense 
compass  of  the  human  ear,  of  rather  of  our  sense 
of  hearing.  Savart's  experiments  demonstrate 
that  sounds  are  audible,  although  so  extremely 
^roee,  that  they  originate  in  vibrations,  seven  or 
eight  of  which  only,  occupy  a  second  of  time; 
while,  on  the  other  hand,  by  the  same  surprising 
Ikcul^,  we  can  detect  the  acute  note  proceeding 
from  a  vibrating  body  giving  forth  twenty-four 
thousand  waves  in  the  same  small  portion  of 
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tlma  Despretz  has  recently  gone  much  fiutber, 
— he  thinks  we  can  detect  vibrations  so  rapid, 
that  no  fewer  thah  86,850  are  executed  in  a 
second.  The  rapklity  of  vibratfens  like  these 
is  hideed  bflnitesimal,  if  compared  with  that  of  tbo 
undulations  which  seem  to  give  rise  to  the  pheno- 
mena of  vision.  At  the  same  time  the  compass  of 
the  eye  is  smaU  compared  with  that  of  the  ear: 
the  extremes  in  the  fbrmer  case  being  in^the  pro- 
portion of  458  to  727,  while  hi  that  of  the  latter 
they  are,  to  take  the  most  nnfkvoursble  state- 
ment, as  OHS  to  three  ikoueamd.  And  yet  who 
shall  say  that  our  human  ear  recognizes  sll  pos* 
sible  or  even  all  existing  sounds?  Multitudes 
innumerable  of  the  voices  of  this  nnfathomed 
universe  may  pass  us,  never  to  be  heard ;— our 
portion  of  it,  in  so  fisr  as  sense  is  conoenied,  is 
probably  that  of  the  creature  of  an  hour — not 
much  greater  than  what  bdongs  to  the  Ephe- 
meroD. — Pssshig,  however,  ftom  the  contempla- 
tion of  UmOst  let  us  ask  next  whether  sounds 
produced  within  thoee  limits  are  susceptible  of 
satisihetoiy  dassification,  or  can  be  supposed  to 
be  rationally  oonnected  with  each  other?  Tha 
reason  or  ground  of  the  dassiflcation  now  to  bo 
explained  undoubtedly  bdongs  to  the  necessities 
of  the  human  sensorium,  or  to  demands  made  by 
tlie  oonstitution  of  our  perceptive  faculty:  an 
analysis  of  thoss  grounds,  and  the  discussion  of 
thdr  finer  idations,  constitutes  the  Sdenoe  of 
Musia  The  physical  laws  or  diaracteristics  of 
the  sal^ect  may  be  dmply,  as  well  as  very 
briefly  explained. — (1.)  A  compass  of  vibrations, 
in  which  any  vdodty  or  rapidity  is  taken  as  the 
starting  point,  and  which  indudes  all  vibratlona 
up  to  those  having  a  rapidity  double  that  of  this 
initial  or  Amdamental  one,  is  called  an  octave. 
There  is  of  course  no  limit  to  the  number  of 
octaves,  ascending  and  descending,  except  the 
foregoing  limits  of  audibility.  But  their  coo- 
struction,  or  thdr  comparability,  in  the  musical 
language  of  difibrent  nations  or  oompoeers,  most 
evidentiy  depend  on  an  agreement  as  to  a  dia- 
pason or  fundamental  note.  Singularly  enough, 
this  has  not  hitherto  been  a  thoroughly  settled 
point  Savait  found  that  the  fhndamental  ia 
springs  fhMn  440  complete  vibrations  in  a  second ; 
but  we  find  that  the  actual  la*t  of  the  grand 
opera  of  Paris,  of  the  Italian  theatre,  and  of  the 
theatre  of  Beiiin,  originate  respectively  in  488, 
484,  and  441  vibrations.  Accurate  sdence  may 
thus  correct  and  aid  even  the  highest  esthetics, 
— Mtmdumregwtt  Humeri ! — (2.)  All  sounds  issu- 
ing from  vibrations,  whose  rapidity  is  rdated 
according  to  the  natural  numbers  1,  2,  8,  4,  Ae,^ 
are  termed  harmonic  sounds ;  in  other  words,  they 
may  be  sounded  together  inofltosivdy,  and  even 
pleadngly.  Savart  considers  that  he  discerned 
a  physical  reason  for  this.  When  a  cord  is  set 
in  vibration  it  sppears  that,  besides  the  funda- 
mental sound,  sll  the  sounds  corresponding  to 
these  numbers  are  audible  at  the  same  ^e; 
that  is  to  say,  mingling  with  the  full  vibration 
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AGO 
rf  tl>  eori,  Aa«  an  Kpanta  ■sd  ncooiluy 
iHmlMi  noDd  tht  variooi  poiola  in  wUcli  Uie 
•i«l*«^dl>aGBt,«w«««to(UThle  itiDlotwo, 
tlM«  aad  fcoT  poti  «iKwt»ely.  Tba  Bgnn 
W«B  «IH  BtaMnU  Ihli  cooditkn  tf  omiplBX 
tteriiM  fe>  Um  ntio  1,  1,  aod  3^8.)  Tb* 


Ac  ■■■fcm  h  tin  Hcoad  Hue  trdIcUl:«  Km 
■  ^iiHrf  Mck  BoM  that  oocor  In  tin  nma 
Ml  Tte  aoH  intiTTili  Mong  to  anrr  oetan 
lulling  tkiB  to  tfw  priiB«7  «t,-  that  b  to 
r,  ir  tft>  jnoMtj  ^  of  u  octin  ba  4  butead 
1,  ^Kk  td  tba  (ongDlng  nninbtn  or  ratkn 
^  ba  ■■IdpMaJ  br  4.  Ttwv  li  mother 
■HHoita  Bade  «r  qwiial  otijccts— calM 
I  ^tav  ^n« ;  it*  intarab  ai*— 

M,   j^  alft,  fa,  Ki),   UK  rit,  at, 

i<  I.    1.    1.  e.  1.    «    2. 


I  mil.  aad  a*  aait/  dkUng 

i   I     >1  I  to  IWM*  -»«:- 


AGO 
recogidEe  no  sonndi  pTodaoKl  b;  Mbei  Ml*  of 
TibiiuiaD^  as  «wtea(  iba  Sd«nce  of  Acmutla 
caqnot  expUn,  dot  ioa  it  attempt  It  Iti  vst- 
oon  li  not  with  tlie  n^sctlve  InaiwDcea  of  vlbra- 
tioni,  bnt  with  tba  nuMiUI  aniecntanta  of  thua 
ronaitihla  iawm. 

S.  PhgnoniHia  n  lingDUi,  dep«ndhig  on  tba 
Dniiib«T  of  lh«  aacillaticHu  (XBCDted  bj  the  molfr- 
cdIw  of  a  vibrating  body  in  a  glveo  time,  it  li 
clcoriy  of  madi  connqoimca  that  tbeaa  TClnJtiea 

ve  ahaU  aooB  diacern  that  other  problemt,  alao  of 
gnat  impoitanca,  depmd  An  their  lolulioa  oaour 
»  with  the  character  of  such 


bj  whow  aid  even  changn  tinu  erantaoent,  arg 
midwad  palpable  alike  to  eja  and  car,  and  ao 
Uunoogfalj  Sied,  that  they  can  be  iDbjected  to 
■  rigoniu  avalDation.  We  ahall  dcacribe  a  lew 
of  theae  ingodoiu  and  efl^llva  proceduraa. — 
PertiapB  the  moat  iniemting,  and  that  which 
pmmlrMa  tlie  moat  Taried  twulu,  ia  the  method 
DCighiating  with  Cbtudnl,  and  aileiuirely  am- 
pb^ed  bj  Sarart,  while  inreBllgaling  the  vibia- 
ticBia  of  |dalea  or  lodi.  While  nieh  an  TJbrating, 
motion  leema  vay  onequally  distriboted  aoiong 
their  partidea.  Strewhig  fliw  und  over  the 
TibraUng  aai&ce,  Savan  feond  that  it  accamo- 
lated  OT«r  apota  and  lloa,  which  he  tanned 
nodal  ipola  aod  linea, — it  being  dear  tliat  then 
oanU  ba  na  vibratlDa  there.  The  fbUowlDg 
diagnnw  ahow  tbeaa  Uuea  of  npoae,  m  nunl- 
flvted  TmilTT  YflniflC  HrmrnitriTm  * — 


1  of  this  Uod  n 


Savait  ■! 


Iha  flati  lightly  by  a  datp  ot  wood 
•d^i  aad  he  camed  It  to  Tibnte,  notby  itrikhig 
II  bat  by  bringing  quite  near  it  aDolhs-  body 
ah^dr  ia  Mbiite  and  knomi  vibra:loa.  The 
1^  praaaa  Bay  be  apphed  to  a  bell  or  glan. 
Tllj  n  a  gbto  w!lb  aenarj  or  water ;  tet 
kfanitTflnliDa,«Dd  tbe  aiiifiue  of  the  mer- 
By  1  w^  wiH  bidkaU  nodal  Hoea,  aa  weU 
to  ib  dmnettr  irynunatrfcal  or  otberwirc,  of 


OMffdy  Indtcata  the  meani  of  atcettlfnhig  tba 
exiitenea  and  (Uatiibulion  of  aach  nodal  lino. — 
In  the  lecewf  place,  a  method  has  to  tie  men- 
tioned, recently  piopooed  by  H.  Litm^joas — the 
exhibition  of  the  curiuoa  and  rather  biHllant 
neulta  of  which  baa  recentl;  attracted  rtiDch 
notice  In  Paria.  It  la  at  ones  simple  and  iage- 
nions.  Suppose  a  mlntir  allachrd  to  one  of  the 
prongs  of  a  commoa  tnning  fork,  and  that  a  ray 
of  light  is  made  to  tall  aompwhat  obliqaely  on 
that  minor,  it  ia  dear  that  the  direction  of  the 
nflactol  ity  will  alter  with  ever}-  vibration  of 
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the  fork,  should  it  he  made  to  vihrate.  If  now 
this  reflected  ray  be  made  to  strike  on  a  screen, 
the  vibrations  of  the  fork  will  become  visible  in 
the  rapid  motions  of  a  point  of  light  upon  that 
Kreen.  By  aid  of  this  very  simple  contrivance, 
M.  Lissajoox  has  been  able  to  render  the  vibra- 
tory movement  of  solid  bodies  distinctly  visible ; 
to  manifest  the  optical  composition  of  vibratory 
motions  taking  place  in  the  same  direction ;  to 
compound  two  vibratory  motions  at  right  angles 
to  each  other;  to  manifest  the  accordance  of 
two  diapasons  separated  by  any  mnsicat  inter- 
val whatsoever ;  and  to  offer  the  easy  means  of 
fixing  on  a  constant  or  invariable  fundamental 
sound.  The  applicatrons  of  this  method  are- 
Indeed  most  numerous :  its  radical  fault  is,  that 
it  does  not  provide  or  leave  any  abiding  trace  of 
its  indicadons. — The  third  class  of  instruments 
to  which  we  shall  refer  are  of  a  different,  and,  in 
80  far  as  the  attainment  of  their  object  is  con- 
cerned, of  a  yet  more  perftct  kind.  That  object 
is  to  measure  the  exact  number  of  vibrations 
taking  place  in  a  second,  that  are  required  for  the 
production  of  the  various  musical  sounds.  Firsts 
we  have  the  tfibrotcope  of  Marloye,—  the  rudest, 
perhaps,  of  aU.  But  it  acts  simply ; — it  consists 
in  arrangements  which  permit  a  point  at  the 
end  of  a  vibrating  rod  to  impress  marks  on  a 
rotating  c}'Under,  whose  surface  is  coated  with 
lamp-blade.  Secondly  we  have  Savart's  plan 
by  toothed  wheels.  He  impresses  what  vibra- 
tions he  pleases  on  a  thin  plate,  by  causing  it  to 
be  struck  by  the  teeth  of  a  wheel  moving  at  any 
given  velocity.  The  number  of  strokes  per 
second  is  the  measure  of  the  vibrations,  whose 
sounds  or  notes  are  heard.  Last^  and  unques- 
tionably the  most  perfect  of  all,  is  the  Sir€he  of 
Cagniard  la  Tour.  This  exqubite  instrument 
is  described  under  article  Sirkn,  q,  p. 

II.  The  Peeopaqation  of  Souxd. 

The  previous  section  has  merely  established 
certain  ven'  general  principles,  as  the  foundation 
of  the  Science  of  Somid.  The  firet  special  ques- 
tion tliat  occurs  is  probably  tius^ — With  what 
comparative  velocities  are  these  waves  of  sound 
propagated  through  space  by  the  different  vibrat- 
ing substances?  For  instance,  take  a  rod  of 
iron  of  100  feet  in  length,  and  a  tube  of  the  same 
length,  filled  with  air ;  communicate  to  the  end 
of  each  the  same  vibration,  or,  what  is  the  same 
thing,  let  the  ends  of  both  be  in  contact,  when  a 
vibrating  motion  is  communicated  to  either, — 
by  which  of  the  two  will  that  vibration  be  first 
conveyed  to  its  other  extremity;  what  will  be 
the  diflerence  of  time,  and  on  what  physical  de- 
ment does  that  difference  depend  ?  It  is  unques- 
tionable that  every  vibratiag  body  in  contact 
with  another  must  communicate  to  it  a  sj'stem 
of  waves  isochronous  with  its  own ;  but  the  velo- 
city of  the  advancement  of  these  waves  through 
space,  must  depend  on  some  physical  character  of 
the  body  to  which  the  vibration  is  communicated. 
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—Let  us  briefly  look  at  this  important  subject, 
as  it  is  presented  by  Experiment  and  by  Theory. 
(1.)  The  atmosphere  hang  the  main  agent  in  the 
propagation  or  diffusion  of  all  sounds  with  wfaidL 
we  generally  come  into  contact,  the  Velocity  with 
which  they  pass  through  it,  became  quite  early  • 
matter  of  anxious  investigation.  The  important 
fact  was  soon  discovered  that,  speakmg  generally, 
sounds  of  all  noteB,  grave  or  acute,  pass  throngh 
strata  of  air  with  sensibly  equal  speed:  the 
degree  of  completeness  with  whidi  they  are  trans- 
mitted varies  with  the  variation  of  ordinary  cir- 
cumstances, but  not — sensibly  at  least — the  speed 
of  transmission.  Probably  the  moet  exact  defi- 
nite determination  of  this  velocity,  as  yet  effected, 
is  owing  to  the  experiments  made  between  Mont- 
chery  and  Tille^uif,  in  1822,  under  care  of  the 
Bureau  det  Longitudes^  at  Paris.  Good  experi- 
ments of  the  same  sort  have  been  repeated  by 
Moll  of  Utrecht;  and  the  result  is,  that  through 
a  bed  of  air  of  the  temperature  of  82°  Fahrenheit 
— air  of  course  virtually  dry — a  wave  of  sound 
travels  at  the  rate  of  1090*2  feet  in  one  second 
of  time.  Now  that  telegraphic  communication 
is  so  exact  and  extended,  experiments  of  this 
description  might  be  repeated  under  very  &voar- 
able  circumstances.  The  velocity  of  propagation 
varies  even  in  the  case  of  different  elastic  floids 
or  gases.  The  following  numbers  may  be  de- 
pended on  within  small  Umits  of  error: — In  the 
vapour  of  alcohol,  the  velocity  of  propagation  is 
480*8  fbet  per  second ;  for  the  vapour  of  fluoride 
of  silidum,  we  have  556 ;  vapour  of  sulphuric 
ether,  690*1 ;  vapour  of  chlorohydric  ether,  656*2; 
sulphurous  add  gas,  697*5 ;  cyanogen,  757-6 ; 
protoxide  of  azot,  845*6;  carbonic  acid  gas, 
846*6;  sulphohvdric  add,  958;  oleflant  gas, 
1051;  bioxide  of  azot,  1071*7;  air,  1090,  &&, 
&C.  These  vdodties  become  still  more  varied 
when  we  scrutinize  corresponding  phenomena  in 
the  case  of  liquids  and  metals  or  rocks.  Accord- 
ing to  Cbllodon  and  Sturm,  sound  is  propagated 
through  water  four  and  a-half  times  more  rapidly 
than  through  air;  and  M.  Masson  has  recently 
informed  us  that  the  transmitting  quality  of  the 
different  metals  b  represented  by  the  following 
numbers, — the  velodty  in  air,  or  1090*2  feet  per 
second,  being  taken  as  unity : — pure  lead,  8*976 ; 
pare  gold,  6*27 ;  cadmium,  7*56 ;  silver,  7*96 ; 
platina,  8*41;  palladium,  9*81;  zinc,  11*14; 
copper,  11-52;  cobalt,  14*25;  sted,  14*88; 
uickd,  14*98;  iron,  15*11;  aluminium,  15*&76. 
The  phenomena  involved  in  these  var}'ing  vele- 
dties  of  the  transmission  of  the  waves  of  aoond 
are  illustrated  on  the  grandest  scale  on  the  occur- 
rence of  a  submarine  shock,  giving  rise  to  an 
eartbqnake.  First  of  all,  the  wave  of  sound 
propagated  through  the  solid  rocks  reaches  and 
terrifies  the  dwdlers  on  the  ndghbourfug  sfaoroB 
of  the  ocean ;  after  an  interval,  a  soond  readies 
them  through  the  sea,  along  with  its  terriUe 
waves ;  and  »t  the  dose  of  the  convulsion  the 
agitated  aimoephere  bears  its  evidence  of  the  yi»- 
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loMikat  luaoccimwL — (2.)  Tanbg  to  Theory 
h  qaest  oC  a  a&tisCicUMy,  or  at  least  a  probable 
ruthaatifin  of  sofAi  Tarieciea,  we  meet  with  a 
frv  fonniilae,  wliicfa — ^regarded  merel/  as  general 
tlwninm — are  of  -veiy  great  Importance,  and 
■eariy  ardmiacribe  the  subject — (a.)  In  the 
CMe  of  idlid  bodies,  Laplace  loDg  ago  established 
tke  famiida — 


-Vf 


»r,  tha  Telocity  of  sound,  ^,  the  intensity  of 
^wxity^  and  e,  the  doogation  undergone  by  a 
irin  or  rod  of  the  solid  a  mkre  in  length,  when 
■*>«tdbed  by  a  weight  equal  to  its  own  weight 
Tht  Meekamioal  Theaty  of  Heat  ««tftMTOhfir  ano- 
of  the  rdatioD,  tiz.  :— 


/b  tlie  mffhaniral  equivalent  of  heat,  d^ 
MffidsBt  of  Imear  dilaUtion,  and  c,  the 
■ft  of  the  body.--<6.)  In  the  case  of 
flasda,  whether  they  be  Uqolds  or  gasea,  soppoe- 
iqg  that  the  temperature  of  each  piuticle  remains 
dnring  the  transmission  of  sound — ^we 


=  V('%) 


is  the 


P  ia  the  proHure  and  Y  the  vQlume.    This 

fermqla  reached  by  Newton :  but  it  gave  a 

T  sasaller  than  the  actual  velodty  by  one* 

of  the  latter.    Laplace  detected  the  error, 

cionfrted  the  formula.    It  is  thl»— 


If 
I  hang  tbe  ratio  ^^f   or  that  of  spedflc  he^ 

It  piMBuie  and  specific  heat  at  constant 

The  actioo  of  heat  during  the  propa- 

of  the  pake  or  wave  ia  the  cause  of  the 

I, — necessitating  the  introduction  of  the 

Jt    T.aplafr  concluded  that  the  fiumula 

to  gssea  only;  it  is  appliable,  however, 

tsafl  iw^ — It  is  aJngnlar  enough,  while  La- 

pbee't  mrestigationa  all  rest  on  the  old  static 

dectriDe  ei  caloric,  that  notwithstanding  the  ad- 

■io^  meapmeity  of  that  doctrine,  their  resnlu 

tutUr  eemgpoad   with  consequences  flowing 

Hm  the  toodem  Vortical  Theory.    (See  Art 

Jfejy  117%    A  raiSciently  etrfldng  Olustra- 

1^  ^^  'cMOtkm  wblch  should  precede  our 

oe  phT«fcsa  by poiheaea,  on  the  mere 

^j^^  oerttin  of  their  results  oonespond 


■ilfcidael 
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III.  The  Nature  asd  Effects  of  Special 
Descbiftions  of  Vibeations. 

We  shall  now  treat  briefly  of  the  different 
kinds  of  vibrations,  and  refer  subsequently  to 
certain  peculiar  modes  of  prcducing  vibrations 
and  musical  sounds. 

I.  1  be  known  kinds  of  vibration  are  three, — 
transverse  vibrations,  longitudinal  vibrations, 
and  vibrations  originating  in  the  torsion  or  twist- 
ing of  a  rod. 

1.  The  best  and  most  palpable  illustration  of 
trantversal  vibrations  is  the  case  of  a  stretched 
cord,  like  the  string  of  a  violin,  a  piano,  or  a 
harp.  If  the  string,  when  in  tension,  is  pulled 
sideways  out  of  its  place,  it  instantly  starts  back, 
through  effect  of  its  elastidty,  and  a  vibration 
commences  in  a  transversal  <^rection,  or  in  a 
direction  perpendicular  to  the  length  of  the  string. 
Any  elastic  body  may  be  made  to  vibrate  in  tbii 
manner.  The  tuning-fork  vibrates  transverself, 
and  so  do  thoee  plates  whose  nodal  lines  have 
already  been  referred  to.  The  vibrations  of  a  bell 
an  transversal  likewi8e.~(a.)  The  theory  of 
such  vibrations,  in  tbe  case  of  musical  cords — 
which,  indeed,  forms  the  whole  physical  theory 
of  a  large  class  of  musical  instruments — ^may  be 
said  to  be  oomplete.  One  part  of  it  is  summed 
up  in  the  following  theorem: — **  The  number  of 
the  mbrotione  of  a  ttrticfted  cord  in  a  given  time 
it  proportional;  1st,  woenely  to  the  length  qfthe 
cord;  2d,  imoenely  to  He  dicmeter;  8d,  tnverte^ 
to  the  square  root  of  the  tension;  4tb,  inversely 
to  t/ie  square  root  of  the  density.**  If  diameter, 
tension,  and  density,  remain  the  same.  Ma  nuai' 
ber  of  vibrations  will  be  inversely  as  the  length 
of  the  cord.  It  is  easy  to  find  from  tUs  theorem 
Uie  precise  character  of  the  cords  that  will  yield 
the  various  musical  notes ;  but  as  tension  plays 
so  large  a  part  in  conferring  this  quality,  the 
adjustment  of  the  oord  is  usually  entrusted  to 
the  band  and  the  ear.  During  the  vibration 
of  a  cord,  another  very  singular  phenomenon  is 
manifested,  which  greatly  increases  the  richness 
of  the  sound  issuing  from  it  The  cord  sends 
out  not  only  its  fundamental  note,  but  the  wltole 
or  many  qfits  harmonies^  along  with  iL  An  ex- 
periment, imagined  by  Sauveur,  furnishes  the 
solution  of  the  puzzle.  At  a  point  in  a  musical 
string — say  one-third  of  its  length  from  one  end 
— place  the  moveable  stop,  and  press  the  string 
down  upon  it  very  gently  with  the  finger.  By  a 
stroke  of  the  bow  set  the  third-part  into  vibra- 
tion ;  it  will  be  found  that  tbe  other  part  of  the 
string  vibrates  also— not  as  a  whole,  but  as  con- 
sisting of  two  parts,  and  exactly  as  if  by  another 
moveable  stop  the  whole  string  had  been  subdi- 
vided into  three  parts.  Withdraw  the  stop,  and 
to  these  three  partial  vibrations  a  vibration  of 
the  whole  string  will  be  superadded.  Sauveur 
condudes  that  a  musical  oord  does  not,  when 
struck,  merely  vibrate  along  its  entire  length,  but 
that  each  of  its  halves,  each  of  its  third-parts, 
each  of  its  fourths,  vibrates  also ;  and  that  thero- 
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ton  the  ftmdamental  note  is  DeoessarQy  acoom- 
panied  by  ita  harmonics.— (6.)  Of  thetransveraal 
vibrations  of  plates  little  is  known,  save  the 
existence  of  those  nodal  lines.  No  satisfactory 
theory  has  been  offered  in  account  of  them.  We 
may  probably  soon  learn  interesting  &cts  from 
the  process  of  M.  Um^oaz.  Savart  employed 
these  vibrations  in  investii^ations  concerning  the 
stmctnre  of  various  bodies,  sndi  as  pieces  of 
TTOod,  crystals,  &c.  It  is  clear  that  variations 
or  irregulariUes  of  elasticity  may  thus  be  easUy 
detected. 

2.  LMt^'ftMftfia/ vibrations  are  executed  in  the 
direction  of  the  length  of  the  vibrating  body. 
The  molecules  of  cords,  rods,  &c.,  may,  by  due 
precautions,  be  made  to  vibrate  in  this  way,  and 
to  produce  sound.  M.  Marloye  has  even  con- 
structed a  moucal  instrument  on  this  principle, 
in  which  twenty  rods  so  vibrating,  give  out 
separate  notes.  But  the  chief  and,  indeed,  only 
important  illustration  of  it,  is  the  case  of  wind 
instruments,  in  which  columns  of  air,  enclosed  in 
tubes,  vibrate  and  produce  rich  musical  sounds. 
It  is  the  longitudinal  vibration  of  the  air  within 
the  tube  of  the  flute  or  the  pipe  of  the  oigan, 
that  evolves  their  sweet  and  imposing  harmonies. 
The  phenomena  of  these  vibrations  were  satisfao- 
torily  investigated  long  ago  by  Daniel  BemonillL 
We  have  no  space  for  the  interesting  analysis  of 
this  eminent  geometer,  and  must  be  satisfied  with 
a  simple  enunciation  of  the  laws  he  discovered. 
They  are  six  in  number:— FtrsT.  All  cylindrical 
or  prismatic  tubes  of  the  same  length  give  out  the 
same  notes,  if  (all  being  open  or  all  closed  at  the 
end  opposite  the  end  where  the  impulse  is  com- 
municated) their  length  is  ten  or  twelve  times 
their  diameter,  and  the  material  of  which  they 
ore  made  is  sensibly  rigid.  The  quaUtg  of  the 
sound  and  its  inUntUy  vary  slightly  with  the 
nature  of  the  substance  of  the  tube. — ISecoruUy. 
If  a  chad  sonorous  tube  is  made  to  sound  by 
being  blown  into  with  greater  or  less  force,  it 
will  give  out  di£forent  notes ;  and  if  its  funda- 
mental note,  or  the  gravest  note  it  can  give,  be 
represented  by  unity,  the  other  notes  will  rigor- 
ously and  undeviatingly  follow  the  series  of  odd 
numbers,  8,  6,  7,  &c.— 7%tfx%.  An  open  tube 
will  also  give  out  difierent  sounds,  according  to 
the  force  with  which  one  blows  into  it;  but  these 
notes  are  represented  by  1  (the  fundamental 
note),  and  the  entire  series  of  natural  number^ 
2,  8,  4,  &c — Fowihbf,  The  fundamental  note  of 
a  eioted  tube,  and  that  of  an  open  one  of  the 
same  length,  are  always  in  octave.  The  note  of 
the  dosed  tube  being  the  grave  one  (I),  and  the 
note  of  the  open  tube  the  acute  one  (2). — Fifthfy, 
When  an  open  tube  gives  the  sound  2,  one  may 
effect  an  opening  in  its  middle,  and  even  take 
away  half  of  it,  without  its  note  experiencing 
any  change:  so  likewise  if  it  gives  the  note 
8,  openings  may  be  made,  divUing  the  tube 
into  three  parts.  These  phenomena  forcibly 
lecall  Sauveu^s  experiments  on  the  division  of 
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vibrating  oords. — SSxtMj^.  Between  each  of  the 
portions  into  which  a  sonorous  tube  may  be 
divided  without  change  of  note,  there  is  a* thin 
modonless  tUce  or  ttratum  of  air— called  a  noda 
qf  vibration.  The  existence  of  these  nodal  strata 
can  be  easily  proved.  For  mstance,  within  a 
shut  tube  that  gives  out  the  second  note,  a  pis- 
ton may  be  placed  at  the  first  third  of  its  length, 
without  at  sJl  altering  the  note.  But  were  the 
piston  placed  anywhere  else,  the  note  would  nut 
remain  unchanged. — Such  the  leadmg  pheno- 
mena of  musical  wind  instruments. 

8.  Vibrations  of  tortion  are  probably  often 
produced,  but  they  have  not  been  turned  to 
use.  It  is  needful  to  recognize  them,  however, 
as  a  phenomenon  in  mole(»lar  physics.  Their 
existence  and  musical  eflbct  may  be  manifeat/ed 
as  follows : — Fix  a  cylindrical  rod  at  one  end, 
hold  it  in  the  hand  at  some  other  point,  and  mb 
it  gently  with  a  bow  in  a  direction  perpendicular 
to  its  axis.  The  contact  of  the  hand  preventa 
all  trantverm  vibrations,  so  that  the  friction  of 
the  bow  must  cause  a  torsion,  giving  rise  to  syn* 
chronous  vibrations  perpendicular:  to  its  length* 
The  sound  produced  is  much  graver  than  what 
would  be  due  to  any  longitudinal  vibration ;  ao 
that*being  neither  transverse  nor  loogitudinali, 
the  molecular  oscillation  produced  must  be  circu- 
lar, or  due  to  torsion. 

Although  the  modes  of  vibration  now  described 
are  quite  separate  and  distinct,  it  is  not  probabki 
that  any  actual  body  ever  vibrates  purely 
according  to  one  smgle  mod&  They  who  are 
con\'ersant  with  the  more  modem  progress  of  the 
Undulatoty  Theory  of  Light,  wOl  recollect  liow 
much  of  the  completeness  of  that  theory  is  now 
owing  to  the  recognition  of  the  co-existence  of 
different  kinds  of  vibrations.  A  phenomenon  that 
sorely  puzzled  Savart,  viz.,  the  existence  of  inex- 
plicable nodal  lines  in  bars,  apparently  vibrat- 
ing only  longitudinally,  has  just  been  traced 
by  M.  Terquem  to  the  co-existence  of  transvereal 
vibrations.  It  is  the  most  difficult  duty  of  the 
artist  who  constructs  musical  instruments  to  pro- 
vide against  such  interferences ;  but  the  task  ia 
lightened  by  the  tendency  of  all  neighbonrinff 
vibrating  movements  (especially  if  some  one  of 
them  is  greatly  superior  in  intensity)  to  tbnyw 
themselves  into  harmony. 

II.  As  a  close  to  this  arlide,  we  shaU  refer 
briefly  to  two  peculiar  classes  of  phenomenar— 
recently  attracting  considerable  notioe^by  which 
musical  sounds  are  produced. 

1.  The  fact  that  on  the  contaot  of  bodies  of 
diiforent  temperaturee  musical  tones  are  evdved, 
seems  to  have  been  noticed  by  Sdiwaits  so  Icng 
as  1805,  and  afterwards,  in  the  same  year,  l^ 
Professor  Gilbert  of  Berihi;  but  the  subject  did 
not  receive  continued  or  systematic  attention 
until  the  year  1829.  In  that  year  Mr.  Aithar 
Trevelyan  happened  to  be  engaged,  in  the  coufBe 
of  some  inquiries,  in  spreading  pitch  with  a  hot 
trowel,  or  plastering  iron.  The  iron  being  too  hoi, 
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hljid  it  fSmdn^y  againct  a  Mock  of  kad,  wben, 
to  kngTMft  ssriiriaei,  it  omttod  a  ahiill  not0»  com- 
pml  by  ^dm.  to  the  duuiter  of  the  small  Korthnm- 
brim  ^|ic&  Inepecting  Che  iron  narrowly,  he 
finod  It  in  a  atate  of  rapid  Tibrntioo.  It  waa 
aarir  cetahllahed  by  Trerelyan,  Beid,  and  other 
cxpoiawnten,  thai  almoat  any  of  the  metals 
will  iwudme  Hraaical  TibratioDa,  if  a  bar  of  it  be 
laid  vpon  a  block  of  lead  or  tin— the  bar  being 
tbe  blodc  cold ;  or  if  a  cold  bar  dt 
or  tin  be  laid  upon  a  hot  block  of  theae 
cpU  nation,  liowever,  was  not  so 
aod  icnaaioed  nntil  recently  a  matter  of 
I^nfimwii  Forbes  of  Edinborgh,  ever 
to  new  dSsoovcrleB,  gave  the  whole  subject 
althoQ^  not  an  exhaostive  ezami- 
i;  sttd  CO  the  gnmnd  of  what  he  considered 
of  general  laws,  he  felt  obliged  to 
tbe  cnrioos  pheDomena  to  "  a  new  species 

hi  heat.**     There  is  no 
r,  of  any  new  species  of  agency. 
SHr  John  Leslie  very  early  suggested  the  true 

L  Faraday  afterwards 
it;  and  hi  1854  Dr.  Tyndall,  with  the 
diat  $f>  largely  beloogi  to  him,  con- 
aeriea  of  nsearehes  that  leave  nothing 
to  be  aoeompliahed.  It  is  clear  that 
die  hot  body  first  tooefaes  the  cold  one,  the 
win  expand,  and  throw  off  the  hot 
the  latter  wUl  then  descend  or  &11  back: 
most  Snmwdiabdiy  be  repeated ;  and  a 
ef  taps  will  ensne,  rapid  and  powerful 
to  evolve  musical  soonds.  The  superior 
«f  lead  or  thi  in  thia  case,  was  ascribed 
ly  Faiaday  to  its  gnat  cxpanaibiUty,  combined 
its  Mde  power  of  conduction.  If  the  ex- 
be  eonect,  the  phenomenon  must  be 
SB  »llmlted  ooe—Hsertainly  not  confined  witiiin 
of  Prol^Bwr  Focbes's  laws.  His  first 
this — **  Tless  vihvlwiu  never  occur 
<iftke  tame  naturtJ'  But 
Dk.  l^mdaB  has  shown  that  hon  will  vibrate  on 
ippcr  oo  copper,  bnas  on  braas,  silver  on 
tB  on  tin,  ftc,  &c.  Again,  Professor 
asserted  that  *^holk  uAtUmeee  mutt  be 
r:* — Dr.  Tyndall  proves  that  the  pioduo- 
«f  the  taoes  depends  not  on  the  subsUmce  of 
r,  bet,  as  Faraday's  view  would  lead  us 
en  its  powers  of  oonductkm.  For 
sSvo;  co|i^,  and  brsas,  placed  on  the 
cd0B  of  piiMDs  of  rode  oystal,  fluor  spar, 
aall^  gave  dear,  and,  in  some  cases,  very 
No  ftwer  than  twenty  non-metal- 
wen  examined  by  FrofiBasor  Tyn- 
distiact  vibrations  always  obtained, 
that  '*  The  nbratione  take 
jrrepertianal  (witkm  eer- 
f)ic  tke  d^Srtml  eomdnuimg  powert  qf 
Us  mttah /or  Aeai,—fMs  metal  lummg  the  Itaat 
eseArtiM  ewtr  btiwff  tteceeearUa  ike  eotdetL** 
7W  siBihiuw  of  tbe  drat  law  carrica  with  it  the 
■mill  II  fffffS^nMimi  for  between  two  pieces  of 
tkemat  metai  thorn  eao  be  no  difiecenoa  of  ooo- 
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ductive  power;  but  Tyndall  farther  shows  that 
it  is  incorrect  in  every  particular.  The  theory 
of  Leslie  and  Faraday  therefore  stands. 

2.  The  other  class  of  sounds  are  produced 
by  those  curious  singing  tubes.  It  has  long 
been  known  that  if  an  open  tube  of  some  length 
be  so  held  over  a  jet  of  burning  hydrogen  that 
the  flame  shall  Just  be  within  the  tube,  a  musical 
note  is  produced,  or  the  tube  begins  to  sinff. 
Various  explanations  were  early  proposed ;  but 
here  also  Faraday  first  reached  the  truth.  He 
refers  the  sounds  to  successive  explosions  pro- 
duced by  the  periodic  combinatiou  of  the  atmo- 
spheric oxygen  with  the  issuing  jet  of  hydrogen 
gas.  Dr. 'Tyndall  has  again  brought  his  origi- 
nality and  exactness  to  confirm  and  illustrate  this 
explanation.  He  has  shown  further,  the  de- 
pendence of  the  pitch  of  the  note  produced, 
on  the  size  of  the  flame.  The  note  given  out 
is,  indeed,  the  fundamental  note  of  tbe  tube,  or 
rather  one  somewhat  higher,  in  consequence  of 
the  increased  temperature  of  the  vibratiog  air; 
but  the  shse  of  the  flame  must  be  such  as  to  enable 
it  to  explode  in  unison  either  with  tbe  funda- 
mental pulses  of  tbe  tube,  or  with  the  pulses 
of  its  harmonic  divisions.  The  remarlcable  part 
of  his  paper,  however,  is  its  way  of  manifesting 
tlie  keen  sympathy  between  these  flames  and  the 
human  voice,  or  any  neighbouring  musical  instru- 
ment sounding  the  requisite  note.  **  I  placed,*! 
says  Professor  Tyndall  **  a  str^  near  the  flame. 
The  latter  was  burning  tranquilly  within  its 
tube.  Ascending  gradnaJly  from  the  lowest  notes 
of  the  instrument,  at  the  moment  when  the  sound 
of  the  sir^e  reached  the  pitch  of  the  tube  which 
surrounded  the  gas  flame,  the  latter  suddenly 
stretched  itself  and  commenced,  its  song,  which 
continued  indefinitely  after  the  sir^e  had  ceased 
to  sound." — The  facts  have  also  been  noticed 
by  M.  Schafigotsch.  See  also  articles  Eab, 
Echo,  Harxohics,  Hsabiko,  Sibsm,  Sound, 
Tartikib  Beats,  &c. 

ActlBlem*  The  remarkable  phenomena 
brought  out  by  photogrtythjf,  have  shown  the 
existence  of  solar  infiuence  due  neither  to  the 
Bays  which  produce  Heat  nor  those  which  pro- 
duce Light.  This  third  class  of  Bays  has 
been  named  the  AcMc  Bays;  and  the  force  in 
question  AcUnitm,  or  Bay-power.  The  rdatioa 
of  the  Actinic,  to  the  other  Bays,  in  the  speo- 
tnanf  or  as  they  an  separable  by  virtue  of  their 
diflhreot  refiangibUities,  ii  exhibited  by  the  dia- 
gram in  next  page,  taken  firom  Hunt*s  TYeatiee 
on  Photograph, 

From  ▲  to  B  in  the  diagram  is  the  Newtonian 
spectrum ;  recent  discovenes  extend  the  coloured 
spectrum,  as  distinctly  visible,  much  farther.  The 
curves,  o,  d,  and  b,  represent  the  relations  of  the 
forces  of  Heat,  Light,  and  Actkuem,  The  Actinic 
or  chemical  rays,  are  at  then:  aiaajflHwe,  in  that 
part  of  the  spectrum  where  the  illuminating  power 
is  the  least,  and  vice  eerta;  but  there  appears  a 
second  or  sabskiiaiy  Actinic  maximum  within  the 
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holing  tmyi  at  r.     A  comphla  soenmt  and 
aiMlyais  of  the  nUu  beam,  will  bs  fooDd  nndei 
tb«  articles  REFOAsaiBuxrT  and  Sfectboji: 


rSp«c  adatn  qicctnl 


X  Actlnlan.  or  dumlMl  ndiul  power,   t  UCht 
hUMt 

ioffice  U  to  Temuk  In  the  meantfme,  tbat  tb'a 
Adialc  Force  ii  almoet  inTeneiy  u  the  lllamuiat- 
ing  pcnrer  -  net  mHy  do  the  most  luminaua  rays 
ooDtiun  no  Actinl^  bat  they  tend  to  pretva 
diemico]  change ; — an  Inorganic  body  exposed  to 
theyeZIftcRay,  raiiti  the  Influence  of  Actinia  Rsts 
likewiw  thrown  npon  it,  Tbe  reality  of  this 
•nlagoniam  verv  distinctly  appean  in  the  relation 
otdlflbrent  climates,  boon  of  the  day,  &c.,  Is  the 
processes  of  Photography.  The  difficulty  of 
obtaining  plctom  by  action  of  the  sun,  increasa 
as  we  approadi  the  equatorial  i^oni ;  they  are 
more  easily  obtained  in  opting  thjn  in  mldmun- 
mer,  and  in  the  mombig  than  at  nam.  It 
woidd  seem  also  that  the  Aclinic  force  nndergoes 
modificatiotis,  and  is  subject  to  cycles,  prottably 
not  less  Important  than  thom  which  are  the 
■Dtjects  of  FbotometTT  and  IlKnnometry :  the 
canse  of  such  changes,  however,  has  not  yet  been 
ascertained.  The  Acthiic  Rays  have  evidmtly 
closest  relations  with  the  prognas  of  vegetation ; 
to  them  also  is  due,  the  phenomenon  of  Phoe- 
phorescence ;  and  they  quicken  Electric  action. 


Srapkaneter.  Nanies  given 
devised  for  nieasariiig  and  recording  tbe  varia- 
tions of  the  ^^cd'nic  or  Chemiail  force  of  the  solai 
ny.  Several  fonat  of  these  are  described  in 
Sunfi  Trtatiie  on  Pbolosrapiiy.  A  clasgical  in- 
■tnnnent  of  this  kind,  of  easy  use  in  observatloD, 
is  still  a  deadentum. 
ActlsamtMr.    The  tempoiUon  of  the  earth 
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orof  any  pinut  above  its  sorlkwi,  Rdraned  by  (ha 
ihemometer,  is  not  a  correct  meamre  U  tbe  beat 
sent  by  theiSon.  Hod)  of  tbe  latter  heal  ia  not 
transmitted,  but  abeoriiedbyonrAtmospherei  and 
the  Atmospliere  becomes  in  this  way  a  healing 
sonrce,  the  intendty  of  which  is  indiciued  by  tba 
TliennometcraswegeaeraliyeDipIoy iL  Todetact 
the  trueqoantitf  ofheatemaoatiDg  from  the  Snm, 
we  miiM  find  how  mttch  has  been  alMM'bed  t>y  tbo 
Atmoepbere,  and  if  posdble  ascertain  what  wonld 
be  the  elevation  of  temperature,  could  our  aerial 
envelope  be  for  the  moment  deetroi^ed.  The  re- 
sults of  this  inquiry  ait  Btated  under  ortt.  Stnr 
■nd  EADUnoH :  the  iuMiummti  osed  in  tin  in- 
quiiy  are  tenned  AcntioiuTiBa,  Uklio-Theb- 
MOMenas,  and  PTRBBLiouBTEsa.  Thefirstln- 
stnunentottheicind  was  devised  )iy  De  Saosnm  : 
one,  rimtlar  in  prindple,  but  of  great  delicacy 
in  actico,  was  proposed  by  Sir  Jolm  HcrBdicL 
We  sekct,  however,  the  instrvnent  called  bj- 
PouDlet  the  dirtct  Pt/rhtMimuier,  fbr  description 
in  this  place.  Its  chief  part  is  a  veneel  of  ^ver, 
A  B,  with  thin  sides,  blackened  on  its  upper  face 
so  that  its  siisorbing  power  ije  a  maximum,  am] 
containing  abontl  600  grains  Id  \ft.  of  water.  This 
apparatus  is  adjusted  so  that  the  direct  rays  of  tha 
sun  strilce  npon  it  A  1heraK>meter|  a  A,  whoea 
stem,  passing  into  c  o,  the  support  of  the  silvtr 
vessel,  la  tbua  protected  from  ailta  action~-lndi- 
cales  variations  of  teoiperatosa.        _ 

To  inanre  that  a  a  b« 
perpBidicnlar  to  the 
inddent  rays,  a  corres- 
ponding disc  Is  placed 
lielow  it,  and  the  instra- 
nent  is  aiiUusled  when  the 
ihadow  of  A  B  exacUy 
fails  DC  tbe  disc  a'  b'  : — 
observation  with  this 
Actinometer  Is  made  as 
-a: — The  water  hav- 


Lpparatus    is 

in  the  shade  very 

the  place  where  tlte 

is  to  be  efiected  :— 

it  is  placed  so  that  It 

receive   the  full  heating  -/ 

action  of  the  slty,  wilh- 

ont  any  direct  soiat  rays  falling  on  it ;  and,  dar- 
ing four  minutes,  a  record  is  hept  ftom  minale  to 
of  its  coolmg  or  liesting.  During  tba 
flfih  Biinnle,  it  must  be  adjusted  behiad  a 
0  tlial  if  the  screen  were  removed,  itwonld 
the  direct  rays  perpendicularly:  at  tha 
end  of  the  minute  the  screen  should  be  suddenly 
removed.  Then  during  five  minutes  the  process 
if  heating  must  be  observed  trom  minute  to  mln- 
tla.  At  the  end  of  tbe  fifth  minnte  replace  the 
seresD;  reBtoretbeapparanutoitsfoimrrposlllDi]; 
d  once  again  obserra  tlte  cooling,  ftnm  mlmita 
minnte,  during  other  four  nhmteib    The  eU- 


ACT 


of  tampeiAliiie,  t,  dua  to  Avb  miiiates  of 
dnet  M>Ur  action,  will  then  be 

e  +  cf 

I  »  e-\ 

2 
•  hoD^  the  wbole  devatioii  of  tlie  tempentare  of 
the  appnatns  dufing  the  four  mmates  of  its  ezpo- 
Mn  to  the  ton,  and  c  and  ef  the  oooluig  observed 
daring  the  fint  two  sets  of  four  mmiites  which 
and  foUoved  the  exposure.  The  theory 
the  tieatment  it  erideot.  Ponfllet  has  also 
aa  actinometer  or  iiyrheUometer  with  a 
It  cwisistw  of  a  lens  of  two  ieet  focal  length, 
is  a  sQTer  vessel  contaiaiag  aboat 
9000gniasia  wt.  of  water,  a  thennometer  being 

Tbs  shape  of  the  Tessel  and 
of  the  lens  are  soch,  that  for  any 
of  the  son,  the  rays  can  be  made  to  fall 
ce  OQ  the  lens,  and  on  the  face 
in  its  fixna.     The  experiment  in 
is  made  precisely  as  in  the  former :  but 
of  tbs  iuatiiunent  with  the  kns  is  prefer- 
It  will  appear  from  this  de- 
that  observation  with  the  Actinometer 
ar  ISibdiumeter  is  stQl  of  the  nature  of  an 
f ;  neither  so  direct  nor  so  easy  as  obser- 
wish  the  Tbeimometer  or  Bannneter. 
>^atif  stiJVMicyfeo^  Theadvance 
aB  StiwecaB  is  in  this  wise.  The  facts  aocnmu- 
.  aiagroaped  at  first  by  partial  geneFslizatioas, 
the  difficnlties  of  investigation  overoome  by 
neihodSk — methods  and  generalizations 
gtidwslty  lUag  in  power  and  extension,  until 
er  lead,  as  their  term,  to  the  fundamental  law 
a&  the  fJKts,  and  offering  a  method 
of  every  possible  problem.  The 
rj  of  Haikmal  Meekame$    especially  of  its 
Dymamia — exhibits  through* 
As  its  exigencieB  nraltiplied, 
;  and  partial  methods  became 
cipebio  of  appUcatiott  to  each  class. 
wen  tenned  ^rmc^yfet,  and  were 
to  be  estabUshed  on  distinct,  and 
pmuds    sometimes  on  coosidenir 
with  FmtU  Csmmi  .^~they  sie,  in 
only  TfaeoRms  of  greater  or  less  gen- 
tw.  wtidi  can  now  be  resdOy  deduced  from 
cxtnwled  and  gnsping  oonoeptaon  of 
—inject  of  Batinnsl  Mechanics,  which  we 
to   D*Alembert  and   La  Grange, 
hnportant  of  these  are  known  under 
of  "^  Tkt  Cotuervaiion  of  Living 
(wirmrn  owanHa);"  ^  The  Comenatum 
\i^At  CaUre  o/Gnmty;"  "  Ths 
4fj09iur  and  '« The  Prine^  of 
The  character  of  the  fii«t 
iie^lBined  nnder  the  heads  Force,  Centre, 
miJfwag/U  m  with  the  last  one  slone,  that  we 
to  deaL     The  history  of  the 
Jictioa  10  cmious  and  iostruo- 
099i  Uhmi  been  ato^^oeA  by  Ptolemy,  that  a 

. ^  t-.        rfnar  by  reflection  firom  one  point 

^^l^^^^^^skorUtt  jfombb  coar«H-« 
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truth  flowing  directly  from  the  fSaot  that  the  angle 
of  reflection  is  always  equal  to  the  angle  of  inci- 
dence.  On  the  discovery  of  the  Law  of  Refraction 
by  Snell,  and  its  promulgation  by  Des  Cartes,  the 
French  geometer  Format — to  whom  we  owe  an 
important  step  towards  the  discovery  of  the 
Differential  Calculus — ascertained  that  a  similar 
result  might  seem  indicated  by  that  law  of  re- 
fraction ;  viz. :  that  while  the  two  media  through 
which  the  ray  passes  continue  the  same,  the  stne 
of  the  angle  of  Incidence  has  a  constant  ratio  to 
the  sine  of  the  angle  of  Eviction,    Assuming 
that  the  ray  moves  more  swiftly  through  a  rare 
medium  than  throu^^  a  dense  one,  Fermat  as- 
serted that  in  order  to  pass  hi  the  shortett  time 
from  a  point  in  a  rare  medium  to  a  point  within 
a  dense  one,  the  ray  must  move  in  a  broken  Une, 
continuing  as  long  as  possible  within  the  rare 
medium ;  and  his  analysis  enabled  him  to  dis- 
cover that  the  permanency  of  the  ratio  of  tlie 
sines  made  the  Time  a  minimum.  Incited  by  these 
two  singular  fiicts,  the  imagination  of  Maupertuis 
led  him  to  the  abstract  conception,  that  Nature 
must  ever  act  with  a  view  to  the  kighett  Economy 
of  Force;  and  the  advanced  state  of  Mechanics 
taught  him  to  trandato  this  meti^^hysical  notion 
into  the  important  theorem  known  by  the  fore- 
going name,  viz. ;  that  the  course  of  a  body  sub- 
jected to  the  action  of  any  set  of  forces  is 
necessarily  such,  that  the  integral  of  the  product  of 
the  velocity  of  the  body  by  the  element  of  the 
curve  shall  be  a  minimum.    Long  and  angry 
controversy  ensued :  geometers  finally  discarding 
the  ^  priori  reasonings  of  Maupertuis,  but  ac- 
cepting his  principle  as  a  remarkable  and  useful 
truth,  capable  of  being  demonstrated  by  inferior 
and  kgitimato  mechaidcal  Theorems.    The  pro- 
perty was  further  generalized,  defined,  and  pro- 
perly rectified  by  La  Grange,  who  shovred,  more- 
over, that  the  so-called  Economy  qf  Force,  is 
merely  an  accidental  and  partial  concomitant  of 
the  true  Theorem — sometimes  having  reference  to 
the  ^xuse  described — sometimes  to  the  time  oc- 
cupied, and  often  predicable  of  neither.    The 
analytical  expression  as  laid  down  by  Mauper- 
tuis, and  completed  by  La  Grange,  need  not  indeed 
be  a  nUnimum,    It  is  only  true  that  its  Variaiion 
is  always  o ;  so  that,  for  aught  we  know,  the  in- 
tegral may  be  a  maximiim.  The  name,  therefore, 
of  the  Princ^  of  Least  Action^  should  be  allowed 
to  follow  the  abstract  reasonings  of  Maupertuis ; 
and  in  this  instance,  as  in  all  similar  ones,  nothing 
invalidates  the  dictum  of  Lord  Bacon,  that  Final 
Causes  are  like  VeeUds^niot  l^unately  pro- 
ductive. 

AAeelmi.  The  force  which  unites  two  sub- 
stances ]daoed  in  mutual  contact,  is  called  the 
adheeive  force.  It  differs  from  cohesion,  which 
acts  only  between  the  constituent  molecules  of 
the  same  body.  Its  power  is  measured  by  the 
weight  whi(^  is  required  to  separate  the  adhering 
substances.  A  striking  illustration  of  the  power 
of  adhesioa  win  be  obtained,  if  we  press  together 
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two  pieces  of  ktd,  htmng  timikr  tor&oei,  w«Il 
Bcnped.  A  voy  oonsidenible  weight  will  be  Te- 
qniied  to  separate  them.  •  li^  instead  of  merdy 
placing  two  bodies  together,  -we  make  the  one 
slide  for  a  few  seconds  rapidly  OTsr  the  snr&oe  of 
the  other,  the  adhesion  will  be  stronger.  The  air 
between  the  substances  is  partially,  in  that  way, 
expelled.  If  we  oould  expel  all  the  air  between 
two  bodies,  we  shoold  have  a  pressure  of  16  lbs. 
per  square  hich  of  the  suifaoes,  puallel  and  equal 
to  the  adhering  sur&oe,  keeping  the  .bodies  to- 
gether (atmospheric  pressure).  Several  artificial 
compositions  have  beisn  manufiictured  in  order  to 
prodnoe  a  permanent  union  between  two  bodies. 
Generally,  these  bodies  are  of  the  same  kind,  and 
the  oomposi  tion  is  so  made  as  no  t  readily  to  break 
jxp  itself  and  at  the  same  time  to  adhere  strongly 
to  each.  Marine  gine  is  probably  the  most  power- 
ful of  these  preparations.  When  a  substance  is 
dipped  into  any  liquid,  a  film  <tf  the  liquid  gen- 
erally adheres  to  it.  This  shows  that  adhesion 
obtains  between  solids  and  liquids.  The  pheno- 
mena of  capOlarity  are  partly  e;i^licable  in  the 
same  way.  Adhesion  is  also  to  some  extent  pro- 
duced, when  one  body  is  forced  into  the  mass  of 
another.  Its  difierenoe  fipom  coketitm  (;.  v.)  is 
peihapa  rather  hypothetical  than  reaL 

iB«llui  Hwri^    A  musical  instrument  by 
which  sounds  are  produced,  when  a  current  of  tit 
passes  over  the  strings.    It  was  first  constructed 
by  Kircher,  who  gives  a  foil  description  of  it  in 
his  Mtmirgia  UmoenaUt^  (9. 852.)    The  follow- 
ing method  of  construction  is  not  exactly  his ; 
though  very  neariy  approadiing  it.    It  is  found 
to  give  more  distinct  tones  than  are  produced  by 
his  method.    Make  a  box  of  thin  deal,  equal 
in  length  to  a  window  in  which  it  is  to  be  placed, 
about  4  or  6  inches  deep,  and  6  or  6  wide.    Glue 
on  it,  at  the  extremities  of  the  top,  two  pieces  of 
wainscot  about  half-an-inch  high,  and  a  quarter 
of  an  inch  thick,  to  serve  as  bridges  for  the 
strings ;  and  within  side,  at  each  end,  glue  two 
pieces  of  beech  about  an  inch  square,  equal  in 
length  to  the  width  of  the  box.    Into  oneof  these 
bridges  fix  as  many  pegs  as  there  are  to  be  strings, 
and  into  the  other  fiuten  as  many  brass  pms. 
String  the  instrument  then,  fixing  them  by  the 
pegs  and  the  pins  respectively,  and  tmie  the 
strixigsintounison.  The  strings  must  not  be  drawn 
veiy  tight  Place  the  instrument  then,  in  therill 
of  a  wmdow  where  there  is  a  brisk  current,  and 
we  shall  have  all  the  notes  of  the  diatonic  scale 
commingling  together,  sometimes  in  the  most 
exquisite  hiurmonies.    The  explonatioii  of  the 
.^lian  harp  is  easily  found  in  that  part  of  the 
article  on  Acoustics,  which  refers  to  the  vibration 
of  cords,  and  which  gives  an  account  of  the  dif- 
ferent notes  which  intermingle  in  the  case  of  any 
one  vibrating  cord.     (See  Aoouricb).     Tide 
Ttnm^§  Inquiry  into  As  jprnc^Ni/  Phenomena  af 
8oimd», 

^•Uvile.   JSo&PUtu   The  ball  of  .Solos. 
An  instrnnunt  first  mentioned  by  Yitravius  (1. 6). 
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It  consists  of  a  ball  of  metal,  to  whidi  a  pipe  (a 
attached  by  a  screw.  The  ball  is  filled  witii  water, 
and  heat  is  applied,  when  steam  issues  from  the 
neck  with  considerable  force.  The  instrument  was 
employed  to  illustrato  the  origin  of  winds.  It  is 
only  now  interesting  ihom  ite  having  been  tha 
first  recorded  instrument  whersanything  was  made 
to  depend  upon  the  motive  power  of  steam. 

Acrelltea  or  flieteerle  flieaea.  The  ex- 
traordinary  meteors  to  which  the  Acrofitet  bdoog 
are  distinguished  into  three  dasses.  1.  FaUmg 
Stan  or  ShoaUng  Start;  2.  Ghbet  qf  Fire^  or 
BoSdet;  and  S,  AeroKtet  proper,  or  those  solid 
masses  that  fell  to  the  surface  of  the  earth  thnniglh 
the  air.  The  complete  discussiim  of  the  questiona 
stirred  by  tiiis  remarlsable  subject,  we  shall  give 
under  the  artide  Mbtbob  :  in  this  place  we  pro- 
pose simply  to  explain  the  distinctive  chanieter 
of  AerolUet. — After  much  pardonable  increduli^, 
the  fact  is  now  accepted  tlut  stones  and  minenl 
masses  do  fell  to  theEarth  through  the  atmos- 
phere. The  general  unbelief  was  overcome  by  the 
systematic  inquiries  and  nspoti  of  Biot,  under- 
taken by  desire  of  the  Frensh  Academy  regardioff 
the  shower  of  Aerolites  that  fell  near  TAigle  io 
Konnandy,  on  96th  April,  1808.  A  list  of  all 
recorded  phenomena  of  this  description  was  after* 
wards  drawn  up  by  Chladni,  to  wliom  we  owe 
our  earliest  systematic  knowledge  of  the  singnlar 
subject  Chladni^s  catslogue  is  necessarily  very 
imperfect,  and  does  littie  mors  than  establ^  the 
Uukj  that  the  phenomenon  cannot  be  called  a  rave 
one.  Most  of  these  occurrences  must  be  unre- 
corded :  for  instance,  when  the  stones  fall  into  the 
Ocean,  or  when  they  have  feUen  unnoticed,  as 
must  have  been  the  case  with  the  large  mass  die- 
covered  by  Pallas  in  Siberia,  and  with  other  such 
masses,  as  travdlers  have  ibund  at  the  Cape  of 
Good  Hope,  in  Mexico,  Peru,  or  Baffin's  Bay,  &Cf 
But  within  recent  years  we  have  had  several 
fells  substantiated,  as  matter  of  feet — as  clearly 
as  hi  tiie  case  of  the  Aerolites  of  1* Aigle.  Oa 
tiie  1st  of  October,  1867,  about  4.46  o'dook  in 
the  afternoon.  Baron  Seguier  was,  with  some 
workmen,  in  an  avenue  of  his  chateau  of  Hante- 
feniUe,  near  Ctuuny,  in  the  department  of 
Tonne.  They  were  suddenly  startled  by  several 
successive  detonations  in  the  air,  quite  nnlfte 


thunder,  and  by  marked  atmospheric  agitations : 
on  rstuming  to  his  house,  the  Baron  found 
that  glass  had  been  broken.  He  learned  im- 
medial^  that  a  shower  of  Aerolites  had  felka 
at  the  same  moment  a  few  leagues  from  Haute* 
iSsuille,  in  the  commune  of  Dea-Ormes.  Hasten- 
ing to  the  spot,  he  found  that  a  mason  working 
at  the  time  oiva  soafibld  had  witnesssd  the  faU, 
and  been  nearly  struck  by  one  of  the  Aerolites, 
which  buried  itself  several  indiss  in  the  earth 
at  the  foot  of  his  ladder.  Seguier  presented 
this  stone  to  the  Academy  of  Sciences;  and 
stated  tiiat  a  proprietor  of  Ghateau-Beoard  had 
seen  at  the  same  hour  a  gtobe  of  ihe  passing  ra- 
pidly throof)^  tiw  ok  towards  yenlasoii--hi  the 
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In  all  icspectB  wombkd  tboie 
and  iwUy  novd  part 
bowerer,  tha  idostift- 
oTthft  ftA, -with  the  Ad&Ib  Meo  at  ChateaiH 
ttwOthoTDaoenibei^  1868,  a  Buni- 
sentTeA  al  dane,  In  tha  canton  cf 
in  dia  Hanto-GaromM.    The  people 
by  a  aadden  and  alarmiqg 
aadaltlie  aame  moment  tlra  air  was 
of  tparkB,  Ibllowed  by  a 
A  Tcry  large  stone  fiU  near 
atriking  the  fknn>lioiim  of  the  widow 
Th»  atone  was  so  hot 
the  hand.    It  resisted  finctoie  at 
the  peamnta  sncoeeded  ultimately  in 
itnpL    Another  and  atffl  laiger  fiag- 
fimnd  at  d*Ao8san.    It  had 
the  emth  nearly  Ibor  fiset,  making  a 
of  a  Iboi  in  diameter.    The  mass 
100  Iba.  aToirdopois.    This  stone 
vp  by  tin  peasantry;  hat  lite 
firnfseenr  of  the  seminary  of  Po- 
et tiie  extraction  of  the 
a  lage  finsgment  of  it    It 
the  fragment  of  the  Acrh 
hi  poseeesion  ortheCnrtfor 
L — The  netnra  of  these  masses  has 
by  chemical  analysis.    They 
the  fiAnriogclsmsnts: — Oxygen,  Hy- 
iphomsi  Carbon,  Silica, 
Sodinm,  Calciom,  Mag- 
boa,  Magnetk  Nickd,  Cop- 
The  ibOowiog  are  the  chief  types 
an  ftnmd  combined : — 
Jvvau  coBteiofflsf  small  onautioes  of 
Gobalt,  Ifagnesfaim,  Manganese,  Tin, 
Saiphsv,  and  Carbon.-*2.  Sklpkmni  ^ 

earthy  substances— 8.  CkramaU 
qaaatkiesu— 7.  OxiihqfTuL— 
of  Mflotr^^an  was  careAdly  ana- 
gKn,  a  magiwtic  snbstanoe — Iron  or 
8nl|ifaaretof  Ina;  PSiidot,  Labradori 
One  reauricable  drcnmatanoe 
be  DOtieed.  An  Aerolite  ibll  about 
10  •'dacfc  ia  the  creah^  near  KabarDebreczfai, 
am  lich  Aprils  1857;  and  hi  this  H.  Wohler 
a  email  qjaantity  of  oaoAiiic  mattbr, 
laif^mt.' — a  fiiet  wholly  unexpected, 
fcr  to  establish  the  jifaaciflyy  character 
mgtiiar  mamw — As  to  the  orighi  of 
throe  hypotiiesm  have  been  pro- 
Fvwit  That  they  are  of  atmospheric  ori- 
nr  hafl ;— flMteon  ftmned  by  aggr^ 
fffr'^^  thought  that  they 
he  jFwtfw'fH  Aom  Toleanom  in  the  Ifoon. 
T^iff^«g  mid  otisen  believe  them  small 

'off  oar  atmosphere,  loee 

to  Uasearth.    The  (bit 

Tbe  second,  in  the  form 

-We  staOl  re- 
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torn  to  these  specblations  under  the  more  general 
artiGle  MiTBOBa :  but  it  seems  fitting  to  subjoin 
hero  the  leading  oondosions  recently  arrived  at 
by  Beiehimbach,  after  an  anal^rsis  of  facts  pro- 
bably the  most  complete  hitherto  made.  (See 
PioggmdmfJimalm  for  December,  1858).  The 
following  are  Beichenbach's  chief  propositions : — 
(1).  Twelve  Meteorites  or  Aerolites,  at  least, 
fall  on  the  earth  daily,  or,  4,500  eveiy  year..^ 
(2).  Many  of  them  are  small ;  others  of  great 
size,  some  as  laige  as  a  horse,  others  of  tlie  size 
of  a  house,  and  a  small  faOl.  He  suspects  that 
some  of  our  large  masses  of  dolerite  have  had  a 
meteoric,  origin.— (8).  The  composition  of  these 
masses  closely  resembles  that  of  the  volcanic  or 
plutonic  rocks  of  the  earth ; — the  substances  en- 
tering into  their  composition  belong  without  ex- 
ception also  to  the  composition  of  our  Planet. 
(4).  The  sMoa  specific  gravity  of  these  Aerolites 
is  rigorously  equal  to  that  of  the  Earth ;  so  that 
on  eveiy  side  there  seems  a  relationship  between 
these  two  formationsi  "With  rather  a  stretch  of 
foney,  KeJchenbach  asks,  may  not  our  Earth 
itself  be  a  mam  of  Aerolites  ?— (5).  The  satel- 
lites of  our  Solar  System,  the  Asteroids,  and  the 
laige  or  primary  Planets,  have  similar  relations 
as  the  Aerolites:  their  respective  magnitudes, 
weights,  &C.,  do  not  differ  more,  than  Aerolites  do 
with  one  another.— The  point  to  which  Bdchen- 
baeh*s  speculations  converge  is  this; — all  our 
planetaiy  bodies.*induding  the  Earth,  hare  had 
what  in  one  sense  may  be  termed  a  meteoric  ori- 
gin; Le^tiess^eft>fiWareftinpi^jfna2/P&mete; 
OM^  ossiieA,  anetmttiiuentandes9eniUUp€trU<y^ 
our  8j/tt€in,  We  deecend  from  the  larger  Pla- 
nets to  small  Aerolites  gradually  and  consecu- 
tively, Theee  occupy.  Indeed,  a  middle  space  be- 
tween the  Asteroids  and  the  Comets.  Reichen* 
bach  had  previoudy  attempted  to  show  that 
Aerolites  are  merdy  Comets  that  have  passed, 
by  condensation,  from  a  mass  of  mpafpoMe  duat 
to  a  solid  stato; — a  supporition  wUch  accounts 
well  in  so  fiur  as  Comets  are  concerned,  for  foots 
so  puszling  as  their  transparency,  thdr  inability 
to  refract  I^t,  the  polarization  of  thdr  light,  and 
the  dreumstance  that  the  light  they  onit  is  re- 
flected solar  light:  in  a  word,  the  theory  is, 
that  a  Comet  is  merdy  a  swarm  of  solid  grains 
or  molecules  for  from  each  other,  exoeeSngly 
light,  transparent,  luminous  by  reflexion,  per- 
fiKtly  mobile,  and  floatiog  through  empty  space. 
But  an  analysis  of  his  own  superb  collection  of  a 
hundred  and  forty  Aerolites  showed  Bdchenbach 
fiirtlier,  that  they  consist  for  the  most  part  of  very 
small  spherss  or  spherules,  united  by  an  amor- 
phous substance;  or  what  is  nearly  the  same 
thing,  that  they  are  aggrqiates  of  millions  of 
sphoules^  at  one  time  proM>ly  existing  ^rtdjf 
sod  apart  in  space.  If  then,  previous  to  this  ag- 
grqpition  or  condensation,  such  a  nocarm  had  a 
motion  of  translation,  what  could  it  be  except  a 
cemetery  mam  ?^It  is  certainly  ndther  oar  widi 
nor  our  ibnction  to  pronounoe  dogmatically  on 
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Bpeculattona  aodoselj  connected  with  the  obscar* 
est  portions  of  cosmogony ;  bat,  in  tbis  case,  tbey 
will  not  improbably  snccseed  in  ftilfilling  one  pii- 
roaiy  object  of  all  sach  bypotbeses,  viz. :  tbey  may 
stir  inquiry,  and  strengtben  tbe  belief  that  even 
the  most  strange  anomalies  are  all  subject  to  Law. 
AeroBAiiclca.  Tbe  history  of  tieronautics 
commences  at  a  very  early  period.  Arcbytas, 
tbe  famous  philosopher  of  Tarentum,  eonstracted 
a  dove  able  to  maintain  itself  in  the  air,  and 
Aulus  Gellius  mentions  that  this  •result  was 
accomplished  by  endodng  in  its  body  an  air 
lighter  than  the  atmosphere.  Boger  Bacon, 
about  tbe  beginning  of  tbe  14th  century,  At> 
tempted  the  construction  of  a  machine  which 
should  give  man  the  power  of  sustaining  himself 
in  the  air,  and  of  directing  his  motions  while  in 
it  Cavendish  in  England,  and  Lichtenbeigand 
Fickel  in  Germany,  experimented  also  tapon  ves- 
sels filled  with  hydrogen.  These  attempts  were 
made  in  the  laboratory,  howe\-er,  and  came  to'no 
practical  result  Joseph  Montgolfier  was  tbe 
first  who  made  an  atrial  voyage.  His  atten- 
tion was  excited  by  observing  that  a  paper  bag^ 
which  he  had  thrown  on  the  fire  by -chance, 
mouth  downwards,  rose  np  in  tbe  air.  He  re- 
peated the  experiment,  and  always  with  the  same 
success,  and  the  idea  occurred  to  him  of  raising 
a  balloon  by  fiilUng  it  vdth  heated  air  in  the  same 
way  as  the  paper  bag  was  raised.  He  put  his 
idea  into  execution  at  Avignon,  in  1782,  -and 
more  publicly  at  Annonay,  June  6,  1783,  •  in 
presence  of  the  statee-generid.  Pilatre  des  Bo- 
saers  and  the  Marquis  d'Arlande  were  the  first 
to  trust  themselves  to  the  balloon,  and  to  risk  « 
voyage  in  the  air.  They  passed  over  the  city  of 
Paris  in  their  voyage.  This,  as  it  was  the  fint, 
was  also  the  last  voyage  with  balloons  filled  with 
beated  air.  llie  weight  of  the  fuel  to  be  taken 
up  was  considerable,  and  the  danger  of  the  flame 
dilating  in  the  upper  layers  of  tbe  atmoepbere, 
where  tbe  pressure  is  smaller  than  at  the  surface, 
was  very  great  In  fact,  the  balloon  of  the  two 
voyagers  caught  fire,  and  they  narrowly  escaped 
death.  Besides,  a  rapid  descent  while  tbe  fuel 
was  unexhausted  might  be  very  dangerous  to 
buildings  of  all  8ort&  Still  further,  tbe  ascent 
depended  upon  the  lightness  of  heated  air ,  and  if 
tbe  air  were  beated  much  above  the  boiling  point 
of  water,  the  balloon  would  be  apt  to  bum. 
In  consequence  of  these  disadvantages,  tbe 
Montgolfiers  (so  called  from  their  inventor) 
were  abandoned.  But  M.  Charles,  about  this 
time,  repeated  the  experiments  of  Cavendish 
regarding  vessels  filled  with  hydrogen  gas,  and 
carried  them  into  practice.  MM.  Charies  and 
Bobert  rose  (December  1, 1784)  ttom  the  garden 
of  the  Tuileries.  Tbe  gas,  lh>m  some  bmpeifeo- 
tion  in  the  balloon,  banning  to  leak  out,  Ibey 
descended;  Bobert  left  the  baBoon,  and  Charles 
alone  reascended;  and  rose  about  five  times  -as 
bigb  as  Pilatre  des  Boaden.  This  experiment 
was  dedaivoi    Since  then  very  many  ballooa 
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ascents  have  been  made.  None  are  more  oete* 
brated  than  that  of  MM.  Biot  and  Gay  Lussac, 
ftt>m  tbe  important  scientific  information  regard- 
ing the  state  k^  the  upper  regions  of  the  atmoe* 
phere  which  it  gave.  M.  Gay  Luasac,  in  a 
second  ascent  alone,  rose  to  a  height  of  aboat 
23,000  feet  The  barometer  stood  at  a  trifle  less 
than  half  its  height  at  the  surface  of  tbe  earth 
(Sff  being  tbe  exact  fraction).  Tbe  temperature 
also  was  very  considerably  changed.  When  be 
commenced  to  ascend,  his  thermometer  stood  at 
66°'74  Fahr.,  and  at  tbe  greatest  elevation  it 
had  fiillen  to  14<'-9  Fahr.  This  faU  was  expe- 
rienced in  tbe  course  of  a  few  minutes. — ^The 
SBTonaut  usually  takes  with  him  several  bags  to 
serve  as  ballast,  and  in  order  that,  by  throwing 
himself  dear  of  them,  he  may  as  rapidly  as  poa- 
sible  rise  to  a  higher  elevation.  It  is  necessary 
for  him  to  be  es^cially  careful  not  to  fill  the  bal- 
loon too  full  of  the  gas.  In  that  case,  when  tbe 
pressure  round  the  sides  becomes  less,  as  it  does  in 
tbe  upper  air,  there  is  a  violent  tendency  to  ex- 
plosion. Tbe  balloon  is  usually  provided  witb  a 
stop-cock,  by  which  the  gas  can  be  let  o£F  in  case 
of  such  danger.  All  the  materials  of  tbe  ballooa 
should  be  tried  before  they  are  used,  witb  a  view 
le  ascertain  their  capacity  of  resistance.  Tbe 
form  of  balloons  depends  very  much  on  tbe  pur- 
poses for  which  tbey  are  intended — whether  for 
rising,  or  moving  about  horizontally  in  tbe  air, 
or  >wandering  about  at  tbe  will  oif  tbe  wind. 
Tbe  power  of  directing  a  balloon  is  still  a  desi- 
deratum. Perhaps  a  very  doee  study  of  tbe  com- 
mon structure  of  fishes,  and  of  tbe  manner  in  which 
tbey  direct  theur  motions  of  ascent  or  descent, 
and  horizontal  motion,  might  reveal  something 
of  tbe  true  answer  to  tbis  problem ;  just  as  the 
consideration  of  tbe  structure  of  the  eye  suggested 
to  Euler  the  possibility  of  achromatism.  One 
practical  direction  is,  that  tbe  Aeronaut  should 
first  rise  above  tbe  r^on  of  currents,  where,  if 
he  can  succeed  in  obtaining  a  very  small  direc- 
tive force,  be  will  reach  his  end.  Balloons,  with 
metallic  plates,  instead  of  tbe  ordinary  silk  or 
tafietaa  covering,  have  been  constructed.  Tbey 
were  safer  than  any  others,  it  was  thought, 
against  breakage  by  the  distention  of  air.  It 
has  been  found  practically,  tliat,  in  consequence 
of  our  not  being  able  to  procure  them  bomogene- 
ous,  tbey  are  exposed  to  far  more  numerous 
chances  of  rupture  than  tbe  ordinary  balloons* 
Tbe  balloon  has  been  employed  to  enable  mili- 
tary men  to  observe  the  operations  of  an  enemy ; 
but  it  is  found  not  well  suited  for  this.  Tbe  only 
really  practical  purpose  to  which  it  has  yet  been 
turned,  is  that  of  enabling  us  to  arrive  at  such 
a  notion  of  tbe  state  of  the  upper  regions  of  the 
Atmosphere,  as  we  could  not  otherwise  attain. 

AJr  Eaglae.  In  tbe  manufacture  of  en^^nes 
for  our  great  public  works,  and  for  our  extonrive 
travelling  requirements,  there  are  several  very 
important  desiderata,  the  nearer  tbe  approxima^ 
tioA  to  which  beoomesi  tbe  moce  Taluabia  out 


20 


\ 


c^uMi  DUisl  De  OQSMiidGrBda    TlntSy  orcry  engins 

rajniRt  to  be  prorlded  -with  safegnards,  so  that 

tbeuiLhjBUMas of  attendants  mayprodace the  least 

poHibls  damage  either  to  the  engine  itaelfi  or  to 

the  bdldtng  in  whidli  it  is  placed,  and  the  people 

vho  may  require  to  be  near  iL    Safety-valves  are 

woally  pnridcd.  so  that  when  the  steam  in  the 

Mkr  has  readied,  fai  any  way,  so  high  a  pres- 

aire  as  even  to  approximate  to  danger  of  explo- 

■OB,  a  ftee  passage  may  be  prondel  for  it  into 

the  extonal  air.     Then,  again,  it  is  necessary 

engiDe  should  be  moderately  light  in 

In  stationaTy  bufldings  this  is  not 

as  the  driving  engine  may  nsn- 

allybe  placed  oo  the  grotmd,  and  so  may  be 

if  any  irelght.     Even,  then,  however,  the  im- 

portant  eonsideratiQn  of  economy  would  suggest 

Ifaat  dMve  be  no  nnnecessaiy  masses  of  material 

oiploTed  m  its  constmction.  Where,  on  the  other 

die  cnpne  is  to  be  put  in  a  steam-boat, 

on  a  rulway,  this  consideration  becomes 

<f  the  vdaest  importance.     In  such  cases  the 

feroe  leadent  in  the  engines,  has  to  drag 

weight  of  the  engine  itself  along,  and  thos 

its  capabilities  in  mete  reflexive  action. 

if  a  locomotive  can  be  constracted  80  tons 

fa  wei^it,  to  do  the  same  work  as  one  of  40, 

the  important  dimination  of  first  cost, 

latter  engine  will,  after  all,  be  able  to  drag 

train,  since  it  has  10  tons  to 

It,  in  addiUon  to  its  proper  load, 

the  other.    A  consideration  of  still 

la^Kirtance  In  the  constmction  of  a  good 

ii  its  economy  of  foeL    The  cost  of  an 

we  have  alreidy  seen  to  be  of  the  veiy 

VBpovtance,  bat  it  wonld  be  mistaken 

IT  which  wonld  make  a  machine  of  less 

cafHbiBty,  or  mors  likdy  to  go  wrong,  serve  in 

of  a  good  though  expensive  one.    The  first 

B  oooe  fisr  alL    Bat  if  with  two  difibrent 

the  same  effect  can  be  produced,  by  the 

of  less  fad  in  the  one  case  than  in 

r,  a  permanent  advantage  Is  on  the  side  of 

There  is  a  great  dally  diiTerence  in 

^■|Mii—  of  •«  feed,**  and  as,  before  long,  in  a 

that  expense  comes  to  be  greater 

of  the  macfame  itsdf,  it  is  better  to 

wiiidb  wiD  consame  less  fad  for  the 

even  althoagh  heavier  and  more  ex« 

In  steam-boat  andlocomotive  engines  this 

The  same  considerations  of  ex- 

Md  here  as  before,  with  the  additional 

the  lightness  of  the  in- 

Tbe  locomotive  engine  has  always 

ffffffiMMJ  iHth  the  coals  and  waterwhich 

1/ two  engines  can  be  wrought  to  the 

»T<yfff^  Mng  the  aaroe  work,  the  one  car- 

tykfin  torn  of  coal  ibr  its  joomey,  and  the 

t^vtm,  k  wiH  be  detf  tlu^  the  first  can  cany 

•Mrfrtfwftwadditiciial  of  extra  load.  Part 

Zl^Lm^^Zn  eoeP^  ^  always  wasted  in 
ZTI^^^^'^^^^  and  faicanymgthe 
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more  these  are  economized,  the  more  bos  the  en- 
gine to  spare  for  its  proper  work.  In  a  steam- 
boat this  is  espedally  note^worthy.  A  steamer 
consuming  some  20  tons  of  coal  per  day  (one  of 
very  moderate  size  would  do  more),  must,  for  a 
whole  day,  drag  abont  thb  load,  losing  20  tons 
of  freight  by  it.  If  she  has,  moreover,  to  pass 
across  a  sea,  where  she  cannot  get  supplies 
readUy,  she  has  to  take  in  ooal  for  her  voyage, 
perhaps  500  tons,  and  as  at  her  starting  she  must 
haul-  this  with  her,  she  loses  a  laige  amount  of 
freight  If,  still  further,  she  have  a  longer  pas- 
sage to  perform,  one  of  perhaps  70  days,  as  to 
Australia,  her  load  of  ftid  for  the  joomey 
may  become  more  than  she  is  able  to  carr}', 
even  without  any  frdght  She  must,  therefore, 
carry  perhaps  only  one-third  of  it,  losing  so 
mudi  as  one-third  of  her  capacity  for  freight, 
and  requiring  to  turn  in,  probably  much  out  of 
her  way,  twice  for  a  fresh  supply.  Frequently 
there  is  no  place  on  the  route  where  a  good  sup- 
ply of  fnd  can  be  imroediatdy  obtained,  and 
even  when,  there  is,  the  time  spent  in  taidng  it 
in,  is  a  serious  drawback  to  our  employment  of 
the  resources  of  steam  engines  on  long  voyages. 

A  multitude  of  similar  desiderata  might  be 
pointed  out  in  the  steam  engine :  meanwhile  we 
content  oorsdves  with  these  three.  A  good  en- 
gine must  be  at  once  safe,  light,  and  economical 
in  its  consumption  of  fud. 

Taking,  then,  these  as  the  requirements,  en- 
gbieers  and  medianidans  have  thought  of  very 
many  ingenious- processes  by  which  they  might* 
be  satisfied.  Tlie  physicd  philosopher,  con- 
sidering the  whole  character  and  procedure  of  a 
perfect  engine, — ^wasting  no  heat  in  its  opera- 
tions, not  heating  its  containing  vessels,  losing 
none  by  their  variations,  nor  dissipating  it  in 
smoke  or  waste  steam;  in  fact,  doing  eveiything 
which  an  engine  that  operates  by  converting  heat 
into  power  (w  thermo  dynamic  engine)  can  do, 
tells  mechanicians  how  fiur  they  can  proceed. 
Having  reached  a  certain  point,  tiiey  must  stop. 
Contrivances  of-  thehs  may  bring  us  nearer  and 
nearer  to  that  pdnt,  may  make  us  almost  arrive* 
at  it,  bat  there  is  a  limit  beyond  which  these 
cannot  lead  us.  (See  Professor  Thom8on*s  paper 
on  the  Meckaiueal  Action  of  Heat,  Royal  So- 
dety  of  Edinbniglta     TVoiuaefiofw,  voL  xx.) 

Given  the  temperature  of  the  body  by  which 
heat  is  communicated,  and  the  temperature  at 
which  the  used-op  material  is  sent  oflT,  the 
physidst  can  tdl  what  proportion  of  the  whole 
valae  of  heat  is  osed  in  work,  and  what  propor- 
tion must  be  lost  in  a  perfect  engine. 

Wecan  here  allnde  cnly  very  briefly  to  the  con- 
vertibility of  heat  and  work— referring  for  a  more 
extended  aoooont  of  it  to  the  artide  Hsjlt. 
When  we  lift  a  body  wdghing  one  pound  through 
one  vertical  foot  from  its  position,  we  put  forth 
a  certain  definite  effbrt,  or  do  so  much  work  (in 
this  case,  what  is  cdled  a  unit  of  work).  When 
we  pat  oar  hand  oat  so  as  to  catch  a  body  mov— 
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ing  in  any  direction,  we  also  pot  fiffth  an  effint, 
or  do  80  TtkVLch  work.  This  eflbrt  of  ours  has 
been  put  forth  to  counteract  the  inertia  of  the 
body  by  which  it  would  be  forced  to  go  con- 
stantly on  in  the  same  direction  at  the  same  rate. 
The  body  hi  its  motion,  therefore,  is  said  to  pot 
forth  effort  to  do  work  also,  and  that  predsely 
equivalent  to  the  effort  required  to  stop  it,  or  the 
work  done  in  so  doing.  Now,  according  to  the 
mechanical  theoiy  of  heat,  every  heated  body 
Ib  one  whose  particles  are  in  motion,  more  or 
less  violent,  among  themselves.  Each  partide, 
therefore,  is  doing  a  certain  amonnCof  work ;  and, 
adding  all  the  work  of  all  the  particles,  we  get 
a  sum  of  work  done  by  the  whole  heated  body. 

Now,  when  we  have  such  a  body,  it  may  be 
possible,  by  certain  contrivances,  such  as  the 
Steam  Engine,  to  reduce  the  particles  of  matter 
either  to  rest,  or  to  a  much  slower  motion,  by 
transferring  thefar  motion  to  new  masses  of  matter. 
Thus,  when  a  bullet  shot  ofl^  strikes  upon  any 
otgect  not  fixed  steadfastly,  the  buUet  retains 
part  of  its  motion,  and  transfers  part  of  it,  to  the 
new  otject  In  tiiis  case,  the  vitih  measnreable 
motion  lost  by  the  buUet,  Is  not  transferied  tt 
the  moveable  mass,  but  a  oonriderable  part  of  It 
goes  instead,  to  the  production  iff  nUemal  heat 
motion^  m  the  mass  of  the  bullet  and  of  the  body 
struck.  Motion,  therefore — vmft£»  motion — b 
here  converted  into  Aeot  So,  conversely,  percep- 
tible heat  can  be  converted  into  visible  motion^ 
as  in  the  steam  engine  the  ^ccosomption  of  coal 
gives  rise  to  the  motion  of  the  marfiJTHv  An 
exact  equivalence,  capable  of  easy  statement, 
holds  between  these  heat  motions,  and  ordinary 
motiona  The  amount  of  heat  necesoaiy  to  raise 
the  temperature  of  one  pound  of  water  one  Fah- 
renheit degree  fhnn  82%  is  called  the  thennal 
nnit,  and  this  thermal  unit  is  aooompanied  by 
thermal  motions,  which  do  as  much  woik,  as  is 
done  in  raising  772  pounds  of  any  matter  one 
foot  vertically  from  the  ground. 

The  mechanical  philosopher  comes  now  to  fhe 
engineer ;  and  finding  how  much  coal  his  engine 
requires,  knowing  the  mechanical  equivalent  of 
a  pound  of  coal — ^the  amount  of  wodc  done  by  the 
particles  of  its  mass  moving  among  tiiemselves, 
when  it  is  heated — ^he  tells  him  what  would  be 
the  total  work  obtainable  from  it,  if  this  woik 
oould  all  be  converted  into  a  paJ^Mble  medianical 
form.  Finding  next  the  temperature  to  which 
he  raises  his  steam,  and  the  temperature  at  which 
the  condenser  is  kept,  he  tdls  him  how  gnat  a 
proportion  of  the  whole  equivalent  of  the  fuel 
expended,  will  be  realized  by  a  perfect  engine 
woiking  at  these  temperatures. 

The  law  is  expressed  as  follows  :— 

wssj.H.. ,  where  w  is  the  actual  work 
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8  and  T  are  the  temperatures  in  centigrade  da> 
grees  of  the  source  of  the  steam  issuing  into  the 
cylinder,  and  of  the   condenser   reflectively. 

8—  T 

Hence,  ,  a  fraction  smaQar  than  1,  will  giva 
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the  proportion  sought  Now,  t,  the  temperatnra 
of  the  condenser,  must  be  k^t  in  given  circum- 
stances pretty  neaily  the  same,  and  1  >>  constant 

(  -  =  278*224  by  experiment),    t  is  eonstant, 

because  the  condenser,  kept  constantly  phmgad 
in  oold  water,  whidi  is  changed  as  quiddy  as  It 
becomes  heated  by  the  emitted  steam,  does  not 
permit  the  temperature  to  rise  much  or  rapidly. 
The  only  change,  therefore,  hi  the  value  of  these 
proportions  will  arise  from  the  change  of  value 
in  8.  Let  us  see  how  this  will  effect  the  resuUa, 
for  a  periiBct  engine: — 
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done ;  R  the  number  of  units  of  heat ;  and  j  the 
equivalent  in  units  of  work,  of  one  unit  of  heat 


Here  everything  is  constant  but  the  one  quantity 

8.      As  it   increases ^8  Mcreofes,  and 

B 

T+  -  TP  +  i 

*  deartatoBi  therefore,  1 — McrMset 

i+-  £+• 

with  the  increase  of  a.  If  8  become  very  great 
indeed,  sensibly  the  whole  possible  medianical 
equivdent  may  be  obtained.  If  itlM  very  small, 
the  realized  proportion  will  become  very  small 
along  With  it 

From  which,  it  appears  that  the  increase 
of  the  temperature  of  the«team  admitted  into  the 
^cylinder  secures  an  increase  In  that  duty  (as  it  ia 
called)  of  a  pexftct  engine,  wrhich  converts  heat 
into  woik. 

We  must,  therefore,  necessanly^  when  we  wish 
economy  of  fUd,  work  with  eoglnes  having  the 
steam  admitted  into  them  at  ^^ery  hi^  tem- 
peratures. But  here  we  are  met  4>y  a  practical 
limit  if  we  use  steam  at  hi^  temperatures, 
we  cannot  get  rit  of  its  enormous  expansive 
power-;  in  consequence,  probably,  of  the  great 
amount  of  heat  which  it  takes  into  its  mass  and 
retains  as  latent ;  which  heat  while  hicressing  the 
expandon,  does  not  raise  the  temperature.  With 
hig^-pressure  engines,  we  must  constmct,  ther^ 
fore,  very  strong  boilers,  and  with  such  boilers 
we  diall  never  be  quite  safe  from  innumerable 
aoddents ;  whfle  the  expense  will  be  vastiy  in- 
creased. We  must  have  the  pressures  not  ao 
very  high  above  atmospheric,  as  steam  at  even 
150°  centigrade  (802^  Fah.)  would  give  us; 
while,  at  the  same  time,  the  temperature  at  thla 
pressure  shall  be  very  much  greater  than  150^. 
With  such  a  temperature,  which  is  not  by  any 
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eoginei  we  ahoold  lunre 
lie  pwyaOuii  *        *  =  ^  neariy,  t  Mng  ood- 

=  SO'^  wrtigradft,  or  122^  Fah.  Atem- 

aft  an  crrants,  not  fur  bdow  50^  wiU 

CoTT;  thA  ooodenaer becoming 

hcntcd  by  tliB  aitintflriion  of  the 

the   cylinder.      IVom 

(Pkilon^kkal  Magazmty 

\»\  «e  find  thai  the  picawue  of 

802^  Feh.  voidd  be  above  4|  atmos- 

•  and,  thia  yiwiiie  ttam  the  inside,  only  a 

cn«AiIly  oooBtmeted  boilfir  ooold  nsoally 

(the  ezeeM  ever  the  intanal  atmoepheric 

60  lbs.  per  iqaaie  inch) ; 

it  of  oQDitracdon  woidd 

ef  Tery  dngennie  explodoni. 

We  have  ham  then  a  wmrf    that  the 


1S47,  part 


Mh^  ea  peerihb;  nd  a  tljyEcimry,— that  if  we 
umt  it  to  any  hei|^  above  BOO**  Fahnnheit  de- 
gmm,  w%  ihall  meet  with  mactical  iiMR<'n^^*w  of 
the  BOit  alanaing  Und.  These  aie,  moieoyer, 
ftom  the  nse  of  steam. 

haa  uiged  the  attention  of 
to  kmfdi  air  as  a  moving  power. 
Ihe  advantage  of  enployiog  it, — shonld  median- 
IbbI  digmlties  of  eonstroctkn  be  sannovnted, — 
wa  be  aft  ence  evident  from  this  fact,  that  the 
asBe  laiawue  at  whidi  steam  has  a  temperatnie 
sfeeat  900"  FelL,  gives  a  tenpenitnie  abont 
KM*' Fah.  to  heated  air. 

■t  leeent  investigations  on  which  icll- 
can  be  pieced,  aie  oontahied  in  a  paper 
by  Mi»  Joole  of  Ifancheeter,  before  the 
Ks^  8odety  iPkUotopkieai  TnmtadhnM  qftke 
beadr^,  1862,  voL  i),  to  which,  for  a 
iMtmwt  of  the  8nlject»  we  refer.  We 
to  detail  the  prindpal  stepe  of  his  pro- 
SB,  and  the  resolts  at  wliidi  he  has  arrived. 
Be  cepwdwe  the  Air  Engine,  in  its  simplest 
:  inpposing  tluit  all  sodi  praiiical 
aa  the  loee  of  heat  by  radiation  from 
air  v<BSfls,  Ac,  are  gM  over.  His 
Air  Engine  is  anappaxatos  consisting 
cf  two  erysfate  cylinders,  eodi  ofmmnnicstiing 
If  vahrcB  with  I 


a  vohnne  of  air  is 
eqpally  therefore,    in 
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temperaluie  and  in  pressue,  dnoe  the  ap- 
paratos  loees  no  heat  to  the  eorrouiding  air. 
Snppoee  the  process  to  have  gone  oo  for  some 
time,  the  receiver  being  opened,  its  valve  open- 
ing inwards,  commanicadng  with  the  conden* 
dng  cylinder,  befaig  driven  in  at  each  saoces- 
aive  dnoent,  and  then  ehnt  by  the  pressore  of 
the  air  Jnst  admitted,  when  the  piston  of  tliis 
condensing  cylinder  is  drawn  np.  A  valve  in 
this  piston,  also  pressed  inwards,  admits  common 
air  when  it  has  been  drawn  up,  and  shuts  again, 
when  a  new  compression  commences.  Suppose^ 
then,  the  receiver  filled  with  air  above  the  ordi- 
nary temperature  and  pressure  (heit  being  all 
this  time  Implied  to  the  receiver).  We  shall 
have  this  confined  air  opening  a  valve  wliich 
goes  outward  from  the  receiver,  and  entering  l)e- 
neath  the  piston  of  an  expanding  cylinder  driv« 
ing  it  up.  Now,  there  ia  a  ctftain  amount  of 
air  driven  in,  oompreaBing  the  air  in  the  condens- 
ing cylinder.  When  an  equal  amount  of  air  !mm 
been  given  off  with  the  recover,  the  valve  open- 
ing into  that  cylinder  shuts.  This  is  managed 
by  an  aningement  of  the  weight  of  the  valve, 
llie  air  in  the  receiver,  so  expanding  as  it  does 
when  this  valve  ia  open,  gets  more  room,  and 
presses  less  upon  any  vessel  endoeing  it  Then 
n  the  valve  Is  made  somewliat  heavy,  it  shuts 
by  its  own  gravity— the  moment  that  the  air  haa 
lost  the  dastie  force  which  counterbalanced  this 
gravity  and  drove  the  valve  open. 

At  thia  pdnt  there  is  no  material  advantage 
gained,  upon  the  whole.  Tlie  ascending  piston 
might  be  made,  through  that  part  of  its  ascent 
which  it  has  now  performed,  to  do  the  same 
work  neariy  tliat  was  required  to  posh  down  the 
descending  one.  The  air,  however,  at  this  time, 
in  the  expanding  cylinder,  ia  still  hotter,  and 
presses  more  powerfully  on  the  sides  conse- 
quently, than  common  air.  Tlie  piston  is  accord- 
ingly stiQl  pushed  upwards,  and  may,  in  doing 
so,  be  made  to  work  an  engine.  By  another 
valve,  when  this  operation  haa  been  carried  for 
enough,  the  piston  is  allowed  to  resume  its  ori- 
ginal place,  and  to  be  again  pushed  np  by  anew 
rush  oi  air  from  the  cylinder. 

The  process  employed  in  Mr.  Jonle*s  experi- 
ments is  this :— The  recdver  is  filled  with  air 
at  atmospheric  density,  whidi  is  heated  to  a 
moderatdy  hi^  temperature  (890^*464  Fahr.) 
At  this  temperature  the  air  in  the  recdver,  behig 
kept  in  constant  volume,  presses  against  the  sides 
of  the  receiver  with  considerable  force  (25-95  lbs. 
per  square  hich).  When  the  piston,  wbich  has  to 
descend  throu^^  12  inches,  has  passed  through  a 
part  of  its  stroke  (4  inches),  the  pressure  is  the 
same  as  that  of  the  air  in  the  recdver.  The 
air  is,  however,  at  a  much  lower  temperature 
(107^-81  Fahr.),  because  it  ia  not  kept  at  con- 
stant volume,  but  compressed.  The  valve  then 
opens  into  the  recdver.  During  this  part  of  the 
process,  the  air  had  opposed  a  continually  in- 
creasing resistance  to  the  downward  motion. 
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During  the  remainder  of  the  descent,  if  the 
receiver  be  pretty  large  compared  with  the  cylin- 
der, it  will  remain  what  it  is  at  the  end  of  this. 
The  fact  of  the  whole  body  of  air  contained  in 
the  cylinder  and  in  the  receiver  being  compressed 
into  one  space  may  be  disregarded  if  it  be  so. 
The  heat  then  applied  to  the  air  in  the  receiver 
increases  its  temperature  and  its  volume,  and 
drives  open  the  valve,  and  makes  the  second 
piston  ascend.  Here,  also,  the  £fict  of  the  air 
contained  in  the  receiver  expanding  through 
part  of  the  cylinder  until  the  original  work  spent 
be  regained,  can  be  considered  as  producing  no 
material  change  upon  the  pressure.  When  the 
Talve  closes  at  the  moment  it  is  completed,  and 
the  communication  between  the  qrlinder  and  the 
receiver  is  closed,  the  air  in  the  cyUnder  alone 
expands,  and  is  reduced  to  the  atmospheric 
pressure. 

In  order  to  show  how  the  calculation  can  be 
effected  upon  which  depends  the  exoellenoe  of 
such  an  air  ^gine,  we  will  quote  an  example 
given  by  Mr.  Joule.  For  the  mathematical 
principles  upon  which  his  calculations  are  founded, 
we  must  refer  to  his  paper. 

He  has  a  condensing  cylinder  12  inches  long, 
and  with  a  sectional  area  of  one  square  in(£. 
llie  area  of  the  section  of  the  exhausting  cylinder 
is  the  same.  He  commences  with  air  of  the  den- 
sity of  the  atmosphere  in  the  receiver,  having  a 
temperature  of  890°-464  Fahr.  Accordmg  to 
the  gaseous  laws,  the  pressure  at  this  tempera- 
ture will  be  (supposing  that  of  atmospheric  air 
to  be  15  lbs.  per  square  inch,)  25-95104  lbs. 
per  square  inch.  The  piston  will  require  to 
be  wrought  through  one-third  of  its  stroke 
(4  inches)  before  the  air  reaches  this  pres- 
sure. At  this  point  the  temperature  will  be 
107''*d094,  and  the  work  which  will  have  to  be 
done  would  be  sufficient  to  drive  6*537154  lbs. 
through  one  foot  of  space.  The  atmosphere, 
however,  has  operated  upon  the  square  inch  of 
area  of  the  piston,  with  a  force  of  15  lbs.  through 
4  inches  of  space.  There  is,  therefore,  due  to  it 
force  sufficient  to  drive  5  lbs.  through  1  foot. 
Hence  the  effective  work  done  by  the  engine, 
absorbed  in  this  part  of  the  process,  is  1*587154. 
During  the  remainder  of  the  stn^e,  there  u  a 
pressure  of  25*95104  lbs.,  actmg  on  a  square 
inch  through  i^ths  of  a  foot,  and  of  this  pres- 
sure 15  lbs.  acting  similarly  is  balanced  by 
the  atmospheric  pressure.  We  have,  therefore, 
V\r  (25*95104— 15)  =  7*800693  foot  lbs.  as  the 
amount  of  work  done  in  this  part  of  the  process 
by  the  engine.  In  the  expandhig  cylinder,  again, 
as  the  process  goes  on,  until  as  much  air  has 
been  let  out  as  came  into  the  cylinder,  we  have, 
in  that  part  of  it  where  there  is  emission  from 
the  receiver,  a  passage  of  air  through  12  inches, 
with  a  pressure  of  25*95104  lbs.  resisted  by  an 
atmospheric  pressure  of  15  lbs.,  and  giving  off 
thus  10*95104  ft  lbs.  of  work.  The  communi- 
cation being  now  cut  off,  the  lur  expands  until 
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it  reaches  the  pressure  15  lbs.  As  it  was  re- 
quired to  compress  the  volume  of  air  in  the  con- 
densing cylinder  to  two-thirds  of  its  original 
bulk,  in  order  to  increase  the  pressure  from  15 
to  25*95104,  it  will  be  necessaiy,  mvendy,  to 
expand  it  to  three  halves  of  its  bulk,  in  order  to 
bring  it  fh>m  the  latter  pressure  to  the  former. 
The  air  will  accordingly  expand  after  the  cod* 
munication  has  been  cut  off,  through  6  inchaa, 
and  the  effectivework  will  clearly  be  f  (1*537154) 
=:  2*305781.  Hence  the  woric  given  off,  in  tke 
whole  course  of  the  operations,  will  be  10-95104  -f* 
2*805781^7-800698—1*637154  =  4*418924 
ft.  lbs. 

Now,  in  order  to  find  whether  the  engine  be 
economical,  we  must  consider  what  has  been  ex- 
pended to  attain  this  result.  The  only  source  of 
expenditure  is,  then,  the  heat  reqnix«d  to  raise 
the  temperature  (107°'d094  Fahr.)  ol  tiie  eight 
cubic  inches  of  air,  at  the  constant  pressure  al- 
ready stated,  up  to  890^*464.  We  find,  then, 
that  the  heat  required  to  do  so  would  raise  1  lb. 
of  water  0°*048043  Fahr.,  and,  therefore,  divid- 
ing 4*418924  by  this,  we  obtain  the  number  of 
ft.  lbs.  of  work  obtahied  from  every  amount  of 
heat  capable  of  raising  1  Ib^  of  water  1°  Fahr. 
In  this  case  we  shall  have  102*66276  ft.  lbs. 

But,  the  theoretical  maximum,  when  all  the 
heat  employed  is  made  full  use  of,  and  none  of  it 
wasted  (as  in  this  case  the  air  is  let  off  from  the  ex- 
haustmg  cyUnder,  at  287°-5  Fahr.),  is  772  ft.  lbs. 
for  every  amount  of  heat  capable  of  raising  1  lb.  of 
water  from  0°  to  1°  Fahr.  In  a  periect  steam 
engine  (free,  as  we  imagine  this  engine  to  be, 
from  all  loss  of  heat  by  radiation  to  the  sof- 
rounding  bodies,  or  conduction  through  the  ves- 
sels composing  it),  where  steam  at  284°  Fahr. 
is  employed,  whidi  is  about  as  high  as  it  cati 
safely  be  used  at,  209  ft.  lbs.  of  the  772  may  be 
thus  brought  up,  or  converted  mto  work. 

If;  however,  we  keep  the  temperature  and 
pressure  of  the  air  in  the  receiver  veiy  much 
higher  than  what  we  have  supposed,  we  shall 
obtain  more  favourable  results.  Thus,  if  we 
have  a  pressure  of  70*60445  in  the  recover,  the 
piston  would  require  to  pass  through  8  inchies  of 
its  stroke  m  sfder  that  this  may  be  reached.  If 
the  air  be,  further,  of  double  the  ordinary  den- 
sity, its  temperatuie  will  be  706°-559,  that  of 
the  air  forced  into  the  pump  will  be  at  the  same 
pressure,  and  with  temperature  811^*3782.  The 
temperature  of  the  air  escaping  into  the  atmos- 
phere will  be  277*'-5,  and  the  amount  of  work 
obtained  will  be  279*9628.  None  of  these  tem- 
peratures or  pressures  are  such  that  they  could 
not  be  borne  by  well-constructed  vessels. 

Considerable  practical  difficulties,  however^ 
stand  in  the  way,  but  the  results  already  at- 
tained warrant  a  confident  hope  that  air  engines 
may  yet  be  brought  into  favourable  competition 
with  steam  engines,  and  may  perhaps  supersede 
them. 

Mr.  Joule  suggests  the  following  remaiks  to 
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mho 


AUt 
majr  lie  desiioiis  of  confltnicting  a 


not  be  nrach  larger  than 

In  the  panctical  engine,  the 

whawliHg  Talve  opens  jost  as  the  ralve  opens 

fcoB  thA  retdivcr  to  the  condensing  eylinder. 

Hone  the  Tolmfte  is  kept  sensibl/  equal  to  that 

intht  neetvcr  otiginally,  and  the  pressoie,  there- 

fanii  is  sensibly  tlw  aamo.    A  eoil  of  pipe  might 

the  ncMt  convenient  receiver,  as  haying  a 

besft  most  veadQy  applied  to  it,  so  as  to 

the  air  wiUdn  at  a  nniform  temperature. 

If  tUs  be  sewiiwl,  the  air  engine  -would  act 


Oe 

tebe 

the 


mdmuy  methods,  described  more  fhlly  in 
on  the  Steam  Ehoinb,  would  requhre 
.  ted  in  Older  to  tnnsfer  the  work  firom 
CT  Duller  and  piston  rod  to  the  weights  to  be 
md  in  Older  to  secure  the  opening  of  the 
xahrcs,  as  just  described,  simultaneously. 

An  instrument  in  which  the  elastic 
of  compressed  air  is  made  use  of  as  the  mov> 
We  gLTt  a  representation  of  »  section 
air  gun  in  that  figure  below.  There 


ast  tvo  csvitieB  in  the  gun.     The  one  is  closed 
by  a  plate  and  a  moveable  pis- 
Into  the  other  by  a  valve, 
seoved  by  the  trigger,  and  which  b 
ly  bdiiad  the  bullet,  k,  in  the 
The  piston  is  so  oonstrneted  that  it 
be  opened  and  fiesh  air  supplied,  when  the 
lias  become  exhausted.  Thepistonis 
vpwaida,  snd  the  air  in  the  barrel 
If  the  cavity  in  the  stock  of 
be  veiy  laige  compared  with  the  passage 
the  barrd,  a  very  h^h  degree  of  conden~ 
may  be  obtaiDed  by  the  expendituie  of  all 
The  trigger  is  thai  touched,  and 
beUnd  it  expands  violently,  driv- 
t  it    The  trigger  is  then  left 
ami.  reeoOa,  dosing  the  valve,  and  leaving 
IS  condensed  than  beforab    A 
iber  of  diots  may  be  dischaiged, 
the  same  air,  If  the  condenmtion 
voy  great  at  fixat.    The  velocity  which 
grresa  ballet,  depends  of  course  upon 
ot  eoiidensation.    When  the  air  has 
inle  aboot  J^  of  its  bulk,  the 
wiQ  be  ^bo«i  half  that  produced  by  gun- 
This  is,  Imwever,  a  verf  hi|^  degree  of 
ITie  air  gun  is  too  expensive  for 
Tbe  test  defect  in  the  fitttog  of 
ninffi.  or  in  the  oonstmction  of 
miM  iwMte  it  useless.    In  war, 
9t^t^1bmwbkhcoe  mb^  it  xeq[nhes  to  ex- 
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pend,  is  a  serious  practical  object'on  to  its  general 
adoption.  It  might,  perhape,  be  readUy  charged 
by  small  steam  engines  kept  constantly  working. 
The  invention  of  it  is  ascribed  to  Ctesibios,  who 
lived  in  Alexandria,  b.c.  120.  His  instrument 
is  described  as  having  discharged  arrows  by  the 
elastic  force  of  condensed  air.  Marin,  a  native 
of  Lisienx,  in-  France,  revived  the  invention  in 
modem  times,  and  presented  one  to  the  reigning 
sovereign,  Henry  IV.  Instead  of  a  simple  piston, 
a  condensing  syringe  is  employed  pracrically, 
which,  with  much  less  waste  of  space,  produces 
greater  condensation.     See  Aib  PuitF. 

Air  Pampt  is  an  instrument  for  extracting 
the  air  ftom  a  vessel.  We  shall  explain  along 
with  it  an  instrument  for  condensing  air  into  a 
vessel,  depending  upon  the  same  principles,  and 
called  the  condaukiff  tyringey  as  tlie  air  pump  is 
tbe  ^eeAottffm^  syringe.  Fig.  1  represents  tbe 
former,  and  fig.  2  the  latter,  instrument.    The 


Fig.  1.  Fig.  2. 

bulb,  o,  in  either  case,  is  the  vessel,  the  air  of 
which  is  to  be  wrought  upon.  The  valves,  b  and 
Af  open  upward  in  fig.  2,  and  downward  in  fig. 
1.  Suppose,  then,  in  fig.  2,  the  piston  raised 
firom  the  bottom  to  the  top  of  the  tube.  As  there 
has  been  no  air  in  the  tube,  it  rushes  through  b 
and  fills  the  whole  space.  It  loses,  however,  in 
pressure,  and  is  consequently  unable  to  lift  the 
valve,  ▲.  After  it  has  risen  to  the  top,  the  valves, 
A  and  B,  dose.  Now,  push  the  piston  downwards, 
the  downward  pressine  upon  b  is  increased,  but 
it  only  opens  upward,  and  the  air  in  the  vessel, 
therefore,  is  not  disturiied  during  the  downward 
motion  of  the  piston,  but  remains  at  the  same 
pressure  as  the  whole  air  in  the  machine  after  the 
first  operation.  There  is,  however,  powerful  com- 
pression of  the  air  in  the  tube  produced  in  the 
descent,and  when  the  pressure  becomes  sufiUciently 
great,  the  valve.  A,  is  lifted  snd  the  air  escapes. 
Let  us  pappose  the  vessel  to  be  8  times  the  size 
of  the  take,  and  examine  what  tbe  result  of  these 
processes  will  now  bei  At  the  end  of  the  first, 
the  air  has  expanded  to  |  of  its  original  bulk, 
and  so  ^  of  it  is  contained  in  the  tube,  and  }  in 
the  vessel  At  the  end  of  the  second  process  this 
\  is  axpelled,  and  the  }  remains.  When  another 
pair  of  similar  processes  were  completed,  we  should 
have  i  of  }  remaining.  After  five  pairs  we  should 
have  -f^^  or  about  i  remaining:  and  by  oon- 
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dndng  the  process  we  should  succeed  in  redodng 
the  air  remaining  within  to  any  firaction,  however 
small,  of  the  original  quantity.  The  rapidity  of 
the  process  will  depend,  if  the  woricmanship  of 
the  instrument  be  perfect,  upon  the  tube  bearing 
a  large  proportion  to  the  vessel  to  be  exhausted. 
One  practical  difficully  is  thus  remedied.  When 
the  fractton  of  the  original  quantity  of  air  left  in 
the  tube  becomes  very  small,  its  pressure  has  be- 
come reduced  in  the  same  proportion.  In  eon- 
tequenoe,  when  we  raise  the  piston  firom  B  te  a, 
the  air,  having  lost  its  elastic  power,  comes  to  be 
unable  to  lift  Uie  valve,  b,  and  no  further  exhaus- 
tion would  be  possible.  In  fact,  if  there  were 
left  iffjf^  of  the  original,  the  pressure  would 
be  T^tih  of  14-7  lbs.  per  square  inch.  Suppose 
the  valve,  then,  to  be  3  oz.  wdght,  and  1  square 
inch  in  surfisce,  there  will  be  a  downward  fovee 
of  8  oz.,  besides  a  slight  cohesive  and  frictional 
force,  opposing  an  upward  farce  of  \^  X  16  oc 
=  2*362  oz.,  and  the  valve  would  consequently 
remain  at  rest  To  obviate  this,  a  string  passes 
from  the  one  end  of  the  piston  to  this  valve, 
80  long  as  to  become  tightened  just  before  the 
piston  reaches  the  tsp,  so  as  to  open  the  valve, 
however  small  the  upward  elastic  pressure  of  the 
air  may  be.  The  condensing  syringe  works  thus: — 
Let  the  piston  be  pushed  down.  Then,  as  the 
air  will  rush  outward,  the  valve,  a,  will  be  pushed 
up,  and  the  whole  content  of  the  tube  pushed  into 
the  vesseL  In  this  state  the  pressure  upon  b, 
when  it  doses,  upon  the  restoring  of  equilibrium 
will  be,  in  the  case  we  have  supposed,  ^  the  ori- 
ginal pressure,  and  will,  therefore,  Iceep  it  easily 
closed  against  the  air.  When  the  piston  rises,  as 
there  is  no  air  between  ▲  and  b,  the  tube  will  be 
refilled  with  common  air.  When  we  push  down 
the  piston  again  the  same  process  wiU  be  repeated, 
but  the  val^-e.  A,  will  not  open  until  the  piston  has 
gone  through  ^  of  its  stroke,  because  then  the 
pressure  will  be  Just  equal  above  it  and  below  IL 
lliere  will  be  then  ^  more  pushed  in,  and  the 
process  may  be  contmued  as  far  as  we  choose. 
Latterly,  the  work  of  pushing  the  pbton  down  will 
become  very  great,  and  so  much  the  sooner  the 
larger  the  proportion  ia  which  the  contents  of  the 
tube  bears  to  those  of  the  cylinder.  Here  the 
condensation  increases  arithmetically,  1  -|-  ^  -|- 
)•  -|- 1,  &C.,  representing  the  results  of  each  suc- 
cessive pair  of  strokes;  in  the  case  of  the  ex- 
hausting syringe,  the  progression  is  geometrical 

(IXfXlXi&c). 
The  methods  by  whidi 
the  pAustical  difficul- 
ties of  the  mechanism 
are  overcome,  and  by 
which  the  instrument 
is  made  capable  of 
more  extended  prac- 
tical applicatbns,  need 
not  be  recounted  here. 
We  engrave  the  common  air  pump.  A  tube 
cctnmunicates  from  the  bottom  of  the  plate  with 


an 
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one  or  two  ftrhftnsting  syringes,  a  and  d^  the  pis- 
tons of  which  are  wrought  by  rack-woi^,  moved 
by  the  turning  of  a  handle.  Sometimes  a 
barometer  is  placed  inside  to  serve  as  a 
gauge  of  the  degree  of  exhaustion.  Torricelli 
made  the  first  vacuum,  but  Otto  Guericke  first 
constructed  an  air  pump^  whidi  he  exhibited 
publicly  at  Batbbon  (1654,  a.d.).  Boyle, 
Hauksbee,  Gravesande,  Smeaton,  and  others, 
have  improved  up<»i  his  model  by  adding  rack- 
woric,  putting  two  syringes  for  one,  &c  The 
principle  has  remained  constantly  the  same 

Ihiilifiii  ]>%  Prmciph  of.  To  the  illustrioos 
Frenchman,  whose  name  this  principle  beara,  be- 
longs the  unquestioned  honour  of  placing  the 
science  of  Dynamics  on  a  basis  sufficiently  broad 
for  all  possible  requirements.  Previous  to  his 
time,  Dynamical  problems  were  not  reeolvable  by 
any  general  method;  each  class  of  problems  re- 
quiring the  aid  of  some  special  theorem  or  method 
applicable  to  that  class  alone ; — ^in  many  cases,  in- 
deed, the  method  had  to  be  found  for  the  particular 
problem.  D*Alembert  oonfened  on  Rational  Me- 
chanics the  inestimable  boon  of  a  method  appli- 
cable to  every  form  oi  investigation;  and,  what  was 
more,  he  practically  reduced  Dynamical  problems 
to  mere  /Statical  ones.  His  prindple  has  the  fhr*' 
ther  advantage  of  being  eanly  explained.  Sup- 
pose a  number  of  bodies  ci  uiiMiiitiwHiy  a  ejntum  of 
forces,  it  will  always  be  easy  to  detect  the  poeitiona 
that  will  be  oocupled  by  the  bodies,  at  the  end  of 
the  next  moment  of  time,  or  the  spaces  which 
they  wUl  all  pass  through,  during  the  next  mo- 
ment, supposing  the  system  to  continue  in  action. 
But  it  wiU  also  be  easy  to  detect  the  spaces  through 
which  they  would  pass  during  the  same  moment, 
were  the  tgstem  or  the  connection  suddenly  brdken 
up.  Compare,  then,  these  two  sets  of  spaces, 
viz. :  the  spaces  through  which  they  toill  ^tually 
pass,  and  the  spaces  through  wUdi  they  would 
pass  itjree.  By  the  theorem  of  the  oon^fiUom 
offoTotMy  the  former  spaces  may  be  resolved  into 
the  latter  spaces,  and  a  third  set  of  spaces.  But 
this  third  set  indicates  the  motions  destroyed  be- 
cause of  the  oofmecttbn  of  the  bodies,  or  becanas 
they  act  and  react  on  each  other,  through  a  Sys- 
tem. And,  as  action  and  reaction  are  always  equal 
within  a  system ;  it  follows  that  the  sum  of  the 
quantities  of  motion  annihilated  must  be  equal  to 
0;  in  other  words,  that  what  one  set  of  the  bodies 
have  gained,  soother  set  will  have  lost  So  that 
we  have  an  Equation  of  equilibrium,  whidi, 
rightiy  treated,  vrill  unfold  the  characteristics  of 
the  system  of  Forces  under  consideration.  La 
Grange  at  onoe  recognized  the  signal  value  of  this 
Principle  of  D'Alembert,  and  made  it  the  basis 
of  his  methods  in  the  Jfeoani^tte  ilno^irei^M. 

Algdram  taken  in  its  full  generality,  ia  now 
the  most  potent  arm  of  Hathematicid  Scienoe. 
As  with  all  great  powers,  the  efficacy  and  extni- 
ordinary  grasp  of  Algebra,  were  not  suspected 
during  its  rude  beginnings ;  nor  does  it  seem  im- 
probable that  its  capalnlities  as  a  help  in  thepusBoit 
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rf  Trai^  m  as  yet  but  Twy  paitkHy  known. 
it  faaported  from  the  Sasl  by  the  Pisan  Mer- 

tbe  year  1200,  it  was 
to  aaTa  tnmble-^a  sort  of 
^,  appHed  to  the  sokition  of 
AiitkiiBcdcal  psoblems :  it  has  already  pinned  fu 
hrnMd  that,  harfaii;  gnnm  into  an  inatnunent  by 
dlwintangie  the  moatoomplex  lela- 


SB  ftttare  tJiBf-v 


ciecti  of  thor  naost  complex  oombinatknis: 
it  mmw  awead  into  an  Oigan  of 
«,  with  an  eqnal 
r,  to  ^aentangla  the  BMie  subtle  prooenes  of 
In  {DttstiadM  of  the  bearing  of  this 
the  stadaat  b  nfened  to  the  recent 
Bookk    Ofasat^fect  like  Algebra, 
little  aeeooa* fa  this  Dictionary:  it 
he  CDOo^  to  adTcrl,ander  three  heads,  to 
phases  wader  whkb,  as  aa  abstract 
it  at  pnEem  anpeara. 
<1.)    Arilhrnttinti  AijfOnt,     This  eompra- 
i  the  whdfe  of  the  oi^jbial  Algebra,  asknown 
«a  the  Hiaaooa,  the  Anho,  or  to  Diophantns 

It  Is  rfniply  what  Newton 

and  its  arti- 

•denoto  the  ordinaiy 


1  - 


m  -{-,  — , X -T-):  Vt  n,areeaiployed :  instead 
ftzad  aamberi)  the  Algebrsist  nses 
SB  a,  life  c,  &C. ;  and  for  quantities 
throngfa  their  relations  with 
but  whoee  explicit  value  has  not  been  acta- 
^y  wwLed  oof,  he  employs  the  letten  «,  jf,  a,  ftc. 
ling oo  which  the  Arithmetical  Algebra- 
is  ef  coone  porely  Arithmetical  { 
to  say,  be  can  admit  nothing  either  in 
reselt,  whidi  cannot  be  predicated  of 
Hb  art,  however,  gives  him  the 
advantage  of  reasoning  and  deter- 
inst^  of  requiring  to  do  so 
fv  crery  fecial  earn ;  general  theorems  oonccra- 
^g  number  can  thus  be  formed,  and  laws  laid 
the  ttuj  treatment  of  whole  dasucs  of 
Indoded  within  arithmetical  algebra, 
have  the  solution  of  Numerical  Equations^  the 
trine  of  PerwNtfcrfftoiusnd  CombinatUHUy  and  of 
and  the  JHophtntme  Analj/ng  in  its 
largest  extent : — q.  r. 

(2)  Symhnliml  Algebra. — A  vast  extension 
rf  the  prinaafy  algebra;  one  whose  methods  and 
woe  aooepted,  long  before  it  was  felt  neces- 
to  revise  and  fceonstmct  its  logic  and  foun- 
In  this — the  tnie  modem  algebra — the 
of  opcntion  are  considered  no  longer 
tativea  of  definite  arithmetical  processes ; 
symbols  of  operation,  defined  merely  by 
IheirTdatioiis  to  each  other.  For  instance,  -|-  and 
Bcrdy  two  symbob  of  iavfne  operations ; 
X  sad  -f-  are  abo  each  otbei^s  ree^frocaUj  or  m- 
;  wlufe  -f-  and  X  ^'v  criinected  by  a  general 
jg^eatcd  by  the  reUtion  between  addi- 
IIbb  sad  maltiplication,  and  inclusive  of  it. 
Tjsa«dfi«0  a  point  of  view  so  abstract,  all  those 
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Bjrmbob  whose  occurrence  and  employment  ia 
arithmetical  algebras  wen  sources  of  ever-recur« 
ring  puzzb  and  vexation,  (such  as  negaiive 
quantities,  numbers  less  than  nothing,  and  those 
curious  Mio^mory  qutadiHes,  sa  they  were  fitly 
tenned),  take  on  Intelligible  and  important 
meaningps,  and  become  symbob  of  actual  and 
rational  processes.  The  student  will  bam  much 
concerning  the  value  of  the  change  now  referred 
to,  even  in  thb  limited  respect,  fiom  the  second 
volume  of  Dr.  Peacock's  admirable  treatise  on 
algebra;  nor  can  it  require  te  be  more  than 
hinted,  that,  under  cover  of  thb  general  idea, 
other  signs  of  relation — signs,  adequate  in  num- 
ber and  significance,  to  aU  possible  relations  of 
things  snd  thoughts— may  become  definite  logical 
signs  in  an  Universal  Symbolical  Algebra.  As  to 
the  oU  symbob  or  representatives  of  mrndter^ 
these  may  of  course  be  made  representative  of 
any  definite  thing  or  idea,  known  or  knowable, 
through  its  fixed  rebtions  with  others.  Already 
algebsaic  science  teems  with  hints  of  what  its 
fabric  will  one  day  become, — not  the  least  im- 
portant, being  those  tendencies  towards  a  pure 
CaktUms  of  Operaiiom,  which  one  easily  detects 
through  all  its  more  daring  generalizations. 
The  following  divisions  of  what  b  commonly 
caiiled  algebra,  cannot  be  treated  logically,  unleai 
on  the  Ufcsb  of  thb  extension  of  the  meaning  of 
symbob : — the  theory  of  indices,  induding  so- 
called  imaginairy  eapressions;  the  general  theory 
of  equations ;  the  aritkmetie  of  sines;  exponential 
quantities;  series  ttnd development  in  generaL  The 
entire  application  of  Algebra  to  Geometry  reposes 
on  an  extension  of  the  meaning  of  the  ordinary 
symbob:  something  on  thb  subject  will  be  found 
under  Qoatbbhions. 

(8.)  Afyebra,  Double,  7V^.— Terms  applbd 
to  those  important  extensions  of  symboUod  al- 
gebra, which  promise  to  enable  it  to  cope  more 
directly  and  easOy  with  .problems  concerning 
space  of  two  or  three  dimensions.  For  all  that 
we  can  say  on  the  subject  see  Gbometbt  Sym- 
bolical. The  student  b  especially  referred 
to  a  remarkabb  treatise  on  Dcitble  Algf^jra,  by 
Professor  De  Morgan. 

Alffehvada  Geaaaetrf.      See  Gkohetbt 

ASALTTIOAL. 

Algehra,  iha  llladens.    See  Polt.vomb. 

Aliilwde  in  Astronomy  b  the  arc  of  the  great 
circle  passing  through  the  zenith,  intercepted 
between  the  object  and  the  horizon. 


An  instrament  that  has  pUyed  an  important  part 
in  practical  astronomy,  and  which,  although 
superseded  to  a  laige  extent  by  the  use  of  Meri- 
dional Instraments,  has  recendy  been  restored  to 
our  great  Observatories,  under  several  forms,  most 
recently  and  perhaps  most  efiectually  at  Green- 
wich, by  the  counsel  and  under  the  especial  care 
of  Mr.  Airy,  The  general  character  of  an  alti- 
tude and  azimuth  instrument  is  thb: — Firsi, 
there  b  a  horizontal  drde  finely  divided  and 
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(Opposed  to  1m  planted  perflN^lf  horizonEatlr, 
tnd  K  tlul  the  lem  paint  of  ita  tUvisicm*  coincide 
with  the  meridian  line,  or  with  the  exact  wmtb. 
It  tbia  cireb  ia  not  pcrTectl;  hociumtal,  or  if  the  1 
lero  pmaC  of  Its  divmone  does  not  miadde  vith 
the  exact  aoulh  point,  the  indication!  of  the  in- 
■trninent,  In  lo  far  aa  this  portion  of  It  is  con- 
cemcd,  irill  be  erroneoosi  but  as  carefiil  testing 
can  find  out  thate:[act  amount  of  error  in  rithir 
particulBT,  which  remans  iner  mechanical  ad- 
justment has  done  ita  ntrnostf  the  correction 
required  to  be  applied  lo  oreiy  individual  obfei^ 
valisn  may  be  deduced,  anif  Che  observation 
thus  reodend  as  good,  as  if  the  instmment  had 
been  peiftet.  From  the  centre  of  the  horiioatal 
eiicle  an  nptlght  pillar  arises,  which  ought  br 
tie  perfectly  perpendicular  to  the  plane  of  that 
eiiclej  and  to  the  aide  of  this  pillar  i>  attached 
A  vertical  circle,  to  which  the  telescope  belongs, 
through  whoee  optical  axis  the  observer  dlicovers 
the  star  he  desirea  to  jtc.  By  the  theory  of  the 
instrument,  this  verticil  circle,  in  whatever  way 
it  is  tnniod— as  the  pillar  to  which  it  is  attached 
mo VM  round— ought  to  be  perpendicular  to  the 
horiiontal  circle ;  and  the  lero  point  of  its  divl- 
^n  should  cdncide  with  the  absolutely  bori- 
lonta]  or  the  absolutely  just  zenith  point.  Theee 
Teqnisitioos  never  being  exactly  fulfilled  by 
mechanimn,  conectiona  must  be  applied  here 
alio )  io  that  the  aamralt  use  of  the  inBtrumenC 
is  by  no  meant  an  easy  task.  Somethmg 
further  on  this  snliject  will  be  fbnnd  under 
CoRBECnoKa;  and  further  stiU  under  Cmcu. 
The  importaoos  of  the  instrument  condsta 
In  this : — Dbaervations  can  be  made  by  means 
of  it,  much  cAener  than  is  possible  by  Instru- 
ments which  are  eonflned  to  the  menilian; 
•  luality  of  great  moment,  in  the  case  especially 
of  comets,  whose  apparition  is  so  evanescent,  and 
which,   in   uncertain  weather  cajinot  be  often 

dian  instrtunenta,  is  owing  to  its  comparative 
complicacy ;  but  this  has  been  got  over  to  a 
marvellous  extent  by  the  skin  of  our  Diniaus 
mnkmea,  as  well  as  by  aid  of  the  theory  of  cor- 
rections. The  most  celebrilsd  Altitude  and 
Aaimalh  instruments  an  the  great  ones  I 
Eamsden  ;  the  Weatbury  Altitude  and  Ai 
muth  instrument  by  Troughton ;  the  great 
Tertlcal  Circle  of  Ertel;  and  last,  and  perluqie 
beat  of  all,  the  instrumenl  just  alluded  lo,  recently 
erected  at  Greenwich.  Among  (he  many  reforms 
carried  out  so  vigoronsly  by  Mr.  Airy  In  the 
Instrumental  department  of  that  great  InstltutJon, 
this  la  not  the  least :  be  has  attempted  In  the 
first  place  to  exhaust  all  that  mechanism  can  do 
on  behalf  of  the  solidity — the  dnnnesa,  of  astrono- 
mical hulruments  and  their  a4justnientB.  Weshal 
Rquire  to  advert  to  this  aubject  again  undei 
Cliicr.K ;  but  probably  the  triumph  of  the  As- 
tmnomer  Royal  has  been  nowhere  more  dedded 
than  in  the  case  of  the  instrnment  now  moT< 
eapecially  referred  to.  A  sketch  of  It  Is  subjoined ; 
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•Le.  taldiig  do  acoonnt  of  Hs 

fattraal  ixi«galarities  witli  regard  to  heaiy  &c, 

It  ItetaQy  ahovn  that  the  dfnuitiiw  of  theae  variona 

brf>  dmmJBh  aooordipg  to  a  certain  definite  ndo 

in  Ihct,  in  relation  to  aldtndes  in- 

aritkmeUeal  ratio,  the  densities  dimi- 

Bonetrioo/  ratio;  or,  what  is  the  same 

tUa^  the  aevcral  altitodes  form  a  pecoliar  sya- 

tm  of  logarithma  of  which  the  reciprocals  of  the 

are  the  natoral  nombers,  that  ii 
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a  K>  o,  and  consequently  that  d  is 
of  air  at  the  soiikce  of  the  earth,  we 


d 

qiKst&on  is,  what  is  this  pecnliar  sys- 
t—  qf  Ingirithinw?    Or— as  any  one  system  of 
can  be  coDTCrted  into  any  odier  8y»- 
by  nmkiplying  the  farmer  by  a  constant 
r-i^we  baTe  to  fix  a  valoe,  m,  that  will 
the  Ibliowiiig  eqoation  tme : — 

d 

A^m.hg,j^ 

I091,  now  represents  the  logarithms  of 

tables.   This  m  is  detected  by  expe- 

It  inrolTee  oar  determining  according 

geomeirieal  ratio  the  density 

with  licight:  and  m  is  found  to  be 

60,000:  therefore— 

d 
A  ->  60,000  X  2d9-  5  <<»t. 

the  heigktt  of  the  barometer  are  propor- 
the  daisitiet  of  the  air,  we  have,  nam- 
Aaadir:^ 

h 
A  «B  60,000  X%  J[  feet 

the  height  of  the  barometer  on  the  sor- 
of  the  earth,  and  H  the  same  height  at  the 
tsp  «f  the  moontaitt,  or  other  altitude,  which  it 
h  AmuI  to  measore.  Snch  is  the  simple  basis 
ef  tissthcoiy  at  first  laid  down  by  Dr.  Halley ; 
bat  k  is  greatly  oompUcated  in  practice,  by  the 

to  be  applied  to  the  ibre- 

These  corrections  m^ly 

the  hifiaeDce  of  yariations  in  heat 

gpca  the  bwwncter  and  the  atmosphere ; 

1 11  ■<  if  111  hi  the  finoe  of  gravity,  depend- 

^Mthehe^htof  the  stations,  and  ^  latitode 

~      *     ~  lately  pointed  out 
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by  Bessd,  fix»m  the  modifications  produced  by 
the  existence  of  a  humid  atmosphere  of  peculiar 
habitudes,  within  the  dry  or  permanently 
elastic  one.  When  all  conceivable  corrections 
of  this  kind  are  applied,  the  formula  becomes 
extremely  complex — so  complex  indeed  that  it 
cannot  be  used  unless  with  the  aid  of  sub- 
sidiary tables — hypsometric  tables^  as  they  are 
called  on  the  continent  Numerous  collections 
of  tables  of  this  kind,  with  directions  for  use, 
exist  in  this  oountry.  We  only  specify  those 
of  Mr.  Baily  and  Mr.  Galbrai'th.  A  copious 
set  were  published  by  Oltmanns,  and  applied  to 
Humboldt's  invaluable  observations  among  the 
Andes ;  but  on  the  whole,  the  best  we  have  re- 
cently seen  are  those  by  Ddcrus — taking  into 
account  eveiy  member  of  Laplaoe*s  minute  and 
comprehensive  theoretical  formula — published  in 
the  Afmucdrt  Meteorologique^  for  1849,  at  Paris. 
None  of  these  tables,  however,  include  Bessel's 
correction  regarding  the  humidity  of  the  air;  a 
correction  whose  importance  he  indicates  in  No. 
856  of  the  Astronomische  Naehricktm,  In  the 
ifniMMMrs  above  mentioned,  for  1852,  a  new  set 
of  tables  are  produced  by  M.  Plantamour,  hav- 
ing reference  to  humidiiy^  and  certainly  they 
leave  nothing  to  be  desired.  It  is  worth  while 
to  estimate,  by  a  testing  example  on  a  great 
scale,  the  value  of  this  new  correction.  Cal- 
culated on  the  ground  of  ob:Mirvation,  by 
MM.  Bravais  and  Martins,  on  their  ascent  of 
Mont  Blanc,  on  29th  August,  1844,  the  height 
of  that  mountain  appears  by  the  tables  of 
Delcros  to  be  4814*5  IVench  metres ;  calculated 
by  M.  Plantamonr's  tables  it  is  4811*7  metres; 
the  difference  being  2*8  metres,  or  about  1  in  1600, 
one-gixteenth  per  cenL  The  question  naturally 
occurs,  whether  these  minute  theoretical  correc- 
tions, are  not  far  within  any  possible  accu- 
racy of  observation?  For  this  subject  see 
BABOKEnrEB.  In  the  meantime,  for  general 
observations  with  ordinary  instruments,  we 
commend  the  following  simple  rules.  The 
heights  cf  the  mercury  and  the  indications  of 
the  attached  and  detached  thermometers  being 
observed  at  both  stations,  mb  nearly  as  possible 
simultaneously,  put  in  practice  these  rules:— 
(1.)  Correct  the  length  of  the  mercurial  column 
at  the  upper  station,  adding  to  it  the  product  of 
its  multiplication  into  twice  the  difiference  be- 
tween the  degrees  on  the  attached  and  detached 
thermometer — the  decimal  point  being  shifted 
four  places  to  the  left  (2.)  Subtract  Sie  loga- 
rithm of  this  corrected  length,  firom  that  of  the 
lower  column;  multiply  by  six;  and  move  the 
decimal  point  four  places  to  the  right :  the  re- 
sult is  the  approximate  elevation  in  English 
feet  (8.)  Correct  this  approximation,  by  shift- 
ing the  decimal  point  throe  places  bade,  and 
multiplying  by  twice  the  sum  of  the  degrees 
on  the  detached  and  attached  thermometers ;  the 
product,  being  added,  will  give  the  true  eleva- 
tion* 
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Anpliltvitc.  One  of  the  small  planets  be- 
tween Man  and  Jupiter.    See  AsTEBOiDe. 

Amtdjwim*  Mathemaddans  nndentand  by 
Ane^ysU — in  the  widest  and  meet  oommon  ac- 
ceptance of  the  term — Algdn%  and  all  branches  of 
the  calcalus  of  Magnitudes  by  means  of  general 
eifftUj  in  which  there  is  bo  trace  of  spedalty^xirany- 
tliiog  that  can  indicate  the  particular  nature  of 
the  Magnitudes.  The  rules  of  the  Calculua  onoe 
ac^usted  to  a  small  number  of  the  ftmdamental 
properties  of  such  magnitudes,  the  Calculus  be- 
comes a  language — a  logical  instrumidit — ^which 
works,  so  to  speak,  of  itself^  or  witbout  farther 
attention  being  necessary  than  what  is  required 
to  see  that  tiie  rules  be  thoroughly  obeyed. 
For  instance,  analjfHcal  geometry^  aftor  expres- 
ring  by  a  preliminary  synthesis  the'  character^ 
Istic  properties  of  the  objects  considered,  deduces 
all  other  properties  by  tbe  pure  force  of  the 
Calculus ;  the  special  olject  ceases  to  occupy  the 
inquirer's  thoughts,  which  are  all  bestowed  on 
the  effort  to  overcome  the  difficulties  of  the 
Calculus,  should  there  happen  to  be  any.  And 
similarly,  analytical  mMiuuiict  is  the  method  of 
translating  into  general  language  the  ftmda- 
mental conditions  of  equilibrium  and  movement, 
so  that,  after  such  translation,  aU  dse  may  be 
deduced  by  the  simple  a]q»lication  of  the  rules 
of  the  Calculus.  The  advantage  of  analytical 
methods  consists  in  the  generality  and  regular- 
ity of  their  procedure. 

Aaalytfcnl  OctfieHy.     See  Gbomktbt 

A^tALTTICAL. 

AjBCiMomeicr  I  now  a  most  important  in- 
strument in  all  meteorological  Observatories. 
The  object,  as  its  name  imports,  is  to  measure 
the  wind — its  dxrediony  toA  force.  The  only 
one  in  use,  until  recently,  was  Lind's,  a  small 
instrument,  in  which  the  wind  blew  into  the 
mouth  of  a  tube,  always  turned  towards  it  by 
a  vane,  anddepreraed — in  proportion  to  its  force — 
a  column  of  liquid  therdn  contained.  The  de- 
fects of  such  an  instrument  are  obvious.  It 
could  not  be  very  sensitive;  but  above  all  it 
wants  the  essential  power  of  registering  its 
own  indications.  Mr.  Adie  of  Edinbuigh  re- 
moved this  last  objection,  and,  to  some  extent, 
the  former,  in  a  statical  anemometer  on  some- 
thing of  the  same  principle  as  Lindas.  We 
shall  here  briefly  dsscrlbe  the  three  modern 
instruments  ihai  seem  best  adapted  to  the  im- 
portant requisitions  of  meteorology : — (1.)  The 
first  IB  Dr.  Whewell*s.  By  means  of  a  vane,  a 
amall  windmill  is  kept  turned  to  the  face  of 
the  wind ;  and  by  its  revolutions,  it  indicates  the 
wind's  vdod^.  The  direction  of  the  vane,  and 
the  woridng  of  this  little  wind  wheel,  thus  mark 
the  two  important  elements,  via.,  the  direc- 
tion of  the  wind,  and  its  velocity;  and  the 
question  remained,  how  these  elements  and  the 
dianges  in  them  could  be  regirtered.  The 
swift  movements  of  the  wind  whed  were,  in  the 
first  place,  made,  by  an  endless  screw,  to  oom- 
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mnnicate  a  vertical  motion  to  a  pencil  woiidng 
on  that  screw  (which  screw  was  about  2^  feet 
long)  so  that  the  pencil  pressing  on  a  sheet  of  paper 
marked  the  length  of  its  progress  during  any 
interval  of  time  elapsing  between  two  obeerva^ 
tions.  This  was  connected  witii  the  element  of 
direction  in  an  ingenious  way.  Tlirougfa  the 
centre  of  the  instrument  a  fixed  pillar  is  placed, 
of  about  four  inches  in  diameter,  and  around 
this  pillar  a  sheet  of  paper  can  be  temporarily 
placed,  ruled  vertically  aooording  to  thie  direc* 
tions ;  or  so  that  the  peucQ  aforesaid  strikes  on 
its  north  line  when  the  vane  indicates  north, 
or  its  west  line  when  the  vane  indicates  a  west 
wind,  and  so  with  other  directions.  The  pencil 
thus  gradually  travels  down  on  the  outside  of 
this  cylinder,  marking,  on  the  various  direction- 
lines,  thje  velocities  of  the  wind  blowing  in  these 
direcitions;  and  when  it  has  reached  the  bottom 
of  the  paper,  in  proportion  the  instrument 
must  be  readjusted  by  tiie  removal  of  the  pencil 
to  the  top  of  the  endless  screw,  and  the  applica- 
tion of  a  fresh  sheet  to  the  cylinder.  The  de- 
fect of  Whewell's  anemometer  as  a  registering 
instrument  is  this:— it  does  not  register  the 
element  of  ftme,*  it  simply  gives  the  integral 
velocity  of  the  wind  in  all  the  directions  in 
which  it  has  Uown  during  the  interval  between 
different  notices  by  the  observer.  Still,  although 
thus  limited,  its  registering  is  of  great  conse- 
quence; and,  as  our  first  self-registering  in- 
strument, this  anemometer  has  oontiibuted  Im- 
portantiy  to  the  evolution  of  various  phenomena 
of  the  winds.  (2.)  Superior  to  Dr.  Whewell's, 
at  least  in  one  paramount  element,  is  Mr.  Osler'a 
anemometer ;  the  instrument  still  chiefly  in  use, 
and  which  is  always  receiving  modifications  at 
the  hands  of  its  ingenious  inventor.  Mr.  Osier, 
of  course  obtained  the  direction  of  the  wind 
from  a  vane.  The  vane  oommunicates,  by  a 
long  rod,  its  own  motion  to  a  small  pinion  iriieel 
within  the  observatory.  The  pinion,  hj  means  of 
aratchet,  converts  thisrotatory  motion  intoalinear 
one,  and  the  ratchet  carries  a  pencil  that  strikes  on 
a  sheet  of  paper  lying  bdow  it,  and  ruled  accord- 
ing to  the  normal  directions  of  N.W.S.E.  This 
aheet  of  paper  does  not  remain  fixed  undte  the 
pencil,  but  is  gradually  carried  on  by  a  clock, 
so  that  while  the  pencil  osdllates  to  and  fro,  as 
thb  direction  of  the  wind  shifts,  these  oscillations 
are  found  written  on  the  ruled  sheet  beneath  it, 
in  strict  connection  with  the  ixme  at  which  the 
changes  took  place.  The  next  requisition  un- 
dertaken to  be  answered  by  Mr.  Osier,  waa  to 
register  the  force  of  the  wind.  Immediatdy 
below  the  vane,  and  attached  to  it,— Kxf  course  in 
this  way  always  facing  the  wind,-^e  places  a 
brass  plate,  one  square  foot  in  diameter.  To 
the  back  of  this  brass  plate  is  attached  a  spring, 
of  tested  strength;  a  spring  beaten  back  ao- 
oording to  the  force  blowing  on  the  plate.  By 
means  of  a  wire  passing  throu^  ths  rod  which 
oommunicates  dktdioik  to  ths  observii^  xoom, 
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f  qickca  oC  tImrtM  oat  ind  Inpraaa  • 
1  Bpta  that  riMaL  whose  kogth  ttnu  tniii- 
iltejaraor  Um  wind.  The  (fleet  af  thii 
~  g  win  be  better  andetMocd  by  lbs  ■□• 
s  er  tbe  eheets.  The  middle 
'r  twBitJ'Ibai 
r  tndng  i«  the  indicaticai 
I  Joret.  Kr.  Oikt  hi* 
e,  a  third 


Th  li  frimiir  n  ben  dcKnbed  la  qnit*  a 
hMBifkl  (Bii^  and  ■ztroDtlj  oomplite.  It  givM, 
«■  ksn  i^B,  the  dinctica  of  the  wiad,  the 
fc«e^  Hie  wind,  od  tbe  qoaottty  of  nfai ;  a 
^■■•a  poadl  nnrda  each  on  a  ■heetwhldi 
fa  (viied  earsnb  biaaath  tbe  paMili  ngulaii]' 
tf  a  docL     The   ' 


t^tt'ttMr.  Odtf**  ^nanomter  li  tUai-it 
*B  aat  iiBMMr  with  aiffiaBit  wmncy  light 
bbU  aniile;  aerarthelMa,  iU  indioticHu 
^R  abwdf  thmwn  n«ch  light  aa  the  mm 

kKhMi^Hot  nqntri^  nolioB  hen  I*  n  ■»- 
■BMMv  bf  Dr.  Boblono  id  Armagh,  ng- 
fMM  to  *>Ba  mitMt  by  the  ^^>aIw^a^«^e 
et  Dt.  Whtmir*,  btt  cait^nlj  > 


giMtigipTomKnton  Ita  ptototTpe.  Dr.  BoUn- 
■oa  was  led  to  tbe  wnuUuetkin  of  hia  anemo- 
meter by  »  rigoroQl  auly^  of  the  imiierlto- 
tioiu  of  the  previoD*  imea.  Ur.  Oaler's,  ft  will  be 
obecTTcd,  registcii  the  prtttwe  and  not  the 
vrlocUy  of  the  wind.  Kow  the  rdalice  virialloDi 
of  the  presmreof  the  wind  aiBtonnd  to  be  twiee 
^ta  gnat  in  anr  1>reez«  u  titoae  of  tbe  velociiy; 
to  that  ■  prtaenre-gaD^  ii  mt^ect  to  the  m«t 
uncertainty.  It  la  Uborioo*  alao  to  deduce 
Tclodly  tMm  prcesore;  and  aa  Telodtj  ia  tbe 
ekmeat  we  want,  a  preeauTe-gange  ought  If 
pouible  to  be  avoided.  Wbewell'a  gives,  dt 
oofi^t  to  give  veioeilji ,'  it  doea  sot  give  It  ic- 
cnntely,  owing  to  the  bnperTectlotii  inhering  in 
a  windmill  TUie.  Sbr  WillUm  Snow  Hani* 
found  that  the  apacea  tnvened  by  the  noord- 
Ing  pcodl  an  not  a*  the  velocity  Init  rather  aa 
Ha  square.  The  extonal  fotm  of  Dr.  Bobin- 
son'i  anemometar  ii  re|]i«a(aiK!d  in  the  anDoied 

The  wind  vane,  ■, 
indlcatea  direclioo,  aa 
hi  all  casts  ,  bot  in- 
nead  of  tbe  windmill 
vuie  in  Dr.  Whe- 
well'a  Instmment,  a 
iKriiontal  arm  is 
placed  at  g^  carrying 
at  ile  eztremitieectips, 
whose  convex  aides 
are  placed  oppoaile  to 
each  other,  >d  that 
the  power  of  the  wind 

tides  in  its  eSect  m 
the  Goncavs  side  of 
the  cap,  over  lla 
tttaX  oi  ths  camx 
side.     These  hallow 


fhct  parftct  motlTe  agcota,  sntntituted  tbr  the 
fanperiect  wtodmill  vanea;  they  are  perfect, 
because  tbe  nxitire  e%ct  on  them  ia  anifonn  and 
unchangeable;  whereas,  the  ordinaiy  windmill 
aims  change  fa  their  auacepUbilllj  with  the 
an^  according  to  whkh  tli^  lie, — indeed  not 
one  of  them  can  wflhont  octoal  eomparisoa  b* 
inlarehanged  with  anotlwr.  After  numerooa  ex- 
perimenta  Dr.  BoUnaon  eondnded  himadf  war- 
ranted ia  laying  it  down  aa  a  genenl  law,  that 
in  ■  borisontal  wbidmUl  1/  this  descriplkni  the 
oentn  of  the  himiapbem  nwvs  with  ou-liaif 
(if  de  (nwTi  vdoeitf,  escept  in  ao  br  as  they 
an  retarded  by  friction.  A  naak  of  tbe  mcsl 
Important  kind,  as  it  guides  us  for  tbe  flnt  tinia 
(0  a  iKKk  ijf  dikhju.t  titatiimg  lh»  vslnciiy 
qf  lit  KovL  The  machinery  by  which  Dr. 
■on  propcaes  to  carry  out  the  reglatiy  ot 
nils  is  fully  deecribed  hi  voL  xxiL,  part  S, 
TVaiuactKiu  o/At  Bofal  Iriik  AcadBtf. 
If  the  prindpla  of  hfs  aneroooMtcr  is  imol]jeetlo&-' 
abl^  it  most  be  oonlcsaed  that  then  la  an  In- 
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perfection  in  its  registries,  or  power  of  exhibiting 
that  triple  representation  of  time,  veloci^,  and 
preasoie  which  so  eminently  distinguishes  Osier's. 
Meanwiiile,  meteorology  is  greatly  indebted  to 
the  investigations  tliat  led  its  admirable  anthor 
80  far.  As  to  the  information  concerning 
aerial  currents  communicated  by  anemometersi 
we  refer  to  the  article  Winds. 

Aneroid  BoroHsetcr.     See  Barombtbr. 

Angle.  The  opening,  or  the  measure  of  the 
opening,  of  lines  or  planes  that  meet  This  open- 
ing, or  degree  of  indination,  of  the  lines  or  planes 
has  no  rdaUon  to  the  absolute  spaces  between 
them ;  the  magnitude  of  these  depending  on  the 
lengths  of  the  lines  or  sides,  with  which  lengths 
the  angls  has  nothing  to  do. — Angki  can  be 
compared  with  each  other ;  one  angle  being  either 
equal  to  another,  or  ffreater  or  less  than  it  Angles 
also  bear  to  each  other  the  relation  ot proportion. 
All  which,  follows  from  the  fiict  that  two  angles 
may  be  equal  to  each  other,  and  are  so  when — the 
angular  point  and  one  side  of  each  coinciding — ^the 
other  coincides  also.  Angles,  as  quantities,  are 
distinguished  from  lines,  as  quantities,  in  this — 
they  have  a  natural  unU  to  which  they  can  all 
be  referred.  Lines  have  no  natural  unit;  there 
being  nothing  beyond  convenience  to  induce  us 
to  measure  a  length  by  inches^  Jeet,  yards^  or 
mUes,  But  the  IUoht  Akgle  is  a  constant  and 
absolute  angular  unit ;  so  that  angles  can  always 
be  expressed  in  pure  numbers,  representing  the 
proportion  they  bear  to  the  right  angle.  Impor- 
tant consequences  from  this  fundamental  distinc- 
tion will  be  noticed  hereafter.  (See  Parallel 
Lines). — The  following  are  technical  definitions 
of  certain  kinds  of  angles  veiy  commonly  spoken 
of:— 

1.  Of  plane  angles,  a  right  angle  is  that  made 
by  a  straight  line  perpendicular  to  another; 
Btrictiy  defined  as  one  of  the  two  angles  which 
one  straight  line  standing  on  another  makes  with 
it  when  they  are  equaL  An  obtuse  angle  is 
greater^  and  an  acute  angle  2sm,  than  a  right 
angle. 

2.  Of  solid  angles,  that  contained  between  two 
planes  (or,  which  is  the  same  thing,  two  surfaces, 
for  which  planes  can  be  substituted  along  the 
straight  line  of  contact)  is  called  a  dihedral  angle. 
It  measures  the  space  between  the  planes.  The 
angle  made  by  three  adjacent  planes  is  trihedral; 
and  by  many  adjacent  planes  polyhedral  The 
dihedral  angle  reduces  to  a  plane  angle.  The 
trihedral  and  polyhedral  are  the  true  soHd  angles. 
At  the  comer  of  any  room  a  good  example  of  a 
trihedral  angle  is  presented. 

8.  In  astronomy,  the  angh  qfpontion — ^formed 
by  the  arcs  drawn  through  a  star  and  the  poles 
of  the  equator  and  ecliptic  respectively — the  arcs 
along  which  declination  and  latitude  are  respec- 
tively measured.  Hour  angles,!  the  angles  made 
by  the  arc  through  the  poles  and  a  star  with  the 
meridian.  Tliis  changes  ih>m  hour  to  hour  with 
the  dioiaal  motioo.    These  are  also  odled  horary 
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angles,  ^f^q^cominitfafiofi,  the  angle  between 
two  lines  dniwn  to  the  centre  of  the  sun  from  the 
earth  and  the  place  of  any  planet,  when  reduced 
to  the  ediptic  AngU  <^ elongation^  formed  by 
two  lines  from  the  euth,  to  the  sun  and  a  planet 
respectively.  Angle  qf  longitude,  the  angle  fbnned 
by  the  meridian  and  the  circle  of  longitude  of  a 
star,  the  circles  cutting  at  the  pole  of  the  ecliptic 
Angle  qf  parallax,  formed  by  the  vertical  and  the 
circle  of  latitude. 

4.  In  optics,  the  visual  or  optical  angle,  that 
formed  by  two  rays  from  the  centre  of  the  eye  to 
the  extremities  of  an  object  The  image  on  the 
retina  is  proportional  in  magnitude  to  this  Image, 
and  it  is  by  it  that  the  eye  estimates  direct^  the 
size  of  objects.  Angle  of  incidence,  the  angle 
contained  between  the  direction  of  a  ray,  falling 
on  a  surface,  and  the  perpendicular  to  the  surface, 
at  the  point  where  it  falls  on  it  Angle  qfr^ 
Jlexioti,  the  angle  of  this  perpendicular  and  the 
reflected  ray.  AngU  of  r^radion^  the  angle 
l)etween  its  continuation  and  the  refracted  ny. 
An^  <lf  deviation,  the  difierenoe  of  the  angles  of 
incidence  and  of  refraction.  Angle  of  polarizaiidk, 
the  angle  which  the  reflected  polarized  ray  makes 
with  this  perpendicular  (the  normal  to  the  sur&oe 
at  the  point). 

These  are  the  chie^  though  far  from  being  the 
only  angles  referred  to,  in  a  technical  way,  in  the 
different  departments  of  science. 

It  has  been  pointed  out  above,  that  the  right 
angle  is  the  natural  unit  of  the  angle.  However 
indispensable  for  ultimate  reference,  however,  the 
right  angle  is  too  large  for  ordinary  use.  All 
angles  except  one  (In  the  limited  acceptation 
usual  to  the  term)  would  thus  be  fractional  parts 
of  the  unit  angle.  In  consequence,  the  right 
angle  is  divided  by  us  into  90  equal  parts,  nch 
called  a  degree ;  each  of  these  into  60  minutes ; 
each  of  idiich  is  again  subdivided  into  60  seconds. 
The  introduction  of  the  system  of  decimal  measures 
into  France,  caused  a  proposal  to  subdivide  the 
right  angle  into  100  degrees,  each  into  100 
minutes,  and  each  of  these  into  100  seoonda.  In 
some  books  we  find  this  method,  but  it  has  not 
been  generally  adopted. 

Anton*  One  of  the  terms  introduced  into 
electrical  science  by  Mr.  Faraday;  its  opposite 
is  Cation.  By  anion  is  meant  that  part  of  the 
body  under  decomposition,  by  or  through  means 
of  tiie  electric  current,  which  goes  to  the  anode 
side  or  pole  of  the  current ;  and  by  oatum^  the 
body  that  goes  to  the  oatkode  side.  See  next 
article. 

AnnnUur.    See  Ecufse. 

Annde*  The  tiwhnical  term  proposed  by 
Faraday  for  the  side  or  extremity  o^  the  de- 
composing body,  at  which  the  electric  current, 
according  to  former  phraseology,  enters,  in  other 
words  the  negatioe  side.  It  is  the  side  at  whidi 
oxygen,  dilorine,  adds,  &c.  are  evolved.  The 
opposite  or  positive  side  —  the  same  author 
proposes  to  term  the  oathodt — that  side  at  whidi 
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V»JW»   flMCahy   BPtallw,  gad 
Fnrtlier  on  tiito  ml^ect  un- 


SoeaDed  became  It 

tlie  poMtian  of  tha  apogee,  to  which 

tbB  SDomalj.    (See  A  ^omaist).    If  the 

tibe  eatth  iren  a  perfeet  eOipee,  the  aii»- 

vonld  be  exactly  equal  to  the  troj^- 

'.  (SeeT&OPiCALTBAB>  The 

V  is,  aa  it  were,  twieted  Ibrwaide  after 

body  in  tlM  diiectko  of  its  motion, 

it  baa  completed  a  ftiO  rerolntkm, 

the  apace  between  the  old 

it  conpietee  It,   and  the  new 

in  tbe  diieetioQ  of  the 


Tkaapagee  norei,  fai  ihoC,  about  11^*8 

tbe  norfaig  body  has  to  travene 

#^  If-B  hi  Older  to  complete  a  revolution 

Tbe  anomaliirtk  year  is,  therefore, 

the  ecamnen  year,  and  is  866  days, 

IB  iiiiiiiilm,  45  seconds.  The  Ague  will 

After  the  moving  body  has  gone 

i,  tiie  apogee,  at  the  conmenoement 

to  ▲,  ba^  again,  it  has  completed  a 

cnaimon  year.    In  that  time,  however, 

Bs  awved  ftsrward,  and  the  apogee  has 

poailiaD  at  a'.    Tbe  time  occupied 

€nm  A«  romd  tbe  whole  circumference 

«m  la  A\  is  caQed  tbe  anomalistic  year. 

An  angle  measuring  apparent 
IB  the  motions  of  the  plsneti.  They 
tUBpBBBif  bavii^  the  sun  in  one  Cocusi. 
eflipae  at  rn  lepresent  the  oiUt  of  a 
a  beia^  tbe  Ibcns,  and  p  the  position  of 
af  any  ^ven  moment.  Then  the 
vlint  is  cdled  tbe  true  anomafy — is 
b^  the  MBf^  ABT,  A  bemg  the  point 
and  p  tbe  position  of  the  planet, 
if  the  planel  be  soppoeed  to  describe  its 
ly,  pMnfa;^  OTtf  equal  spaces  in  equal 
Hi  pemdon  woold  be  fiflereDt  from  what  it 
in  facnose  Ibe  lair  of  its  motion  is  difierent, 
t^mtbdkm  tmd  tbe  perihelioa.  Sop- 
»'te  la  tba  dm»  vrliieb  H  takes  to  describe 
msp  A  wnmSd  p^f^  mcoofrdbif:  to  this  law 
Mw.  «4«  A  mm  SwittA  la  called  theiiiem 
u  '  ^e^B^enhemdrekuponAM 
/C^*™»    ^_^ — •  a PH  perpendicular 


ANT 

to  AM,  joinhig  Q,  the  point  wbem  this  line  cnti 
the  cln^  with  o,  the  oentre  of  the  citde,  the 
angle  ACQ,  is  called  the  eoeentrfeanoiiMii^.  When 
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we  speak,  of  tiie  sm  or  moon,  we  conceive  fhem 
both  to  describe  elliptic  orbits  round  the  earth, 
because,  although  in  fact,  only  the  moon  does  so. 
yet  we  refer  all  motion  naturally  to  the  earth  as  tha 
fixed  point  in  the  umvene,  and,  because  by  con- 
sidering the  earth  at  rest,  we  introduce  neither 
fundamental  error,  nor  increase  the  complexity 
of  calculation.  In  speaking  of  a  planet's  sateUitesy 
we  conceive  the  planet  itself  at  rest ;  and  in  treat- 
ing of  double  stars,  the  one  is  supposed  to  revolve 
round  the  other.  The  mean  and  eccentric  ano- 
malies are  thus,  in  all  cases,  ima^naxy  angles, 
originated  for  facilitating  the  use  of  tables: 

Aatarctie.    See  Arctic. 

AmthcUn.  Crotens  in  meteorology  are 
circles,  one  or  more,  around  the  sun  or  moon, 
and  concentric  with  these  luminaries.  AmheUa 
are  phenomena  of  quite  the  same  kind,  but  in 
the  part  of  the  sky  opposite  to  the  sun  ^  in  that 
particular  ihey  are  andogous  to  rainbows.  They 
are  seen  in  tikis  wise : — When  the  sun  is  just 
rising,  and  the  observer  is  between  the  luminary 
and  a  cloud  or  fog,  he  observes  around  the 
shadow  of  his  head,  projected  on  the  doud  or 
fog,  an  aureola,  or  glory,  whose  brightness  gra- 
dually  fades  into  distance.  In  the  polar  regions 
the  phenomenon  is  always  seen  where  a  fog  ex- 
ists while  the  sun  shines ;  and  upon  mountains 
it  occurs  when  the  shadow  of  the  observer  ii 
prqjected  on  a  doud.  Sometimes  one,  some* 
times  two,  three,  and  even  four  bright  coloured 
circles  are  seen  in  such  cases,  and  they  are  so 
placed  that  the  lino  passing  from  the  centre  of  the 
sun  through  the  eye  of  the  observer,  passes 
through  their  centre.  The  fourth  drde  is  sd- 
dom  se»  complete ;  it  is  called  the  cirde  qf 
Ulha,  There  is  an  analogous  phenomenon  whldi 
explains  oRtA^^Ki.* — when  the  sunrises  bdiind 
a  hill  covered  with  trees  or  brushwood,  the 
spectator  in  the  shadow  of  the  hQl  may  observe 
all  the  small  bnmehcs  prqjected  on  the  sky,  not 
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opaqne  or  black,  but  brilliaiit  and  sllverjr. 
These  small  branches  act  in  the  same  way  as 
the  globules  of  vapour  In  the  phenomena  of 
erowni  (q.  e.)  and  cuUhelia,  This  action  is 
termed  Diffiractvmf  q.  v.  To  the  same  cause  is 
referable  the  beautiAil  colour  of  spider's  threads, 
and  of  the  motes  in  the  sunbeam. 

Astlclidiones.  People  that  dwell  at  two 
parts  on  the  surfiioe  which  are  however  equal  in 
latitude.  Their  seasons  wHl  of  course  be  re- 
vereed,  the  winters  of  the  one  being  the  summers 
of  the  other,  and  so  throughout 

Antipodes  («fri,  r«vf,  feet  opposite).  A 
term  applying  to  the  inhabitants  at  two  opposite 
extremities  of  a  diameter  of  the  globe.  It  is  dear, 
then,  since  degrees  of  latitude  are  measured  north 
and  south  of  the  equator,  and  the  intersection  of  a 
diametral  plane,  with  the  surface  (or  the  circum- 
ference of  a  circular  section  of  the  mass  of  the 
earth),  divides  it  into  two  equal  parts,  that  the 
antipodal  places  must  have  the  same  latitude,  the 
one  being,  however,  north  latitude,  and  the  other 
south  latitude.  Agam,  if  longitudes  be  measured 
for  half  the  circumference  eastward  and  westward, 
it  is  manifest  that  these  places  must  be  always 
the  one  in  east,  the  other  in  west  longitude,  un- 
less they  be  on  the  zero  meridian  line,  and  that 
the  sum  of  the  number  of  degrees  representing 
their  longitudes  will  be  180''.  If  we  reckon  lon- 
gitude all  round  the  globe,  as  we  commonly  do 
now,  the  difierence  c^  the  d^rees  of  longitude 
will  be  180^.  Everything  will  naturally  be 
Just  reversed  in  reference  to  the  inhabitants 
of  places,  the  antipodes  of  each  other.  The 
noon  of  the  one  is  the  midnight  of  the  other; 
the  longest  day  of  the  one,  the  shortest  of  the 
other ;  and  they  have  summer  in  the  one  place 
and  winter  in  the  other.  The  average  length 
of  day  in  both  is  of  course  the  same  throughout 
the  year.  The  opinion  that  there  were  antipodes 
was  a  fruitful  subject  of  ridicule  in  ancient  times; 
and  in  the  middle  ages  it  was  deemed  heresy  to 
bold  it  Columbus  had,  perhaps,  as  much  ^ffi- 
culty  in  procuring  any  support  in  his  expedition 
on  this  ground  as  on  any  other.  **Tempora 
mutantur,  et  nos  mutamur  in  illis." 

Antiacii*  or  AntoicU  («»»,  riB««e,  or  ipn, 
2tMtm),  When  any  distincUon  is  made  between 
the  two  words,  the  former  is  the  more  general, 
referring  to  persons  living  in  different  hemispheres, 
and  at  similar,  though  not  equal  distances,  from 
the  equator.  The  Antcecii  are  those  who  live  at 
equal  distances  from  the  equator  (same  number  of 
degrees  of  latitude  north  and  south),  and  under 
the  same  meridian.  The  sun,  therefore,  passes 
their  meridian  at  the  same  moment  When  it  is 
summer  with  the  one  also,  it  is  winter  with  the 
other,  and  vice  vena. 

Aphelion.  The  greatest  dbtance  of  a  planetary 
body  fh>m  the  sun  is  called  its  aphelion  («•'•,  ^Mf, 
firam  the  sun).  The  aphelion  of  the  earth  and 
the  apogee  of  the  sun  are  the  same.  The  aphelia 
of  the  planets  change  their  position  in  successive 
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years.  The  axis  of  the  planetary  oibit  moves,  as 
we  have  seen  (Anomaustio  Tsar),  and  the 
aphelion,  which  is  just*its  one  extremity,  moves 
with  it  It  was  usual  to  measure  the  anomalj 
fh>m  the  aphelion,  but  the  aphelia  of  the  comets 
are  not  generally  visible,  and  therefore,  to  secure 
uniformily  of  measurement,  the  perihelion  has 
been  adopted  as  the  point  of  departure  in  aU  cases. 

Apogee.  The  point  of  maximum  distance 
from  the  earth  of  any  heavenly  body.  It  is  only 
important  with  regard  to  the  sun  and  the  moon. 
The  apogee  of  the  former  occurs  at  the  same  time 
as  the  aphelion  of  the  earth.  The  sun  is  often  con- 
sidered as  moving  round  the  earth.  The  moon 
does  move  round  Uie  earths  The  apogees  in  these 
two  cases  move  themselves,  but  move  regularly. 
The  apogees  of  the  other  planets  move  very  irregu- 
larly. The  motion  of  the  earth  has  in  their  case 
to  be  compounded  with  the  motion  of  these  bodies 
themselves.  We  are  in  apogee  about  July  1st 
The  progressive  movement  of  the  sun*s  apogee  Is 
very  slow.  The  moon's  apogee  moves  rapidly 
and  completes  a  revolution  in  8232  days,  or  nearly 
nine  years.  That  is  aboi^t  B'AV  per  day.  The 
fact  is  very  important  in  the  theoiy  of  tides. 

Appnrent  magnllnde  and  Fignre  of  Bo- 
dies is  different  from  their  real  magnitude  snd 
figure.  A  straight  line  for  instance,  drawnhorizon- 
tally  in  the  air,  will  appear  to  us  circular.  Some- 
times, again,  a  straight  line,  when  it  all  lies  in  the 
line  fh>m  our  eye  to  anyone  point  of  it,  appears  as 
a  simple  point  A  suif ace,  agidn,  in  whidi,  if  ex- 
tended, Uie  eye  itself  would  be  found,  would  ap- 
pear to  us  as  a  line;  and  a  solid  body  always 
appears  to  us  a  mere  succession  of  surfieices,  some- 
times so  seen  that  we  believe  that  the  body  is  solid, 
but  if  at  a  great  distance  not  readily  to  be  dis- 
cerned from  other  surfsices.  An  angular  or  irre- 
gular body,  again,  appears  always  at  any  con- 
siderable Stance  more  regular  than  in  fact  it  is, 
because  its  little  projections  and  irr^guUiides, 
subtend  very  small  angles  to  the  eye,  so  small 
indeed,  as  easily  to  become  insensible.  So  a  long 
line  of  lamps  seen  from  a  distance  appears  only 
one  continuous  blaze,  from  the  gradual  diminu- 
tion of  the  optical  angles  subtended  by  the  dis- 
tances between  them.  In  astronomy,  the  o;}parefrf 
magnitude  of  an  object  is  the  angle  which  it  sub- 
tends at  the  eye.  It  will  therefore,  abstracting 
refraction,  which  operates  in  all  cases,  diminisfih  in 
inverse  ratio  to  the  distance.  It  will  be  evident 
also,  even  without  mathematics,  that  it  will  be 
largest  when  the  body  is  nearly  perpendicular  to 
the  line  of  direction  from  the  ^e,  and  will  vanish, 
becoming  a  point,  if  it  were  to  appear  in  that  line 
of  direction.  The  heavenly  bodies,  however,  being 
solid,  this  last  consequence  could  never  happen. 
Were  they  perfect  spheres,  we  would  not  require 
to  take  into  account  the  first  cause  of  error.  In 
measuring  the  apparent  magnitude  of  stars,  or  of 
the  sun  and  moon,  we  must  recollect  that  their 
different  points  are  subject  to  diffiarent  influenoes 
from  refraction,  and  to  a  veiy  sliest  extent  fix)ai 
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p«r«Ilax,  and  that  sometimes  a 
laT;eer  in  ooe  dimeiisioD,  and  pro- 
amalliT  In  another,  than  it  really  is. 

the  motion  whidi  a 
body  aecma  to  ns  to  havs.    Now,  ire  refer 
natnrany  to  the  cye^    If^  then,  it  be 
a  laotion,  aa  wfaen  we  travel  in  a  steam- 
er iwlwaj  carriage,  we  consider  a  body  ac- 
fai  lanrinn,  oonceiyingthe  eye  to  be  at  rest 
that  we  combine  the  two  mo- 
and  the  body  into  one,  which  weat- 
eatirdj  to  the  body  in  qnestion.    Not  that 
always  aiJd  or  subtract  the  two  motions,  for 
•c  only  do  if  the  lines  of  motion  be  parallel, 
if  the  directkos  be  opposite  or  the  same; 
re  fiaapwiiid  them  together  as  we  do  two 
sad  attribiite  the  rooltant  to  the  body 
it  in  reality  moving  only  with  the  one 
Ercn,  however,  when  the  eye  is  at 
is  a  distinctioo  between  the  zeal  and 
is,  of  couse,  measored 
and  the  eye  has  no 
of  these  spaces,  bat  by  the  sngular 
of  tlw  optical  lines.     U,  then,  a  body 


A,  to  c  the  space  from  a  to  b  will 

eqi«al  to  that  from  b  to  c,  supposing  the 

ABB  and  BE  c  equal  to  one  snother;  and 

body  be  moving  nniformly  it  will  take  longer 

■  c  ihan  A  B,  and  since  these  appear 
wiD  appear  to  move  slower  in  that  part  of 


When  we  want  to 
ubecried  phenomenon — by  taking 
the  eflect  w|iich  some  cause  with 
afqiisintwi  will  have  in  modifying 
we  want  from  a  true  observation,  at  a 
point,  to  discover  what  would  have 
by  obeervers  at  some  station  of  refer- 
caD  oar  original  phenomenon  appai'ttU, 
11— itw»g  and  ledoced  phenomenon  true, 
in  ooe  application  of  it  is  pethaps  im- 
tat  it  is  warnuited  by  use.    Thus,  when 
ji  star's  pf?"^^"",  we  subject  our  ob- 
malt  to  varioos  modifications  before  re- 
it  IboB  tf»  ID  the  first  pboe,  refraction, 
Irvtjcft  the  Mar  MJiuKie  to  appear  higher  above 
h^'rnm  fk^  it  would  otherwise  appear.  We 
to  bIIow   ftv   this,    and  to 
horizon,  than  our 
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observation  would  lead  ps  to  believe.  Then 
the  aberration  of  light  alien  the  direction  of 
the  ray  which  we  see,  from  the  true  straight 
line  from  our  eye  to  the  star,  and  we  must 
therefore  take  into  account  this  cause  of  error. 
Nutation  again  changes  the  apparent  posidon 
of  the  star,  and  we  must  rectify  our  obser- 
vation for  this  also.  By  allowing  duly  for  these, 
we  will  be  able  to  arrive  at  the  true  position  of  the 
star  from  our  point  of  view. .  But  this  observation 
would  be  only  of  use  to  ourBelves,  to  compareit  with 
snbseqiuent  observations  from  the  same  point  We 
therefore  deduce  from  this  the.  starts  apimrent  posi- 
tion as  seen  from  the  centre  of  the  earth,  and  so, 
as  an  observers  reduce  their  observations  in  this 
way,  the  woik  of  each  is  valuable  to  alL  The 
apparent  place  of  a  star,  then,  is  its  place  as  ob- 
served at  first,  subject  to  all  these  causes  of  error, 
and  its  true  place  is  when  we  have  reduced  our  first 
observation,' to  obtain  the  direction  of  a  straight 
line  drawn  from  it  to  the  centre  of  the  globe.  The 
apparent  horizon  is  a  good  Illustration  also  of  the 
modifications  introduced  by  astronomers,  to  ren- 
der all  observation  valuable  to  all.  Tlie  sensible 
or  apparent  horizon  to  a  man  at  the  surface  of 
the  earth  is  the  drde,  \n  which  a  plane,  tangent 
to  the  surface  of  level  water  at  his  position,  would 
cut  the  imagmary  celestial  sphere.  If,  agam,  he 
be  a  little  elevated  above  the  earth,  the  apparent 
horizon  will  be  the  circle,  in  which  a  cone  touch- 
ing the  earfh*s  sphere,  and  having  his  eye  for  the 
i^z,  would  cut  the  celestial  sphere.  The  real 
or  rational  horizon  is  the  circle  in  which  a  plane 
parallel  to  the  tangent  plane  at  the  surface,  or 
immediately  under  an  devated  position,  would 
cut  this  sphere.  The  apparent  conjunction  of  the 
planets,  when  the  line  from  the  eye  passes  through 
theh*  centres,  9B  distinguished  from  theur  real  con- 
junction when  the  centres  of  the  earth  and  of  the 
true  planets  are  in  one  straight  line,  is  another 
illustration  of  the  same  necessity  of  correcting 
observations. 

See  Time. 
is  used  in  physical  science 
to  express  a  result  which  we  are  justified,  accord- 
ing to  the  laws  of  probability,  in  taking  as  the 
result  of  a  certahi  observation.  Thus,  let  us  ob- 
serve the  place  of  a  star  upon  various  occasion^ 
and  at  various  places,  such,  that  it  ought  to  be 
observed  in  the  same  position  if  no  disturbing 
cause  intervened.  If  we  know  the  nature  of 
these  disturbing  causes,  wo  will  observe  so  as  to 
have  them  act  in  different  ways,  and,  as  far  as 
we  can  guess,  neutralize  each  other.  Owing  to 
disturbing  causes,  then,  in  external  nature,  and 
owing  to  the  imperfections  to  which  all  quantita- 
tive observations  are  liable  from  the  limitation  of 
the  observer's  mental  and  physical  powers,  we 
shall  have  diflerent  results.  The  probabilities 
are,  that  these  external  and  personal  disturbing 
causes  will  act  as  often  in  inoreasfaig  as  in  dimi- 
nishing the  result,  and,  in  consequence,  we  ap- 
proximate to  the  true  result  by  taking  all  the 
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observations  together.  The  meet  usual  method 
is  by  merdy  adding  all  the  nnmerioBl  rssults  ob- 
tained, and  dividing  by  their  number.  This 
approximation,  if  gronnded  on  a  saffident  num- 
ber of  observations,  may  be  safely  rslied  upon. 
Approximation,  mathematifJaDy  considered,  arises 
from  a  difierent  cause,  the  inadequaey  of  any  nume- 
lical  a^rstem  to  represent  every  kind  of  quantity. 
Thus,  in  attempting  to  find  the  numerical  value 
of  tiie  side  of  a  square  or  cube^  whose  area  or 
v(dume  is  given  numerically,  m  are  often  ob- 
liged to  use  mere  apprmaimaliions  to  the  truth. 
The  same  will  be  the  rssult  of  attempts  to  find 
numerical  values  satisfying  equatSons  of  the 
higher  orders  in  most  case^  QeneraDy,  how^ 
ever,  in  this  approximation  we  are  able  to  assign 
the  UmiU  (^  error  urith  perfect  malheniatical 
certainty.  This,  in  the  other  case,  we  are  un- 
able to  do,  although  we  can  attain  to  mafhem*- 
tical  certainty  as  to  what  lasidt  of  n  series  of 
obeervations,  we  are  bound,  as  rational  beings 
oapable  of  calculating  dumoss,  to  employ. 

Ai»pala««  When  the  moon  pasass  very  near 
s  star,  there  is  said  to  be  an  appulse.  The  pre- 
cise moment  of  its  occurrence  is  very  oarelblly 
observed.  We  find  it  of  tiie  utmost  use^  when 
we  wish  to  determine  very  acearatdy  the  longi- 
tude of  a  place,  and  when  we  wish  to  cosrset  the 
errors  of  tables,  to  know  the  exact  moment  of 
appulse. 

Aprl1«  The  fbui:th  month  of  our  year.  The 
sun  during  this  month  ia  passing  through  Taurus. 
The  word  is  derived  from  operte,  fVom  dw  open- 
iagvp^thA  treasures  of  the  earth  after  the  pas- 
aage  of  winter. 

Apaldca.     Those  points  of  a  body's  path 

where  its  motion  is  at  right  anglea,  to  the  Hne  to 

the  centre  around  which  its  motion  exists.    They 

.are  the  same  points  as  the  apogee  and  perigee, 

the  aphelion  and  perihelion. 

Alalia.  A  fine  constellation  in  the  northern 
hemii^phere. 

Ani.  A  constellation  of  the  southeni  ImbI- 
aphere,  under  the  tail  of  SeorpieL  It  contains 
three  stars  of  the  third  magnitude.  The  myth 
ia,  that  it  was  the  altar  on  which  the  gods  swore 
fealty  to  Jupiter,  before  the  war  with  the  Titans. 

Arch.  The  theory  of  the  eqpiilibiittm  of 
the  arch,  is  one  manifestly  of  great  importance 
to  the  practical  builder.  Frequently  eases  occur 
in  his  practice  where  it  is  dssindila  that  a  soUd 
road  should  be  made  over  wumm  impassable  spety 
without  completely  buildkig  «p  the  indnded 
space.  If  he  should  attempt  to  throw  a  straight 
red,  or  line  of  way  over  tlfia  space,  its  own 
weight  froqfnently,  and  ahnoet  certainly  the 
passing  of  any  considenable  maee  in  addition  to 
that  above  it,  would  break  down  the  stmeture 
Mitirdy.  Every  part  of  the  bridge  belwesn  the 
aoUd  piers  on  which  it  wonld  reat,  would-  be 
aolicited  by  a  downward  fivroe  «f  gravity,  due 
to  its  own  weight  The  part  ahiwe  the  piers 
nQiild  not  obeythia  soiiritatten,  and  so  thsre 
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would  be  a  Ibroe  endeavouring  to  turn  the  dtf* 
ferent  parte  of  the  bridge  round  these  differsnt 
points.  Thus  at  any  point  in  the  middle,  aup* 
poee  o,  in  the  figure,  there  would  bea  downward 
fince  due  to  the  wei^t  of  the  mass,  a    Let  as 


fivget  for  the  present  that  the  whole  of  the 
A  o  B,  is  composed  of  parts  quite  as  heavy  aa  c^ 
and  examine  the  result  there,  if  A  o  b  weresimplj 
a  strai^t  rod  "vrithout  weight,  whidi  sustahied 
the  heavy  mass,  c,  upon  it.  It  is  evident  that 
the  same  result  with  certain  modiflcationa  ia- 
creasing  its  effect,  would  occur  at  all  the  poinis 
of  A  c  B.  Let  us  suppose  now  that  the  part  b  c 
is  removed,  and  that  only  a  c  remains,  with  tlie 
mass,  c,  attached  to  it,  a  being  a  fixed  point  t» 
which  the  stiff  rod,  A  c,  is  attached.  The  mass, 
0^  tends  to  fidl  stnight  downwards  in  the  line^ 
c  3k  But  that  it  cannot  4o.  It  moves  under 
one  condition,  that  it  shall  always  be  at  the 
same  distance,  a  g,  from  the  inmiovable  point  a, 
to  which  the  inflexible  rod,  A  c,  attaches  it.  In 
fact  it  would  just  be  as  if  we  described  a  sphere 
round  A,  with  a  o  for  its  radius.  The  drcum- 
ferenoe  of  the  sphere  includes  eveiy  point  in 
space  at  the  same  distance  from  a  that  c  is,  and 
so  far  as  the  connection  of  c  through  the  in> 
flexible  rod  with  a  is  concerned,  the  bAll,  c,  can- 
not move  but  along  the  circumference  of  this 
sphere.  Then  again,  gravi^  always  takes  it 
straight  downwards.  It  can  only  move  then  In 
a  downward  direction — right  down  vertically, 
along  this  sphere  to  which  the  rod  fiwtena  it. 
So,  suppose  that  the  plane  of  the  paper  is  Terti>- 
cal  to  the  horizon,  the  ball  c,  must  describe 
whatever  motion  it  can  in  that  plane^  and  abo 
in  the  sphere ;  therefore  manifesdy  in  the  verti- 
cal circle,  A  c  r.  If  we  suppose  a  c  shnllariy' 
taken  away,  and  b  c  a  rod  inflexibly  fixed 
to  the  immovable  point  B,  c  could  only  move 
along  OB.  Now,  if  AGB  were  perfectly  rigid, 
that  ia,  if  B  c  or  A  c  were  stiff  enough  absolutdy 
to  produce  all  the  efiects  which  are  destroyed  in 
their  removals,  the  point  would  remain  quite 
steadfast  at  a  But  they  are  not  so.  b  c  tends 
to  act  a  little  as  If  it  had  been  removed.  It  does 
not  do  the  full  complement  of  work  In  resieting^ 
the  motion  akng  c  b  that  a  quite  inflexible  rod 
B  would  do.  Neifinr  does  a  o  in  resisting  the 
motion  along  o  b.  Sedung  therelbre  to  move  in 
both  directions,  the  body  o  moves  in  a  sort  of 
middle  one  and  goes  down,  suppoae  to  the  pdnt 
Ok  This  line^  o  b,  throai^  whkh  o  Ihlb,  wiB 
quite  evidently  be  longer  or  shorter  as  the  boaa 
la  looser  or  stifferi  leas  or  mere  fitfriUe.    If  the 
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kn  w«  qidte  iBllesifale  it  would  be  absolntdy 
Kfam^  Tain  the  nevr  dicuiusUnces  tfaeo. 
h  fdbs  to  the  iKiint  a,  tlie  man  has  obeyed 
'^  ttie  laws  wl^ch  bound  it  to  the  spheres, 
It  oaglit  to  obey  both,  wluch  were  oon- 
tndiBlorf.  U  has  nerertheleas  iailen  to  Ck  Ihe 
■MKS  A.C  and  b  o  then  liave  become  distended 
to  A  o  ^id  B  Ow  Tbey  haye  in  fact  been  each 
out  a&d  eoDsequently  weakened  The 
oC  their  particles  has  been  eo  far  dimi- 

able  to  bear  new 

tendency  to  sink  and 

to  dama^  die  strength  of  the  mass,  and  ulti- 

to  tear  it  poaaibly  anmder,  has  been  sct> 

sD  ifae  pointo  of  a  B,  and  not  alone  at  c : 

that  the  mass,  a  c  b,  will  take 

oat  form  represented  in  the  figure} 

of  its  weight 


AjcafaLwhcn  the  straight  rod,  a  b,  has  reached 
A  c  B,  is  it  any  more  eecore  ?  Unless 
or  other  new  forms  Iists  been  brought 
plajr  by  this  corvilinesr  shape,  it  is  evi- 
wiut  more— nther  something 
Kroy  part  of  it  poaaeeees  the  same  wdght 
'and  that  tends  to  cany  each  part 
In  anew  drde,  o  R  and  o  L,  and  the 
wludi  B  o  and  o  b  can  ojfo,  the 
by  which  ihty  are  inferior  to  perfectly 
lods  is  len  than  before,  genendly,  with 
bodies  not  neoesaaiHy,  iKmerer.   We  must 
dus  new  esse,  because  if  we  find 
fiirees  are  introdooed  by  the  cnrvi- 
it  wiU  be  dear  that  no  straight 
bridge  orer  a  space,  and  also  that 
diain,  Kke  a  o  B  in  the  last  fignrer 
We  find  that  th^  can  In  prsctioe  to 
»^^mnt^  md  we  must  examine  therefore 
soonae  of  power  is— how  they  are 
ta  feaist  this  eondBoal  dragging  downward 
ftoaa  them  in  Tfartae  of  thehr  wei^t 
ap  again  the  esse,  therefore.  LetAOB 
he^lbna  of  ttehaito  which  the  wd^t,  O) 
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lataa^opta  standard  of  length  for  the  ro- 
of fttve^  and  anppoae,  for  example, 
oeots  in  length,  as  it  does  in  direo- 
•tffmrkj.     TUa  then  aeto  upon 
^tfj^aod  <be  teBt  Oi  udwillnot 
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permit  rest  in  consequence  of  the  imperfect  In- 
flexibility of  a  o  and  o  b,  unless  some  force  con- 
trary in  direction  and  equal  in  magnitude  to 
e  K  be  somehow  evolved,  or  some  forces  equi- 
valent to  suchaone.  Lettheline  o p  (k  o  pro- 
duced) represent  this.  Then,  as  we  can  only 
conceive  of  forces  acting  in  matter,,  we  can  only 
obtain  these  required  forces  along  the  rod.  a  o 
and  B  G.  According,  therefore,  to  the  propoeition 
of  the  composition  of  forces  (see  Fokce),  if  we 
dnw  F  s  and  f  l  parallel  to  b  o  and  a  o,  forces 
which  would  be  represented  in  magnitude  and 
^Brection,  according  to  the  standaid  we  have 
adopted  by  o  l  and  o  b,  would  be  equivalent  to 
o  F.  If  tiien  sudi  forces  can  be,  and  are  called 
out  in  the  drcumstanoes,  there  will  be  an  equi- 
poise to  the  force,  o  k,  representing  gravity  and 
equilibrium  so  for  as  that  goes.  There  would 
be  equilibrium  tiierefore  thus  so  for  as  o  is  con- 
oemed.  But  as  regards  a  o  and  b  o,  would 
there  also  be  equilibrium  with  thoee  forces  which 
are  thus  called  out  in  these  rods  alone  acting? 
And  is  there  not  besides  in  fact  an  equilibrium 
as  regards  these  rods  ?  Why  do  these  forces  not 
send  the  pieces,  a  a  and  b  g,  away  upwards 
through  the  air,  tearing  asunder  the  connection 
at  o?  Evidently  because  the  rocks  are  there  to 
prevent  it  The  points  a  and  b  are  fixed  points,  and 
they  prevent  it  a  a  and  o  b  are  pushed  against 
them  by  these  forces  and  away,  but  they  give  back  a 
force  equal  and  opposite,  and  represented  by 
A  D  (s  o  e),  and  b  h  (=  o  l)  in  direction  and 
magnitude.  They  therefore  counteract  the  forces, 
a  x  and  o  L*  and  there  is  equilibrium  there  also. 
There  is  thoefore  a  polllog  force  exercised  on 
A  and  B  respectively,  a  d  and  b  ii,  and  there  is 
again  a  tension  equal  and  opposite  to  that,  aud 
keeping  the  rods  in  equilibrium,  llicse  latter 
pair  of  forces  are,  however,  requ  red  for  the  coun- 
teraction of  the  weight  o,  and  the  result  there- 
fore is,  that  the  three,  o  B,  o  d,  o  x^  produce 
eqniEbriums  at  o^  while  the  forces  d  a  and  b  h, 
palling  A  and  b  downwards,  are  transmitted 
fiom  a,  the  orighi  of  the  actkm.  It,  thereforei 
the  bars  a  o  and  b  o  are  strong  enough  to  resist 
the  disintegration  which  the  transmission  of 
these  tensioDS  might  produosi  if  such  a  forcoi 
fiist  acting  at  a,  and  transmitted  by  its  cohesion 
to  the  next  partide,  and  by  it  to  its  neighboor^ 
and  so  on  till  A  and  b,  find  no  place  in  the  ma« 
ef  the  rods  where  the  cohesion  is  a  smaller  force 
than  itaeU;  and  therefore  incapable  of  resisting  it) 
there  will  be  eqailibriom. 

When  onoe  the  eqoilibriam  is  established,  it 
win  evidently  not  at  all  matter  how  the  relatioB 
wfaidi  tlM  wliole  aivangement  holds  as  regards 
any  extenal  object,  e.  g,  the  horizon,  be  changed, 
if  there  be  no  change  thereby  produced  in  any  of 
the  acting  foraes.  Let  us  suppose  that  the 
figure  which  we  have  described  fa  turned 
downside  up,  and  tliat  it  mains,  in  consequence, 
sodi  an  ^ipeanmoe  as  in  the  figure  at  the 
tc^  of  the  oppodta  oohunn.     Ail  the  dream- 
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stances  of  import  in  the  case  irill  be  qaite  re- 
versed.    In  order  that  this  reversal  shaU  be 


complete,  howeveri  it  is  evident  that  the  force 
o  K  acts  upwardsi  instead  of  downwards,  and 
is,  in  fact,  a  prop  now  instead  of  a  weight,  when 
the  equilibrium  is  established. 

We  shall  take  a  more  complex  case,  however, 
of  the  equilibrium  of  chains,  which,  as  more 
leadUy  inteUig^ble  to  the  learner,  we  thus  take, 
as  it  rests  on  quite  the  same  prindplea,  as  intro- 
ductory to  that  of  arches.  Suppose  that  a 
weight,  G,  is  attached  to  the  point  c,  belonging 
to  a  string,  a,  b,  c,  d,  a,  which  is  incapable  of 
stretching,  or,  hi  fact,  of  motion,  and  that  we 
want  to  find  the  tensions  that  act  along  the 
string,  by  which  the  equilibrium  is  kept  up,  and 
the  weights  that  must  be  hung  at  the  other 
points,  B  and  d,  £or  this  purpose. 


Let  G  T,  the-equal  and  opposite  strain,  be  com- 
pounded of  C8,  CB.  Then  the  tensions  bc  and  gb, 
in  the  strings  b  g  and  c  d  are  needful  to  preserve 
equilibrium  at  a  But  not  only  there  is  equili- 
brium necessary.  It  must  be  alao  kept  in  b  G  and 
G  D.  There  must,  therefore,  be  equal  and  opposite 
tensions.  There  must  be  a  force,  b  F  =  G  s, 
and  a  force  i>  r  =  c  e.  Let  these,  then,  be  mea- 
sured off.  Now,  if  weights  be  at  all  hung  at 
B  and  D,  the  direction  of  their  counterbalancing 
forces  must  be  vertical,  because  they  themselves 
must  hang  vertically.  Draw  b  k  and  d  n,  there- 
fore, vertically  through  b  and  d,  and  draw  tlie 
lines  F  K  and  b  21  parallel  to  b  a  and  d  o.  Com- 
plete now  the  parallelograms  f  l  and  b  h.  Then 
the  force  of  gravity  acting  at  B,  ie.  the  weight 
to  be  pat  at  b,  wiU  be  represented  by  the  length 
B  K,  and  that  at  d  by  d  n,  and  the  tensions 
acting  <m  a  and  o,  the  fixed  points,  by  b  l  and 
D  M.  Hence  we  have  been  able,  given  the 
figure  which  the  pcdygon  is  to  assume,  to  find 
the  weights  which  must  be  suspended  at  aU  but 
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one  of  the  angular  points  of  it,  and  the  temioiis 
by  which  its  strings  will  be  stretched. 

The  exact  converse  of  this  proposition  depend- 
ing, therefore,  on  the  same  methods  of  proo^ 
would  be  —  given  the  strain  on  the  prop  at 
G  (the  whole  figure  being  inverted  upwaid),  10- 
qidred  the  strain  on  the  props  that  must  be 
placed  at  b  and  d,  in  order  that  there  may  be 
an  equilibrium  in  the  whole  system. 

It  is  evident  that  we  might  cany  on  this 
method  of  disoovery,  whatever  might  be  the 
number  of  the  points,  b,  c,  ix  If  there  be  more  of 
them,  it  would  just  be  necessary  to  repeat  the 
process  the  oftcoier,  but  on  the  same  piindpleB 
exactly.  If  there  were  so  many  that  the  whole 
space  between  a  and  b  was  so  filled  that  it 
would  be  scarce  possible  to  distinguish  tlie  dif- 
ference from  a  curve,  as  in  a  chain  of  very  small 
links,  where  each  link  is  a  straight  line,  yet, 
from  their  closeness  the  whole  wears  the  iq>- 
pearance  of  a  curve,  there  would  be  no  differenoe 
in  the  principle,  ilnally,  if  we  suppose  the 
lines  oorresponicling  to  the  links  (i.  e.  the  sides  oi 
the  polygcnial  l^e)  to  be  infinitely  small -~ 
smaller  than  anything  which  we  can  imagine- 
in  fact,  a  curve,  the  same  thing  exactly  would 
hold  good.  Given  the  form  of  the  curve,  and  the 
weight  which  it  was  to  bear  at  one  point,  it  would 
be  possible  to  tell  how  much  must  be  home  at 
every  other  point  li^  instead  of  having  one  of 
the  weights  thus  given,  such  a  condition  con- 
necting them  were  to  be  given  as  this:— Ke- 
quired  the  form  of  the  curve  which  would  be  that 
<xf  equilibrium  when  the  weights  would  corres- 
pond te  the  lengths  of  the  infinitely  small  poly- 
gonal sides,  a  special  curve  would  be  found  out 
of  the  name  of  the  c(Umary(£.  v.)  to  satisfy  these 
conditions. 

The  inverse  of  all  these  problems  on  chains  or 
rods,  where  weights  fall  down,  would  be  like 
problems  on  rods  which  props  hold  up,  which, 
props,  therefore,  sustain  a  certain  amount  of 
roeasureable  pressure.  Suppose,  now,  we  consi- 
der such  upright  polygonal  lines,  where  there 
are  weights  acting,  as  in  the  suspended  ones,  and 
where  no  props  are  brought  into  play,  het  a 
given  weight  be  placed  at  the  point  d  ;  it  is  re- 
quired to  throw  what  weight  will  have  to  be  put 
on  at  the  points  g,  b,  o,  b,  so  that  equilibriam 
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will  result    Suppose  the  weight  at  d  to  be  re- 
presented by  D  Q  in  direction  and  magnitude. 


J 


Thn  dne  i>  q  eaaa.  be  decomposed  into  foroes 

sr  and  D  T'v  opposite  and  equal  forces  to  these 

en  sfotmllTr.     Suppose,  thaefine,  s  fiorce  in 

thediicetkn  td,  iaoteodof  dt,  a fbioe  of  eqnsl 

samnil,  In  anopposito  direction,  most  act  on  the 

bsr  c  i».    l«t  it  be  a  c.    Then  draw  c  p  per- 

Hmfirwlir as bdtaie»  and  sp  panlleltocB,  and 

flBviVlele  the  paraHfingrain  p  a  o  8.    Then  b  o 

via  ifpraBCBtfaa  dlrectioa  and  magnitnde  the 

c  and  c  p  the  weight  iwiQiied.    So 

may  be  prodaoed,  the  tension 

k GP  BSBDwIule  xcauuning  equal  to  td,  one  of 

of  i><^     Cany ing  the  same  prin- 

to  all  the  points,  we  can  evidently 

set  Tsbai  fanhe  weights  to  be  placed  at  B,  G^  K,  o. 

We  Aaft  sMk  then  to  gain  some  more  aocumte 

fanofar  nelioa  of  the  valne  of  c  p,  which  we 

csa  thai  obtain  by  geometiy* 

It  ii  a  well-known  trigonometrical  proposition 
that  tha  ndes  of  a  plane  triangle  are  proportioned 
Is  tha  aioei  of  the  opposite  angles.  Our  readen 
win  iad  this  dcmonrtrated,  if  they  do  not  al- 
it,  in  any  work  on  Trigonometiy, 
on  Geometiy.  Hence  d  q  :  d  t  : : 
n  T  ^  :  sin.  D  Q  T.  Now,  sin.  o  t  q  »■  sin. 
T  D  I'  and  D  T  Q  are  supplements 
AlsO)  stnoeDQTandQDT'are 
i>QT  "B  sin.  ti>Q, 
ficaes  the  fonnola  tskss  tlds  form: — 

i>t::  sin.  tdi<:  tin.  qdt'. 

TD  ^  OS. 

ca  ::  sin.  tdt^:  sin.  qdt'. 
c  P  : :  sin.  c  p  s  :  sin.  c  s  p, 

leasooing  as  before, 
c p  : :  sin.  b c p  :  sin.  bod. 

i;  DQ  :  cp::  sin.  bcp  X  sin- 
TD^  :  aia.  qdt  X  Bin.  bod. 
Ok,  i»42  :  CP  ::  sin.BCPX>in«ODB:dn. 
QDBXiin-BCD. 

ii  the  only  irolcnown  quantity  of  sll 

DQ  Is  known,  as  rqiresenting 

wo^it ;  CDS  and  b  c  d  are  angles  of  the 

of  the  polygonal  line,  and  the 

BCP  and  QD  K,  represent  the 

with  the  successive  sides  by  the 

is  a  datum  also  given.    It  be- 

ptrmiMft  thns,  given  the  curve  in  the  sort 

that  is  to  be  described,  snd  the  weight 

to  lie  at  one  point  of  it,  to  find  the  wei^ts 

lie  opoB  the  otiiera. 

in  which  the  problem  of  the 

of  ardies  fteqnently  comes  before 

a  certain  ardi  or  bridge  of  a  curving 

and  supposing  a  certain  wdgbt  hanging 

ea  «■  ptit  of  the  ardi,  what  weight  ought  to 

be  ■*in!^^  to  tlie  others  to  keep  equilibrium  ? 

Oi;  ss  gmtnUy^  a  weight  is  attached  to  some 

to  otlien,  it  is  required  to  know  what 

Im^  are  whose  downward  foroe  the  oo- 

of  the  Inidge  materials  must  be  able  to 

ss  *'»^  wlien  a  certain  weight  is  laid  on 

9m  fttt  id  the  bndgc^  it  may  not  break  down 


or  by 


ca 
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at  any  part  This  problAn  is,  given  the  bridge, 
and  the  weight  at  a  certain  point,  required  to  find 
the  strain  at  all  other  points  of  the  bridge.  The 
problem,  however,  more  usually  presents  itself 
in  the  inverse  form  when  the  bridge  is  to  be 
built,  and  knowing  certain  data  of  the  weights 
whidi  it  will  hare  to  resiBt,  we  seek  to  discover 
the  form  which  we  ought  to  give. 

Thus,  let  D  be  given,  and  the  weights  repre- 
sented by  DQ,  o  P,  B  o,  and  also  the  direction  of 
D  c,  and  D  B,  it  is  required  to  find  the  figure. 

Draw  D  Q  vertically  between  c  d  and  o  a,  and 


complete  the  figure  d  T  Q  t'.  Hake  o  s  equal  to 
D  T,  and  join  8  p.  Draw  c  b  parallel  to  that  and 
p  B  parallel  to  c  8.  Then  makiifg  b  g  equal 
to  the  given  side,  make  b  o  ^  c  b,  and  b  o 
vertical  equal  to  the  given  length.  Join  o  o, 
and  draw  b  a  parallel  to  it,  and  o  a  to  b  o, 
and  so  on. 

Following  the  same  method,  for  the  sake  of 
discovering  the  unknown  quantities  here,  that 
we  knew  before,  we  have — 

D  Q.  rin.  QDT 
D  T  = ! 

sm.  CDS 

This  gives  t  d  or  o  8.  Then  c  s  is  known,  c  p 
is  also  known,  and  the  angle  s  c  p  is  the  sup- 
plement of  T  D  Q,  and,  therefore,  is  also  known ; 
so  that  thus,  by  trigonometrical  principles,  we 
can  easily  find  bp  or  cb  (£t<c  L  84),  andcs  p, 
which  {Euc.  L  29)  is  the  supplement  of  r  c  s. 

These,  then,  are  the  two  problems,  inverse 
one  to  the  other,  with  which  the  architect  has  to 
da  Given  the  bridge — ^what  strains  will  be 
brought  on  it,  all  its  parts,  by  the  placing  of  a 
certain  strain  on  one;  and,  secondly,  given  the 
utmost  strain  which  each  part  will  require  to 
bear  to  discover  a  form  of  arch — one  or  two  data 
as  to  its  character  at  the  crown  of  the  arch 
(e.g.  the  angles  t  d  q  and  i<  d  q)  beiDg  given— 
which  shall  give  equilibrium  under  the  pressures 
to  which  these  strains  are  due. 

In  the  usual  case,  the  form  which  it  is  desiiv 
able  to  give  the  arch  is  that  of  some  curve,  or 
rather  of  some  polygonal  Une,  very  nearly  ap- 
proaching a  curve,  and  whose  peculiarities  can 
be  best  investigated  on  the  principles  of  the 
differential  or  hitegral  calculus,  by  supposing  it  a 
curve.  In  that  case,  the  angle  x  o  d,  which  is 
the  supplement  of  b  c  d  in  the  last  figure,  be- 
comes die  angle  between  the  tangent  to  the 
curve  at  o,  and  the  curve  itself.    This  angle 
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between  a  tangent  to  a  carve,  and  the  emre 
itmM,  the  angle  of  contact,  as  it  is  called,  Yaries 
as  the  corvatnra  of  the  curve  varies.  For 
example,  if  we  desoibe  two  or  three  cirelfiB  all 

s 


touching  one  oommon  tangent,  it  wHI  be  mani- 
fest enough  (fig.  2)  that  the  angle  of  contact  is 
much  greater  ia  the  smaller  than  in  the  laiger. 

Now,  there  is  supposed  to  be  a  circle,  which 
coincides  the  nearest  possible  with  every  curve 
at  each  point  of  its  cnrvatuie.  It  is  merely  sup- 
posed, for  the  sake  of  assisting  our  notions  of 
curvature,  by  referring  them  to  the  readily  intel- 
ligible curve  of  the  cirde.  However,  these  circles 
of  curvature  are  supposed  through  the  given 
point,  and  two  points  of  the  curve  indefinitely 
near  it,  and,  therefore,  do  closely  coincide  with 
it,  and  represent  its  curvature  at  the  point  The 
radius  of  the  circle  is  called  the  radius  of  curva- 
ture. Now,  the  angle  of  contact  of  which  we 
have  spoken,  corresponding  to  x  c  d  in  the  last 
figure,  varies  invereely  as  this  radius  of  curva- 
ture does — ^that  is,  is  reciprocally  proportional 
to  it  Also,  the  angles  p  c  b,  p  c  d,  in  that 
figure  are  equal  to  p  o  d,  p  o  s,  in  this,  because 
the  tangent  at  a  point  is  indefinitely  near  in 
direction  to  the  very  small  sides  of  the  polygonal 
figure  sabstituted  in  idea  for  the  curve,  and  its 
direction  may,  without  error,  be  substituted  for 
theirs.  Now,  pod  and  p  o  s  are  supplements, 
and  their  sines  are  therefore  equal. 

Now,  we  saw  already,  in  the  proof  above 
that  where  the  same  circumstances,  known  and 
unknown,  were  considered,  with  only  a  different 
set,  known  and  unknown,  firom  these  in  the  last 
case,  that 
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That  is,  each  weight  is  directly  proportioBal  to 
the  sine  of  the  polygonal  angle  correspanding, 
and  inversely  to  that  of  the  angle  of  the  poly- 
gonal aide,  a<yaeent  with  the  verticaL  The  poly- 
gonal an^^  Is  the  sopplemeBt  of  this  an^  of 
eontact,  and  its  sine  is  therefore  equal  to  it 
With  two  acyaoent  aides,  the  weight  inversely 
proportk»al  to  the  sfaie  of  this  ang^  of  the  tan- 
gent, with  the  vettieal,  wo«dd  give  quite  oonect 
nsolts;  but  in  ooosidering  two  remote  sldei^ 
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another  clement  has  to  be  introduced,  whi<^  we 
eliminated  from  consideration,  rightly  in  the  case 
of  the  two  a^acent  ndes,  and  the  fuU  fonnuU 
would  bfr— 

nn.  o  D  B 

DQ 


OP 
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sin.  PCD,  sin,  q  d  e 
ain.  BOP.  sin.  q  d  b  * 

In  the  case  of  the  two  adjacent  sides  aetoaHy 
represented  in  that  figure,  sin.  q  d  c  and  sin. 
p  0  d  are  equal,  and  may,  therefore,  be  struck 
out  of  the  proportion.  In  the  case  of  the  curve, 
where,  having  lost  sight  of  the  sides  from  their 
indefinite  ndnuteness,  we  ought  no  longer  to  con- 
sider ai^  two  as  adjacent,  we  must  not  om^t 
them.  Kemembering,  then,  that  bop  and  pod 
are  supplemental  in  the  case  of  tlie  curve  and 
their  sines  equal  we  find,  that  the  weight  varies 
as  the  firactlon 

1 

Badius  of  curvature  X  (sin.  s  c  p}^  ' 

This  gives  us  the  actual  weight  whidi  may  be 
put  on  at  each  spot  But  it  is  desirable  to 
know,  instead  of  that,  the  actual  thickness  up 
to  which  we  may  lay  on  a  uniform  material,  in- 
stead of  as  thus.  Now,  the  actual  wagfat  of  a 
certain  length,  near  any  given  point,  will  not  all 
lie  pushing  down  with  tiie  same  force,  as  if  at 
the  top,  when  on  the  inclined  part  of  the  curves. 
In  fiict,  an  equal  mass  of  stone  at  the  curves, 
and  on  the  side  of  the  curve,  would  clearly  not 
hang  on  an  equal  length  of  the  curve  at  aH,  bat 
on  a  length,  which  would  be  inversdy  pn>por- 
donal  to  the  sine  of  the  angle  8  €  p  at  the  plaoe. 
Hence  it  would  be  necessary  to  heap  up  the  stone 
in  this  proportion,  and  the  lie^fht  o  p  might  be 
represented  by  the  formula 


(Radius  of  curvature)  X  (sin.  a  c  p)* 

Again,  p  o  a  =  complement  of  a  c  h,  and  there- 
fore sin.  8CP  =  cosBOH,  and  the  formula 
becomes 

1 ^ 

Badius  of  curvature  X  aos.  *  a  o  a 
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Kadius  of  curvature 


The  netboda  cf  finding  the  radii  of  cnrvatare^ 
upon  which  the  theory  of  equHibrinm  of  arches 
ia  thua  seen  to  depend  rest  upon  principles  be** 
longing  more  peeuUarfy  to  the  higher  asathe* 
mattes,  and  are  technical;  but  we  trust  that,  ae 
Ihr  as  we  have  gone,  the  reader,  with  a  little 
tngonometry,  or  taking  for  granted  the  trigono- 
metrical fivmuhs  which  we  iMve  required  to  statc^ 
will  not  have  found  very  aeiioos  difficulties. 

Taking  this  foraiula,  then,  for  granted,  we 
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tUa  compare  Um  di0«rait  parts  of  tlio  Arches, 
■le  wkh  tbe  oUier.  Xhs  weakest  place  we  should 
astnally  expetct  to  be  tbe  erown  of  the  arch. 
JJl  Uk  maoM  osi  each  aide  tend  to  pull  it  down, 
ad  it  is  least  supported  obliqaely  of  any. 
This  we  actneUy  dieooTer  genenllj  in  tbe  aniu 
At  the  cnyvBy  tbe  mof^  s  c  H  beooniei  =  oOy 
nd  ita  sfrnar.  tlMrefore,  eqaal  to  1.  The  qnan- 
titr,  aec.  3  s  c  B,  is  then  at  its  minimnm  value. 
We  caaaoot  oosnpaie,  bowerer,  the  other  quantity 
iotUed  in  tbe  fonuils,  nntU  we  know  the  spo- 
aaicuTvea. 

A^in,  oMiipsriiii^  tbe  ttreogth  of  two  arches, 
it  is  evident  thst  it  will  be  sufficient  to  compare 
tbe  weights  wliicb  eecb  can  sustain  at  this  their 
point.     If  a  pressure  be  brought  on  the 
greater  than  it  can  sustaiUt  then 
bow  great  the  capabilities  of  other 
af  tbe  anrb  may  be^  it  will  &IL    Compare 
tbcn,  tlM  weights  at  the  crown,  we  find 
S  a  c  n  to  be  equal  to  1  for  both,  and,  there- 
tbe  stRogtbs  are  respectivdy  in  the  inverae 
of  tbe  radii  of  cnrratureu    To  take  a 
inetance  of  this,  the  radii  of  curvature 
ef  tbe  following  curves,  each  with  a 
ci  100  feet,  and  a  riae  of  40  feet,  are  given 
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panbola,  having  the  smaHest  radius 

am  hear  the  greatest  weight  at  the 

tbe  dlipae,  having  the  laigest,  the 

la  eeeordance  with  this  feet,  it  is  found 

tfaeie  an  verjr  few  elliptical  arches  of  large 

ia  psopoTtion  to  ibeir  height  (in  this  in- 

tbe  disproportion  is  not  nearly  so  great  as 

y  is),  where  the  crown  has  not  sunk 

ifittanrw     Where  the  arch  is  so  low, 

that  it  resembles  becomes  very  large-^ 

of  curvatare  b  very  large. 

Sunniila,  then,  which  we  have  found 
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tbe  weiight  of  a  superincumbent  mass 

sabstaoce^  as  masonry,  under  the 

of  wbicb  an  the  parts  of  the  cwrve  will 


It  ■  easy,  therefore,  by  mere  applioatian  of 
fefa  Is  a  giren  corve^  wbooe  laws  are  known, 
Is  snire  this  problem :  —  Given  the  intrad<m 
^  a  Wd|ge  (lusL  tbe  Inner  onnre),  to  find  the 
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iU  pressure  there 
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may  be  equilibrium.  We  might  go  along,  tak- 
ing one  given  curve  (see  fig.)  maiidng  off  at 
each  point  of  its  length,  the  values  of  the  formula 
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Radius  of  curvature, 

and  soy  |(ttning  our  oonsecutive  points  thus  ob- 
tained, coming  to  a  polygonal  line,  while  tbe 
closer  our  points  were  brought  (as  for  a  perfect 
solution  they  would  need  to  be  indefinitely  dose), 
this  line  would  become  more  ami  more  curved, 
wouM  give  nearer  and  nearer  the  complete  curve 
of  the  extrados. 

The  inverse  problem,  to  find  the  intndos  when 
the  extrados  is  given,  Is  frequently  also  of  very 
great  usck  It  rests  on  the  same  prindples,  and 
we  shall,  therefore,  not  give  any  further  account 
of  it  here.  The  one  is  required  when  we  require 
a  special  form  of  arch  for  the  transit  of  vessels, 
and  when  it  is  not  of  essential  importance  what 
sort  of  passage  way  there  may  be,  so  that  there 
be  one  at  all*  The  other  is  of  chief  importance, 
where  the  bridge  is  to  be  used  only  as  a  road- 
wav. 

There  are  various  other  matters  of  considerable 
importance  in  the  theory  of  arches,  which  the 
very  limited  spaee  at  our  disposal  compels  us 
to  pass  over.  A  number  of  the  practical,  de- 
tails connected  with  it  are  given  in  the 
artide  on  Bridges,  to  which  we  must  refer. 
For  the  theory  of  the  Arch,  the  reader  not 
acquainted  very  Intimatdy  with  mathematics 
may  refer,  with  great  advantage,  to  6wilt*s 
treatise  on  the  subject,  to  which  the  present 
artide  is  much  Indebted ;  and,  for  the  fuller  in- 
vestigation of  it,  the  admirable  artide  in  tlie 
new  edition  ef  the  Encyehpadia  Britannioa  will 
supply  ample  means.    See  Skbw-Arch. 

Areb  la  ArcUteetwre.  The  arch,  as  a 
mode  of  passing  from  one  pillar  or  upright  sup- 
port, in  Architecture,  to  another,  has  had  in  prao- 
tice  various  forms;  and  these  are  not  undiarao- 
terifttlo  of  Architectural  styles  prevalent  at 
various  epocha.  The  present  Dictionary  not 
induding  matters  relating  to  the  Fine  Arts,  we 
shall  simply  •  spedfy  that  the  Romans  put  in 
practice  the  round  arch  and  the  vault.  The 
pointed  or  Gothic  wnstk,  succeeded  to  the 
circular  one;  out  of  this 
aich,  or  ardi  of  the  fonn 
below,  fai  which  the  folia- 
tions A  and  B  wore  origi- 
nally  meant  to  give  the  arch 
greater  power  to  resist  a 
vertical  pressure  applied  at<x 
Tarioas  nM)dificati(ms,  in  tbe 
way  of  ornament,  grew  out 
ef  this  simple  case  £i  foUatttm;  but  into  these 
we  shall  not  enter.  There  is  further  the  c^es 
aroh,  or  arch  of  double  curvature^ 
as  bdow.  This  arch  has  many 
ornamental  modifications^  Sea 
Abchitectubb,  Domb,  4be. 
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Archfjaiedesy  Prtadple  mt    We  owe  to  I  ever,  will  reqnin  to  be  pxeased  ap,  but  as  ft  does 


tbe  immortal  S3rTaca8aii  the  establiahment  of 
the  principle  which  may  be  termed  the  foanda^ 
tion  or  comer-atone  of  rational  statics,  viz.,  the 
principle  of  ike  tquUibrium  of  the  leoo\  The 
principle  itself  is  now  well  known;  it  is,  that  a 
lever,  loaded  with  two  weights,  on  opposite  sides 
of  the  fulcrum,  is  in  equilibrio  when  the  weights 
are  inversely  proportional  to  the  length  of  the 
arms  at  whose  extremities  they  respectivelj 
hang;  to  which  may  be  added,  as  a  supple- 
ment, that  the  pressure  on  the  fulcrum  of  the 
lever  is  then  exactly  the  sum  of  the  two  weights. 
The  demonstration  given  by  Archimedes  is  a 
very  simple  and  fine  one.  Claiming  it  as  an 
axiom  in  mechivQics— either  as  self-e^ent,  or  a 
result  of  univmal  experience — that  the  lever 
will  be  in  equilibrio  when  two  equal  weights 
hang  at  the  ends  of  equal  arms,  he  first  takes 
the  case  of  commenturable  unequal  weights ;  and, 
by  the  artifice  of  dividing  the  two  into  different 
numbers  of  equal  weights,  and  transporting 
these  by  equal  distances  to  one  side  and  the 
other  of  the  lever,  he  easily  arrives  at  the  gene- 
ral conclusion.  The  theorem  is  then  extended 
to  the  case  of  incommensurable  weights,  by  a 
species  of  reasoning  fieunilJar  to  all  students  of 
Euclid.  Various  authors  have  critidsed  the 
process  of  Archimedes,  with  a  view  to  simplify 
it,  or  to  remove  fancied  defects.  It  cannot  be  said 
that  much  good  has  followed,  at  least  if  we  ex- 
cept the  efforts  of  Stevin  and  Galileo.  There 
are  some  fine  remarks  on  the  whole  subject  in 
the  preliminaiy  chapter  of  the  Meotmque  Ana- 
lytique, 

Archinsedei^  Scvew.  A  machine  for  rais- 
ing water,  consisting  of  a  pipe  rolled  round  a 
solid  cylinder.  Sometimes  we  have  a  spiral 
groove  cut  in  a  solid  cylinder,  and  a  water-tight 
cover  put  over  the  cylinder.  This  arrangement 
makes  the  tube  semicircular.  It  is  less  liable  in 
this  way,  however,  to  accident,  since  the  screw 
is  not  exposed.  The  cylinder  is  placed  in  water, 
so  that  the  angle  which  the  axis  makes  with  the 
vertical  be  greater  than  the  angle  at  which  the 
thread  of  the  screw  is  inclined  to  the  right  sec- 
tion of  the  cylinder.  Let  the  reader  take  a  pen- 
cil, or  any  similar  cylinder,  and  mark  a  spiral 
round  it  with  his  pen.  Place  it  then  in  the  posi- 
tion we  have  specified,  and  let  him  suppose  the 
figure  before  him  to  represent  the  Arohimedian 
screw.  Suppose  it  then  Just  touching  in  water, 
the  open  end  of  the  screw  being  just  covered.  It 
Is  dear  that  the  water  entering  the  screw  at  the 
open  end,  a,  will  descend  the  tube  by  its  wdght, 
until  it  reach  the  point  where  the  screw  again 
ascends,  and,  by  the  prindples  of  hydrostatics,  it 
will  ascend  so  Car  above  this  as  to  be  on  a  level 
with  the  outside  water.  Turn  the  pencil  then  on 
its  aius.  Then  all  the  water  in  tiie  descending 
portion  of  the  screw  will  press  downwards,  and  it 
will  occupy  a  complete  seml-drcnmference  of  the 
screw.  All  the  water  in  the  ascending  portion,  how- 


not  occupy  so  much  space,  in  consequence  of  the 
screw  having  an  upward  tendency,  it  will  noC 
press  against  the  other  pressure,  so  as  to  prevent 
any  effect  from  it    On  the  contrary,  it  will  be 
pushed  upward,  and  more  water  will  enter  at 
the  open  end.     If  the  screw  keep  constantly 
turning,  this  process  will  keep  constantly  going 
on,  and  that  in  every  turn  of  the  thread.    The 
water  constantly  will  be  sent  rapidly  through  the 
tube  upwards  to  the  end  of  it,  and  can  there  be 
made  available  for  any  special  purpose.    The 
turning  of  the  axis,  in  faot,  just  serves  to  repeat 
the  action  of  gravity  upon  the  water  over  and 
over  again,  and  by  this  machine  it  is  made  to 
raise  water  efifectuidly  by  pulling  it  downwards. 
We  mentioned  that  tiie  angle  of  the  axis  of  the 
screw  to  the  vertical  must  be  greater  than  that 
of  the  thread  of  the  screw  to  the  right  section  of 
it  (perpendicular  to  the  axis).    It  will  be  readily 
seen  that  the  angle  of  this  section  to  the  horizontal 
is  the  same  as  that  of  the  axis  to  the  ver- 
tical, and  that  if  it  were  less  than  the  angle  of 
thread  to  this  section,  the  screw  would  rise 
throughout  its  whole  course,  and  none  of  the 
water  would  fiow  into  it  at  all.   The  screw  may, 
of*  course,  be  used  horizontally,  but  no  mechanical 
advantage  is  obtained  by  the  carriage  of  water 
from  one  horizontal  position  to  another.    It  is 
sometimes,  however,  found  convenient     In  the 
explanation  which  we  have  given,  we  said  that 
the  screw  is  just  dipped,  and  no  more,  into  the 
water.     In  practice,  a  good  part  of  the  screw  is 
sometimes  inmiersed.      The  explanation  is  the 
same  as  before,  and  we  have  only  used  the  limi- 
tation in  order  to  render  the  matter  as  dear  as 
possible. 

Archftectvre  i~in  its  full  generality,  the 
Science  of  constructing  bttildit^  suittd>le  for  spe^ 
eified  purposes.  But  the  natural  and  laudi^le 
disposition  of  men  to  ornament  buildings,  erected 
with  pains  and  labour,  has  converted  Architecture 
fh>m  a  portion  of  statical  science  into  a  chief  de- 
partment of  .Esthetics,  Kay,  it  is  that  portion 
of  SBsthetics  to  whose  memorials  we  mav  tbe 
most  surely  appeal,  in  illustration  of  the  taste,  the 
genius,  the  manners  even,  of  past  Ages.  But  into 
this  mode  of  considering  architecture,  we  can  in 
no  wise  enter  here.  Suffice  it  to  say,  that  its 
three  grandest  monuments  are  unquestionably 
the  Hall  of  Kamac,  the  Parthenon,  and  that 
Choir  of  the  Cathedral  of  Colore.  These  stand 
out  purdy  and  nobly,  indestructible  monuments  of 
Ardiitectural  and  .Esthetic  power.  If  sdection 
should  be  asked,  there  are  few  in  this  nor- 
thern r^on,  and  with  our  northern  ideas,  who 
would  not  first  exdude  from  competition,  even 
the  exquisite  Parthenon.  Between  the  H3rpo- 
style  Hall  and  the  Cathedral,  any  one^s  dedMon 
might  well  waver. — ^There  are  severs!  doctrines — 
which  should  be  ever  hdd  cardinal  in  Architecture 
— so  dosdy  connected  with  Meckamoal  Scimee, 
that  we  take  leave  to  embody  them  here^  aa 
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tfflriiliBdied  mftxuns.  Fibst.  Bufldinga  being 
irii^  aw  cog^  as  Uwir  fbnt^  to  be  their ^iio/ 
■BB.  SBOo«DL.Tr.  OmoawiU  ought  to  be  saper- 
Waeed  on  mtUajf  ;  never  can  it  tnnagrese  this 
faoit,  vitbooft  our  seftdng  into  false  taste.  From 
tkn  tvo  maTJmw,  many  othen  failow.  Let 
tbe  modem  arcliitect  adjudge  Iqt  the  Jtrtt 
Ui  ntiooal  admiration  of  some  eariy  Cathedral 
•traecarea,  In  which  thcsa  is  not  a  Bottress  with- 
eat  its  medianftcal  loiport,  or  an  Aisle  without 
ib  iaierior  aaaployment  and  oonvenience ;  and 
tbcB  tam  to  his  cffinrts  to  reproduoe  as  a  modem 
IiuicUbJ.  and  pinnacled  grotesque,  in 
BO  Bune  Ibna  a  mechanical  whole 
do  the  parts  of  a  confectioner's  bride's  cake ; 
isworaa,  fai  which  the  interior — defoced 
frbygaSexies  choking  up  the  arches — ^has  not 
referemce  to  the  requisitions  of  modem 
lip.  And  let  him  equally  ad- 
judge, by  the  aecond  maxim — onwamed  as  he 
has  been  by  the  fiaflore  alike  of  the  JiamboycaU 
the  perpemBtmiar  ttjffety  in  whi^  our  pure 
its  termination, — in  what  manner 
les^aeti  so  utterly  without 
Teprodnoed  in  sheerest  and  dullest 
hot  to  whkh  no  derout — ^no  liviog 
Sool — can  now  attach  one  intelligible 
la  oar  modem  Yulgar,  and  lifeless^  and 
Ycpndadiona,  not  one  Kving  oonoeption 
la  embalmed.  The  gnat  Cathedrals,  of  old  times, 
ineamplete:  fiir  instance,  they  hare  only 
L  d  4iro  superb  and  symmetrical  towers* 
now  a  symbol  of  '^oonect  and  anti- 
to  build  even  small  churches 
aas,  aide  and  imeymmetrical  tower ! — Let  us 
to  raaeoa,  and  tkiu  imiute  those  best  of 
An  Architecture  worthy  of  mo- 
At  for  modem  uses,  helped  by  all 
and  ornamented  in  aooor^ 
with  the  noblest  of  modem  aspiratioDS,  re- 
I  to  be  created.  Woold  indeed,  that  the  Age 
ebCam  one  thoroa^y  good  nid  free  Stone 
of  oaftttered  geoiosi 

,  (deriTed  from  the  Greek,  A^mw,  abear 

the  pniaimi^  of  the  Nordi  Pole  to  the 

—  the  bear),  is  used  frequently  as 

to  Northern.    The  phrase  Areik  tone 

hi  aoeaiatdty  applied  to  a  drde  having  the  North 

l^ie  fiv  centre,  and  baring  a  radius  equal  to  23^ 

The  ^ntarofie  cone  is  a  similar  section 

I  sm&ee^  having  its  centre  at  the 

The  Arctic  regicm  is  a  phrase  em- 

efcrence  to  particular  spots  both  of 

and  aky,  and  refers  in  every  case  to  the 

a^Qaeent  to  the  Korth  Pole.    The  poles 

the  extremities  of  an  imaginary  line  round 

■MJi  the  earth  peribrms  her  d^umal  revolution 

(v.  Pou^    The  Xorth  Pole  of  the  heavens  is 

ablaiaed  fey  pcolongfaig  this  line  in  the  direction 

«f  the  wi^arfcal  ipherev  and  is  the  point  where 

Ampnioaged  diiectiaa  meets  the  sphere.    Of 

'  M  m  not  m>  natch  a  point  as  a  line  of  direo- 

tfae  tphen  tc^emA.  to  is  imaguuuy. 


ARE 

A  well-known  star  in  constella- 
tion Bootes. 

Areasf  Principle  of;  or  Principle  of  the  Co^* 
tervation  of  A  principle  in  BaHonal  Mechanics^ 
of  so  general  an  application,  that  it  can  scarcely 
be  called  a  secondary  one.    The  first  and  sim- 
plest form  in  which  this  important  principle  can 
be  presented,  is  the  Second  Law  of  tlie  immortal 
Kepler.    Having  found  that  the  planet  Mart 
describes  around  the  ^S^  an  ellipse,  in  one  focus 
of  which  the  Sun  is  placed,  he  discerned  soon 
after,  that  the  law  of  the  velocities  of  Mart 
could  be-expressed  as  follows: — ^The  radiut  vector 
(is.  the  line  joining  the  centre  of  the  sun  and 
the  centre  of  the  planet)  sweeps  over  equal  areat 
in  equal  times,    80  soon  as  the  great  German 
extended  the  fact  of  elliptic  motion  to  all  the 
planets,  he  leoognized  the  law  of  the  velocities 
to  be  general  also{  so  that  it  could  be  stated  that 
all  the  planets  move  around  the  sun  with  such 
velodties,  that  in  e€u:h  case  the  radiut  vector  de- 
scribes eqwd  areas  in  equal  times.     Such  the 
earliest  discovery  through  ^m^,   of  the  great 
principle  of  the  conservation  of  areas.     Let  us 
attempt  to  describe  it  now  in  its  Aill  generality. 
Keplio^s  law  extended  to  the  case  of  one  planet 
or  orb  encircling  another;  but  it  belongs  to  the 
most  complex  system,  whose  orbs  are  controlled 
by  a  mutual  attraction^    And  in  the  foUowing 
irise.    Kepler's  law,  in  reference  to  the  plane- 
tary movements,  expresses  dose  approximations 
only;   it  would  not  be  absolutely  correct  un- 
less in  the  case  of  planetary  orbs  moving  inde- 
pendent  tf  ecuA  a&er  around  a  central  point. 
If  the  planets  afibct,  each  other,  pertwiaiiont 
ensue.     But  the  principle  of  areas,  rightly  un- 
derstood, holds  good  through  all  such  perturba- 
tions.   Take,  for  instance,  a  system  of  three 
bodies,  such  as  the  Sun,  Earthy  and  Moon. 
If  the  orbits  of  the  earth  and  moon  wen  in  the 
same  plane,  Kepler^s  law  would  be  this : — ^The 
snms  of  the  two  areas  described  in  equal  times, 
viz.  -of  the  area  described  by  the  radius  vector 
of  the  sun  and  earth,  and  the  area  described  in 
the  same  time  by  the  radius  vector  of  the  earth 
and  moon,  will  always  be  equal.    But  the  orbits 
amnotintke  same  plane;  hence  a  great  compli- 
cacy, not  however  aiiecting  the  principle  of  the 
oon<iervation  of  areas.    Because  of  the  diiTerence 
at  plane,  resort  must  be  had  to  the  device  ot  pro- 
jection ;  i.e.  the  areas  in  question  must  be  pro- 
jected on  some  one  plane.    Suppose  one's  self 
looking  at  these  motions  through  a  transparent 
sheet  of  gla^s,  placed  in  any  why,  the  motion  of 
the  two  bodies  woold  appear  on  that  transparent 
sheet  as  if  they  were  in  one  plane,  and  the  areas 
described  by  their  radii  veclores,  would,  as  seen  on 
that  sheet,  have  definite  measures ;  it  is  these  last, 
or profected amounts,  which,  in  accordance  with  the 
prine^ple  of  the  conservation  of  areas,  are  pro- 
portional to  the  times  of  description      Apply 
this  scheme  or  mode  of  thought,  to  our  entire 
planetary  s}'stem ;  i.e,,  look  at  the  whole  of  it 
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thfoogli  a  transpnent  tbeet,  placed  in  an j  waj,  |  from  top  to  bottooL  As  tbe  dadty  Tari«8  with 
then  the  ereat,  as  wen  described  by  the  wM§, ;  the  tenipeiatiire,  a  tbermooietar  is  fireqoentljr 
wfaalevw  tbdr  rdations,  will  be  strictly  propor-  J  placed  akmykte  the  giaduated  scale,  and  ibis  is 
tional  to  the  times  of  description.  Tbe  great  sometimes  ingenloiulj  oonstmeted  so  as  to  serra 
y^lft<^  even,  saw  the  stretch  of  this  principle  ;  as  a  sort  of  eorrectire  against  eiroa  of  observa- 
bot  impecfectlj.     Ha  oonoeived  it  rigorously  j  tion  on  the  scale  of  deniily.    We  give  a  figoia 


true,  if  the  mi|)or  motions  only  were  taken  into 
aoooont  It  is  oertainly  not  so.  Poinsot  has 
recently  insisted  that  aot  only  the  motions  of 
rofokilum  oi  satelliteSi  bnt  motions  of  rotatiim 
alike  of  planet  and  satellite,  most  be  hekl  in 
view,  ere  identity  can  be  predicated  between 
•paces  described  in  equal  times,  within  a  system 
faitendly  balanced.  Thns  nndentood,  the  prin- 
ciple of  the  convefdon  of  areas  must,  in  everjr  snch 
QTSteai,  be  rigorously  troeu.  Bnt  without  going  to 
inch  rigour,  one  important  and  comparatively 
practical  conclusion  may  be  drawn.  Beference 
has  been  made  to  iiMprofectum  of  socfa  areas  on 
a  pltme^  However  that  plane  is  placed,  tba 
fbregoing  theorem  is  true.  But  although  the 
proportionality  of  orsof  to  the  timet  of  descrip- 
tion, holds  true  with  regard  to  anff  plane;  the 
amount  in  size  of  the  areas  projected  on  the 
plane  will  manifestly  depend  on  the  pontion  of 
the  plane.  Now,  with  regard  to  the  solar  system, 
as  to  any  other  system,  there  is  at  eveiy  given  time 
oneespecial  plane,  on  which  the  amount  of  tlie  total 
areas  described  will  be  greater  than  their  amount 
described  or  pnijected  or  on  any  other  plane. 
That  plane  has  been  tenned  the  Great  Equator 
Plane  qfthe  Syttem ;  and  it  is  tbe  highest  result 
in  expression,  of  the  principle  of  the  Comervation 
i^Areoif  that  this  freat  eqtiator  plane  wiU  con- 
tinue tneorta^  mpoeition  so  long  as  the  system 
Is  undisturbed  from  without,  and  carries  on  its 
motions,  through  the  interdependency  of  its  inter- 
nal parts.  If  the  position,  then,  of  our  own 
grand  equator  plane  were  determined,  tliat  posi- 
tion would  be  a  fixed  point  by  which  after 
ages  might  decide  whether  and  how  far  our  con- 
dition has  been  aflfeoted  by  communion  with 
external  systems,  or  by  our  sympathies  with  the 
fixed  stars. 

Areometer*  (A««/«r«  light;  A^ffm,  a  measure). 
An  instrument  serving  to  measure  the  densities 
of  liquids.  Tbe  principle  of  the  areometer 
is  simply  this,  that  any  solid  body  sinks 
fiurther  in  a  light  liquid  than  in  a  heavy 
one.  It  is  usually  a  small  glass  bulb  loaded 
at  the  bottom  with  quicksilver,  or  small 
shot,  so  as  to  set  it  upright,  and  having  a 
scale  at  the  top  to  mark  the  depth  to  which 
it  sinks  in  any  liquid.  In  most  cases,  the 
numben  on  the  scale  are  arbitrary,  and 
refer  to  art>itrary  indices  of  the  strength  or 
wealcneaB  of  a  fluid  («.  ff,  over  proof  and 
under  proof)  employed  by  merolwnts  in 
testing  the  ^ne  of  their  purchases.  Where 
the  liquid  should  be  lighter  the  purer  it 
is,  the  degrees  proceed  ftnm  the  bottom  to  the 
top  (as  in  alcohol),  and  where  its  value  is  pro- 
poftionad  to  its  diensity,  they  go  downwaida 


of  tlie  instrument. 

Ariao.  An  equatorial  constellation;  the  first 
of  the  signs  of  the  ediptie. 

Av|g«.  One  of  the  great  southern  constella- 
tions. The  star  Canopus,  of  the  first  magnitudOi 
is  its  most  prominent  star. 

AnsMtate.  A  French  tenn  partly  adc^ed 
in  En^islL  There  is  no  English  one  aocttratsly 
oorreiiponding.  It  is  the  name  of 
tiie  piece  of  iron  attached  usually 
to  a  magnet  to  present  the  dlui- 
pation  of  die  magnetic  fluid.  The 
ordinary  horse-ahoe  magnet  is  of 
the  form  represented  in  the  figure, 
the  poles  n  and  a  being  opposite. 
The  piece  of  iron,  a,  becoming  by 
contact  a  magnet  also,  comidetes 
a  magnetic  circuit,  each  part  of 
which  acts  and  reacts  on  the  other, 
as  the  coatings  of  the  Leyden  phial 
in  the  case  ^  electricity  do.  For 
an  ordinary  bar  magnet,  it  is  usual 
to  fix  its  magnetization  by  placing 
alongside  of  it  another  of  the  same 
form,  but  with  its  poles  in  directions  opposed  to 
those  of  the  other,  and  to  place  two  pieces  of  soft 
iron,  one  at  each  end,  in  contact 

AraslllsuT  Sphere.  An  instrument  constat- 
ing of  several  brass  rings,  all  circles  of  the  same 
sphere,  in  the  position  wliich  important  drdee  of 
the  celestial  sphere  have.  Suppose  that  we  bava 
a  celestial  globe,  along  which  are  merited  the 
following  circles  in  their  proper  positions  :^>tlia 
horizon,  the  mertdianj  the  equator^  the  ecl^atic  or 
circle  of  the  zodiac^  and  the  two  eohtree  (q,  9*) 
(tliese  all  being  great  cuxdes  of  the  sphere,  divid- 
ing it,  that  is,  in  two),  and  the  two  Irqpics,  and 
the  two  circles  whidi  limit  the  arctic  and  ant- 
arctic zones  (which  four  are  email  drdes  of  tha 
sphere),  and  let  us  suppose  that  rigid  circular 
rims  are  made  just  to  go  round  those  lines,  and 
the  sphere  then  destroyed  while  these  lims  ai« 
connected  with  one  another  to  remain  steadfast  ia 
their  relativa  poeitions,  and  mounted  on  a  stand 
as  the  sphere  was,  we  should  obtain  what  la 
called  this  armillairy  sphere.  The  reader  will 
readily  understand  how,  supposing  the  centre  of 
the  sphere  to  be  the  position  of  a  spectator  at  the 
earth,  he  will  come  to  comprehend  the  tgiparm^ 
motions  of  the  heavenly  bodies  and  tha  sigiUfioanoa 
of  the  referenoes  constantly  made  In  describiog 
the  apparent  places,  to  these  elementaiy  cndea, 

Avtillarr,  a  general  name  given  to  all  aran 
used  in  war,  which  are  too  heavy  to  be  carried 
by  the  individual  combatants.  These  arms  of 
course  vary  in  characteristics  according  to  their 
purooses.    Some  are  emploj-ed  for  the  attack  or 
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Mnnorfcitilled  plana,  and  oUmts  fai  the  opw 
Md  or  dnrin^  the  ooarse  of  an  open  field  fight 
Ha  pnrpi— a  of  delbno^  in  oaaa  of  a  besieged  for- 
Mil  BeoeaMriiy  admit  the  ose  of  heavy  fixed 
{fas  ef  ordnaoee ;  and  it  was  in  sudi  ciicom- 
aaoca  alooa  that  Perkin's  steam-gsn,  00  noto- 
rion  icTefal  yeara  ago,  waa  ever  deemed  to  be 
ippftabile  Probably  cme  of  the  finest  derelop- 
■aiti  of  ordnanoa  dnrin^  a  uege,  that  has  jet 
likei  plaei,  oeeimed  in  oouna  of  the  leeent 
ik^  end  dainea  of  Sebaatopol.  The  artillery 
and  cngiiicer  cannot  fail  to  derive  large  In- 
I  the  detailed  aceoant  of  this  cele- 
n0«r  on  the  eve  of  publication  wider 
tbi  ae^tea  of  the  Fieoch  Minister  of  War. 
AitiBvf  ovdnaoea  varies  also  aooording  as  its 
ia  for  nee  on  land,  or  on  board 
focmai  arUde  on  ArtiDery  vroald  be 
ont  of  plana  in  a  CydopcBdia  like  this; 
ae  tlisil  Asaidaa  the  aofaject  therefore  with  a 
Mtf  nodee  of  Ha  connecrtnn  with  the  progress  of 
arts,  and  Us  dependence  on  the 
«f  tlieaa  arta.  It  were  of  coone  need* 
to  the  cnoraions  or  rather  the 
change  that  passed  over  eveiy  re^ 
of  Aztillary  on  the  invention  of  gnn- 
The  fbeea  of  tlie  pRgectile  was  given 
fta  ft  psaviDodj,  l>y  aid  of  the  elasticity  of  bent 
ar  of  a  ariid  sptlqg:  on  that  invention,  a 
pattion  of  powder  created  an  exploeive  and 
of  the  power  of  some  thooaand 
Sines  then  there  has  been  bat  one 
la  Che  cflieney  of  that  propolsioo,  viz^  oar 
ability  to  bestow  on  the  tabes  holding 
and  prqjectils^  as  mnch  strength  as 
the  latarsl  action  of  the  explosive 
at  the  same  time  consist  with  our  power 
the  piece  of  ordnsnoe  essily.  Be- 
to  thh  lataal  fivce,  and  lightness, — thess 
raqaiaites  of  a  modem  cannon. 
Fspurially  h  it  ao  in  parka  of  artillery  meant  for 
fidd,  whether  these  be  the  lighter 
arf£Ifar|i!,  or  pieces  and  batteries 
ipaiatively  stationaiy  action.  Of 
of  direction  m  demanded  of  can- 
aa  araD  as  of  the  hand  rifle:  anftrtnnately 
aa  TOt  been  manMnstrd  in  action  to 
Ilka  Ow  d^gies  of  perftetion  attained 
k  nds  however  is  imperatively 
hy  the  growiag  perfection  of  that  small 
FWd  aftiDeiy  ia  one  of  its  important  ap- 
it  to  open  Um  way  to  the  action 
:  it  aegiit  thenfers  to  be  eflhctive  at 
whieh  will  insers  safety  to  the  gna- 
anti^iaiisiir  riflemen.— We  aie  now 
of  a  great  Earopean  war.  It  is 
mii  tlwt  Fnnea  hm  greatly  facroaied  its  artU- 
hgy  ara^  ^d  tfrnt  the  Emperor  has  sdeeied  a 

MwaMf  ihvovlia  S"^  ^^  *™  ^'^  ^^^ 
m  Wmmm  AMtD^OOBg  has  stiengthened  alike 
dvAdf  am'***  ^t^^^"^  ^  Britdn,  h  aader- 
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ASC 

or  three  boys  may  menage  it — Especial  reference 
is  made  to  article  Rzflb  in  our  Dictionary ;  and 
also  to  the  more  extended  article  by  the  same 
author  in  the  Eneyeicpadia  BritannieOf  new 
edition. 

Aaceaalen,  BIghttiOMiqne.  Ascension  is 
an  astronomioal  term  nsed  for  the  porpose  of  re- 
finting  a  star  to  its  exact  position  in  the  heavens^ 
and  so  rendering  possible  the  identification  of  the 
star.  The  north  and  south  poles  of  the  heavens 
ars  regarded  as  fixed  points,  and  the  equator  is 
consequently  a  fixed  circle  of  the  celestial  sphere. 
Suppose,  now,  tliat  a  meridian  passes  through  a 
given  star,  that  is,  a  great  drde  through  the  star 
and  the  poles,  it  will  cut  the  equator  at  a  given 
point  The  distance  of  this  point,  in  degrees  of 
the  drcnmference  finom  one  it  the  points  where 
the  equator  is  cut  by  the  ecliptic  (the  vernal 
equinox),  ia  celled  the  right  a$cennon  of  the  star. 
The  right  ascensioa  is  sometimes  given  in  time 
instesd  of  in  hours.  The  whole  heavens  appear, 
in  consequence  of  the  diurnal  motion,  to  revolve 
once  in  24  hours.  The  spsoe  between  the  star  and 
the  point  of  the  visible  heavens,  where  the  equi- 
nox is  at  any  moment  will  be  passed  over  at  the 
rete  of  -f^  of  an  hour  for  each  degree  of  angalar 
measurement  To  obtsin  the  asoension  given  in  de- 
grees to  tliat  in  hours,  we  reckon  4  minutes  for  a 
degree,  with  corresponding  Ihutions  for  the  lesser 
angles.  We  simply  reverse  the  process  in  find- 
ing the  ascension  in  degrees  ftom  that  in  hours. 
The  plurase  ssoension  is  employed  for  this  reeson. 
The  astronomical  day  is  reckoned  from  the  mo- 
ment at  which  the  itrst  point  of  Aries  (the  point  of 
the  equator  corresponding  to  the  vernal  equinox) 
passes  the  meridian.  iUl  the  stars  which  have 
the  same  right  asoension  will  seem  to  rise  up- 
wards flx>m  the  horizon  Qf  vinble,  and  if  not, 
may  be  imagined  to  do  so),  and  to  croes  the  meri- 
dian of  the  place  at  the  same  moment  The 
ri^t  ascension,  then,  as  we  have  described  it, 
measures  the  interval  between  the  dressing  of  the 
meridian  by  the  first  point  of  Aries  and  liy  the 
star.    A  xefeienoe  to  figure  No.  1  will  at  once 
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show  that  Q  T  would  be  the  right  aacanaion  of  ifaa 
star,  a,  upon  the  meridian,  h  st.  The  pthcr 
name  obiinB  osooMton  is  nsed  to  exprcsa  the 
difioeneeui  the  thnes  of  the  rising  of  the  fim 
point  ef  Aries  and  a  pvcn  star.  If  we  oonsidec 
that  while  some  stars  vpen  tfaa  same  merldiaa, 
and  havuig^  therefon^  the  aaaie  right 
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tlmost  never  set,  while  others  alroost  nerer  rise, 
it  will  be  ovideut  that  there  cannot  be  the  same 
difierence  between  the  times  in  which  the  first 
point  of  Aries,  and  all  the  points  having  the 
same  right  asoension,  cross  the  horizon,  and  as 
there  is  the  same  difi^renee  between  the  times  in 
which  they  cross  the  meridian,  the  oblique  and 
right  ascensions  must  be  represented  by  different 
aumbers.  The  distance  between  that  point  of 
the  equator  which  rises  with  the  star,  and  the 
first  point  of  Aries,  is  called  the  oblique  ascen- 
sion. To  a  person  at  the  equator,  however, 
whose  horizon  is  a  great  dnde  passing  through 
the  poles,  the  oblique  and  right  ascensions  are 
idcnticaL  We  call  (ueensional  difference  the 
excess  of  the  right  ascension  over  the  oblique, 
or  vice  verta.     The  figure  (No.  2}  will  serve 


to  explain  this,  though  the  reader's  safest  way 
is  to  consider  careAilly  for  himself  the  various 
drdes  described,  and  all  the  drcnmstances 
mentioned.  Without  this,  plane  figures  rather 
mislead  than  instruct.  The  star,  s,  will  cut 
any  circle  which  passes  through  p,  and  the 
other  pole  (as  the  meridian  does),  at  the  same 
moment  that  t  does  so,  and  q  t,  Uie  right  ascen- 
sion, therefore,  mettures  the  interval  between 
the  passing  of  q,  and  all  stars  upon  the  meridian, 
p  T  &  But  a  star  at  T,  for  instance,  will  have 
risen  above  the  horizon,  res,  long' before  s,  and 
one  at  8*,  for  example,  after  it  The  oblique 
ascension,  therefore,  is  measured  by  the  space 
between  q  and  b,  the  point  of  the  equator,  which 
rises  along  with  a,  and  as  q  t  is  the  right  ascen- 
sion, T  B  is  the  ascensional  difference.  The  ob- 
lique ascension  and  ascentional  difference  are 
transformed  from  degrees  to  time  Just  as  before. 

Amfet,  An  astronomical  term,  almost  dis- 
used. It  is  of  interest  only  because  it  may  be 
met  with  in  old  astronomical  works  of  consider- 
able value.  The  terms  conjunction  and  opposi- 
tion express  the  only  two  aspects  of  tlie  planets 
(is.  relative  positions  as  seen  from  the  earth), 
which  are  stOl  named.  At  conjunction  (q.  v.) 
two  planets  have  the  same  longitude ;  at  op}io- 
eitioo  they  differ  by  180°  in  longitude ;  and  in 
these  180^  are  the  trine  aspect,  120°  apart;  the 
Svor<tis,90°^paiC;  ihbeexHk  60° apart   llie 
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old  characters  used  to  indicate  them  are  the  fol- 
lowing : — 

Conjunction j 

Sextile )fc 

Quartne Q 

Trine ^ 

Oppositbn S 

These  terms,  obsolete  in  astronomy,  are  still  found 
in  abundance  in  astrological  works — not  aU  an- 
cient yet 

A«icsr*lds»  or  small  planets,  a  group  of 
bodies  singularly  insignificant  in  size,  that  re- 
volve around  the  sun  in  planetary  orbits,  between 
Mars  and  Jupiter.  Their  relation  to  the  solar 
system  in  general,  being  explained  under 
80LAB  System,  we  shall  confine  oursdves 
here  to  the  statement  of  all  that  appears 
peculiar  to  the  group,  and  characteristic  of  its 
position.  The  existence  of  a  body  or  bodies, 
between  Mars  and  Jupiter,  seemed  to  be  indi- 
cated by  a  remarkable  kiaiiu  between  these 
pUmets  (see  Bodb's  Liw),  —  the  oel^rated 
Olbers,  of  Bremen,  ventnrnl,  about  the  ban- 
ning of  the  centnry,  to  assert  that  the  applica- 
tion of  telescopes  to  the  search  for  planets  occu- 
pying that  place,  would  certainly  be  richly 
rewarded.  In  consequence  of  this  suggestion, 
Cerer  was  discovered  by  Plazzi  of  Palermo,  on 
the  first  day  of  this  century;  Olbers  himself 
soon  after  detected  Pallat  and  Juno,  and  Hard- 
ing of  Goettingen  discovered  Juno.  This  group 
of  the  four  small  planets,  as  it  was  termed,  ap- 
pearing to  have  verified  the  prediction  and 
filled  up  the  hiatus,  curiosity  and  research  were 
alike  suspended,  until  stirred  anew,  in  1845, 
by  the  accidental  disooveiy  of  AttrtBo,  a  fifth 
member  of  the  group,  by  Hencke  of  Driesseo. 
Many  observers,  in  possession  of  suitable  instru- 
ments, now  rushed  into  the  field;  but  none 
with  so  much  perseverance  and  discernment  than 
Mr.  Hind,  of  the  Observatory  of  Regent's  Park, 
London.  Up  to  the  close  of  18i^3,  eleven  new 
planets  had  been  added  to  the  group  by  this  in- 
defatigable  observer,  and  while  we  write  he  conti- 
nues his  earnest  and  sucoesrful  research.  No  fewer 
ihnn  Jiftjf'tix  asteroids  are  already  delected ;  but 
the  probability  is,  that  they  count  by  A«tMiire(2f,  and 
that  they  form  a  stream  or  zone  of  small  bodies 
occupying  the  place,  and  in  so  far  performing 
the  function,  in  t)ie  system,  of  the  large  planet 
which,  according  to  Bodo's  law  of  the  distances, 
might  have  been  expected  in  the  locality.  They 
are  essentially  a  group,  to  be  viewed  not  singly 
but  as  a  group.  As  the  following  table  will 
show,  they  are  nearly  at  the  same  distance  from 
the  sun;  the  periods  of  their  revolutions  very 
closely  correspond ;  and  in  physical  characteris- 
tics, for  instance  in  site  (some  dt  them  are  not 
larger  in  surface  than  the  kingdom  of  France) ; 
they  are  distinguished  in  the  same  way  from  all 
the  chief  planets. 
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Hai&e  of  Aiterold. 

Mean  dlHtance 
from  tlie  Sun, 

UiAt  of  the 
Eartii  being  L 

Time  of  a 

sidereal 

revolution. 

Dayai 

Eccentricity  of 
Orbit. 

Inclination  of 
Orbit. 

1 
Aruuliie, 

21990 

2-20189 

2-26584 

2  29554 

2-33468 

2-34<;42 

236056 

2-36559 

2-8779 

2-38541 

2-38673 

2-4003 

2-40067 

2-40906 

2-42519 

2-4339 

2-43523 

2  44304 

2-45185 

2-4569 

2*4733 

2-55447 

2-57651 

2-57686 

2-58298 

2-58526 

2-6129  ^ 

2-62588 

2-64215 

2  64369 

2-651 

2  65604 

2-66861 

2  0769 

2-6883 

2  6968 

273986 

274989 

2-76577 

276953 

2-77105 

2  77518 

2  86550 

2  8894 

2  9i>950 
2-9-2-287 
2973G6 

3  0861 
8  1068 
8- 1352 
8-ll9:i7 
8 15180 
815616 

1191-11 

119301  ' 

124»-78 

1270-35 

1302-98 

1312-82 

1824-71 

1328-95 

1339-34 

1345*68 

1346-8 

135834 

1358-62 

1365*74 

1370-48 

1386-91 

1388-06 

1394-75 

140229 

1406-62 

142073 

149125 

1510-58 

1510  92 

1516-28 

1518-29 

1542-7 

1554  21 

1568-7 

1570-05 

1676-56 

1581-07 

1592-8 

15997 

1609-98 

1617*64 

1656-34 

1665-6:1 

168005 

1683  48 

1684-87 

1688-65 

1771-74 

1793  99 

1812  72 

1825  21 

1873-02 

1980-23 

2(H)0  -22 

20-27  65 

2041-43 

204334 

2048*03 

0-1575 

0-156704 

0  04008 

0-217051 

0-218255 

0-173861 

0090181 

0-12(i897 

0-0628 

0-123889 

0-2a0755 

0-2025 

0-253126 

0-14368 

0«201802 

0-22-29 

0-161634  ' 

0168426 

0-099508 

01226 

0-127802 

0*0725 

0-189992 

0-O870S4 

00966-24 

0-168713 

01803 

0-235895 

0-174893 

0187899 

0-2872 

0087522 

0-256535 

0-4634 

0-108252 

0  0914 

0-15657 

0  298171 

0-079180 

0-239045 

0-110813 

0  154507 

0-33(1806 

0-1402 

0101t»6 

0  1340  4 

0-21650 

0-2377 

0  0771 

0  1433 

0  104558 

0  117  03 

0-216U12 

8° 

5 

4 
10 

8 

1 

7 

2 
10 

5 

5 

15 
21 

0 
14 

8 

8 

1 

4 

2 

5 

6 

5 
16 

4 

0 

5 
10 

8 
11 

2 

3 
13 

3 

5 

6 

6 
18 
10 
34 
10 

9 

1 

5 
13 

8 

8 

8 

6 

7 

8 

0 
26 

28' 
53 
15 

9 
23 
35 

8 

5 
15 
85 
27 
48 
86 
41 
46 
35 

5 
82 
37 
18 
35 

8 
19 
82 
42 

6 

4 
13 

7 
44 
48 
85 

3 
53 
26 
85 
58 
42 
36 
42 
21 
22 
56 

6 
45 

4 
15 

8 
80 
12 
47 
49 
25 

8 
48 

4 

6 
33 
17 
57 

0 
56 
56 

0 

5 

10  • 
20 

0 
22 
28 

1 

0 
88 

0 
35 
14 
18 
44 

0 
69 
11 

0 

0 
39 
27 

0 
33 

0 
32 

9 
27 
37 

0 
31 
56 

0 
28 

9 
18 

0 

0 

0 

9 

8 
12 

Flow, 

Hannooia,.... 

1    IfdmnMiML  ......... T-r--'fT---r--- 

VioUKU, ^ 

Eotene,  

1  v«u, 

KtBlUM, 

Hccn. 

^^""^  ••••••...•  ■■••>•■•■«■••■■ 

I»i^ 

Daphne. 

PhOGOM, 

IfMMlia, 

ntbt. 

•«T-u-ir^  •■■■**•>■•*■*■*■■**********■■*** 
I^       

TvrtmBMm 

HcAii.          

■    II  ^|>. ...■■■■.•■■■■■■•  •  «>■•■■■■.• 
TbeSi\ 

Aambitritfw 

"     '!""•" "^   .•.•.•.••..•.•••••...... 

EcSffM.. 

Iran. 

Tbalia, 

EsBoaia, 

1       ■■^■••^^  •.••••••••••■.«••  «■.•«.•.••. 

1    FnMrDiDft. 

1      p  iTin.-«|nnfiF, 

Jrao.  .....•..••.•..• 

1    Njia, 

1    E«W«M, 

,    AtafaintiL 

••          iiaakMi    . 4.^.. ••.>•.••. .•■■.■.•4i>.. 

1  P«n*s 

;    Aria4. T.... 

■    PijxJie. 

raftoL 

Kvikna^  .<^^^. .■•.••. ••.••> 

TWemi^ 

Fmkwh^B  nft    ......._-_,.... 

1       Kjs|Hnw^  in:!^  ...•...»..' rt*  r    i...... 

1 

TbfeElcmciit 


•»  of  Paadorat  AkxanA^  and  tlie  new  planet,  not  yet  determined. 
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ASTEROIDS.— TABLE  IL 


Nameib 


Ariadnei , 

Flora, , 

Harmonia, 

Melpomene, 

Victoria, 

Euterpe, 

Vesta, 

Urania, 

Nemausa,  

Metis, 

Iris, 

Daphne, 

Phocoea, < 

Massalia, 

Hebe, 

Isis, 

Lutetia, 

Fortana,  .*••.. ...vt 

Partbenope, 

Haestia, 

Tbetis, 

Ampbitrite, 

Astrea,  

Egeria, 

Pomona, 

Irene, 

Calypeo, 

Thalia, 

Fides, 

Eunomia, 

Virginia, 

Proserpine, 

Juno, 

Nysa, 

Circe, 

Eugenia, 

Leda, , 

Atalanta, 

Ceres, , 

Pallas, 

Laetitia, , 

Bdbna, 

Polyhymnia, , 

Aglaia, «.. 

Calliope, 

Psyche, 

Lencotbea,. ........ 

Pales, 

Doris, 

Europa, 

Hygeia, 

Themis, , 

Euphrosyiie, , 


LoDfcltttde  of 
PerifaeUcm. 


277» 
82 
2 

15 

801 

87 

250 

80 

190 

71 

41 

280 

302 

98 

14 

817 

826 

80 

816 

844 

259 

56 

134 

119 

196 

178 

94 

128 

66 

27 

10 

285 

54 

118 

149 

208 

100 

42 

149 

122 

2 

122 

840 

806 

56 

12 

198 

82 

77 

98 

227 

138 

98 


12*  0" 

54  28 

2  16 

14  7 

52  59 

48  80 

46  10 

49  41 
18  0 
29  21 
23  12 
22  0 
87  22 
16  80 

57  47 

58  0 
48  62 

47  58 


6 

57 


5 

0 


24  49 

13  42 

85  86 

45  7 

8  40 

51  11 

89  0 

11  57 

4  28 

51  46 

29  0 

16  80- 
8  17 

49  0 

58  85 

17  0 
40  28 

23  48 

83  41 
8  50 
7  12 

24  48 
58  55 

1  0 

84  13 
88  59 
17  0 


49 
12 
27 


0 
0 
0 


47  59 

2  48 

51   7 


Lonirttiide  of 
Ascending  Mode. 


264° 
110 

98 
150 
235 

93 
103 
808 
176 

68 
259 
180 
214 
206 
188 

84 

80 
211 
126 
181 
125 
856 
141 

43 
220 

86 
148 

€7 

8 

293 

178 

45 
170 
127 
184 
148 
296 
359 

80 

172 

157 

144 

9 

4 

66 
150 
356 
290 
185 
129 
287 

86 

81 


45'  0^ 

17  49 

82  28 

0  53 

29  28 

42  1 

23  89 
12  0 
88  0 
31  24 
44  89 

6  0 

8  40 

36  24 

84  26 

28  0 

28  28 

26  BB 

2  51 

82  0 

26  12 

22  51 

24  49 
17  34 
48  26 


49 
80 
55 


1 
0 
2 


9  87 

54  51 

80  0 
53  20 
69  82 

6  0 

47  11 
20  0 
27  47 

9  29 

48  22 
88  20 
19  89 
48  5 
16  6 

25  0 
86  22 

81  20 
24  88 
27  0 
14  0 
23  0 
88  34 
12  39 

26  23 


DlBOoreren. 


Pogaon, 

Hind, 

Goldschmidt, 

Hind, 

Hind, 

Hind, 

Olbert, 

Hind, 

Lanrent, 

Graham, 

Hind, 

Goldschmidt, 

Chacomac, 

De  Gasparis, 

Hencke, 

Pogson, 

Goldschmidt, 

Hind, 

De  Gasparis, 

Pogson, 

Luther, 

Martin, 

Hencke, 

De  Gasparis, 

Goldschmidt, 

Hind, 

Luther, 

Hind, 

Luther, 

De  Gasparis, 

Fe^gusson, 

Luther, 

Harding. 

Goldschmidt, 

Chacomac, 

Goldschmidt, 

Chacomac, 

Goldschmidt, 

Piazzi, 

Olbert, 

Chacomac, 

Luther, 

Chacomac, 

Luiher, 

Hind, 

De  Gasparis, 

Luther, 

Goldschmidt, 

Goldschmidt, 

Goldschmidt, 

De  Gasparis, 

De  Gasparis, 

Fergusson, 


Places  of       i 
Dlsoorery. 


Oxford. 

London. 

Paris. 

London. 

London. 

London. 

Bremen. 

London. 

Nlsmes. 

Markree. 

London. 

Parla. 

Marseillea. 

Naples. 

Driesen. 

Oxford. 

Paris. 

London. 

Naples. 

Oxford. 

BUk. 

London. 

Driesen. 

Naples. 

Paris. 

London.- 

BUk. 

London. 

Bilk. 

Naples. 

^Vashington. 

Bilk. 

LilienthaL 

Faria. 

Paris. 

Paris. 

Paris. 

Paris. 

Palerma 

Bremen. 

Paria. 

Bilk. 

Paris. 

Bilk. 

London. 

Naples. 

Bilk. 

Paris. 

Paris. 

Paris. 

Naples. 

Naples. 

Washington. 


Pandora  discovered  by  Searle,  of  Albany. 
Alexandra  and  the  new  planet  by  Goldschmidt. 
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Pkrhap*  the  Ikr^  thing  that  strikes  one,  on 
giatcbgorcr  this  long  and  ooofiised  list  of  names, 
ii  the  ibsdliite  need  of  a  new  and  simpler 
■ode  of  dIatiDSiushiiig  the  several  Asteroids, 
lids  has  been  |iaxtiallj  adopted,  and  must  come 
iato  imhreraal  use.  It  is  proposed  that  each 
Asbenid  be  indicated  bj  a  number  marking  its 
fiak  ia  the  order  of  diseoTefr,  that  number  Ymag 
within  a  small  drde,  thus: — 

.    (1). 
(80> 


\ 


\ 


This  is  CTidcDU  J  the  onl  j  principle  of  mnnber- 
ing  that  eoold  be  pennanent:  any  arrangement 
mwsh^  en  the  dtstances  of  the  Asteroids  from 
ths  SBS  being  ever  liable  to  be  broken  up  on  the 
of  some  new  member  of  the  group: 
en  of  this  assigmnent,  indeed, 
threatened  by  a  singular  occur- 
On 'the  9ih  of  September,  1857,  Gold- 
tboogfat  be  had  rs-dtsoemed  Daplme, 
his  obeerration  under  that  idea. 
In  tans  eat,  however,  that  the  body  he  saw  was 
mat  Daphne^  bnt  most  have  been  a  new  planet: 
(tte  **Bew  planet"  referred  to  in  these  tables). 
By  the  faufoing  rule,  therefore,  its  sign  ought 
to  be  (47),  and  all  signs  subsequent  to  that 
iei|aire  tp  be  dianged.  But  such  a  diffi- 
n  not  Bkdy  to  recur,  and  it  may  be  got 
a  ths  pcesent  imtfaw^  by  numbering  the 
it  shall  be  again  seen,  and  shall 
name.  The  following  list 
of  discoverr,  and  of  course  the 
signs: — Ceres,  Pallas,  Juno^ 
Hebe,  Iris,  Fkxa,  Metis,  Hygeia, 
ictoria,  Egeria,  Irene,  Eunomia, 
Thetis,  MdpomeDe,  Fortune,  Massalia, 
tH,  C^ope,  Thalia,  Themie,  Phocea,  Pn>- 
Eotcrps,  BeOona,  Ampfajtrite,  Urania, 
Poeaona,  PolThymnia,  Circe,  Leuco- 
At*^***.  Fides,  Leda,  Laetetia,  Harmonia, 
Us,  Ariadne,  Nysa,  Eugenia,  Hsstia, 
Jk|elaiat«I>effia,  Pales,  Yiiginia,  Kemansa,  Eoropa, 
Paadasa,  and  Alexandra. 

however,  from  external   details  to 

of  the  interesting  character  of  this 

ind  on  comparing  the  orbit  of  £u- 

with  that  of  Ariadne,  that  the  mean 

€  the  lone,  or  ring  within  which  the 

lie,  is  '957]  6  of  the  mesn  distance  of 

from  the  Sun,  or  about  ninety-one 

ef  miles.     Bnt  in  consequence  of  the 

itridiy  of  several  of  the  orbits,  some 

arioos  bodies  can  adventure    much 

than  that  into  space.    The  planet  Kysa, 

has  an  eocentridty  so  great  that  its 

ibles  that  of  a  comet    It 

fron  the  eon  than  any  of  tlie 

md,  wfth  the  exception  of  Ucstia,  it 

him  (ha  nearest.   t>f  them  all  llsstia 

Ite  enrtli ;  *^«'  '*»  ***  ^*»  respect, 

Vm  naU    Eoptnejrne  and  others  h,ve  aUw 
^      ^^_  T-Zni        The  facbnauon  of 


the 
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orbit  of  Kysa,  too — viz.:  8®  63' — is  not  very 
distant  from  that  of  the  orbits  of  Ariadne,  Har- 
monia, Lstetia,  Fides,  Proserpine,  Psyche,  Pales, 
and  Hygeia,  so  that  it  may,  or  rather  must,  fre- 
quently approach  closely  to  some  of  these  bodies. 
The  inclinations,  indeed,  of  Nysa  and  Hygeia^ 
differ  by  only  six  minutes,  so  that  they  are 
almost  in  the  same  plane.  The  longitudes  of  their 
ascending  nodes,  however,  difier  at  present  by 
160°.  It  is  scarcely  necessary  to  call  attention 
to  the  contrast  presented  "by  the  inclination  of 
the  orbits  of  several  of  these  Asteroids  to  anything 
that  prevails  in  the  other  portions  of  our  solar 
system.  The  greatest  inclination  known  among 
the  larger  planets  is  that  of  Mercury,  being  7"^ 
(y  6-9";  the  inclination  of  that  of  Pallas  is,  on 
the  other  hand,  84°  42'  87'';  that  of  Euphro- 
syne,  26°  26'  12";  of  Phoccea,  21°  86'  6 ";  of 
Atalanta,  18**  42'  9";  of  Egeria,  16°  82'  14"; 
&c,  &c  But  their  deviations  do  not  involve 
any  deviation  as  to  motion  from  what  the  law  of 
gravitation  would  induce  us  to  expect  Although 
the  dlipees  are  eccentric,  and  the  inclination 
laige,  every  one  of  these  mii^nte  orbs  obeys  the 
three  cardinal  laws  of  Kepler,  and  so  constitutes 
no  exception  to  the  grand  harmonies  of  the  solar 
system. 

In  reference  to  another  feature  of  the  position 
of  these  orbits,  a  speculation  worthy  of  notice  was 
recently  started  by  Edward  Cooper,  Esq.,  of 
Markree  Castle— a  speculation  fbrther  justified 
since  the  addition  of  many  new  Asteroids  to  the 
list  Mr.  Cooper  first  called  attention  to  the 
singular  fact,  in  his  work  on  Comets,  and  he  took 
into  his  account  the  larger  planets  also.  With 
reference  to  the  Asteroids  alone,  it  is  this:— Of  the 
fifty-three  whose  elements  are  given  above,  the 
perihelia  of  no  fewer  than  forty  lie  within  the 
semicircle  from  0°  to  180°,  or  on  its  verges ;  and 
within  the  same  space  are  found  the  longitudes  of 
the  ascending  nodes  of  forty-three.  The  quadrant 
from  0°  to  00°,  contains  the  perihelia  of  twenty- 
seven.  There  can  be  no  doubt  that  there  is  a 
singular  speciality  here:  the  laws  of  probability 
are  utterly  agamst  the  casuality  or  indiflerence  of 
such  a  distribution.  Mr.  Cooper  is  far  from  in- 
clined to  push  conjecture  too  far :  he  modestly 
oondndes  thus : — **  After  all  it  may  be  accidentid, 
as  conristently  with  the  laws  of  planetary  motion, 
such  a  congregation  of  perihelia  or  nodes  may 
occur  at  periods  exceedingly  remote." 

notwithstanding  the  uncertainty  in  which  we 
are,  as  to  the  possible  number  of  these  planetoids, 
some  definite  light  reaches  us,  from  physical 
astronomy,  on  the  question  as  to  their  total  man. 
In  the  case  of  a  single  planet  of  the  ordinary 
size,  between  Mars  and  Jupiter,  not  only  would 
its  perturbmg  infiuenoe  on  the  nearer  orbs  be  felt, 
but  that  infiuenoe  could  be  exactly  calculated, 
and  traced  in  all  its  relations,  in  the  irregularities 
impressed  by  it,  on  their  orbits  and  motions. 
These  small  masses  must  exercise  a  similar  in- 
fiuenoe ;  although,  from  their  diffusion  through  the 
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sky — the  one,OB  this  account,  often  cooipsnsating 
the  action  of  the  other — It  is  mucb  more  difficult, 
and  might  even  appear  impracticable,  to  deal 
with  the  problem.  It  is,  however,  only  what  are 
termed  th%  periodical  irrtgukaridet  (see  Pertur- 
BATioxa)  that  would  be  compensated  in  this  way. 
The  ieciiJar  variations,  on  the  contrary,  do  not 
depend  on  the  relative  positions  of  the  disturbed 
and  disturbing  bodies.  There  is,  for  instanoe,  a 
secular  motion  of  the  perihelion  belonging  to  this 
latter  class.  The  perihelion  alike  of  Mars  and  the 
Earth  must  be  subjected  to  a  perturbation  de- 
I)ending  on  the  total  mass  of  these  planetoids, 
their  mean  distances  from  the  Sun,  and  the  eccen- 
tricity of  the  orbit  of  the  disturbed  planet  Owing 
to  the  lai^r  eccentricity  of  Mars,  as  well  as  the 
position  of  its  perihelion,  in  reference  to  the  mean 
direction  of  the  perihelia  of  the  discovered  Aste- 
roids (which  lie  almost  all  in  the  same  semi-cir- 
cumference of  the  heavens),  that  planet  is  much 
better  fitted  than  the  Earth  to  be  the  instrument 
of  such  an  investigation.  Looking  at  the  subject  in 
this  point  of  view,  H.  Leverrier  has  lately  shown 
that  if  the  total  mass  of  these  planets  reached 
equality  with  the  mass  of  the  Earth,  the  peri- 
helion of  Mars  would  have  been  disturbed  by 
them  to  the  extent  of  eleven  tecondt  in  a  centurjf. 
Now,  although  the  orbit  of  Man,  and  its  history 
during  the  recent  century,  cannot  be  said  to  be 
determined  with  an  ultimate  rigour,  it  is  safe  to 
conclude  that  there  is  not  an  undiscovered  error 
of  this  sort,  to  a  fourth  of  the  previous  amount 
From  which  it  would  appear  that  the  ttan  total  of 
the  matter  constUuting  the  small  planett  Ijfing  be- 
tween the  mean  distemcee  of  2*2  and  8*19  from 
the  Sun,  cannot  greatly,  if  at  aU,  overpast  omt- 
fourth  of  the  mast  qfthe  Earth.  This  restricted 
mass,  however,  is  very  considerable,  being  up- 
wards of  twenty  times  greater  than  the  mass  of 
our  Moon ;  and  it  doubtless  indndes  within  it, 
niultitudes  of  AsteroidB  not  yet  discerned  by  the 
telescope. 

The  contemplation  of  this  very  curious  group 
gives  rise  to  singular  reflections.  How  odd 
the  motions  of  masses  of  small  orbs,  with  paths 
80  near,  that  often  they  must  pass  within  sight, 
in  the  celestial  spaces— like  ships  within  hail  at 
sea!  But  whence  came  they?  What  means 
this  extraordinai^'  exception  to  that  general  law 
which  has  constituted  the  solar  system  for  the 
most  part  an  orderly  arrangement  of  large  orbs 
moving  through  spheres  far  apart  from  each 
other,  and  thus  in  all  things  independent  ?  Re- 
flecting on  the  fact  that  they  occupy  the  precise 
place  which,  in  conformity  with  Bode*s  Law  of 
the  distances,  ought  to  have  been  filled  by  a 
laige  planet,  Olbers  threw  out  the  conjecture 
that  these  Asteroids  may  be  the  fragments  of  a 
planet  onoe  existing  there,  but  which,  in  some 
mighty  convulsion,  had  buret  asunder.  Nor, 
perhaps,  if  one  considers  the  inherence  in  all 
planets  known  to  ns,  of  the  same  disrupting 
|K)wen  which  originate  volcanoes  and  moon- 
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tain  masses  in  the  earth,  can  the  oonjectnre  be 
rejected  a  priori  as  entirely  &nciful.  But  a 
fatal  dynamical  ot>)ection  remains.  If  the  group 
are  fragments  arising  from  the  bursting  of  ooe 
body,  they  would  all,  in  the  course  of  tbeae 
revolutions,  necessarily  tend  to  return  to  the 
period  when  the  primary  explodon  took  place. 
Laplace,  on  the  other  hand,  regarded  them  as 
indications  that  a  primary  or  large  planet  had 
never  been  formed  there,  but  that  the  ring  of 
primary  nebulous  matter,  out  of  which  he  Ima- 
gined every  planet  to  have  sprung,  bad  rather 
resolved  itself,  in  this  place,  into  a  multitude  of 
small  knots  or  aggregations. — It  cannot  escape 
observation,  however,  that  this  group  of  Aste- 
roids, strange  though  it  may  seem,  when  we 
compare  its  iodividuals  with  planets  like  Jupiter, 
or  even  the  Earth,  may  not,  after  all,  occupy  an 
isolated  place  even  within  our  own  system. 
Those  showere  of  meteors  that  sometimes  illumine 
the  heavens,  as  well  as  those  sparse  but  starding 
shooting  stars,  are  probably  masses  of  bodies  not 
unlike  the  Asteroids,  only  a  step  lower  down  in 
the  progress  from  large  globes  to  mere  dust. 
And  then  the  zodiacal  Ught^  is  not  that  still 
nearer  to  dust — akin,  it  may  be,  to  the  oometio 
matter— a  thing  rare  in  space?  It  may,  indeed, 
turn  out  that  our  leading  planets  of  the  solar 
system,  are  only  the  more  visible  parts;  and 
that  when  we  know  our  scheme  better,  its  sim- 
plicity will  no  longer  be  recognized. 

Aatrsse.  One  of  the  sina]]  planets  between 
Mars  and  Jupiter.    See  Asfterotds, 

Aetrelabe.  The  name  given  by  the  ancients 
to  the  instrument  by  which  they  measured  the 
angular  distances  of  celestial  bodies.  It  had 
various  forms ;  but  the  chief  part  of  it  was  n 
graduated  circle,  around  whose  centre,  as  its 
point  an  arm  moved  canning  eighty.  Rttde 
though  the  astrolabe  was,  we  must  orasider  it 
the  germ  out  of  which  our  present  Astronomical 
Cirde  sprung.    See  Circlb. 

Aatrolegy.  The  sitperttUum  of  the  andenf 
astronomies.  The  notion  on  which  it  rested 
was  environed  indeed  with  something  of  plausi- 
bility, in  times  when  our  small  world  was- 
esteemed  the  main  or  central  ori)  of  the  univeraot, 
and  the  stars  gemming  the  Infinite  only  lights 
created  for  our  use.  That  notion,  in  its  highest 
form,  may  best  be  expiessGd  as  follows : — Be- 
sides performing  their  functions  as  lights,  these 
stars  are  instruments  by  which  the  Creator 
governs  terrestrial  events,  and  their  potency  may 
be  discerned  through  their  oomMia^jofM^nd^of^ 
tion  in  the  sky.  It  is  needless  to  state,  that  the 
postulate,  being  wrong,  every  deduction  must  be 
erroneous  also.  TheinteDigentrequirenoreAitatlQn 
of  the  postulate;  nevertheless,  there  is  an  impres- 
sive lesson  in  thelkct,  that  astrological  almanacs 
are  still  lavourites^ven  with  tiie  masses  of  the 
people  of  England.  Under  our  modem  dvilia- 
ation,  there  are  very  matsee,  over  whoss  hrads 
the  discoveries  and  acquirements   of  sciencs 
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FoKCB,  Gravitatiom,  Lunar  Theory).  The 
fkjftioal  ckaraeterUtics  of  the  seversl  constituents 
of  the  solar  STStem  next  attract  attention.  All 
that  has  been  ascertained  on  this  subject  is  ex- 
posed under  Solar  System,  and  under  the  special 
heads  of  the  names  of  the  different  planets.  To 
which  must  he  added  Asteroids,  Comets, 
Meteors. 

(2.)  Ths  Fiaed  ^rs— That  great  and  un- 
ikthomable  company  of  orbs  which  we  name  the 
fixed  siors— orbs  of  the  class  of  our  sun,  and 
round  each  of  which  systems  of  planets  probably 
revolve — interest  us  in  various  ways.  First,  as 
to  their  distance  and  dtstribution,  see  Con- 
STBLLATioN,  FiRALLix,  NEBDLiE.  Secondly, 
as  to  their  physical  aspects,  compare  Twtmk- 
UEO,  Fraubmhofer'b  Lines.  Thirdly,  as  to 
thenr  appareKU  moUony  see  Frkcession,  Nuta- 
tion, and  Translation  of  the  Sun.  Fourthly, 
ss  to  their  real  motion,  see  Stars  Multipj.e, 
and  Stars,  Proper  Motions  of. 

(8.)  The  thhd  important  division  of  astronomy 
may  be  termed  the  TntirumentaL  It-  refers  to 
the  manner  by  which  discovery  of  facts  is  now 
successfully  conducted.  Information  on  this 
head  will  be  found  principally  under  Circle, 
Equatorial,  Telescope,  Transit  Instru- 
ment. Minor  points  are  referred  to  under  Alti- 
tude and  Azimuth  Instrument,  Colluiation, 
Errors,  &c 

(4.)  Praetioal  A^romomy,  in  its  narrow  sense, 
wiU  be  discussed,  in  so  &r  as  we  can  discuss 
it  in  this  Dictionary,  under  Chronometer, 
Latitude,  Longitcdb,  Navigation,  Sextant, 
Time,  &c.  &c. 

The  best  modem  work  on  astronomy  is  that 
by  Delambre— the  Bittoire  and  the  Trait€y  in 
nine  quarto  volumes.    Also,  Sh*  Jolm  Herschel's 

AayasptMe.  A  straight  line  which  .a  curve 
ooDtinually  approaches  without  ever  being  able 
to  meet  it,  is  ealled  an  asymptote.  The  possi- 
bility of  this,  not  seen  often  at  first,  will  be 
readOy  demonstrated  in  this  way.  Suppose  the 
curve  to  be  at  first  distant  by  ^  foot  from  the 
line,  and  suppose  that  in  the  next  Ibot  it  goes  ^ 
of  a  foot  nearer  it,  in  the  next,  j-  of  a  foot,  in 
the  next,  Vt>  ^^  ^  <^°-  ^  potting  all  these 
sums  together  they  will  never,  however  far  we 
carry  them,  oome  to  make  up  one-half  foot,  it 
is  manifest  thai  the  curve  will  never  meet 
the  Une.  The  sum  of  the  geometrical  series 
!>  -|-  ^  -f-  ^V'  ^1  when -carried  on  to  infinity, 
is  equal  to  },  but  only  then.  If  we  take  any 
finite  number  we  stop  short  of  this,  and  the 
curve  has  not  at  that  point  been  yet  cut  by  the 
line.  As  this  holds  with  any  finite  number  of 
terms,  the  curve  never  roaches  the  line,  but  con- 
stantly approaches.  Each  advance  is  accom- 
panied by  an  approach,  but  each  approach  be- 
comes smaller  and  smaller.    Two  curves  which 

have  both  the  same  ssymptote^  and  which  do  not 

^OMDjpan  AnBAcnoN,  I  cut  one  another,  are  ci&led  also  asymptotes,  by  an 
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Us  origia  ia  In  fkr  antiquity :  the  shep- 

bsMfiis    eonneeted,    very   early,    the 

of  certain  eonstellations  in  the  midnight 

,  wi&  tiw  TCtnm  of  the  seasons.    We  shall 

AstangvDsh  here,  the  chief  steps  of  its 

Of  tbese^  tlie,  first,  was  that  important 

whid»  led  tD  the  sepaiatioD  of  the  planets— aa 

the  fixed  stars.    Thtowsa 
tn  remote  times;  and  in  Greece 
with  a  view  to  take  aooonntof  the 
of  thcplanets.    These  theories  were  per- 
ky die  Alexandrian  astroDomeis.   Resting 
the  notion  that  the  apparent  motions  of  the 
wa^  real  motions,  or,  what  is  the  same 
lua  tihe  earth  is  at  rest,  and  in  the  centre 
all  Ifaa  — ^'^S"'**  of  the  universe,  the  Greeks 
reared  a  complex  but  most 
system,  whose  authority  lasted  until 
of  Copcmieas.     Neither  in  these 
the  ^parent  motions  of  the 
the  fixed  stars  ovolooked :  it  is  one 
«f  HIpiMithns  to  immortal  honour,  that  he 
tliat  great  apparent  motion  of  the 
Taaltv  wUehwe  designate  as  the  j>r»- 
^  Am  flgaiaflrss.     (Compare  Prbgb»- 
y     Aa  we  descend  in  astronomical  history, 
the  distiaction  between  planets  and 
leeome  broader,  bat  inroads  are  be- 
fmo   each  sphere,  more  and  mors 
•ra  pass  on.      It  will  suffice, 
artide,  that  we  refer  to  keade 
in  thia  Dictiooary,  minuts  informa- 
aa  great  space  as  we  can  devote 
vfB  ba  fcnnd. 
(I.)  Tim  Solar  ^^iitan.— The  disooveries  of 
revealed  the  cardinal  iact,  that  the 
ia  MBiUy  ana  planet,  rolling  with  others, 
ha  aoL    Sevcial  questions  immediately 
via.  Jfirai;  What  la  the  character  of  the 
Ifcraagh  which  these  planets  move?    A 
esed  bj  the  observatioos  of  Tycho 
the  Ii«ws  of  Kepler.  (Compere  Rep> 
LavajL    Next  came  the  inquir)-,  acoord- 
t»  wisrt  ifrtianiff  or  dynamical  laws  do 

p  wiiat  mmforcee  do  their  mo- 

mnalf     A   qne&tkm.   answered  by  our 

Sir  laaae  Newton,  and 
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eztensioii  of  the  term.  It  is  only  in  practice 
applied  to  a  straight  lin&  There  are  carves  like 
the  circle  -whtch  evidently  cannot  have  sjmptotes. 
There  are  others,  like  the  parabola,  infinitelj  ex- 
tended, which  have  not  The  hyperbola  is  the 
ooDimonest  instance  of  a  curve  iirith  an  asymptote. 

The  term  is  derived  from  the  Greek,  and 
signifies  not  falling  together. 

Aanometer»  (4^r/t*k,  vapour.;  AM«fa»,  a  mear 
sure).  An  instrument  intended  to  xneasnre  the 
quantity  of  water  evaporated  in  given  drcum- 
stances.  The  simplest  atmometer  is  obtained  by 
exposing  a  vessel  filled  with  water  to  the  atmo- 
apheze,  in  circumstances  as  little  liable  to  dis- 
turbance during  the  process  as  possible.  The 
water  is  weighed  before  and  after  ^evaporation, 
and  the  difference  of  weights  shows  us  the  quan- 
tity of  water  evaporated.  A  multitude  of  circum- 
stances, however,  such  as  the  dryness  of  the  soil, 
its  nature,  the  influence  of  plants  .upon  it,  &a, 
cause  the  evaporation  to  proceed  more  or  less 
rapidly  at  the  surface  of  the  earth,  and  .no  atmo- 
meter has  yet  been  constructed  whidi  serves  very 
well,  even  at  heights  above  the  suifaoe.  BeUoni, 
Leslie,  Anderson,  and  others,  have  deseifl)ed  va- 
rious instruments,  in  none  of  which,  however^  can 
we  place  great  confidence. 

Almoaplicre  i — ^the  gaseous  envelope  of  any 
celestial  Orb.  The  term  is  restricted  here,  how- 
ever, to  the  envelope  of  the  Earth.  The  discus- 
sion of  the  structure,  extent,  and  habits  of  our 
Atmosphere  would  spread  out  over  almost  the 
whole  domain  of  meteorology:  we  shaU  occupy 
the  present  essay  with  considerations  of  the- main 
portion  only,  of  this  Important  division  of  physical 
xesearchf^-ieferring  for  details  to  specific  articles. 

(1.)  Atmosphere^  Constitution  of, — Our  fttmo- 
sphere  is  the  recipient  of  all  the  vapours  and 
gases  exhaled  and  evolved  in  the  laboratory  of 
tiie  earth ;  but  it  may  be  separated  into  two  por- 
tions, closely  intenningled,  although  widely  dis- 
tinct in  their  character  and  action,  viz.^ — I.  The 
smallest,  but  not  the  least  important  section  of  our 
compound  atmosphere,  is  its  Vaposous  portion, 
— assisting  mainly  of  an  envelope  of  Aqueous 
Yapoub,  interspersed  through  the  other  section 
of  it  This  important  constituent-varies  in  weight 
firom  -0033  to  *0166  of  the  entire  weight  of  the 
atmosphere ;  but,  although  it  .is  tims  compara- 
tively trifling  in  quantity,  it  is  <an  essential  de- 
ment of  our  aerial  envelope,  giving  rise  to  many 
of  its  leading  phenomena  and  changes,  as  will  be 
seen  below  as  well  as  nnder  sudi  articles  as 
Raqt,  Cloud,  Mist,  HTGBOifETRT,  &c. — ^11. 
The  PEBSfANKiTLT  Elactic  afemosphevs;  or  that 
large  portion  of  it  whose  elements  are  not  oon- 
densiMe  under  ordinary  variations  of  temperature 
and  pressure.  The  three  leading  permanently 
elastic  gases  found  in  this  portion  of  the  atmo- 
sphere are  Oxygen^  Nitrogen,  and  Carbonic  Acid 
Gas;  although  tiiere  are  eveiywhere  distinct  traces 
of  Nitric  Acid  Gas,  Ammonia,  Iodine,  and  pure 
ffj/drogen.   The  two  elastic  fluids  first  mentioiied 
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make  up  the  mass  of  the  atmosphere,  htang  found 
in  the  proportion  of  20-9  volumes  of  Os^fgen  to 
79*1  of  Nitrogen  or  Azot;  while  Carbonic  Add 
Gas,  the  dement  next  in  importance,  is  present 
only  in  the  low  and  variable  proportion  of  from 
'01  to  *005.  The  proportions  of  these  pei^ 
manently  elastic  dements,  do  not  in  general  per- 
ceptibly vary  with  localities;  neverthdess,  the 
recent  delicate  eudiometrical  researches  of  B«g- 
nault  wam  us  that  this  proposition  must  not  be 
taken  as  of  the  last  exactitude^  The  quantity  of 
the  important  dement  oxygen  seems  to  alter  fiom 
20  to  21  |>er  eenC. — variations  referrible  to  locaUtg 
partly,  but  also  to  drcunutanee.  For  instance, 
on  the  invasion  of  didera  on  the  Ganges,  near 
Calcutta,  in  March,  1849,  the  proportion  of  oxy- 
gen had  descended  to  20*39.  It  is  hoirible  even 
to  look  at  analysis  of  the  air  in  dose  and 
filthy  places  in  our  great  dties,  in  the  immediate 
proximity  of  many  crowded  dwdling-hooaes. 
The  following  is  such  an  analysis  finom  a  ccMifined 
wynd  in  Paris.  No  doubt  multitudes  of  similar 
ones  might  be  produced  from  oone^Hinding 
districts  in  this  country : — 

Oxygen, 18*79 

Azot, 81-24 

Carb.  Add, 2-01 

fiulph.  Hyd., 2-99 

To  breathe  air  so  mephitic  is  to  expose  oiie*s  self 
to  certain  death. — ^W'e  shall  proceed  to  explain, 
in  the  order  best  suited  to  deamess,  the  habitudes 
of  this  our  Composite  Atmosphere. 

(2.)  Atmoq>here,  the  Con^ositej — Weight,  and 
general  Representation  of;  Variations  in  the 
Weight  qf,  according  to  LocaUtg,  Season,  and 
Hoar  qf  the  Day. — The  determination  of  tho 
prime  physical  fiict  regarding  our  atmosphere-^ 
viz.,  its  wdght— we  owe  to  an  invaluable  in- 
strument, the  Barombteb.  The  action  and 
management  of  this  instrument  are  explained 
under  Babombter;  suffice  it  here,  that,  tbe 
corrected  height  of  the  mercurial  column  re- 
presents the  hdght  of  an  envdope  of  mercury, 
at  the  temperature  of  32°,  which  would  equal  in 
weight,  the  entire  aerial  envdope  of  the  earth*  In 
so  fisr  as  this  dement  goes,  our  actual  atmosphere 
might  be  supplanted  by  a  liquid  mercurial  ocean 
of  tiie  average  depth  of  29*97  inches :  and  it  will 
sometimes  assist  our  readers*  ability  to  coocdve 
the  changes  befalling  the  atmosphere  as  it  is,  if 
he  accustom  himsdf  to  realize  this  subetitutioii. 
— It  appears,  from  observation,  that  the  h^i£^t  uf 
this  mercurial  atmosphere  is  not  the  same  in  all 
latitudes,  nor  in  any  locality  at  all  seasons,  or  at 
all  houiB  of  the  day.  Some  of  the  &cts  tonchlQi^ 
on  this  suliject  are  explicable  by  theory,  otherv 
not  so  as  yet — I.  Beckoning  from  the  same  level 
— viz.,  the  sea  shore, — the  hdghts  of  our  sup- 
posititious atmosphere  are  found  to  vary  with  the 
latHude,  according  to  an  empirical  law,  of  whose 
physical  significanee  we  cannot  at  present  give 
sureaooount.    At  the  equator  and  its 
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ImJ  tka  «Tva^  bcigbt  U  29-64  incho. 
iMtadi  10°  tha  pi^nre  or  beiglit  begiDS  t 
(MHnAIyi  magmtmang  on  towinti  Uti 
M°  «  40°,  vbon  U  aeana  to  reach 
tatag  iko*  SO-OB  inclMS.     B«]-(aid  Ihii  urae  the 
MM  b^fat  «r  Om  nMrcmul  eonlope  dlmintobi 
ifJiiiK  in  tbe  arctic  legbau  to  29'TG  ' 


Tbe  det^lB  on  which  ihM 
Msdaaiaiia  i«rt  have  Iwen  collected  uid  pmenlal 
ta  M  ioMivnin  tabki  by  MM.  3chow  uid 
riiiJ.iiiiW«f     A*  to  the  tboiiy  of  nicli  TariilioDs, 

"n*  '-•'*-^-  of  maxhnimi  preasiu*  certiinl;  cor- 
1 1  ^lanle  mily  with  the  pcjar  limit  of  the  Tbade 
XTiaiia  (j.  *.)  Thia  subject  it  fuitha-  compli- 
^atet  fay  a  (ivpiciaB,  if  not  ui  eMablif bed  f^ 
thai  Iha  maa  prantnre  of  Ibi 
wiak  tbe  kogiiade  alao.  Tbe 
f^HiiMa,  CTidently,  i*  tbe  cont 
ajr^^  <t  what  an  ciUed  Itobarie  tiaa,  oi  linn 
■r  cqaal  laoBiK,  orer  all  tbeiorfkoeotthe  globe. 

U.  tW  voght  or  |jii— lue  of  the  entire  atmo- 

■^hov,  Twie*  bIbd  orer  eict7  localit}'  with  the 
•■■■OB  ef  tbe  y^v.  Tbe  unoaat  of  the  vuiition 
efeaigia  with  tbe  localily,  ud,  in  ea  fu  as  abta- 
r^dam  haa  y«t  sme,  liei  between  -1T3  of  an  inch 
^  lb  bdght  of  mtTeary;  and  -074.  There  ii  ■ 
Amb4  laiiaii  liiei  erciywhan  with  the 


^^k  Btfinninf  with  ita 
tbe  p^iKc  *—'"'-''—  nottl  tbe  aqitiioox ;  it  then 
boBMB  ■  BUDiocr,  ncvcT  bowevar  leacUng  the 
waBer  seas.  A  aecond  minimiun  ocoon  ifa 
•MBiA,  after  whidi  tbe  cnrre  gradually  aacenda 
^Mi  it  ^laba  the  witiler  or  alwilDte  maximum. 
IV  Ml  I  a  [Hi,,  Sr  intaace,  fa  tbe  currs  for  Ber- 
fcAan  fits  a  ii»tcx>io)oK>«*1  <■'>'*  extending 
arw  a  bnIo-  tautli  of  time  than  any  other 
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.  the  beigbt  of  that  calrnnn  necei- 
Nuily  increases ;  ao  that  the  heated  column  may 
be  conixired  to  overton  at  its  top,  and  tlierefatt, 
aa  a  whole,  to  become  lisl'ler.  On  this  account 
the  preasuie  should  eveiywheie  be  less  in  summer 
than  in  winter )  as  we  have  said  it  is,  in  (he  main. 
Why  these  anomalies  —  several  maxima  and 
minima — exist,  or  why  tbe  curre  of  preasum 
does  not  exselly  follow  the  curve  of  leniperetnre, 
will  appear  in  our  next  acdion ;  wherein  we  ebaU 
consder,  apart,  tbe  habiCudea  of  tbe  aqueous  and 
of  the  pennanently  elastic  atmoephero.  — III. 
The  weight  of  the  atmosphere  over  e%-ery  locality 
varies  also,  according  to  a  regular  law,  accordbg 
to  the  hoar  of  the  day.  Although  plainly  con- 
nected Kith  Un^KToltire,  this  varialion,  like  the 


presents  us  with  two  max 

ma  and  two  minima: 

have  been  conUnned  long 

enough  to  enable  us  to 

get  rid  of  anomalio,  or  o 

the  effi-ot  of  ineguJar 

at  which  these  crUn 

take  pla»--or,  as  they  are  called,  the  tropical 

b  the  place  of  obser- 

vation;  generJly  spe.kin 

g,  Iwwever,  tbey  may 

be  taken  to  be  as  follows, 

sphere  :- 

.  Bb.46min.4.iL 

.  9  b.  STmbi.  ji-H. 

—        ....10  h.  llmln.  p, 
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Iso  m  each  place  with 
me  season ;  aunng  wmter  (hey  are  nearer  mid- 
(&y  on  tie  whole,  by  abont  two  hour*,  arriving 
later  in  tbe  morning  and  sooner  in  the  evening. 
— Another  feature  of  this  diurnal  oscillation  is 
remartable.  Its  amplitude  or  amount — which 
is  heat  rcfiresented  by  tbe  differenoe  between  tbe 
mean  of  the  two  minima  and  tbe  mc^n  of  the 
two  maxima — varies  with  the  lalitud'^  of  tbe 
place,  the  season  of  (he  year,  and  the  height 
at  the  place  above  tbe  level  of  the  sea.  It  ia 
greatest  at  tlie  equator,  diminishing  as  we  ap- 
proach the  polar  eiicle,  where  it  becomes  almoel 
insensible.     In  winter,  in  all  localities,  it  mchei 

mer.  With  the  beighl  of  the  place,  again,  thne 
variations  change  in  a  complex  «av ;  theboaraof 
maxima  and  minima  becoming  reversed.  But  aa 
mch  changes  will  be  better  understood  when  re- 
causes,  ice  shall  postpone  espedll 


dailg  Height  of 

and,  as  lbs  ibregt^g  variations  seem 
to  raider  this  a  little  difficult,  the  mode  of  accom- 
plishing it  may  be  specified  here.  If  the  bd^t 
in  qnesdon  be  meaauied  every  hour,  or  reryfi*- 
queiilif  and  at  regulsr  intenils,  during  tbe 
twsnty-limr  boms, — the  sum  of  the  readings, 


divided  tiy  the  nnmber  of  the  times  of  observatloii, 
Trill  give  the  daily  mean.  That  same  mean, 
however,  may  be  obtained  approximately  by 
taking  observations  of  the  morning  maximum 
and  afternoon  minimum.  It  is  better,  how- 
ever, to  talce  either  of  the  following  three  sets, 
first  at  6  A.M.,  2  p.m.,  and  10  p.)l;  or,  secondly, 
7  A.M.,  2  P.M.,  and  9  p.m.  The  barometer  attains 
its  own  mean  height  between  mid-day  and  one 
oVIock — the  moment  varying  according  to  the 

season TV.  The  weight  of  the  atmosphere  over 

any  locality  is  likewise  subject  to  other  and  ap- 
parently irregular  fluctuations.  These  depend  on 
motioru  withhi  our  aerial  envelope  itself^  and  will 
be  treated  in  a  subsequent  section,  as  well  as 
under  Rain,  Winds. 

(8.)  Atmosphere^  Causes  qf  the  Changes  of 
Weight  qf  Influence  of  the  BabitUdes  qfits  Con- 
stituents.— ^We  shall  not  attempt  at  present  to 
explain  the  causes  of  those  permanent  irregular- 
ities in  the  weight  of  the  atmosphere,  which  de- 
pend simply  on  the  latitude^  and  apparently  also 
the  longitude,  of  the  place.  But  the  fluctuations 
adverted  to  in  IL  and  JIT.  paragraphs  of  the 
forgoing  section  can  readily  be  accounted  for. 
In  ^e  case  of  a  permanently  elastic  atmosphere,  a 
proposition,  already  hinted  at,  would  be  absolutdy 
true : —  When  the  barometer  falls  t»  a  country,  it 
is  because  the  temperature  of  the  country  is  higher 
than  that  qf  the  ndghbouring  countries,  whether 
because  it  is  heated  directfy,  or  because  these  coun- 
tries are  cooled;  on  the  contrary,  the  rise  of  the 
barometer  proves  that  this  country  becomes  colder 
than  those  which  surround  iL  A  proposition 
flowing  out  of  one  general  and  simple  considera- 
tion, viz. : — In  an  atmosphere  in  equiUbrio  as  to 
temperature,  all  its  columns,  from  base  to  ex- 
treme surface,  would  at  e^'eiy  Ibcality  be  of  the 
same  height  and  weight  If  one  column  be 
heated,  it  will,  as  has  been  said,  expand  andjlow 
over  ikt  others,  or,  it  wUl  lose  in  weight.  On  the 
contrary,  if  a  column  is  cooled,  it  wUl  contract  in 
volume ;  and  the  neighbouring  columns  will  flow 
into  it,  and  augment  its  weight  Taking  this  for 
our  ground  then,  we  would  expect,  that  as  a 
country  becomes  heated,  .whether  during  the 
course  of  the  seasons,  or  according  to  the  hours  of 
the  day,  the  barometer  should  fall  there,  and 
vice  versa;  in  other  words,  the  maximum  of  the 
barometer  should  occur  eveiy  where,  on  an  a%xrage, 
at  mid-winter,  and  its  minimum  at  mid-summer; 
while  two  opposite  crises  should  occur  in  its 
diurnal  course,  at  the  hours  of  greatest  daily  cold 
and  greatest  daily  heat  Now,  although  in  the 
facts  already  mentioned  there  is  a  general  corres- 
pondence with  these  laws,  we  detect  apparent 
anomalies  likewise.  For  instance,  why  have  we 
that  irregularity  in  the  curve  of  the  barometer 
during  the  season?  whence  the  apparent  minima 
in  spring  and  autumn,  and  that  comparative 
ascent  in  summer?  And  although,  as  day  pro- 
ceeds, the  mercury  £idls  between  the  periods  of 
mean  temperature— viz.,  9  or  10  in  the  morning, 
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and  9  or  10  in  the  evening — and  an  hoar  doae 
on  the  hour  of  maximum  daily  heat ;  whence  the 
singular  minimum  of  an  hour  of  the  niglit  corres- 
ponding so  closely  with  the  hour  of  greatest  eoldf 
By  consideration  of  the  dlfierent  Iiabitudes  of  the 
two  constituents  of  our  compound  atmosphere, 
these  apparent  anomalies  are  easily  explained. 
As  already  stated,  we  have  a  vaporous  mass 
mixed  with  our  permanently  elastic  envelope, 
comparatively  small  in  amount  certainly,  hat 
quite  efficient,  through  its  extreme  sensitiveness 
to  changes  of  heat,  to  impress  anomalies.  Now 
the  weight  of  the  vaporous  atmosphere  must  evi- 
dently increase  with  the  heat  of  the  season  and 
the  hour  of  the  day,  and  vice  versa.  Its  rdations 
to  the  barometer  and  thermometer  are  therefore 
the  inverse  of  that  of  the  pennanently  dastie 
envelope ;  and  out  of  this  contratKcHon  the  enu- 
merated anomalies  spring.  Fortunately  the  two 
atmospheres  can  be  separated.  By  the  instru- 
ments of  hygrometiy  (see  Hyorombtbt,  Pbt- 
chrombtrt),  the  weight  of  the  vaporous  atmo- 
sphere is  measured  by  itself;  and  by  subtract- 
ing this  weight  from  the  total  weight  of  the 
air,  we  obtain  the  weight  of  the  dry  mass  of  air 
surrounding  us.  Separating,  then,  these  two 
counteracting  influences,  and  attributing  to  each, 
its  efibct  on  the  barometer,  we  reach  the  following 
conclusions: — I.  When  the  effects  due  to  the 
vaporous  atmosphere  are  deducted,  and  we  have 
the  weight  of  the  diy  or  permanently  elastic 
envelope  alone,  the  minima  of  spring  and  autumn 
dlisappear,  and  the  heights  of  the  barometv  are 
inversely  as  the  heights  of  th^  thermometer ;  the 
one  maximum  of  the  year  occurring  in  the  dtptk 
qf  winter,  and  the  one  minimum  at  the  hottest 
period  of  summer.  The  declension  of  the  wdgfat 
of  Uie  composite  atmosphere  in  spring  and  autumn 
is  due  to  tills : — In  spring  the  pressure  of  the  dry 
air  rapidly  diminishes,  while  there  is  no  compen- 
sating or  corresponding  increase  in  the  amount  of 
vapour.  This  last  increases  rapidly  towards  the 
height  of  summer,  compensating  for  and  counter- 
acting, in  so  far,  the  continued  diminution  of  the 
weight  of  the  dry  air ;  and  in  autumn  the  aqueous 
vapoilr  rapidly  precipitates,  while  the  weight  of 
the  dry  air  augments  only  slowly.  Exactly,  too, 
in  proportion  as  the  seasons  (Ufier  from  each 
other  at  any  place— t. «.,  according  to  the  difler- 
ence  between  mean  winter  and  mean  summer 
temperature— is  the  difference  between  the  winter 
maximum  and  summer  mintmtifn. — II.  The  diurnal 
oscillations  of  the  barometer  or  of  the  weight  of 
the  atmosphere,  although  somewhat  difficult  to  ex-  > 
plain  in  all  places,  evidently  originate  in  this  same 
complex  character  of  our  envelope.  M.  Dove,  of 
Berlin,  first  proposed  a  separation  of  the  efii»et8 
of  the  two  atmospheres,  as  the  key  to  these  irre- 
gfularities;  and  the  following  are  his  general 
results:— Take  away  the  effect  or  weight  of  the 
vaporous  atmosphere,  and  the  oscillations  are  ler 
duced  to  one  single  cur\'e ;  viz.,  from  a  maximum 
some  time  after  midnight,  or  the  hour  of  greatest 
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cdl  to  a  ■miMMH  at  the  Imir  cf  greatest  heat; 
tte  criMi  in  tha  mondng^  and  erenii^  disappear. 
Xhe  midaigfai  ^■»*'**'HTiiti  of  dry  air  *M'<?!MiMff  the 
■inhnam  of  the  composite  atmoephere,  because 
ef  Uk  icmaikafala  akBttactkm  oi;  or  oondenaatioii 

only  oocoTring  at  tMs  diomal 
Tliera  is  a  monung  maximani  again, 
of  tte  rapid  aaoeot  of  rapoar  as  the  tern- 
BgnMntSb  About  three  or  four 
ia  the  aftoraoon,  tha  great  descent  of  the  wei^^t 
af  tha  dry  air,  coimteracta  the  augmented  wdgfat 
nd  conatitates  a  aiMtiniHfit;  while  the 
of  Tapoor  towards  evening,  over 
by  tha  increase  of  weight  of  the 
an  evening  maximum,  Tha. 
givBD,  may  be  cavried  oat  so  far  as  to 
tir  tha  Taiyidg  au^fUtudeB  of  the  dinnial 
aooording  to  latitude;  so  that  these 
difficmk  movements  of  the  barometer, 
«  saaftf  Dothhig  wan  than  one  regular  ftatnrs 
of  a  plaeei 
(4.)  AtrntHfdm^,  l4e  ffabUmde$  qf  a  VerHcal 
wfi — Jt  la  BOW  necessaiy  to  consider  our 
fai  idennoe  to  another  of  its  dimen- 
TU^  tea  height  or  depth,  and  the  phenomena 
to  ita  TBrions  strata — arranged  ae- 
to  thdr  altitudes.  As  explained  in  a 
faeiiuaa  artide  (ALnmnEB,  MiAsumcMKHT  op), 
Ihi  ihaaitiea  of  the  varioos  strata  of  air,  or  what 
Is  tha  saaae  tUag,  the  weight  of  the  masses  in- 

.  dccreasa  in  geometrical  pro- 
as their  height  above  Uw  surfaoe  of  the 
in  arithmetical  progression ;  which 
pmdple,  aoapled  with  facts  dedooM 
naUes  as  to  oonstract  as  ap- 
aocorate,  the  Ibllowing  table:— 
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that  at  such  a  rate  of  diminution 

Bty  tlie  atmoephere  may  virtually  be  said 

a phvrieal limit  not  far  removed  fivm  us: 

V  liigh  above  us,  as  Londm  is  dts- 

tito  dty  in  wliich  we  write  (Glasgow), 

ioeh  of  the  air  we  breathe,  would  be 

so  vastly  that  it  would  fiU  a  sphere 

dttmeter  to  tlie  orbit  of  Saturn  I     But 

boDDdanr  of  the  atmosphere  Is  fiur  less 

am  seaiuely  conceive  it  extending 

Ihsa  ihVD  100  to  150  miles.    There  are 

JT  Jmpwtant    oooaiderations  intimately 

j|^  «^  ihw  ispid  deckBsion  of  the  density  of 
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a  vertical  column  of  air.— L  The  iertq)eraiun  df 
the  atmosphere  diminishes  as  it  grows  rarer^  or 
as  we  ascend  in  it  The  exact  relation  of  this 
decrease  of  temperature  and  decrease  of  density 
is  perhaps  not  accurately  established ;  and  it  is 
plain  that  it  must  be  seriously  affbcted  by  the 
diverse  winds  prevailing  in  diverse  parts  of  the 
earth,  and  other  circumstances.  Nevertheless,  it 
may  be  stated  that  in  our  northern  climates  the 
diminution  is  not  far  from  1®  for  270  feet  of  per- 
pendicular ascent  Or  more  accurately,  a  general 
formula  may  be  given  in  the  following  terms. 
Taking  85°  as  the  mean  temperature  of  the 
surface  of  the  earth  at  the  equator,  and  58°  the 
mean  temperature  at  latitude  45°,  we  have  for 
any  other  latitude  ^  the  mean  temperature  f,  from 
this  equation — 

<  =  58°  +  (85°  —  58°)  .  cos  2  f 

or 
I  =  58°  -I-  27°  .  cos  2  ♦ 

and  if  the  place  is  h  feet  above  the  surface  of  the 
ground,  or  n  times  270  feet, 

f=68°-{-27cos29  —  a 

On  ascending  into  the  atmosphere,  at  every  lati- 
tude, a  point  or  altitude  will  always  be  reached 
at  which  it  rather  freezes  than  tliaws;  a  point 
named  the  point  or  limit  of  perpetual  congelation. 
This  point  is  found  with  a  general  accuracy  by 
the  equation 

82°  =  58°  -f  27  COS  2  #  —  n 
or 
a  =  26  -|-  27  008  2  ^ 

a  formula  which  would  give  14000  feet  as  the 
height  of  perpetual  oongelatian  at  the  equator. 
The  actual  height  is  greater  than  this;  but  the 
formula  tolerably  well  represents  the  average 
elevation  of  the  line  at  the  various  latitudes.  No 
general  formula,  however,  is  applicable,  unless  the 
limit  of  accuracy  be  regarded  as  very  wide,  in- 
asmuch aa  the  height  of  perpetual  snow  in  any 
country  whatever,  dq)ends  during  any  conrse 
of  years,  on  elements  having  litUe  connection 
with  the  latitude,  such  as  the  temperature  of  the 
plains  or  plateaux  above  which  the,  snows  fall, 
the  degree  of  the  heat  and  the  duration  of  the 
summers,  the  quantity  of  snow  iUling  during 
winter,  the  prevailing  direction  of  the  winds,  the 
more  or  less  continaUal  character  of  the  country, 
the  dryness  and  transparency  of  the  atmosphere, 
the  escarpments  of  the  mountain  summits,  and 
the  masses  of  neighbouring  snows.  In  the  im- 
mediate proximity  of  this  line  of  congelation, 
lying  clowly  bdow  it,  is  the  region  of  the  ghden, 
those  immense  masses  of  moving  snow  and  ice 
which  have  performed  so  important  a  part  in 
modifying  the  present  surfaoe  of  our  globe.  IL 
This  regular  diminution  of  temperature,  as  we 
ascend  in  the  atmosphere,  induces  ver}'  important 
efiects  on  the  wgioroits  poriion  of  our  envs]op«i 
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It  18  easy  to  see,  in  the  first  place,  that  since  this 
vaporous  portion,  however  small  its  relative 
quantity  or  weight,  plays  the  remarkable  part 
assigned  to  it  above,  in  the  production  of  the 
barometric  oscillations  at  the  snr&oe  of  the  eartli, 
we  should  here  expect  a  key  to  changes  in  the  law 
of  these  oscillations,  acconUng  to  the  elevations  at 
which  we  observe  them.  The  vaporous  atmo- 
sphere diminishes  in  weight  as  we  ascend,  much 
more  rapidly  than  the  diy  air,  and  its  influence 
accordmgly  becomes  less  and  less  felt  But  of 
much  more  importance  is  this, — the  vapijrous 
atmaaphere  is  cotutrained  to  adjust  itself  to  the 
tempercUures  <^the  dry  atmosphere;  and  as  these 
temperatures  are  not  what  its  different  strata 
woiUd  naturally  assume,  it  must  be  regarded  as 
placed  by  its  associate  in  a  condition  ofrestramL 
Out  of  this  restraint  almost  all  the  phenomena 
of  hifdrometeors  may  be  said  to  spring ;  and  these 
again  react  on  the  dry  atmosphere  and  produce 
in  it  remarkable  changes.  The  topics  now  referred 
to,  will  be  fully  discussed  elsewhere ;  especially 
in  the  articles  on  Htobometbt,  Hydbombteobs, 
and  WiKDS  (q.  v.) 

(6.)  Atmosphere  i  Irregular  Oscillations  qfy 
Weiffht  of  Motions  of, — Besides  the  periodic 
oscillations  now  mentioned,  the  weight  of  the 
atmosphere  over  every  locality  is  subject  to 
changes,  recurring  indeed,  but  whose  periods  are 
not  fixed,— originating  in  more  complex  causes. 
It  cannot  have  £Euled  to  be  observed,  that,  through 
effect  of  what  has  been  expliuned,  our  aerial 
envelope  must  be  in  a  oondition  of  unceasing 
motion.  That  inequality  of  heat  which  belongs 
to  the  sur&oe  of  our  globe  (Cumate)  neces- 
sarily aflfects  variously  ^e  columns  of  air  super- 
incumbent on  the  surface ;  these  cease  to  balance 
each  other  in  a  state  of  rest ;  and  interchanges  of 
currents,  with  a  view  to  the  re-estabUshment  of 
equilibrium,  are  the  consequence.  To  fscilitate 
an  accurate  apprehension  of  the  charactor  and 
efiect  of  such  motions,  it  is  needftil  to  distinguish 
carefully  the  two  quite  different  ways  in  which 
any  fluid, — ^whether  liquid  or  permanently  elastic, 
— can  be  agitated.  These  two  ways  are  as  fbllows: 
firsts  by  effect  of  a  transmission  of  its  particles 
from  one  place  to  another  at  a  greater  or  less 
rapid  rate,  sa,  for  instance,  in  the  case  of  eurrtnts 
of  water  or  rivers,  or  aerial  ufinds  or  gaJks;  and 
teeondly,  by  the  mere  transmiKion  of  motion  or 
of  oscillations^  as  in  the  case  of  the  propagation  of 
vibrations  along  an  outstretched  string.  Of  this 
latter  sort  are  the  tidal  waves  of  the  ocean,  which, 
every  observer  knows,  do  not  tranq>ort  a  footing 
body  on  their  surface^  that  body  remaining  com- 
paratively fixed,  or  only  rising  flmn  the  trough 
to  the  crest  of  the  waves,  and  vice  versa,  as  the 
waves  themselves  roll  by;  and  of  this  sort  also 
are  those  great  atmospheric  oscillations  now 
termed  atmospheric  tpoves.  The  phenomena  and 
influences  of  these  two  descriptions  of  motion  are 
manifold ;  we  shall  give  a  brief  account  of  them 
aepantely. — L  JftnoQuAeriewavef.— Every  dose 
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observer  of  barometric  changes  must  have  notioed 
the  remarkable  fact,  that,  irre^)ective  of  dinmal 
and  seasonal  dumges,  there  appeals  everywhere^ 
a  flow  more  or  less  regular,  of  wiiat  may  be 
tormed  barometric  maaaima  and  mmMia,  wc^ 
accompanied  by  winds,  or  at  all  events  having  no 
visible  relation  to  winds:  first,  there  occurs  a 
minimum  of  pressure,  then  the  pressure  gradually 
rises  until  it  attains  a  maximum,  from  which  it 
again  returns  to  a  new  minimum.  These  aoo- 
cessions  are  evidoitly  no  repetition  of  one  pheno- 
menon, because  the  distance  of  time  between  the 
two  minimar  and  the  difference  of  preasure 
between 'the  maximum  and  minimum,  are  not 
the  same  on  the  recurrence  of  the  change;  tiicy 
are  rather  a  series  of  individual  phenomena,  tnuth. 
of  the  same  kind.  It  is  observed  too,  that  such 
changes  at  one  j)lace  are  attended  by  correspond- 
ing changes  at  many  other  places  distant  as  well 
as  near,  so  that  the  entire  occurrence  may  be  re- 
presented by  the  supposition,  that  a  great  atmo- 
spheric wave  is  being  propagated  across  these 
localities, — the  period  of  maximum  pressure  beings 
the  moment  of  the  transit  of  the  crest  of  the  wave^ 
while  the  preceding  and  succeeding  mtntiBMS 
indicate  the  passage  of  its  trough.  The  distance 
ih>m  minimum  to  minimum  would,  under  thi» 
view,  indicate  the  breadth  of  the  oscillation  or 
wave,  and  the  difi^rence  between  the  mtaimum 
and  minimum  pressure,  ite  am^Uiuds.  The 
character  and  progress  of  these  waves  have  not 
been  ckMdy  studied  until  recently,  and  ouir 
knowledge  of  them  is  still  very  impcvfect  By 
the  labours,  however,  diiefly  ii  Mr.  Birt,  wiio 
has  wrought  most  effectivdy  under  the  encourage- 
ment of  the  British  AssodaHon^  certain  important 
results  Iiave  been  established.  The  Atmosphere 
it  appears  b  always  agitated  by  such  waves ;  and 
there  appear  to  be  many  systems  of  them,— one 
system  often  meeting  with  another,  and  occasioning 
curious  and  complicated  knots  and  lines  of  pres- 
sure. The  extent  of  a  main  wave  is  very  great :  of 
which  the  chart  at  the  top  of  next  page  is 
highly  illustrative.  It  traces  the  progress  of  % 
minimum  for  three  successive  da^'s,  over  that 
vast  stretch  of  country  from  Paris  to  Peibm,  and 
mdicates  the  vdodty  of  its  march.  The  bend- 
ings  of  these  curves  are  very  curious,  bdng  caused 
diiefly  by  the  difierent  vdodties  with  which 
the  waves  are  propagated  over  different  regions. 
The  lap  round  the  Alps  Is  espedally  notioeabla 
Mr.  Birt  has  gone  into  mudi  greater  detail  than 
we  can  follow  h^e;  he  has  even  sketched  the 
shape  or  section*of  several  important  waves  in  hie 
various  reports. — ^The  various  causes  of  these  osdl- 
lations  cannot  of  course  be  accuratdy  aseertained, 
until  .the  facts  concerning  them  are  known  over 
the  greater  part  of  the  earth.  But  something., 
although  not  the  whole — is  apparently  due  to  dis- 
turbances occurring  in  the  polar  regions,  thnmgh 
the  sinking  of  the  upper  equinoctial  cnrrento  of  air 
(see  WiUDs),  and  the  departure  southward  of  the 
colder  polar  currents.    If  this  intercfaaiige  took 
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fiao*  cxacdj  at  th«  pcde,  we  should  have  a 
pnvpagatkn  of  waves  towards  the 
ezttDdiDg  arouDd  the  whole  earth;  but 
DOC  do  80  (see  Tbjepbbatdbb),  there 
a  scxies  of  separate  waves,  stretching 
the  south  ahmg  secforv,  whose  angles 
r  less  acute  or  obtuse,  and  generall  j 
;  with  each  other.  The  foUowing  general 
hflwevcr,  may  be  safely  accepted  as 
np  our '  present  knowledge  of  the 
and  pragiesB  of  these  waves.  Itrtt, 
B  constantly  traversed  by  several 
aystema  of  waves.  These  interfere  or 
and  so  pcodnoe  over  everv  locality  on 
a  special  condition  of  atmospheric  pres- 
Amidst  an  the  variations  of  such 
Its,  then  may  be  always  traced  a  pre- 
siystam  of  waves  belonging  to  and 
of  the  same  dimate,  or  large  portion 
g^ab^  Tkird,  AU  atmospheric  waves,  in 
and  Asia,  are  propagated  frook  north,  to 
^iti>.>«igti  not  with  the  same  velocity ;  they 
rapidly  in  central  Enrope  and  in  Asia, 
t  Chcy  do  in  Bassia  and  the  countries  around 
Cral  («ee  Chart).  Fourthj  Atmospheric 
|BOpagaied  with  greater  facility  over 
tta  wmiaot  of  oeaanSi  than  acitMS  continents. 
In  ffBBcral  the  asperities  of  the  globe^  especially 
cfams  ef  loftj  momitaiDS,  diminish  their  velocity 
and  afaa  jiwp^^  their  intensity  or  amplitude. 
Fiflk,  Tins  luaqnalttx  at  vebcity  on  continents, 
lteii%ibboi0liood  of  the  sea,  and  near  mounuins, 
cifUn  the  hrfff**'*^  ^  cinaosities  of  the  line 
ii  dvimemr  dhart,  w  well  as  of  aU  other  lines 
rf«2^to^       ^S^T^evelodtyof 

^^  ^iL^LTZ^  toMV  atnte  from  eighteen  to 
tnagt  »««V /^iJriB  the  Ural  they  do  not 


Seventh,  The  directioB  and  progress  of  atmo- 
spheric waves  have  ne  relation  to  the  prevailing 
windt.  It  is  with  them  exactly  as  with  waves 
of  tr/tmd,  which  are  transmitted  in  all  directions 
without  regard  to  the  winds,  although  these  last 
sometimes  modify  both  their  intensity  and 
velocity. — It  scarcely  requires  to  be  remarked 
how  importantly  the  progress  and  concurrence  of 
these  great  oscillations  must  modifyr  atmospheric 
pressure  over  every  locality.  The  complete 
mapping  of  them  is  a  task  very  far  firom  being 
ac<x>mplished ;  nor  until  after  that — ti&ough  con- 
^stant  observation  at  vastly  more  numerous 
stations — shall  have  been  achieved,  would  it  be 
reasonable  to  expect  a  satisfactory  theory  of  their 
origin  and  habitudes.  One  cannot  avoid  reflect* 
ing,  that  were  the  outer  shell  of  our  atmosphere 
self-luminous,  these  waves  and  their  intcrlocings 
would  present  to  a  spectator  from  without,  features 
hr  from  dissimilar  to  that  singularly  mottled 
aspect  of  the  apparent  surface  of  the  Sun. — IT. 
The  second  class  of  motions  characterizing  the 
mass  of  the  atmosphere,  is  much  mora  noticeable, 
through  the  higher  and  more  palpable  nature  of 
its  effects.  Windty  properly  so  called,  are  true 
currenti — ^violent  displacements  of  the  aerial 
particles — ^just  as  the  water  of  a  river  does  not 
oscillate  but  flow  onwards.  The  mainspring  of 
all  such  (rons/o^iofis  has  been  already  indicated, 
viz : — if  one  vertical  column  of  air  he  heated  or 
coined,  a  current  i$  necetearily  thereby  determined 
tcnpords  the  heated  column  orjrom  the  cooledone. 
The  physical  relations  and  character  of  different 
regions  of  the  earth  render  this  inequality  of 
heating  an  essential  part  of  its  constitution :  for 
instance,  the  equinoctial  columns  of  the  atmo- 
sphere must  always  be  warmer  than  the  polar; 
the  air  over  continents  must  be  wanner  in  sum- 
mer and  colder  in  winter  than  the  air  over  cob- 
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tiguons  oceans;  the  air  resting  over  a  desert  of 
sand,  is  always  hotter  than  that  which  overhangs 
a  region  of  forest,  &c.  &c.  Wmda  thns  arise  neces- 
sarily ;  they  most  exist  always ;  and  whatever 
their  complication,  they  form,  as  we  hare  said, 
an  essential  characteristic  of  our  atmosphere. 
The  subject  which  has  now  come  before  os  being 
one  of  the  most  complex  and  extensive  connected 
with  the  physical  geography  of  the  earth,  can- 
not rightly  be  discussed  as  part  of  another  article. 
We  shall  give  a  synoptic  view  of  our  Itnowledge 
conoemipgit,  nnder  theappropriatehead — Winds, 
to  which  general  head  we  refer  all  aerial  move- 
ments of  translation,  whether  these  are  local  or 
oosmical,  gentle  or  so  violent  that  they  amoant 
to  httrricanes  and  typhoons, — generically  to  ttorms. 
It  may  be  remariced  in  this  plaoe-^  reference 
to  much  already  adverted  to — that  each  wind  has, 
in  eveiy  separate  locality,  its  peculiar  but  deter- 
minate barometric  influence,  so  that  the  variability 
of  winds  has  to  be  subjoined  to  those  many  causes 
above  specified,  of  variations  of  Atmospheric  pres- 
sure.   Compare  the  article  just  mentioned. 

(6.)  Atmosphere^  Heat  of. — Some  leading  ftudB 
regarding  the  heat  of  the  atmosphere  have  been 
already  spoken  of.    For  the  rest  compare  Teu- 

PERATORB. 

(7.)  Atmosphere,  Optical  Phenomena  of. — ^The 
Atmosphere  acts  upon  the  Ray  passing  through 
and  into  it,  in  various  ways: — It  absorbs,  and 
therefore  reflects  it  partially;  it  refracts  it,  and 
thereby  evoh'es  very  interesting  phenomena ;  it 
acts  by  diffi'action  and  interference  in  produc- 
ing curious  appearances;  and  it  also  pofar^es 
the  solar  beams.  We  shall  do  little  more  in  this 
article  than  refer  to  the  diflbrent  heads  under 
which  the  various  aspects  and  operations  just 
spoken  of,  are  explained  in  sufficient  detail. — 
I.  The  colour  of  the  air  is  mainly  blue ;  a  tact 
apparent  in  the  blue  tint  assumed  by  distant  ob- 
jects— as  mountains — seen  through  it  The  ex- 
planation usually  given  is,  ci  course,  this : — ^That 
the  particles  of  the  atmosphere  rifled  blue  ra^"s 
chiefly,  and  absorb  or  transmit  the  other  rays. 
But  the  whole  subject  of  the  optical  relations  of 
gases,  is  at  present  vague  and  incomplete.  It 
seems  likely  that  a  bundle  or  sheaf  of  solar  rays, 
passing  through  large  thicknesses  of  air,  gradually 
loses  the  blue  rays  by  diffusion ;  hence,  perhaps, 
the  circumstance  that  celestial  objects  near  the 
horizon  appear  of  the  tint  complementary  to  the 
blue,  viz.,  the  yellow.  This  same  Duct  is  indicated 
by  the  spectrum  received  from  the  sun  at  difTerent 
altitudes.  As  the  sun^s  altitude  declines,  the 
violet  part  of  the  spectrum  gradually  shrinks  in 
comparative  space;  at  last  it  disappears  alto- 
gether, and  the  spectrum  yields  only  red,  orange, 
yellow,  green,  and  a  small  portion  of  blue.  The 
optical  properties  of  aqueous  vapour  give  addi- 
tional interest  to  these  phenomena.  The  yellow 
tints  of  the  sun  and  moon,  seen  through  clouds, 
are  owing  to  these  properties ;  hence  the  common 
saying,  that  a  red  setting  sun  is  a  sign  of  great 
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humidity.  It  is,  of  course,  not  possible  to  separate 
the  effects  of  the  humid  atmosphere  from,  those  of 
the  dry  one,  or  to  say  exactiy  what  is  due  to  tbe 
one  and  what  to  the  other,~they  being  always 
intermingled.  The  only  general  conclusion  we 
can  reach  is  that,  as  with  the  sea,  our  aerial 
envelope  bdongs  to  that  class  of  bodies  which 
have  tuv'o  odours— one  through  effect  of  reflection, 
and  the  other  from  light  transmitted — Instru- 
ments have  been  devised  for  measuring  the  tints 
of  the  sky.  see  Cyakombter,  Duphonoubteb. 
See,  also,  Starb,  Accidental  Colours  of;  and 
Dawn  and  Twilxort.-^II.  The  atmosphere 
plays  an  important  part,  through  its  power  to 
refract  light  Its  fnnetions  in  this  respect 
are  fully  discussed  under  Rbfractiok  As* 
trpnomical;  Mirage;  Rainbow;  Halo; 
Parhelion. — III.  To  diffiraction  and  interfere 
enoe  we  owe  the  phenomena  of  Crowns  and 
Anthkua  (compare  these  articles) ;  and  under 
the  head  Polarization  is  placed  a  full  exptans- 
tion  of  that  curious  subject,  the  polarization  of 
the  Atmoq)here, — ^lliese  references  will  guide  the 
student  to  as  accurate  a  knowledge  of  the  several 
subjects  as  our  limits  permit  us  to  ofier  him. 

(8.)  Atmosphere,  Electricity  qf. — It  is  well 
known,  and  will  be  explained  in  detail  under 
appropriate  articles  in  this  Dictionary,  that  when 
the  particles  of  a  body  experience  any  derange- 
ment, or  undergo  any  disnge  whatsoever,  wliecher 
as  to  their  natund  position  of  equilibriom,  in 
thdr  grouping,  or  in  their  chemical  oonstitaUoo, 
there  supervenes  an  immediate  separation  of  « 
part  of  what  are  called  the  two  electricities;  or, 
to  speak  more  rigorously,  a  certain  development 
of  iJie  electrical  polar  forces.  This  phenomenor 
is  invariably  produced  whenever  the  particles  are 
shaken,  or  separated  by  ftiction,  pereussioo,  heat, 
light,  chemical  action,  ftc  Now  this  same 
separation  of  the  electricities,  or  development  of 
the  polar  forces,  appeare  an  essential  dement  of 
relations  between  the  earth  and  atmosphere;  which 
two  portions  of  the  torestrial  spheroid  are,  tiunoagli 
the  influence  of  causes  far  fVom  well  understood, 
always  in  opposite  electric  states — the  latter 
manift^ng  the  positive  force,  and  the  former  the 
negative  force. — I.  Premising  that  the  instni* 
ments  used  in  detecting  the  existence  and  varia- 
tions of  atmospheric  electricity  will  be  described 
under  £i.ectro80ope,  Elkctroiistbr,  and 
Moltipurr,  we  shall  first  lay  down,  in  due  order, 
the  general  laws  which  the  facts  already  accumu-- 
lated  seem  to  indicate  on  this  curious  subject. 
1.  As  already  stated,  the  electricity  of  the  earth 
Is  negative;  that  of  the  atmosphere  jMnh've :  ex« 
tending  to  a  slight  distance  from  the  surtaoe  of 
the  earth  (a  distance  varying  according  to  the 
nature  of  the  soil,  but  which  in  the  open  cOsmtiry 
is  fixmi  three  to  five  feet),  there  is  a  newtrai 
stratum,  abo\'e  which  the  positive  polar  force 
manifests  itself,  increasing  in  intensity  as  we 
ascend.  To  ascertain  the  law  a^  this  increase 
were  of  great  importance;  and  the  otject  has 
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ftm  ton^^  to  be  ttccomplished  by  aid  of  K/e», 
ttfiif  haUoom»^  And  orrows  ahot  to  various 
Mpbts.    TIk  practkaa  diffieoltics  of  the  investl- 

rerv  great,  nor  have  any 
pnaaa  than  the  Ibliowisg  been  yet 
ateuiwA: — FaraC,  If  an  isolated  body  near  the 
MifaR  of  the  aoiL,  and  prevkxisly  in  oommunica- 
tXA  vith  the  aoil,  be  brought  into  contact  with 
the  dcctroacope,  the  gold  Imvcs  do  not  separate 
«r  give  algns  of  electrical  tension ;  hot  if  the  sky 
be  dear,  and  the  apparatns  is  carried  to  a  height, 

uid  indicate  positive  dectricity. 

The  toisian  fhos  indicated  increases 

with  the  height.      Thirds  The  ectkm  between 

two  bodiea  ahowfaiff  electric  tension,  takes  place 

"With  incwaaed  fiMnlity,  if  one  or  both  of  them 

be  caefly  vaponzed.     There  is,  therefore,  more 

poweribl  action  between  the  atmosphere  and  sur- 

taem  ti  water,  than  between  it  and  dry  snrfiuses. 

Tapotfaatkn  b  inutaaed  by  this  action;  and 

in  a  w^ofiee  state  are  thus  diffused 

the  air,  and  retain  that  state  so  long  as 

naoleciiles  remain  in  the  vesicular  state. 

C8ee  Cuicne).    /burCft,  When  the  air  is  diy 

■•  electrie  indicatiaiis  can  be  obtained,  unless 

of  veiT  long  rods;  when  it  is 

on  tlie  other  hand,  continuous 

apfpear,  although  the  rod  of  the  instm- 

be  eoDparativdy  diort.— 2.  During  serene 

the  teasioa  c€  atroosplieric  electricity 

regular  variatkms,  according  to  the 

of  tfie  day  and  the  season.    We  owe  most 

knowledge  on  this  subject  to  Sehubler 

ef  Stattgsvd,  Antgo  of  Paris,  Qoetdet  of  Brussels, 

lately  to  the  meteorological  Observatory  at 

It  appean^  jirrt,  that  we  liave  eveiywhers 

tare  daily  maxmia  and  two  daily  minima  of  ten- 

At  Scottgard,  fat  instance,  there  is  a  mini- 

wXfimr  in  the  meniing,  a  fiMwt»M«»  at  mght^ 

at  Job  in  the  afternoon,  and 

between  ei^  and  mxM  at 

And,  Moondjf,  that  the  preoteff  intensity  is 

r,  and  Che  feosf  in  niminer;  or,  rather,  that 

weather  the  intensity  of  atmospheric 

is  in  proportion  to  the  increase  of  cM, 

of  these  variations  is  probably  the  fol- 

: — Toiwards  midnight  the  electricity  of  the 

oaght  to  be  fe^le,  because  the  hu- 

of  the  erenmg  and  the  first  hours  of  the 

through  its  conducting  power,  have 

to  the  earth  a  portion  of  what  had 

aecnmnlated  in  the  air;  when  the  sun 

with  its  heat,  tlie  vapours  rut^  instead 

^^fiBmg;  so,  all  discharge  in  thb  way  ceases ;  as 

the  an's  heat  increases,  mbA  asoends  to  its  maxi- 

the  air  geta  quite  dry,  becomes  a  bad 

and  thos  affeeto  the  instruments  only 

(r,  as  the  son  descends,  vapour  is 

ftr  a  time  transmits  electricity 

'dMDdaatlr  from  above — so  that  we  have 

Mr  two  apyutrnt  wtfif*"*^  >i>d  two  minima. — 

h  tte  — -*  way  the  annual  variations  can  be 

^ff^     Daring  tJie  beat  of  summer  the  air 
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b  diT,  and  a  bad  conductor;  while  in  winter  the 
humid  air  b  a  good  conductor. — It  would  seem, 
therefore,  that  these  maxima  and  minima  rather 
relate  to  the  conductive  power  of  the  infMor 
strata  of  the  atmosphere,  than  to  the  absolute 
tension  of  atmospheric  electricity  itself. — II.  The 
foregoing  results,  imperfect  as  thev  are,  do  not 
hold  except  when  the  sky  b  clear.  The  formation 
of  clouds  originates  other  eleotric  phenomena,  of 
great  complicacy,  and  sometimes  of  remarkable 
splendour.  The  student  will  oonsnlt  Cloud, 
THnKDBB-STOBM,  LioHTKiKO.  —  III.  Certain 
imposing  meteoric  phenomena  are  likewise  due 
to  the  electric  state  of  the  atmosphere.      See 

Water-spout  and  Hail.-8tobii IT.  As  to 

the  origin  of  atmospheric  electricity,  a  few 
words  must  suffice,  nor  are  these  proposed  in  con- 
fident solution  of  the  difficulties  of  thb  obscure 
subject  The  inquiry  as  to  the  origin  of  any 
development  of  the  electric  forces  b  tantemount 
to  thb : — What  changes  are  proceeding  among 
molecules  of  the  bodies  in  connection  with  which 
the  development  takes  pbce  ?  The  most  evident 
and  extdisive  change  of  molecular  condition,  con- 
nected with  the  relations  of  the  earth  and 
atmosphere,  b  ewgHnxUion,  It  b  estoblished  by 
dedsive  experiments,  that  during  the  process  of 
the  pure  and  simple  evaporation  of  water,  at  the 
surfioe  of  the  earth,  no  palpable  electricity  b  dis- 
engaged ;  the  negative  electricity  of  the  foam  and 
vapour  produced  Btjett-d'eaa  and  cascades  being 
referable  to  quite  another  cause:  but  there  is  a 
certain  development  of  the  polar  forces,  during 
evaporation  from  taline  mataet.  Something  of  the 
phenomena  in  question  may  also  be  attributed  to 
those  innumerable  chemical  reactions  that  occur 
within  organized  bodies;  although  as  these  reac- 
tions take  place  in  very  different  directions,  and 
the  gases  that  escape  are  continually  touching  the 
surfaces  and  interior  parts  of  these  bodies,  it  is 
certain  that  quantities  of  developed  electricity, 
must  be  immediateljf  reoompoted.  Only  one  other 
resource  remains,  viz.,  thermo-electricity.  It  b 
well  known  that  the  unequal  distribution  of  heat  in 
a  heterogeneous  metal  suffices  to  separate  the  elec- 
tricities; the  portionswhich  are  most  heated  teking 
a  n^ative  electricity  and  those  which  are  least 
heated,  positive  electricity.  It  b  not  improbable 
that  we  ought  to  consider  the  earth  and  atmo- 
sphere under  thb  reUtion.  The  higher  parts  of 
the  atmosphere,  because  of  their  rapidly  diminish- 
ing heat,  ought  to  become  more  and  more  posi- 
tive, while  the  earth  should  show  an  increasing 
negative  intensity  downwards  to  its  centre.  Thb 
explains  the  fact  too,  of  the  greater  separation 
and  display  of  electric  forces  in  the  tropic  regions ; 
for  there  the  foregoing  contrasts  are  tiie  greatest. 
The  intensity  of  these  phenomena  naturally 
diminishes  as  we  pass  towards  the  temperate 
zones;  and  it  may  be  that  the  polar  regions, 
where  the  aerial  gradation  of  heat  is  compara- 
tively inconsiderable,  serve  as  a  point  of  re-union 
to  the  polar  forces  disengaged  elsewhere ;  and  it 
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may  be,  in  so  far,  on  this  account,  that  they  are 
tho  theatre  of  the  brilliant  displays  known  as  the 
Aurora. 

AtmomphereB  of  the  Plapeta.  See  Appen- 
dix. 

Atmccton.  Among  the  various  motions 
visible  in  the  material  universe,  there  is  a 
laige  and  important  class,  resembling,  in  every 
way,  what  would  take  place  if  one  portion  of 
matter  drew  other  portions  towards  itself;  for 
instance,  as  with  the  magnet  and  a  piece  of  iron : 
to  this  class  of  phenomena  the  name  or  term 
AUraction  has  been  assigned.  The  phenomena 
in  question  may  be  divided  inter  direct  and  tn- 
direct^  or,  perhaps,  timple  and  componie.  The 
mmpU  instances  of  attraction  in  the  universe  are 
countless.  Foremost  of  all,  we  have  the  case  of 
falling  bodie»i  first  scientiiically  treated  by  Gal- 
Gleo,  which  originated  the  idea  that  the  ^rth,  and 
perhaps  ererjf  portion  of  &,  have  a.  significance 
amid  surrounding  motions,  as  if  they  drew  all 
other  matter  towards  them.  This  latter  ex- 
tension of  the  phenomena  of  terrestrial  attrac- 
tion, was  completed  by  the  demonstration  by 
Maskelyne,  ef  the  effect  of  the  mountain  Sche- 
hallien  on  the  plummit,  and  by  those  curious 
experiments  by  Cavendish  (since  repeated  by 
Mr.  Baily  and  others),  which  demonstrate 
that  balls,  of  perfectly  unmagnetic  metal,  visibly 
attract  each  other.  To  this  same  class  must  be 
referred  direct  magnetic  attraction,  electric  at- 
traction, &&  The  indirect  instances  of  attrac- 
tion have  the  following  characteristic.  Attraction 
is  not  seen  in  them  purely:  it  is  inferred  as  one  of 
the  simple  or  primal  constituents  of  a  composite 
phenomenon.  For  instance,  in  case  of  a  trigectory 
or  projectile,  the  attraetion-of  the  eartb  enters  as 
an  element;  for  when  we  disengage,  from  the 
motion  of  the  projectile  the  effect  of  the  horizon- 
tal impulse  given  it,  we  find,  alike  in  its  ascent 
and  descent,  the  precise  phenomena  of  falling 
bodies.  Again,  the  planets  do  not  fidl  to  the 
sun,  as  a  stone  does  to  the  earth ;  but  if  we  dis- 
engage from  their  curvilinear  motion  the 
effects  of  a  primal  impulse  onward,  we  also  de- 
tect as  a  residuum,  this  tendency  to  fall  to- 
wards the  sun,  as  if  they  were  drawn  towards 
him.  In  the  same  way  all  chemical  phenomena 
are  conceived  to  indicate  attractions  indirectly; 
80  that  it  has  come  to  be  held  as  an  assumption, 
which  may  be  accounted  general  in  physical  in- 
quiries, or,  in  other  words,  a  physical  axiom,  that 
all  matter  tends  to  attract  or  draw  towards  it  other 
matter,  unless  in  the  case  nf  opposite  polarities 
(see  FoLAB  Forces).  Further  speculative 
views  on  this  subject  are  given  under  the  article 
BoscoviCH.  There  are  two  very  distinct  and 
disparate  lines  of  thought  and  inquiry  r^arding 
these  phenomena  of  aliraciion.  1.  The  inves- 
tigation of  the  laws  or  the  onfer  of  those  moUons  to 
which  we  apply  the  epithet  attraction.  In  re- 
gard to  /ailing  bodies,  this  was  at  once  begun 
and  accomplished  by  Gallileo.    Kewton  finally 
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disposed  of  the  important  question  In  leferRDOt 
to  that  veiled  attraction  towards  the  aun,  which 
is  indicated  by  planetary  orhit^  and  velocities: 
others  have  wrought,  and  are  working,  in  the 
same  field,  as  to  electric,  magnetic,  and  chemical, 
and*  other  physical  attractions.  2.  It  is  quUe 
otherwise  with  inquuies  as  to  the  physical  ceatse 
of  the  phenomenon  named  attraclion;  of  this, 
physical  science  can  never  know  anything. 
It  may  discern  relations  connecting  the  various 
attractions,  and  thus,  it  may  be,  ultimately  assi- 
milate them,  or  discover  some  simple  law  that 
comprehends  all  their  diversities ;  but  the  mate- 
rial world  can  never  reveal  anything  bnt  se- 
quences, and  the  order  of  sequences ;  so  that  the 
inquiry  as  to  the  efficient  cause  of  such  pheno- 
mena is  beyond  reach  of  physical  inquiry.  The 
frequent  misconceptions  as  to  the  physical  signi- 
ficance of  the  word  attraction,  and  the  mass  ot 
useless  speculation  thereon  built,  would  have 
been  avoided,  had  attention  been  paid  to  the 
important  truth  uem  indicated ;  nor  can  we  al- 
together exempt  finom  censure  those  speculations 
by  Lapkce,  which  seemed  to  this  prince  of 
mathematicians  but  very  indifferent  metaphysi- 
cian, to  intimate  almost  an  a  priori  necessity 
for  the  law  of  gravitation  of  Newton.  See 
Systeme  du  Monde, 

Atw««d*a  niBcMiie.  Perhaps  no  questieiis 
\a  mechanics  are  more  interesting  than  those 
concerning  the  fall  of  bodies.  They  were,  how- 
ever, for  a  long  time  the  subject  of  but  very  slight 
and  inefficient  experiments.  Bodies  iaU  in  so 
short  a  time  through  so  considerable  a  space,  tliat 
it  was  found  impossible  to  get  to  elevations  fitted 
in  other  ways  for  the  purposes  of  experiment* 
sufficient  to  let  us  observe  them  easily.  Besides, 
the  resistance  of  the  air,  though  at  the  commenoe^ 
ment  of  a  body's  fall  very  slight,  becomes  yet 
considerable  as  its  velocity  increases.  Tlie  ma- 
chine of  Atwood  proposes  to  reduce  the  velocity  of 
falling  bodies,  and  so  to  enable  us  to  observe  their 
laws,  by  giving  us  time  for  experimenting,  and 
by  rendering  the  resistance  of  the  air  compara- 
tively insignificant  It  accomplishes  this  ol^ect 
thus : — ^A  string,  to  which  two  equal  weights  are 
attached  at  the  two  ends,  passes  over  a  pulley, 
and  remains  in  equilibrium.  A  very  small 
weight  (small  compared  with  either  of  the  equal 
weights)  is  then  added  at  one  end,  and  the  string 
at  that  end  commences  to  descend.  It  is  evi- 
dent that  the  force  which  gravity  exerts  iqnn 
the  descending  equal  weight  is  exactly  balanced 
by  that  upon  the  ascending.  The  only  force 
acting,  therefore,  upon  the  weights  is  the  force  of 
gravity  pulling  the  smaller  weight  down.  This 
force  is  used  to  produce  an  equal  motion  upon 
the  three  weights  together;  and  we  have  thus, 
calling  g  the  force  of  gravity  operating  on  these 

gB 

three  weights,  if  left  free,  a  force  ^  ^^ . — , 

**  2  m  -|-  n 

where  m  represents  cither  of  the  equal,  and  n 
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IbeaBaServeigiLt.     Thb  ibroe  will  be  equal  to 


2  m 


may  be  made  as  large 


m  ve  diooae,  by  sufficiently  increasbg  m  and 

ikaamAaB^   «,   aoid  where,   consequently,  the 

pwption  of  the  force  acting  npon  the  mass,  to 

ihi  nataxai  loroe  «f  'gnrrity  upon  it,  may  be  as 

wan  aa  we  dKwae.     The  rciodty  will  be  pro- 

fortioaany  smaU,  and  the  times  of  describing 

■wnaiiiihlij  e|iaoes  will  be  eaafly  nteasured  also. 

By  the  balp  of  thia  instniment  we  may  establish, 

r,  the  following  ]aw8: — ^That  the 

tocribed  by  a  body  acted  npon  by  a  con- 

fcree  are  importional  to  the  sqnares  of  the 

and  that  the  Tdodties  acquired  by  the  body 

prapostioBal  to  the  tiniea.    This  last  ]aw  wHl 

be  ebaerved,  U;  after  finding  to  what  points  the 

badf  ifachfi  in  the  socoessiTe  aeoonda,  rings  be 

filaeBd,  wUdh  shall  permit  the  lazger  body  to 

paM  thnng^  and  wbidi  wiU  detain  the  smaller. 

^  win  oontinne  with  the  velocity  im- 

;  at  tfie  noaient  of  tliis  change,  and  without 

«Bde  diminution.    Practically,  a 

beadDg  seoooda  is  attached  to  the  madiine, 

a  wy  delicate  maddneiy  is  employed  in 

iut  ficktioin  of  the  cord  npon  the  pulleys 

aa  slighi  aa  pwMe.    This  does  not,  however, 

in  ti^  least  with  the  principle  of  the  ap- 


The  cigMh  month  of  our  year.    It 

originally  caOad  SexUSt^  or  the  sixth  month, 

the  position  that  it  held  in  the  year  of 

It  reodred  ita  present  name  in  honour 

tbe  Tictoriea  of  the  emperor  Augustus,  8  b.c. 

A  nortiiera  oonsteDation. 

or,  rather,  the  Polab 
which  appeals  in  the  Arctic  le- 
bciDg  named  Boreofit,  whOe  the  Aurora 
e  smahern  pole  is  the  AmtroHs.    This 
and  most  beaatilul  phenomenon  consists 
Sffkit  varioat^  eobmred,  which  dart, 
from  all  parts  of  the  horizon 
;  and  it  is  usually  announced 
aeoonpanied  hj  great  magnetic  pertmban 
by  startings  of  the  needle.    In 
of  this  earth,  the  Aurora  appears 
foK  oBBaDy  Bke  a  dingy  fog,  in  and  some- 
above  the  northern  horizon,  and  generally 
briigfalar  towards  the  west    By  and  by 
in  mass  takes  on  the  form  of  a  circular 
letting,  at  each  end,  on  the  horizon ; 
of  it  being  surrounded  by  a 
resolving  itsdf  into  one 
I  arcs.    Then  b^gin  these 
vdUwvai  frfiMi  Mod  shoots  of  diverse  colours, 
mifmmtkim  ti  the  obaeim  segment,  which  they 
jmkvmii'  bn^  patches,  aa  if  they  threw 
AmmtJZi^iiiMitoB9ortotp^P^»^3aiL    When 
^wMpartfMo^^^^  theee  beams,  althoo^ 
If  e«j^—     —  towards  the  zeniUi, 
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where  a  centre,  or  superb  auroral  crown  is 
formed.  As  the  phenomenon  diminishes  in  intai- 
sity,  the  jets  continue,  but  the  crown  shifts,  and 
is  seen  sometimes' on  one  side  of  the  sky,  some- 
times on  the  other:  at  length  tliese  movements 
oeasQ ;  the  light  withdraws  itself  nearer  and 
nearer  to  the  western  horizon ;  the  obscure  s^- 
ment,  as  it  too  diminishes,  becomes  luminous ; 
at  length,  every  trace  of  it  disappears.  The 
most  complete  account  given  of  the  northern 
Aurora,  as  seen  in  its  own  latitudes,  is  that  by 
by  the  Frendi  sdendiic  Commission,  which,  in 
1838-B9,  spent  a  full  winter  at  Bossekop,  in 
West  Finmark,  N.  Ut  70°.  We  shall  describe 
the  nuun  features  of  the  phenomenon,  on  the 
authority  of  M.  Lottin,  one  of  the  members  of 
the  commission — ^referring  for  details  tp  the  great 
wort  published  at  Paris,  at  the  expense  of  Go- 
vernment In  the  evening,  between  four  and 
eight  o'clock  the  light  mist  which  prevails  al- 
most constantly  to  the  north  of  Bossekop,  to  the 
height  of  about  4°  or  6°,  becomes  coloured  over 
all  its  upper  rim,  or  rather  appears  fringed  by 
the  light  of  the  Aurora  existing  behind  it.  This 
bright  border  soon  grows  more  regular,  and 
merges  into  an  indistinct  arc  of  paJLe  ydlow, 
whose  extremities  rest  upon  the  earth:  an  arc 
which  rises  gradually  up  into  the  slcy,  its  key- 
stone always  nearly  coinciding  with  the  magnetic 
meridian.  Soon  afterwards  dark  streaks  sepa- 
rate the  luminous  matter  of  thb  arc ;  the  well- 
known  rays  are  then  formed ;  these  stretch  out, 
and  draw  themselves  in,  now  slowly,  now  al- 
most instantaneously;  they  dart,  diiver,  and 
dance, — augmenting  and  diminishing  suddenly  in 
splendour.  The  feet,  or  roots  of  the  rays  are 
always  especially  bright,  and  continue  dm-ing 
all  the  display  to  form  a  shining  arc  more  or 
leas  regular.  Their  length  is  very  various ;  but 
all  converge  towards  that  point  in  the  heavens 
indicated  by  the  prolongation  of  the  south  pole 
of  thefiee  magnetic  needle.  At  times  they  are 
quite  prolonged,  en  masse,  to  this  point  of  union ; 
forming  there  the  fragment  of  an  immeoseluminous 
cupola..  The  arch  in  the  meanwhile  is  itself 
mounting  towards  the  zenith,  and  is  generally 
shivering,  as  if  with  undulations ;  these  undula- 
tions or  waves  of  light,  passing  for  the  most  part 
from  west  to  east  Sometimes,  although  rarely, 
retrograde  undulations  mav  succeed ;  the  waves, 
after  passing  from  one  side  of  the  heaven  to  the 
other,  retracing  thdr  steps,  and  flowing  back  to 
their  point  of  departure.  This  alternation  of  waves 
in  the  luminous  arc,  is  sometimes  surpassingly 
grand.  At  one  time,  the  alternating  movement 
has  tho  appearance  as  if  a  brilliant  curtain  were 
above  us,  its  folds  agitated  by  the  winds ;  and, 
again,  the  edges  of  the  arc  having  separated  tnm 
the  actual  horizon,  thdr  folds  become  very  com- 
plex, inwrappmg  each  other,  and  presenting  to  the 
astonished  spectator  a  variety  of  the  most  grace- 
ful corves.  The  remarkable  appearances  now 
described,  are  presented  in  our  engraving.    The 
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brilliancy  of  the  rap  or  shooting  sheets,  is,  dar- 
ing these  extraordinarr  changes,  subject  to  sudden 
aogmentatioDS  of  intmsitj ;  so  that  it  comes  to 
surpass  that  of  stars  of  the  first  magnitude :  they 
dart  out  with  extreme  rapidity,  and  the  carves 
ai)oken  of,  form  and  reform,  as  quickly  as  the  twist- 
ings  of  a  serpent  Then  the  rays  become  coloured; 
the  base  red,  the  middle  green ;  while  the  rest  of 
them  presents  a  dear  yellow.  These  colours  pre- 
aen-e,  without  exception,  their  respective  positiotts, 
find  are  always  of  admirable  clearness ;  the  red  is 
like  blood ;  the  green  of  a  pale  emerald.  Soon, 
however,  the  phenomenon  shows  signs  of  having 
exhausted  its  vigour.  The  splendour  diminishes, 
and  the  colours  disappear;  the  arch,  meanwhile 
reforming,  omtinuing  its  ascensional  progress  and 
approaching  the  zenith,  and  the  rays  which  dart 
from  it  becoming,  therefore  through  mere  effect 
of  perspective,  shorter  and  riiorter.  At  length 
the  summit  of  the  arch  reaches  the  magnetic 
gemih — (the  point  indicated  by  the  prolongation  at 
theyres  magnet).  The  base  of  the  rays  is  thence- 
forward alone  seen ;  if  they  continue  coloured, 
they  seem  like  a  large  red  band,  through  which 
the  green  of  their  upper  parts  can  be  distin- 
guished, and  if  the  undulating  motion  formerly 
spoken  of,  has  not  ceased,  their  feet  continue  to 
form  a  long  sinuous  and  undulating  zone.  In 
the  interval  occupied  by  these  changes,  other  or 
secondary  arcs  appear;  and  while  they  preserve 
their  distance,  they  exhibit  a  succession  or  re- 
gular series  of  aspects,  such  as  has  been  described. 
Sometimes,  however,  they  approach  and  mingle 
with  each  other;  so  that  it  is  easy  to  conceive  that 
the  appearances  prodaoed  are  literally  indescrib- 
able. The  celestial  vault  becomes  an  immense  and 
magnificent  dazzling  cupola,  overhanging  aworld 
covered  with  snow,  which  again  is  environed  and 
set  within  an  ocean  black  as  pitch. — So  mudi 
for  the  general  phenomena  presented  jby  tlie 
Korthem  Aurora.  In  an  elaborate  memoir  pub- 
lished by  the  French  Commission,  M.  Bravais 
has  subjected  all  important  details  to  a  dose 
scrutiny:  he  has  spoken  minutdy  of  the  Obscure 
Segment;  of  the  Arck,  the  Rags^  and  the  Crown; 
of  Auroral  Sheets;  the  motion  of  Palpitation;  of 
the  intensitg  and  colour  of  the  A  uroral  Light ;  and 
of  its  distance.  Thelatteris  represented  as  between 
60  and  120  vertical  miles — miles  upwards  from 
the  earth's  surface:  the  determination  is  very 
uncertain;  as,  indeed,  is  sufficiently  shown  by  its 
Indeterminateneas.  No  doubt,  however,  the  au- 
roral light  is  thick;  t.e.,  there  is  a  large  inten-ol 
of  space  between  its  inner  and  outer  siufaoe.  The 
chief  value  of  M.  Bravais's  determination,  will 
be  found  in  what  we  have  now  to  say  regarding 
conjectures  as  to  the  nature  and  cause  of  the 
phenomenon.  These  are  designated  expressly  as 
cof^edures, — It  is  needless  to  dwell  on  the  earlier 
theories.  That  such  men  aa  Halley,  Mairan, 
and  Dalton,  chose  to  put  forth  explanations 
oonceming  a  phenomenon  they  had  really  never 
aeen,  or  whose  phases — ^not  the  most  ordinary— 
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had  reodved  any  determinate  or  numerical.^aiPM^ 
only  shows  that  the  exercise  of  the  general- 
izing faculties  is  comparativdy  pleasant,  and 
that  the  force  of  them,  in  most  good  minds, 
quite  overpowers  the  checks  which  ever  and 
anon  are  applied  by  persons  having  more  of  the 
observing  instinct — M.  Biot  is  an  authority 
of  a  different  order;  he  knew  something,  al- 
though not  everything,  of  the  totality  of  the 
phenomenon; — ^we  do  not  think,  however,  that 
he  made  mudi  of  it  Holding  by  the  theory  of 
its  electric  origin — a  doctrine  suggested  by  ita 
evident  connection  with  terrestrial  magnetiam — 
he  considers  its  dements  probably  compoeed  of 
metallic  particles  of  an  extreme  tenuity,  that 
serve  as  conductors  between  the  various  atmo- 
spheric beds,  which  areknown  to  be  very  unequally 
chaiiged  with  dectridty.  Suppose  then,  two 
similar  colunms  suspended  vertically  in  the  at- 
mosphere, the  dectricity  of  the  beds  of  air  lying 
from  the  top  to  the  bottom  of  these  columns,  will 
find  these  conductors  more  or  less  perfect;  and 
if  the  tendency  of  the  dectricity  to  get  into 
equilibrium  surpasses  the  resiatanoe  opposed  by 
the  imperfect  conductive  powers  of  the  said 
columns,  a  long  vertical  disdiarge  will  follow, 
sparkling  from  one  metallic  molecule  to  another; 
variously  to  thespectator,  because  he  looks  through 
a  thickneu  of  beds,  and  so  produdng  a  shifting 
auroral  phenomenon.  Is  it  possible  to  imagine 
a  grave  philosopher  more  grossly  mistaking  his 
function  than  M.  Biot  has  here  done?  We  ac- 
knowledge his  great  services;  but,  in  this  in- 
stance, he  is  only  playing  at  toys.  A  more 
rational  speculation  by  far,  is  that  of  M.  Kaemta. 
He  attributes  auroral  phenomena  to  an  dectrioal 
induction  manifested  in  the  atmosphere,  and  pro- 
duced by  changes  in  the  magnetic  intensity  of 
the  globe.  Ndther  will  this  notion,  albeit  rather 
a  favourite  one,-  account  even  for  the  known 
facts. — It  is  utterly  vain  to  search  at  present  for 
a  theory  of  the  Aurora.  What  is  known  is  this, — 
the  direction  of  the  auroral  Jets  or  rags  and  the 
position  of  the  crownj  have  a  connection  with  the 
magnetic  meridian;  and  the  aorora  prodnces 
great  magnetic  perturbation. — Further  lights  as 
to  this  singular  subject  may  be  found  by  the 
student  under  our  various  notices  of  £lbc- 
TBicrrr  and  Magnetism  As  to  theory  oc 
explanation,  we  must  even  observe  and  waU, 

Aatamm*  The  thhrd  season  of  the  year;  so 
called  from  the  increase  of  the  fruits  and  plants 
coming  to  full  maturity.  It  commences  on  the 
28d  of  September,  or  sometimes  the  22d,  the  day 
of  the  autumnal  equinox,  just  when  the  sim  is 
about  to  enter  the  constellation  Libra.  It  closes 
on  the  21st  or  22d  of  Deoember,  when  the  sun 
enters  Capricorn.  It  lasts,  in  all,  89  days,  16/^ 
hours.  During  its  continuance,  as  the  son  is 
continually  descending  in  the  signs,  the  days 
grow  shorter  and  shorter,  and  the  nights  lengthen. 

Axe  or  Axis.  It  is  difficult  now  to  define 
this  technical  term,  its  nae  has  become  so  ex« 
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taht,  cad  \ts  vwacatngs  ao  varied.     Perhaps  !  of  a  single  itartide,  it  is  easj  enoQgb,  by  9ju^y^ 
tttUkm^a^  ^vriXl  lie  found  to  comprehend  most   tical  methods,  to  determine  the  moment  of  faierda 
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<f  Iti  legitimate  agaifications  : — If  any  line 
UUi  a  tyminctilcal  pontUm  with  respect  to  any 
mttn,  motioa,  or  phenomenon,  or  if  it  be  such 
b  ib  fdatkns  to  that  system,  motion,  or  pbeno- 
HKMB,  thai  it  is  o^nTcnient  to  distinguish  it 
by  a  specific  name ;  that  line  is  termed  an  axe 
off  tiie  said  system,  motion,  or  other  phe- 
Toy  many  applications  of  the  term 
justifiable  by  no  closer  definition,  will  be 
throoghont  this  Dictionary.  I 

A  term  indicating  a 

iportant  phenomenon  and  general  theorem 

la  thai  part  of  rational  mechanics  which  relates  to 

HieraCaf«aiioi8oilidbodies,(»'  rigid  systems  of  pomts. 

Briefly ,  the  sob^ect  may  be  exphuned  as  follows : — 

If  asy  solid  body,  of  whatever  figure,  is  stnick  in 

any  plaoe  not  exactly  opposite  its  centre  of  gra- 

Titr,  it  viD  bc^gin  to  rotate,  as  well  as  to  move 

CBwaids.     It  rotates  at  first  around  an  axis, 

named  the  axis  of  spontaneous  rotation,   and 

the  posttioQ  of  which  depends  on  the  kind  of 

pv^    But  this  axis  is  not  generally  the 

Unless  that  happens  to  be  a  principal 

H  shifts;  and  veiy  soon  the  body  comes  to 

rotate  aromid  an  axis  which  it  retains,  or  which 

this  is  called  a  principal  axis. 

ry  r^d  s\-stem  has  at  least  three  such 

rigkt  angltB  to  each  other,  and  these 

an  eslkd  &e  three  principal  axes,    S<ime  bodies 

or  rigid  syitens  have  many  such — in  a  sphere, 

fr  '"Tl arery  diameter  is  a  principal  axis ; 

bat,  as  already  siud,  every  rigid  system  has  at 
The  position  of  these  axes  can  be 
hi  every  case  by  analytical  processes, 
other  of  dull  or  trouble.    The 
at  one  tune  played  a  ocmsiderable 
part  ia  iw^hanu  si  theory,  and  they  are  stiU  of 
coaadoafale  importance.    They  enjoy  one  pro- 
p0ty,  which,  as  it  is  oltes  lefcarred  to,  may  not 
iBfiUy  ha  explained  in  this  place.    There  is  a 
bmImAmI  gduaee  connected  with  rotatory  motion, 
hy  Basse  moment  ofmtrtku    The  meaning  of  it 
be  Biidpftood  firom  what  follows.    Suppose 
bodk,  or  a  rigid  system,  in  the  act  of 
about  an  axis,  with  a  definite  angular 
;  and  whQe  it  so  rotates,  let  us  fancy  a 
■!«  at  vest  suddenly  attached  to  it,  at  a 
of  r  from  the  axis.    It  is  evident  that 
vdocity  will  now  be  dlminiahed, 
the  body  haa  got  the  new  partide  m  to 
ioqg  .with  it;    Now,  it  is  diminished  to 
iJkmbig  extast : — ^The  angular  velocity  in 
8i^— K«<ft  is  expressed  by  a  formula  hi  a 
Jarw^  and  to  find  tiie  new  angular 
require  to  add  the  quantity  m  X  v^  to 
ftr  qfthat  JraeUotL.    The  quantity 
aa '  v^  Is  caDed  tfaeieibre  the  moment,  or  the  effective 
ef  the  inertia  ot  the  added  paitide — the 
of  the  (one  with  wliich  it  has  dragged 
dm  tptem  to  which  it  had  become  attadied. 
Sad  beBgtbetuiUaieciliii^  moment  of  inertia 


of  any  number  of  particles,  or  of  any  body  or 
rigid  system,  with-  respect  to  any  axis  around 
nvTiich  rotation  takes  place.  Now,  the  j^ruictpa/ 
axes  enjoy  this  property, — with  regard  to  one  of 
them,  the  moment  of  inertia  of  the  rotatory 
mass  is  greater  than  with  regard  to  any  other 
axis  passing  through  the  point  at  which  they  in- 
tersect ;  and  with  regard  to  another  of  them,  the 
same  moment  of  inertia  is  less  than  with  regard 
to  any  other  axis.  In  other  words,  we  have  the 
condition  at  once  of  a  maximum  and  a  minimam 
value  of  the  numtents  of  inertia.  The  geometer' 
who  first  very  clearly  investigated  this  curious 
subject  was  Euler. 

Aalaas.    Loffic,  deductive  or  inductioet  haa 
no  power  save  this, — it  can  elicit  new  matter  out 
of  premises,  or  combine  and  generalize  separate 
facts  or  determinations.     A  deductive  science^ 
then,  must  accept  or  presuppose  all  those  pre- 
mises, out  of  which,  whether  by  analyzing  tlieir 
contents,  or  by  combining  them  variously,  its 
whole  possible  fabric  must  be  reared;  and  an 
inductive  science  must  equally  accept,   as  its 
foundation,  certain  general  truths  or  laws,  and 
certain  general  principles  or  laws  of  combination, 
on  the  ground  of  which,  and  by  means  of  whidi, 
its  further  discoveries  are  to  be  interpreted  and 
co-ordinated.      Those  fundamental  elements  or 
accqOances  are  Axioms.    The  more  general  the 
science  is,  the  more  general  are  its  axioms ;  but 
every  special  science,  logically  considered,  must 
have  its  spedal  axioms.    The  sources  of  axioms, 
or  the  roots  firom  which  they  spread,  are  three- 
fold.    1st  There  are  laws  ai  the  mind,  in  obe- 
dience to  which  alone  the  logical  (acuity  can 
contemplate  either  the  external  world  or  the 
mind  itselt    The  laws  which  have  regard  to  the 
latter  are  often  in  metaphysical  language  termed 
intuitions ;  but  the  word  is  faulty,  for  the  laws 
in  question  are  very  various.    The  laws  under 
which  we  contemplate  the  external  universe,  on 
the  other  hand,  are,  although  various,  not  very 
complex;  th^  are  included  under  what  Kant 
has  termed  the  laws  of  our  sensihiUiy,  and  the 
categories  of  the  understanding.    2d.  Propositiooa 
that  result  from  universal  experience  in  the  ele- 
mentary physical  sciences,  such  as  the  sciences 
of  motion  nad/orce^  must  be  accepted  by  them  as 
axioms.    But  the  certainty  of  this  latter  dass 
of  axioms  is  less  than  that  of  the  former.    The 
laws  of  the  observing  fiicultiea  are  necessarily 
universal ;  but  the  z^ulta,  or  so-called  results, 
of  universal  observation,  must,  at  the  best,  reat 
on  but  secondary  evidence.     Sd.  Arraag^g  the 
sdences  according  to  a  hierarchy,  or  in  order  of 
their  complexity,  the  elements  or  axioms  of  the 
higher  class  must  always  rest  upon  the  de- 
monstrations of  the  lower.    This  third  dass  of 
axioms,  accordingly,  has  only  a  third  or  still  in- 
fisrior  degree  of  certainty.    For  practical  lUua- 
tratloDs  of  the  doctrines  hero  expcoBsed,  compare 
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Geometry;  Motio:«,  Laws  of;   Parallel 
Lines. 

Axtmnfh*  The  azimuth  of  a  body^  is  an  are 
measured  on  the  horizon,  intercepted  between  the 
meridian  or  circle  through  the  zenith  of  the  place 
and  the  poles,  and  a  circle  through  the  zenith, 
the  nadir,  end  the  given  body.  The  altitude  of  the 
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body  is  measured  along  this  drcle,  upwards,  ftom 
the  nearest  point  where  it  meets  tha  horizon.  It 
is  evident,  that  when  we  have  given  the  altitude 
and  azimuUi  of  a  star  at  any  given  moment,  we 
shall  be  able  to  point  out  its  exact  position  in  the 
sky. 

See  Compass. 
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The  balance  is  employed  as  a 
measure  of  the  quantities  of  matter  contained  in 
substances.  If  all  bodies  were  constituted  simi- 
larly— if  their  density  were  the  same,  and  their 
constituent  atoms  alike  in  nature  as  wdl  as  shape 
—we  should  have  a  sufficient  measure  of  the 
quantity  of  matter  which  a  body  contains  in  the 
volume  which  it  fills.  Bodies  are  not,  however, 
thus  similarly  constituted,  and,  when  we  wish  to 
compare  their  masses,  we  require  to  look  for 
anoUier  standard.  We  find  this  in  the  principle 
that  equal  forces,  or  the  same  force,  will  produce 
efkcia  upon  bodies  proportional  to  their  mass. 
Thus,  if  two  equal  bodies  (equal  In  mass)  be 
solicited  by  equal  forces,  their  motions  will  be,  in 
every  respect,  similar.  If  two  equal  bodies,  under 
the  action  of  certain  forces,  have  acquired,  at  the 
end  of  any  ^ven  time,  tb»  one  a  velocity  suffi- 
cient to  carry  it  through  10  feet  In  the  next 
second,  and  the  other  a  velocity  capable  of  carry- 
ing it  through  20  feet  in  the  same  time,  the  last 
force  is  double  of  the  first  If,  again,  the  body 
in  the  first  place  have  been  three  times  in  mass 
that  in  the  second  case,  the  latter  force  will  be 
only  }•  of  the  former.  In  the  case  of  the  balance 
we  have  equal  forces  acting  upon  equal  masses. 
The  two  motions  which  would  result  are,  as  it 
were,  however,  set  over  one  against  the  other, 
and  there  is  obtained,  therefore,  no  motion.  The 
two  bodies  to  be  compared  are  set,  the  one 
at  the  one  end,  the  other  at  the  other  end  of  a 
bar,  which  rests  at  its  point  of  bisection  upon 
supports.  The  principle  of  the  lever  teaches  us, 
that,  if  the  bar  be  traly  bisected,  it  will  turn, 
upon  its  supports,  in  a  vertical  plane  to  the  side 
of  the  greater  weight  We  see  the  same  prin- 
ciple illustrated  every  day,  by  children  lidii^  on 
logs  of  wood,  for  example,  where,  if  the  arms  of 
the  log,  fipom  the  point  of  support  upon  which  it 
turns  to  the  place  where  each  boy  sits,  be  equal, 
it  immediately  inclines  towards  the  heaviest  The 
least  inclination,  therefore,  of  the  bar  firom  the 
true  horizontal,  indicates  to  us  the  inequality, 
either  of  our  masses,  or  of  our  lever  aims.  If  we 
are  confident  of  the  perfect  equality  of  the  latter, 
we  may  be  cerbun  that  the  former  are  unequjf^. 

This  is  the  general  principle  of  the  common 
balance.  As,  however,  perhaps  no  instrument  is 
more  important  in  physical  investigations,  we 
will  make  a  few  remaiks  upon  Uie  methods  which 
have  been  employed  to  secure  a  perfect  balance. 


There  is  one  method  employed  to  secure  a  tne 
result,  from  even  an  impeifoct  balance,  which  is 
very  ingenious  and  vtry  usefuL  We  refer  to  the 
method  of  double  waghng.  It  is  almost  impos- 
sible to  make  the  anns  of  a  balance  exactly  the 
same  in  length  and  thickness.  There  is  always 
some  little  dififexence,  wtiicb,  in  extreme  cases, 
might  come  to  cause  errors  perfectly  sensible  were 
it  not  for  this  method.  Even  the  influence  of 
temperature  upon  a  body  like  the  bar  of  iron 
usually  employed  for  the  beam^  necessarily  not 
quitehomugeneous  throughout,  causes  oonsidenble 
deviations.  The  method  of  double  wdghing  is 
as  foUowB:«-W«  first  bring  the  given  body  to 
exact  equilibiium,  by  weights  placed  in  the  op- 
posite scale.  Then  take  it  out  of  the  scale ;  and 
restore  the  equilibrium  thus  disturbed  by  placing 
shot,  or  some  weights,  the  exact  amount  (rf*  which 
you  know,  in  the  scale,  instead  of  the  original 
body.  The  weight  of  tills  quantity  of  shot  wHl 
be  the  true  weight  of  the  body.  It  is  easy  to  see 
hew  this  method  of  measurement  gets  rid  of  all 
such  causes  of  disturbance  ta  inequality  of  the 
arms.  We  have  simply  two  bodies  suocessivelj 
placed  in  the  same  circumstances,  and  producing 
successively  the  same  effect  jupon  a  third  bod}% 
which  has  remained  throughout  the  process  in 
the  same  circumstances.  As  this  effect  depends 
(being  the  action  of  Ubibfiinx  of  gravity  upon  the 
bodies)  upon  the  mass  of  the  bodies,  we  most 
conclude  their  masses  to  be  exsctly  eq^. 

The  two  conditions  which  it  is  most  important 
that  a  balance  should  fulfil  are  tennbUi^  and 
stabHUy,  The  former  requires  that  a  very  small 
difference  of  wdght  shall  cause  a  deviation  fhnn 
the  horizontal  Une.  Thus,  Ramsden  made  a 
balance  for  the  Royal  Society,  so  sensible,  that 
one-mfllionth  part  of  a  pound  was  capable  of 
turning  it  Balances  are  now  quite  commonly  con- 
structed capable  of  detecting  differences  in  weight 
of  a  thousandth  of  a  grain,  or  cme  eeven-milUoatli 
of  a  pound.  The  latter  requires  that  the  balance, 
when  disturbed,  shall  rapidly  return  to  rest  We 
may  see  at  once  that  there  is  something  of  op- 
posite in  these  two  conditions ;  the  latter  being 
such  that,  when  It  obtains,  it  may  destroy  a  de- 
viation fttun  the  horizontal  before  it  has  become 
noticeable— that  is,  such  that,  even  with  a  small 
inequality  of  weight,  the  balance  may  apparently 
be  in  perfect  equilibrimn.  In  fact,  they  may  be 
shown  theoretically,  not  indeed  to  be  quite  ia- 
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QDBfftfiUe,  but  to  be  so  to  «  oonsaderable  extent 
h  the  ncrcaialile  balance,  stabQity,  therefore, 
Wag  Cbere  impoctant  lor  the  eomomy  of  time,  is 
tia  <{iuUtT  chiefly  desiderated.     In  the  philo- 
iqihkal  balance,  again,  where  economy  of  time 
k  «C  moch  leas  importance  than  perfect  accuracy, 
Htdbiltty  ia  pfriiici|ially  sought.     The  condition 
it  «abilUy  is  the  following : — ^That  the  centre  of 
{lanty  of  the  beam  and  scales  ehonld  be  below 
the  point  of  wwpenMon.     The  stability  is  greater 
Iha  fntbcr  the  oentxe  of  gravity  is  below  the 
point  of  suspepftioo.     In  that  case  it  will  be  clear 
ttat  aay  disbirbance  of  the  bahmce,  while  it  does 
its  oentie  «f  giavity,  will  move  it  throngh 
( angolar  space,  when  we  take  the  point  of 
I  tha  eeotie  of  angles,  and  that,  in 
the  vibiations  will  more  speedily 
It  is  more  important,  however,  foriis  to 
the  fondltiona  of  the  sensibility  of  the 
One  evident  condition  will  be,  that 
thcR  he  as  little  firiction  about  the  points  o!  sap- 
pat  as  poBEible.     Gmld  it  be  that  there  shoold 
be  no  finctioo,  the  veiy  smallest  difference  of 
vei^  woald  more  the  balance  from  its  place ; 
ftr  BothiQg,  in  that  case,  would  oppose  the  ten> 
Werner  of  the  pseponderating  wdght,  until  the 
deviaiim  of  the  centre  of  gravity  of  the  insfcru- 
mcBt  from  the  vertical  position,  under  the  point 
«f  aiflficMSJuo,  became  great  enough  that  its  ten- 
4eaej  to  its  original  position  under  this  point 
thoald  come  into  play.   In  consequence,  the  beam 
upon  what  la  called  a  knife-edge,  supported 
hl^y  poli&hed  agate  planes.     Similarly, 
the  liule  twg,  by  which  we  suspend  the  weights 
BalcK,  abottld  have  an  inner  surface  of  agate 
or,  at  an  events,  of  highly  polished  steel ; 
the  lower  edge  of  the  hole  through  which  the 
should  be  a  Imife-edge.    In  order  to 
the  faighlT  polished  steel  of  these  knife- 
Ihim  losing  its  sharpness  too  speedily,  the 
is  lifted  op  by  a  sort  of  fork,  from  the 
point  of  support,  when  the  balance  is 
ae ;  this  being  screwed  up,  by  a  screw 
Ibe  bottom  of  the  balance,  so  as  to  catch  its 
aide.     To  prevent,  further,  the 
fn  of  dust,  or  the  gathering  of  moistture, 
the  bJance,  and  the  consequent  rusting  and 
of  weight  of  parts  of  it,  it  is  usuaUy  kept 
a5e,  within  which  a  salt,  such  as 
of   calcium,  which    absorbs   moisture 
is  contained.    It  is  important  further  to 
that,  MS  steel  and  iron  are  very  apt  to  ao- 
Kinetic  pnpertlts,  especially  if  kept  where 
kept,  as  in  philosophical  instrument 
freqoeDtly,  the  bolance  should  be  con- 
as  moch  as  poasible,  of  brass. 
Ibae  an  some  points  to  be  attended  to  in  the 
cf  coMtmctaon  aioar  balances,  besides  these 
>  awrhaniral  detaHa,  which  it  is  important  to 
TboBy 
1.  AB  otho'  things  remaining  equal,  the  sen- 
A&y  of  a  balance  will  be  increased  as  the 
^pheiiUmMiocntutM.     Tha  reason  for  this 
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will  readily  be  seen.  The  preponderating  force, 
when  there  is  one,  acts  with  a  longer  leverage. 
(See  Lbvbr).  It  is  farther  from  the  point  of 
support,  and  although,  therefore,  itself  less,  it 
may  produce  an  equal  effect  with  a  greater  forco 
acting  with  shorter  leverage. 

2.  If  we  add  to  the  weight  of  the  beam  we 
diminish  the  sensibility  of  the  balance.  The 
reason  for  this,  also,  will  be  readily  apparent. 
The  weight  of  the  beam  presses  downwanis  upon 
the  point  of  support  Now,  the  heavier  this 
pressure  is,  the  greater  will  the  friction  on  that 
point  be  (see  Friction),  and  that  in  the  exact 
proportion  of  the  pressure.  According  to  this 
same  principle,  it  is  worthy  of  notice  that  the 
sensibility  will  increase  according  as  the  loads  in 
the  scales  diminish.  The  two  loads  act  together 
at  the  middle  of  the  beam,  and  produce  also  a 
pressure  of  the  knife-edge  upon  the  agate  plane. 
The  greato*  this  pressure  is,  the  greater  will  be 
the  force  of  friction  whidi  must  be  overcome 
before  a  slight  difference  in  wdght  will  produce 
a  deviation  from  the  horizontid  position  of  the. 
beam.  In  ordinary  philosophical  balances,  how- 
ever, we  have  not  often  need  to  consider  this 
latter  application  of  the  principle.  The  weights 
tested  are  usually  very  slight,  and  bear,  in  con- 
sequence, a  very  small  proportion  to  the  weight 
of  the  beam  and  scales,  so  that  the  firictional 
force  is  increased  by  them  in  an  indefinitely  small 
ratio.  If^  however,  we  measure  considerable 
weights,  it  is  necessary  to  keep  this  in  mind 
when  we  decide  on  the  sensibility  of  the  balance^ 

8.  A  third  law  is,  that  the  sensibility  is  in- 
creased by  diminishing  the  distance  of  the  centre, 
of  gravity  of  the  beam  fh>m  the  point  of  suspen- 
sion. We  saw  already  how  this  diminished  the 
stability  of  the  balance,  and  it  will  be  dear  that, 
so  far  as  thu  goes,  the  stability  of  the  balance 
will  be  exactly  in  the  inverse  proportion  of  its 
sensibility,  llie  same  principle  will  require  the 
centre  of  suspension  to  be  very  near  the  point 
which  bisects  the  line  joining  the  points  at  which 
the  scales  are  suspended.  It  is  at  this  point  that 
the  weight  of  the  scales  and  the  load  acts,  when 
the  beam  is  truly  bisected  by  the  point  of  sus- 
pension, and  this  point  ought  to  be  near  the  centre 
of  suspension,  for  the  same  reasons  as  the  centra 
of  gravity  of  the  beam.  The  coincidence  of  either 
of  these  points  with  the  point  of  suspension  would 
tend  to  produce  imstable  equilibrium. 

A  needle  is  usually  attached  to  the  centre  of 
the  beam,  so  as  to  be  exactly  perpendicular  to  the 
line  of  the  points  of  suspension ;  when  this  hangs 
in  a  verticid  direction,  the  balance  is  in  its  true 
position  of  equilibrium.  There  is  frequently  a 
graduated  scale  attached,  by  which  we  may  read 
off  the  angle  of  deflection.  We  are  thus  enabled, 
also,  to  tdl  when  equilibriuiA  will  be  restored, 
before  it  has  taken  plaoe,  by  the  equality  of  two 
successive  deviations  of  the  needle  finom  the  ver- 
ticaL 

In  order,  further,  to  give  us  a  power  ov«r  the 
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■emibnity  or  stability  of  the  balance,  aooordisg 
OB  we  require  it  for  ditl^nt  puipoees,  a  small 
nut  is  attached  to  a  screw  at  the  top  of  tiie  beam, 
which  we  can  screw  down — so  lowering  the  centre 
of  gravity  of  the  beam>-or  screw  up — so  raising 
it — so  as  to  have  the  distance  of  the  point  of  sus- 
pension from  the  centre  of  gravity  <^  the  beam, 
imder  certain  limits,  what  we  desire  it  to  be.  It 
is  evident  that  the  possession  of  sncb  a  power  is 
a  desideratum,  wlien  a  balance  may  be  required 
either  for  very  delicate  philosophical  investiga- 
tions, or  for  more  ordinary  purposes. 

We  salgoin  a  figure  of  the  ordinary  balance. 


Sent  Lever  Balance  d(*pend8  npon  nearly  the 
ftame  lever  principle  as  the  common  steel  yard. 
It  is  an  elegant  instrument,  but  this  we  believe 
to  be  the  best  that  can  be  said  of  it  It  consists 
of  a  bent  lever,  fastened  at  the  centre  on  a  pivot, 
having  at  one  end  a  scale  suspended,  while  at  the 
other  the  lever  ends  in  an  index  needle,  Just 
before  which  ia  a  heavy  weight.  This  weight 
keeps  the  lever  nearly  vertical  when  there  is  no 
weight  in  the  scale.  There  is  a  graduated  scale 
annexed  to  the  balance,  along  which  the  needle 
runs  when  the  lever  moves.  When  a  weight  is 
put  into  the  scale,  the  tendency  is  to  raise  the 
lever  nearer  to  a  horizontal  poution — and  the 
needle  indicates  the  extent  of  this.  We  can  easily 
comprehend  then,  how  the  instrument  can  be 
graduated  just  as  the  common  steel  yard  is.  It 
has  not  its  defect,  that  the  standard  weight  em- 
ployed may  be  lost,  and  not  easily  recovered. 
The  wdgfat  here  is  part  of  the  lever  arm  itself. 

ffydrottatie  Balance, — litis  instrument  de- 
pends upon  the  hydrostatical  principle,  that 
bbdies  Immened  in  a  fluid  are  sul^ect  to  a  force, 
resisting  gravity,  and  equal  in  amount  to  the 
gravitation  of  quantities  of  the  fluid  contained 
under  volumes  equal  to  those  of  the  bodies.  In 
c<msequence,  they  lose  just  so  much  of  their 
weight  when  they  are  weighed  while  in  the  fluid, 
as  the  weight  of  an  equal  volume  of  the  fluid 
itBdf  amounts  to  (HYDRrvsTATi(«).  Taking 
advantage  of  this  principle,  the  hydrostatic 
balance  is  chiefly  employed  for  the  measurement 
,  of' specific  weights,  or  specific  gravities  of  soUds  |  ploy  other  liquids  in  whidi  they  are  insoluUe^ 

66 


BAL 

and  liquids,  and  of  densities  where  the  body 
weighed  is  homogeneous.  It  consists,  in  its 
simplest  form,  of  an  ordinary  balance,  to  the 
bottom  of  one  of  the  pans  of  which  a  hook  is 
permanently  attached— so  as  not  however  to  dis- 
turb the  equilibrium — the  pan  itself  being  lighter 
than  the  other  by  the  weight  of  the  hook.  A 
given  body  is  then — if  it  be  a  solid — weighed  as 
usual,  and  its  exact  weight  recorded.  A  fine  silk 
thread  is  then  attached  to  the  hook  at  the  bottom 
of  the  pan,  and  if  great  accuracy  be  requirodf  tbe 
wdgfat  of  this,  if  at  all  sensible,  will  be  also  noted 
down,  and  used  to  correct  the  result.  The  body 
is  then  attached  to  the  thread,  and  dropped  into 
the  fluid.  If  the  weights  which  formeriy  pfo- 
duced  equilibrium  have  been  retained  in  the  scale, 
they  will  now  draw  the  body  until  its  lower  edge 
just  touches  the  water — ^where  the  force  of  co- 
hesion of  the  body  to  the  water  may  or  may 
not  hold  it,  as  the  case  may  be.  If,  however, 
this  efiect  is  to  be  prevented,  we  must  take 
weights  firom  this  other  scale,  so  as  to  keep  the 
body  wholly  in  the  water.  Note  the  amount  of 
weights  neoessaiy  for  this.  Then  as  we  have  had 
first  the  weight  of  the  body — then  the  slune 
weight  diminished  by  that  of  an  equal  bulk  of 
water,  the  difi^erence  between  the  former  amount 
in  the  scales,  and  the  new  amount  will  give 
the  weight  of  an  equal  bulk  of  water — that  U,  it 
is  equal  to  the  wei^t  of  those  shot  or  ounces,  or 
whatever  it  may  have  been,  which  we  took  from 
the  other  scale.  We  obtain  thus  the  weights  of 
equal  bulks  of  water  and  of  the  given  body,  and 
dividing  the  latter  by  the  former  we  have  the 
specific  gravity  required. 

Theoretically  we  would  require  to  take  into 
account  in  balancing,  that  our  weights,  and  the 
things  weighed  may  displace  difierent  quantities 
<^  air,  and  so,  in  this  case  we  would  require  to 
rememb^  that  the  wdght  that  we  obtain  in  the 
two  cases  is  that  of  a  body  weighed  snooeesively 
in  air  and  in  water.  We  must  remember,  how- 
ever, also  that  our  weights  tiiemsdves  are  weighed 
in  air,  and  even  were  the  wh<de  weight  of  a  volome 
of  air  equal  to  that  of  the  bodies  we  operate  with, 
to  be  neglected,  very  little  error  would  resulL 
llie  bodies  we  operate  with  in  obtaining  specific 
gravities  are  very  small;  and  it  takes  abont 
21,400  cubic  inches  of  air  at  ordinaiy  tempera- 
tures to  weigh  a  pound. 

When  we  wish  to  find  the  specific  gra^ties  of 
fluids,  one  method  will  be  to  weigh  equal  wdg^its 
of  the  same  substance  in  air  and  in  water,  and 
the  given  fluid,  successively  taking  the  one  to 
weigh  in  water,  and  the  other  in  the  fluid. 

In  that  case  we  ahould  have  the  weights  of 
equal  bulks  of  water  and  of  the  fluid  to  compare, 
and  we  shall  obtain  the  same  result  as  before. 

In  using  this  balance  it  is  necessary  to  see  that 
the  solids  used  be  not  soluble  in  the  very  least 
degree  in  any  of  the  liquids  used.  If  they  be 
soluble  in  water,  for  instance,  we  must  em- 


as  eomparcd  with  that  of 
it  sufficiently  known.  No  solid  should 
teenployvdwhidft  had  loose  paitides  adheriog  to 
kffor  tbekaat  moCkm  in  any  liquid  will  rub  them 
mk,  aol  tboi  make  the  bodies  aciaallF  weighed  in 
tiie  air  snd  tbe  flnid  in  reality  two  diffierent  bodies. 
We  annex  an  cngraTin^  of  tbe  instrament. 


-Thb  mstnxment  is  sometinMS 
than  the  ordinaiy  balance.    It 
can  he  poit  m  one  piece,  and  is,  therefore,  more 
tyrfaHp     It  eoDsists  of  a  metal  q>iiDg,  which  is 
bj  wd^ts  SBiysoded  at  ons  end  of  it, 
br  weights  pcessmg  on  tbe  other, 
t  of  lengthening  or  shortening  is  taken 
tbe  weights  in  qnestaon.    In  order 
the  scale  for  the  determination  of 
oanoe,  two  ounces,  three  ounces,  &&, 
iv  cmplo^-ed,  and  the  elongation 
the  spring  careiully  marked, 
prodaoe  the  same  amount  of 
lortemng  are  considered  to  be 
by  the  aame  gravitating  force.    A  coro- 
of  the  Epiing  balance  is  found  in 
The  inetniroent  is  also  fire- 
fay  j^ooen.  It  b  snl>|ect,  how- 
great  disadTantage.     It  loses  its 
and  its  dastidty  increases  in  cold. 
occasion  of  employing  it,  we  used 
weights  and  the  body  to  be 
tbe  time^  and  inferred  the  weight  of 
body  fimoB  the  effect  produced  by  it,  bdng  equal 
prodBoed  by  a  given  standard  weight, 
orraet  itself  as  it  does  in  the 
for,  though  we  could  not  tell 
cooU  oompare  as  usnaL 
.,  has  been  abandoned,  and 
a  acaJe  aooording  to  the  elongmtions 
pmdnced  by  standard  weights,  at 
iaadat4riteB^or^  temperatnres.    In  fact, 
the  eftct  prodnoed  on  the  spring  by 
wefeihta,  oofle  Ibr  all,  and  therefore  at  a 

_Maastam  aiMl  with  dc6nite  ehntlc  forces 

ktkimi^m.    !■  Jieat,  tlierefore,  a  body,  having 

^^2eZvein  Ose  apnng  to  overcome,  wifl 

^hAnh^  dtr^m  an  tbo  scale  than  it  would 

^"^    '^^j^ijn£r«f»****T   •*"*  ^^^  ■*>  appear 

<  ittB***  T°^^a-*       The  revoae  cOect  will 
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There  is  yet  this  other  defect  to  which  spring 
balances  are  liable^that,  after  much  use,  the 
spring  comes  to  lose  its  power,  and  the  same 
dlkct  is  produced  as  in  the  case  of  unusual  heat. 
Practically,  also,  it  is  usual  for  the  spring  to 
be  ooncealed,  in  order  to  keep  it  from  injury  or 
dost  In  consequence,  it  is  not  uncommon  that 
the  balance  should  be  put  all  wrong  for 
days,  by  some  dust  gathered  inside,  and 
the  error  not  be  detected. 

These  defects  preclude  us  from  con- 
sidering the  spring  balance  generally, 
as  much  more  than  a  convoiient  in- 
stiument.      One  advantage,  however, 
which  it  has  over  the  common  balance, 
gives   it  an   importance  in  a  philo- 
sophical point  of  view.    With  the  com- 
mon balance,  it  Is  not  a  matter  of  any 
importance  whether  the  actual  force  of 
gravity  vary  or  continue  constant  at 
the  places  where  it  is  used.    For  the 
extent  of  the  balance  itself,  at  any 
given  time,  gravity  is  always  the  same;  but  it  is 
not  the  same,  for  example,  at  the  equator  and  at 
Glasgow.     The  common  balance  compares  the 
mass  of  a  given  body  with  that  of  a  lb.,  for 
example,  and  decides  it  to  be  the  same,  because 
gravity,  ai  the  place,  produces  the  same  effect 
upon  it     Remove  the  balance  from  Glasgow  to 
die  equator,  and  we  have  the  same  result    The 
common  balance,  therefore,  assuming  the  foroee 
acting  at  the  two  extremities  of  the  beam  to  be 
equal,  compares  the  moMee  rather  than  thefurcee. 
The  fjpring  balance  measures  the  forces  directly. 
A  body,  such  as  a  lb.,  will  not  produce  the  same 
elongation  of  a  spring  at  Gla^w  and  at  the 
equator,  under  the  same  temperature.     In  the 
case  of  the  common  balance,  we  have  the  different 
fiiroes  of  gravity  acting;  but  in  both  cases  they 
eliminate  themselves,  as  it  were.    At  Glasgow, 
the  gravitation  pulling  at  the  one  end  of  the  beam 
neutndizes  the  same  Glasgow  gravitation  at  the 
other  end;  so,  also,  at  the  equator,  gravitation  in 
each  case  is  considered  twice.     In  the  spring 
balance,  on- the  other  hand,  it  is  considered  only 
once,  and  a  greater  gravitating  force,  just  like  any 
other  greater  force,  produces  a  greater  movement 
of  the  apring.    Hence  the  spring  balance  is  useful 
m  determining  for  us  the  value  of  the  gravitating 
force  at  various  localities.    This  gravitating  force 
varies,  since  the  earth  is  not  spherical,  and  the 
mass  of  the  earth  concentrated  at  ita  centre  of 
gravity  is  not  equidistant  from  bodies  at  the  sur- 
iace.   The  spring  ludance  becomes  thus  a  measure 
of  this  eUiptidty.    The  ordinary  pendulum,  how- 
ever, also  depending  tar  its  movements  on  the 
amount  cf  gravitating  force,  measures  it  better. 
See  FnouRE  of  £artb  and  Penduluii. 

Sled  TanL^-Tba  sted  yard,  or  Roman  balance^ 
is  another  instrument  also  used  frequently  for 
convenience.  It  consists  of  an  ordinary  beam  of 
iron  supported  on  a  pivot  dividing  it  unequally. 
At  the  aborter  end  is  a  scale,  in  which  the  body 
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t&  be  -weighed  is  placed.  Put  tbiere  first  a  lb. 
weight,  and  take  the  same  weight,  for  instance, 
and  shift  it  along  the  longer  arm  until  equilibrium 
results.  Then  put  two  pounds  weight  in  the 
scales,  and  shift  the  weight  out  along  the  arm 
until  equilibrium  result  again,  and  so  on.  Mark 
the  points  where  your  weight  equilibrates  the 
various  standarda  put  successively  in  the  scales. 
Whenever  we  have  to  weigh  a  body>  then,  we 
shall  just  shift  this  lb.  weight  along  the  line  of 
the  longer  beam  until  equilibrium  is  produced, 
and  then  read  off  the  scale,  at  the  point  wbeie  it 
is  suspended. 

The  principle  of  the  steel  yard  ia  just  that  of 
the  common  lever  (see  Lcveb),  that  tiie  weights, 
in  ord^  to  produce  equilibrium,  must  be  exactly 
in  the  inverse  ratio  of  the  arms.  It  is  not  at  aU 
necessary  that  the  weight  which  we  employ 
should  be  any  standard  weight,  such  as  1  oz.  or 
1  lb ,  but  it  is  necessary  that  we  should  always 
use  the  same  weight  fur  weighing  with,  which 
was  employed  when  the  bar  was  graduated  off. 
If  we  lose  it,  our  instrument  can  be  of  no  more 
use  to  us,  until  by  trial  we  recover  it .  For  con- 
vmienoe  of  recovery  it  is  better  that  it  should  bo 
some  standard,  easily  replaced  if  lost,  and  the 
selecting  of  that  standard  is  just  made  according 
as  the  weights  to  be  usually  measured  are  heavier 
or  lighter. 

The  steel  yard  is  an  instrument  not  susceptible 
ot  very  great  accuracy.  Its  only  advantage  is, 
that  it  enables  us  to  employ  any  one  weight 
in  all  our  measurements.  It  is  not  employed 
in  philosophical  experiments  to  any  extent. 
We  annex  an  engraving  of  the  common  steel 
yard. 


Torsion  Balance, — An  instrument  by  means  of 
which  we  may  measure  very  small  attractive  or 
repulsive  forces.  It  was  first  employed  by  the 
inventor,  Coulomb,  in  his  electrical  experiments. 
A  very  fine  thread  is  suspended  from  a  fixed 
point  A  weight  is  added  at  the  end  of  it  to 
steady  it,  and  prevent  vertical  motion  as  much  as 
possible.  A  needle  is  tlien  fastened  to  the  thread 
between  the  top  and  the  weight,  of  such  length 
as  just  to  follow,  when  it  revolves,  a  graduated 
scale  of  degrees  annexed  to  the  instrument  When 
we  wish  then  to  measure  the  smallest  forces,  we 
make  them  act  at  the  extremity  of  this  needle, 
which  is  deflected  by  them  from  its  original  posi- 
tion, proportionally  to  the  forces.  In  fact  the 
only  force  which  prevents  the  needle  from  moving 
quite  freely,  all  round  tho  drcle,  is  the  recoil  H 
the  thread  iiom  the  thrust  which  this  would  give 
it  This  is  called  the  force  of  Umiom  (see  Toe- 
Slow),  and  as  we  can  calculate  its  amount  in  the 
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case  of  each  particular  thread,  for  a  certain  ds* 
flection,  we  can  tell  the  amount  of  the  attractira 
or  repulsive  forces.  The 
needle  comes  to  rest  just 
when  these  forces  and 
that  of  torsion  are  equal. 
We  annex  an  engnraviug 
of  Conlomb*s  torsion  ba- 
lance. 

BaUuictog  Wk«eL 
See  Watkb  Wheels. 

Balllaf  a.  The  name 
of  an  ancient  warlike 
engine,  adapted  to  throw 
stones,  sometimes  as 
heavy  as  three  hundred- 
weight, against  the  walls 
of  a  besieged  city.  It 
was  nearly  square-shaped. 
It  was  capable  sometimes 
of  throwing  stones  a  dis- 
tance of  a  quarter  of  a 
mile.  The  seorpio  and 
onager  were  similar  instruments,  of  which  we 
know,  however,  nothing  else.    See  also  Cata- 

PULTA. 

RalHtic  Pevdalmn.  An  instrument  em- 
ployed for  the  purpose  of  mea'iuring  the  velocity 
of  musket  and  cannon  balls.  It  consists  of  a  veinr 
strong  wooden  pendulum,  having  a  thick  ball  of 
wood,  plated  with  iron,  at  the  bottom,  against 
which  the  bullet  to  be  experimented  upon  is  fired. 
The  bail  ascends,  pulling  out  a  ribbon  which  is 
attached  to  it,  so  as  to  be  capable  of  being  drawn 
out  with  little  or  no  force.  The  length  of  this 
ribbon  tells  us  to  what  height  the  ball  has  risen. 
In  fact,  it  will  be  the  length  of  the  chord  of  the 
arc  which  the  pendulum  describes  in  its  first 
oscillation.  If,  then,  we  know  the  weight  of  the 
bullet,  and  the  weight,  fom,  &c.,  of  the  pendulum 
itself,  with  the  position  of  its  centre  of  gravity  at 
which  its  weight  acts,  we  shall  be  able  to  measure 
the  velocity  of  the  bullet  by  the  quantity  of  motion 
which  it  is  capable  of  communicating  in  this  way. 
The  process  by  which  we  arrive  at  the  numerical 
result  IB  somewhat  intricate,  but  the  reader  will 
easily  understand  the  principle  upon  which  it  pro- 
ceeds. Whatever  quantity  <^  movement  the  bullet 
has  lost  the  pendulum  has  gained;  and,  if  the 
bullet  loses  all  its  motion,  the  whole  amount  of 
it  may  be  measured  by  the  actual  motion  of  the 
pendulum. 

Bsillaami  The  balloon  depends  upon  the 
principle  of  Archimedes  for  its  power.  That  prin- 
ciple applies  to  every  case  of  bodies  immersed  m 
a  fluid.  According  to  it,  every  body,  in  such  cir- 
cumstances, loses  just  so  much  of  its  own  weight 
as  the  bulk  of  tho  fluid  which  it  diaplaott  cornea 
to.  Suppose,  for  example,  a  stone  of  1  lb.  weight 
placed  in  water.  Imagine,  for  a  moment  the 
outline  of  the  stone  remaining  as  an  inAnitdv 
thin  shell,  through  which  the  water  enters,  and 
which  it  fills.    Suppose  this  shell  taken  out  and 
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vrf(^»ed  MhSStt  filled  with  water,  and  suppose  it 
vdgbcd  flbo  wluk  filled  with  the  stone.  Aooord- 
it^  to  lbs  prinople  oC  Archimedes,  the  weight 
of  the  stone  when  in  the  water,  together  with  the 
■«i^hl  of  the  ontlixie,  as  it  were,  of  the  stone 
fiDed  with  water,  will  just  make  up  the  original 
vci^  of  the  stone  out  of  the  water     Now,  the 
baDnn  is  a  hodj  immersed,  like  the  stone,  in  a 
fluid — the  air — and  the  same  law  applies  to  iL 
it  kaes  so  mnefa  of  its  weight  as  an  outline  of  its 
fjna.  so  to  speak,  filled  with  common  air  would 
MfglL    There  is  this  <tifieronce,  however,  betweoi 
the  two  cases : — the  stone  has  still  weight  left  hy 
whkh  it  descends ;  the  balloon,  on  the  contraiy, 
nweads.   We  shall  see  the  point  of  union  between 
the  two  cases  moie  leadilj,  if  we  imagine  gravity 
fbrae  id  the  weight — ^as  represented  by  a 
pelEng  right  downwards  a  string  attached 
the  atone  and  the  balloon,  re8pecti\'ely.     Sup- 
tkat  another  man  represents  the  loss  of  weight 
which  each  experiences — the  contrary  weight  of 
the  equal  mawwi  of  fluid,  by  pushing  the  bodies 
■pwanL     la  the  case  of  the  stone,  the  man  pull- 
ing dowawaids  is  the  stronger  of  the  two,  and  the 
body  descends.  In  the  case  of  the  balloon,  the  man 
pmshiiy  apwaid  uses  most  force,  and  the  body  rises. 
The  prind{de  is  precisely  the  same  in  both  cases. 
lit  methods  of  securing  this  preponderance  of 
Ibree  are  readily  suggested.    We  know 
it  is  in  erenr  case — a  force,  pushing  up- 
eqnal  to  that  whidi  draws  downward  a 
body  of  common  air  which  could  be  contained 
the  ootline  of  the  balloon.    We  require, 
to  see  that  the  downward  force  be  less  than 
thxi.    The  maffriala  of  the  balloon — the  silk,  the 
tiie  ear — wei^  more  than  the  air  they 
\j  displace;  and,  when  the  balloon  is 
aaial  voyages,  the  traveUers  weigh  con- 
more  slsa     There  is,  then,  so  far  a 
of  the  downward  force.    There  is 
\  the  intenal  space  of  the  balloon. 
leare  this  nnoocnpied— in  wliich 
should  have  the  upwaid  force  gained 
cuuutefpoise  of  downward  force — 
witboat  very  strong  materials,  the  sides 
be  crashed  in.   The  atmosphere,  we  know, 
with  a  Cbroe  of  14}  lbs.  on  every  square 
A  silk  bag,  utterly  empty,  would  collapse 
two  sOfc  plates  under  this  pressure,  and  we 
haa  kiae  oar  advantage  as  soon  as  we  had 
If  we  used  stronger  materials,  so  as  to 
this,  wnA  ae  iron  and  copper,  the  first  pre- 
ti  we  have  noted — ^that  of  the 
weight  of  the  materials  over  the  up- 
«f  an  equal  quantity  of  air — would  be 
great  indeed,  if  they  were  made  thick  enough 
ti  loHC  the  eutjance  of  air  at  eveiy  point,  and 
we  AmU  have  bat  little,  if  any  advanUge  from 
mt  imiLmm      Wo  have  to  JUi  it  then  with  some- 
wbkh  ■»*•"  keep  onr  bag  distended,  and  so 

ij^  sneee  which  we  are  anxious  thus  to 

IB«  ID  aeceont,  and  which  yet  shall  be  lighter 
sir.     lleated  air  was  employed  for 
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the  Montgolfier  balloons,  hydrogen  gas  for  the 
ordinaiy  balloons  made  now.  We  have,  then, 
the  preponderance  of  the  downward  force,  as  fhr 
as  regaids  materials ;  and  of  the  upward,  as  far 
as  regards  the  filled  space.  If  the  difference  of 
specific  weights  of  the  light  body  and  air  be  con- 
siderable, or  of  the  materials  and  air  ineonsider- 
able,  and  if  the  proportion  of  space  which  they 
fill  be  small  compared  with  that  which  the  &a^  of 
the  balloon,  if  we  may  so  call  it,  fills,  we  shall 
have  a  very  powerful  upward  foroe  as  the  result 
of  the  whole. 

One  practical  caution  we  should  wish  to  repeat, 
because  it  depends  upon  a  very  important  physical 
principle.  The  aeronaut  who  fills  his  balloon 
with  hydrogen  gas  must  not  put  m.  it  as  much  as 
it  can  hold  of  the  gas.  If  he  do  not— if  he  put 
in,  for  instance,  only  half  what  his  balloon  will 
contain — he  will  certainly  commence  the  ascent 
with  less  than  half  the  force  with  which  he  might 
have  done  so.  His  balloon  will  be  squeezed  down 
to  half  the  size;  and,  according  to  Marriotte^s 
law,  when  it  reaches  that,  the  pressures  inside 
and  out,  being  equal,  will  balance.  He  will  only 
thus  have  half  the  apparently  available  difference 
of  weight  of  hydrogen,  and  common  air.  When 
he  has  ascended,  however,  not  so  quickly  as  be 
might  have  done,  a  considerable  way  into  the 
atmosphere,  his  circumstances  will  have  changed. 
The  atmosphere  is  no  longer  so  dense.  All  the 
weight  of  air  beneath  him,  which  lay  on  the 
strata  of  the  air  at  the  surface,  does  not  press  on 
the  air  in  which  he  now  is.  It  does  not  press 
then  so  heavily  on  the  sides  of  the  balloon.  Now 
the  hydrogen  inside  is  only  kept  in  the  space  of 
half  the  balloon  because  there  is  a  pressure  out- 
side which  balances  the  pressure  in  that  case. 
When  the  pressure  outside  becomes  f  of  what  it 
was  at  first,  it  will  occupy  no  longer  half  the 
space,  but  }  -f-  }  of  the  space  (see  Marriotte^s 
Law),  that  is,  f  of  it  When,  again,  the  pressure 
becomes  only  half  what  it  was,  Uie  hydrogen  will 
occupy  twice  its  original  bulk,  and  fill  the  whole 
balloon.  Now  here  lies  the  advantage  which  he 
has  reaped  from  not  filling  his  balloon.  The 
pressure  outride  Is  now  7-|  lbs.,  according  to  onr 
supposition,  that  within,  according  to  Marriotte's 
law,  is  the  same,  brcause,  as  the  space  of  the 
original  hydrogen  increases  (which  is  now  double 
of  what  it  was,  the  pressure  which  just  balanced, 
and  was  therefore  just  equal  to  the  atmospherie 
pressure)  decreases  in  the  same  proportion.  There 
is,  then,  no  strain  at  aU  upon  the  canvas  at  the 
height  where  the  atmospheric  pressure  is  dimin- 
ished by  one-half,  that  is,  about  the  greatest 
height  to  which  Gay  Lussac  went.  If^  however, 
the  balloon  had  been  filled,  and  if  it  had  reached 
this  height,  there  would  have  been  a  pressure 
inwards  of  7|  lbs.,  and  a  pressure  outwards  (the 
original  pleasure)  of  14}  lbs.  per  square  inch.  In 
all  likelihood,  then,  the  silk  or  canvas  would 
burst,  and  the  unhappy  ballooner*s  voyage  ter- 
minate.   See  AncoMAUTics. 
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Bavbctte*  A  term  of  fprlilication,  denoting 
a  sort  of  battery.  It  is  a  small  hillock  of  earth, 
flanked  by  works  on  which  cannon  may  be  placed, 
which  are  fired  over  the  wall,  instead  of  through 
embrasures. 

Barkican*  A  term  of  ftnrtification.  It 
marks  any  small  outwork,  like  a  wall — ^pierced 
with  shot-holes,  intended  to  mask  a  bridge  or  a 
gate,  or  a  covered  way,  or  any  object  dangerously 
exposed. 

BavMsaelcrs  etymologicidly,  a  mtamMrer  of 
vei^t:  a  name  given  to  one  of  the  most  im- 
portant instruments  of  meteorology', — ^its  object 
being  to  measure  the  weight  at  the  n^Mrmeumbent 
column  ofcttTy  and  so  to  enable  the  inquirer  to 
note  its  variations.  In  common  estimation,  this 
instrument  is  a  weather-glasi,  prognosticating  the 
oecurrenoe  of  rain,  &c  &c. — ^it  does  not,  however, 
give  any  direct  indication  except  the  one  now 
specified :  the  probabUities  of  rain,  &e.  are  in- 
ferences only,  and  dependent  fbr  their  degree  of 
accuracy  on  the  mode  by  which  very  imperfect 
meteorological  theories  have  been  able  to  connect 
the  other  phenomena  of  the  atmosphere  with  its 
foeight.  The  principle  of  the  barometer  is  very 
simple.  Suppose  a  tube,  a  b,  closed  at 
the  top,  and  of  considerable  length,  to 
be  filled  with  mercury,  or  any  other 
fluid,  and  then  turned  into  the  position 
occupied  by  it  in  the  diagram,  it  is  easy 
to  see  what  roust  occur,  if  the  end  d  is 
left  open.  It  is  this :  the  mercury  will 
descend  in  the  tube,  and  reach  a  level,  o, 
determined  in  this  wise, — the  height  of 
the  column  o  d  must  be  an  exact  coun- 
terpoise to  the  waght  of  the  whole 
column  of  air  resting  on  the  open  surface 
of  the  mercury  at  d,  and  so  pressing  the 
mercury  or  other  fluid  up  the  tube.  The 
wdght  of  the  column  of  air  may  thus 

yD  easily  be  found,  if  the  exact  specific 
weight  of  the  liquid  in  the  tube  has  been 
^^^  previously  ascertained.  Any  liquid  whose 
FIff.  L  ^P^^c  gravity  is  known  will  suit  the 
purpose  r  water,  for  instance,  is  employed 
in  the  water  barometer.  On  two  accounts,  how- 
ever, mercury  or  quicksilver  is  the  liquid  em- 
ployed in  practice,  viz  i—Jint^  its  great  specific 
gravity  enables  a  comparatively  short  column, 
never  more  than  thirty-one  inches,  to  counter- 
balance the  whole  column  of  the  atmosphere,  thus 
confining  the  size  of  the  instrument ;  and  tecondly 
-^because  of  the  high  temperature  of  its  boiling 
point,  the  elastic  force  of  its  vapour  at  ordinary 
temperatures  is  extremely  small;  so  that  for 
ordinary  purposes  the  disturbing  or  reactive  force 
of  the  mercurial  vapour  filling  the  space  a  c  of 
the  tube  may  be  neglected.  Without  entering 
on  minute  details,  it  will  be  evident  that  the  chief 
mechanical  requisites  of  the  baromet^  are  imple- 
mented in  such  an  instrument  as  the  following : — 
Within  a  brass  tube,  capable  of  being  suspended 
by  a  ring  at  a,  or  fitted  by  other  means  to  be 
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placed  verticaUg  with  the  greatest  exactness,  let 
there  be  a  glass  tube,  closed  at  the  top,  and  filled 
with  mercury.  The  other  open  end  of 
the  glass  tube  is  plunged  into  mercurjr 
oontained  in  a  box  cCd  i^ ;  Hie  surfiaoe 
of  the  mercury  bdng  seen  at  ccy.  At- 
tached to  the  brass  tube  is  an  ioorg  or 
plaHnum  pmnt,  seen  near  c^;  and  by  a 
screw.  A',  connected  with  the  moveoMe 
bottom  of  the  box,  cCdd^  the  sur&oe 
c  Cof  the  mercury  in  the  box  can  always 
be  brought  just  to  touch  the  end  of  the 
ivoiy  or  platinum  point  This  platinum 
or  ivory  point  is  the  zero  or  commence- 
ment of  the  scale  by  which  the  height 
of  the  mercury  in  the  tube  is  measured. 
The  upper  part  of  the  scale,  as  much  as 
includes  the  whole  possible  range  of  the 
mercury,  as  caused  by  variations  of 
atmospheric  pressure,  say  from  26  to  82 
inches — is  engraven  on  the  brass  tube^ 
to  which,  for  minuter  readings,  a  slid- 
ing Tvmier,  b  b  b'b",  is  attached.  An 
observation  may  be  conducted  in  tins 
wise.  Thelowersurfaoe,GC',  being  first 
brought  to  the  ivory  point,  the  position 
of  the  upper  surftice  is  examined,  as  it 
appears  through  the  slit  s  b'  in  the  tube. 
The  sliding  ring  b  b  b^b'^Is  then  brought 
by  an  attached  screw,  until  its  plane  be 
a  tangent  to  the  summit  of  the  memscua 
which  terminates  the  mercurial  column ; 
a  careful  reading  of  the  scale  and 
vernier  will  then  give  the  height  of 
the'column^  The  operation  seems  eaSy, 
but  it  must  be  performed  with  solicttnde; 
especially  as  finom  the  great  spedfic  gravity  of 
mercury,  the  slightest  error  irill  cause  a  great 
error  in  the  weight  of  the  column  deduced  from  it. 
But  this  process,  however  great  the  accuracy  with 
which  it  may  be  gone  through,  does  not  suffice  to 
enable  the  inquirer  to  state  tlie  real  weight  of  the 
Air.  There  are  oorrecftofw  to  be  applied  in 
compensation  of  errors,  occasioned  partiy  by  in- 
accurate construction  of  the  instrument,  and 
partly  by  physical  causes.  7*he  Errors  in  question 
may  be  classed  under  two  heads, — those  which 
are  absolute  and  invariable — chamcteristic  of  the 
instrument  under ..^grery  condition;  and  those 
which  vary  according  to  the  dicumstances  under 
wh'ch  each  obeervaaon  is  made,  "^e  shall  discusa 
them  separately :— ).  A  heohOe  or  CoiMamt  Error*, 
One  set  of  these  ^ibsolute  errors,  inhering  in  all 
ordinary  Barometers,  and  rendering  them  useless 
for  delicate  observation,  ought  to  be  prevented  by 
the  maker  of  the  instrument,  and  the  mechani- 
cian setting  it  up.  These  arise  from  the  im- 
purity of  the  mercury  employed,  and  from  the 
inclined  position — the  want  of  verticaiUg — of  the 
tube.  If  the  tube  be  nbt  vertical,  the  measured 
height  is  no  index  to  the  toeight  of  the  column ; 
and  I  nless  the  mercuiy  be  pure,  and  its  specific 
gravity  therefore  constant,  it  would  be  equally 
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Wpwiftfe  to  dedoce  weight  from  iei^t    But  as 

is  a  oeeeamy  one,  we  shall  connder 

LMliuueiit  Boi  impcfiBci,  tfaiougfa  such  care- 

of  its  artialk      The  aeoond  daas   of 

camioc  be  aToided  by  the  best 

be  eorrtcted  bj  the  Obaerver. 

of  two  itema,  and  fonn  what  is 

aDed  the  ahofafu  eqttaikm  oi  each  Barometer. 

yktjint  oC  these  items  depends  on  a  permanent 

anae — ecpSUmiy.    On  looking  at  any 

soifKe,  wiQiin  a  glass  vessel,  any  one 

■etfee  that  it  b  eomrex — the  sides  being  de- 

TMa  inflneBOB  of  capiUarity  then,  as 

between  glaas  and  mercury",  tends  to 

the  nerearial  oolmnn;  and,  it  does  this 

the  ittiwwei  the  tube.    In  case  of  a 

iraaeAer,  eocfa  aa  fig.  1,  the  depression 

teth  foriscea  will  be  the  same,  so  that  this 

af  abaolnte  error  may  be  neglected ;  but  in 

ef  baranelcn  like  fig.  2,  when  tlM  lower 

is  SBiKh  larger  than   the  upper,  the 

wiH  be  permanently  depressed,  and  the 

as  abore  deacribed,  will  be  too  smalL    A 

most  thua  be  added  to  every 

Dsd  it  is  lequired  to  determine  that 

The  Rseaidies  of  Gay  Luasac  and 

r,  and  the  analysis  of  Poisson,  have 

calcaiaton  ts  construct  tables  for  this 

It  does  not  depend  on  the  diameter  of  the 

or  the  inner  diameter  of  the  tabe  alone, 

«B  the  <fimensioas  of  the  memuau  m  a 

■<;  ao  thitt  the  table  has  two  variables  as 

The  best  table  is  by  Ddcros.    The 

dne  to  capfflarity  bdng  thus  ascer- 

It  is  aometinaca  mechanically  eorreeted  for, 

g^viaig  the  teak  a  eonesponding  index  errors 

the  aero  point  lower  than  U  sAoaU  be, 

■lattiua  is  rardy  perfect,  inasmoch  aa 

the  DOB-^ziscence  of  the  second  item 

abaolale  enors,— the  eiror  of  the  aero 

itadL    Barely,  indeed,  can  a  scale  be  pro- 

ahaohit^  fkee  from  its  own  index  error; 

of  an  alteration  of  the  aero  point 

to  comet  the  dcfnession  of  capiihurity, 

of  thai  point  usoally  involves  an  error 

is  DO  good  or  accessible  mode  of 

Uae  case  ^  the  mass  of  barometers 

a  moat  eaiefol  comparison  with 

on  which  aU  the  solicitudes 

have  ^eentS^ded.    By  such 

ri«te  ^nation  may 

IL  ISs  erron,««rhiGh  vaiy  with 

liso  twofold.    Fu*8i^ 

aeennteiy  the  scale-may  coiTespond  to 

o  point,  when  constructed,  it  is  )»lfdn  that 

t  beooBse  emneoor should  the^iass  tube  on 

it  is  mgnvtd  ewry  <a  length.    Bat  that 

cs^aods  md  cootracta  according  to  thei.xi8e 

srAfftf/jtateaipenrtiire;  aad  the  scale  can  taeviMr 

hi  **~*f  tbae/anf  nnleaa  when  the  tube  is  of 

^aaet  tamentan  H  had  when  the  scale  was 

iv  cat    To  Mnn^J  t^^  source  of  error,  the  rod 

g^Hfrfyy^^^.A.g' the  scale,  was,  at  one  time,  con- 
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stnieted  of  materials  the  least  of  all  liable  to 
expansion  or  contraction — such  as  wood:  now 
however,  a  metallic  tube,  whose  rate  of  expansion 
has  been  determined,  is  adapted  for  all  good  in- 
struments, on  the  principle  that  it  is  preferable  to 
deal  with  a  large  though  ascertained  error,  than 
with  a  small  and  indefinite  one.  It  is  necessary 
therefore  to  ascertain  the  temperature  of  the 
acale^iube  at  every  observation,  and  to  add  to,  or 
subtract  from,  the  height  as  read  on  the  scale,  a 
quantity  due  to  the  expansion  or  contraction  of 
the  tube,  taking  as  a  bads  its  natural  tempera- 
ture and  height.  This  necessity  of  determining 
the  temperature  of  the  tube,  requires  that  a 
thermometer,  ti^,  be  attached  to  the  tube;  and 
that  this  thermometer  be  read  off  quickly  at  the 
commencement  of  the  process  of  observing. — ^The 
eeeond  cause  of  error  is  due  to  variation  of  tem- 
perature also;  but  to  its  effects  on  the  mercuriai 
column.  The  object  of  the  instrument  bemg  to 
give  the  weight  of  the  air  by  observation  of  the 
height  of  the  column ;  it  is  evidently  implied  that 
the  mercury  remain  of  a  corutant  specific  gravity ; 
for  then  fdone  could  similar  heights  represent 
corresponding  weights.  Now  the  specific  gravity 
of  merouiy  is  not  constant,  if  its  temperature 
varies :  this  liquid,  expanding  like  all  others,  and 
becoming  of  inferior  specific  gravity  as  its  tem- 
perature increases.  The  temperature  of  the 
mercury  must  be  ascertidned  tho^ore,  as  well  as 
the  temperature  of  the  tube :  and  in  many  of  our 
best  Barometers  this  is  done  by  aid  of  a  second 
thermometer  whose  ball  is  plunged  amid  the 
mercury.  Often,  however,  it  is  assumed  that  the 
temperature  of  the  mercury  corresponds,  or  very 
nearly  corresponds,  with  the  temperature  of  the 
metallic  tube;  and  that  a  single  observation  of 
the  thermometer  will  suffice.  The  amount  of 
correction  for  these  two  errors  grouped  together, 
is  obtained  in  practice  from  suitable  tables,  whose 
indices  or  variables  are  the  observed  temperatures. 
Such  the  needful  corrections .  but  errors  in  the 
result  will  still  remain.  The  process  of  observing 
the  Barometer  is  a  very  nice  one;  and  only 
the  greatest  care  and  large  practice  will  secure 
the  observer  against  mistakes  seriously  interfering 
with  the  usefulness  of  his  results,  in  those  more 
delicate  inquiries  on  which  science  is  now  enter- 
ing. Hence,  as  we  shall  see  below,  the  very  high 
importance  of  self-registering  Barom^ers. — ^Blr. 
Newman  of  London  has  long  enjoyed  deserved 
reputation  for  the  structure  of  Barometers.  We 
gladly  notice  also  the  excellence  of  the  Barometers 
oi  Fortin,  as  now  produced  by  M.  Ernst  of  Paris. 
Barometer  J  Aneroid, — Avery  beautiful,  portable, 
and  accurate  instrument,  recently  invented  by  M. 
YidL  It  was  introduced  to  the  British  Associa- 
tion in  1848,  by  Professor  Lloyd  of  Dublin.  The 
face  of  this  Bannneter,  presented  in  fig.  1,  is  four 
or  five  inches  in  diameter ;  the  barometric  heights 
being  indicated  by  the  hand.  Behind  the  fiioe  is 
a  bnss  box,  about  2}  or  8  inches  deep,  contain- 
ing -the  apparatus,  on  which  the  weight  of  the 
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atnofiphere  acts.    The  apparatus  itadf  is  a  little 
CTmpleTi  bat  its  principle  will  be  readily  under- 


Fig.  L 

Stood ;  by  aid  of  figs.  2  and  8,  which  are  sections 
of  the  important  parts  of  it  d  d,  fig.  2,  is  a  circular 
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metaflie  case  called  the  vaciram  chamber,  the 
sides  of  which  are  thin  and  oorrogated,  so  that 
their  elasticity  is  great,  and  therefore  the  readi- 
ness with  which  they  yidd  before  variatiims  of 
atmospheric  pressure.  This  chamber  may  be  ex- 
hauated  wholly  or  partly  through  a  tube,  F.  In 
the  state  of  exhaustion  it  would  take  the  form  of 
fig.  8.  When  prepared  lor  use,  howerer,  the 
exliaustion  is  not  complete ;  and  the  corrugated 
diaphragms  take  the  position  of  the  dotted  lines  in 
fig.  8,  leaving  between  them  a  certain  free  interval 
abng  the  whole  interior  of  the  chamber.  A 
quantity  of  gas  is  introduced  after  exhaustion,  by 
means  of  the  variation  of  whose  eLastidty,  at 
varying  temperatures,  oompensation  is  effected 

72 


BAB 

for  the  changing  capacity  of  the  case.    The 
or  chest  being  2*5  inches  in  diameter,  the  pressuie 
of  the  atmosphere  upon  its  sides  or  diaphragm 
would  be  about  78  lbs.  were  exhaustion  perfect: 
in  the  actual  instrument  it  is  not  more  than  44  lbs. 
It  is  easy  to  see  that,  on  any  s^ble  variatioii 
of  atmospheric  pressure,  the  two  sides  of  this 
metallic  chamber,  will  either  recede  from  eadi 
other  or  approach,  aGcording  as  that  pressure 
diminishes  or  aagments :  and  that  in  conseciuence 
of  such  receding  or  approach,  the  free  stalk  or 
rod,  M,  will  obuin  a  slight  motion  in  or  out,  at 
right  angles  to  the  fiice  of  the  Aneroid.    This 
motion  is,  in  the  first  place,  changed  by  ingenioas 
contrivances  from  a  vertical  motion  to  one  paralld 
to  the  face  of  the  dial;  and  this  last  is  sgain 
changed  into  a  rotatory  one — ^that  moving  the 
index  hand— by  the  application  of  a  watch  chain 
to  a  small  cylinder  or  drum.    This  process  of 
change  is  also  made  to  augmtMt  or  multiply 
the  original  very  slight  motion,  by  aid  from 
levers;  an  effort  so  well  accomplished  that  when 
tl)e  corrugated  surface  moves  through  only  i^gth 
of  an  inch,  the  index  hand  on  the  ffice  turns  over 
a  space  of  three  inches.    The  only  correction  re- 
quired for  the  aneroid  is  a  slight  one  for  tempen- 
ture,  detected  experimentally  tlius: — Observe 
carefully  its  indication  at  any  moment  in  the 
external  air ;  remove  it  immediately  before  a  fire, 
and  heat  it  until  the  thermometer  on  the  dial 
shall  reach  100° ;  then  notice  the  variation  of  the 
hand :  this  variation,  divided  by  the  number  of 
degrees  through  which   the  thermometer   has 
moved,  will  give  the  correction,  whether  in  defect 
or  excess,  to  be  applied  for  each  degree  of  diange 
of  temperature.    The  extreme  portability  of  this 
little  instrument,  and  its  comparative  freedom 
firom  risk  of  fracture,  give  it  immense  advantage 
over  the  mercurial  bim)meter  in  all  cases — such 
as  in  measuring  altitudes — where  its  transport  is 
necessary;  and  certainly  it  has  well  stood  the 
strongest  tests  as  to  its  accuracy.    Mr.  Lloyd 
states,  for  instance,  that  he  had  placed  one  under 
the  receiver  of  an  air  pump,  and  found  that  its 
indications  corresponded  with  those  of  the  mer- 
curial gauge  to  \ks  than  0*01  of  an  inch ;  and^ 
within  ordinary  variatioua  of  atmospheric  plea- 
sure, the  coincidenoe  is  very  remarkable: — The 
sum  of  the  heights  of  109  observations  by  th» 
aneroid,  gave  in  one  set  of  experiments  8289*719 
inches,  this  eorresponding  sum  with  the  mercurial 
barometer  being  8239*44.    The  Aneroid  was  thoa 
in  excess  only  0*272  of  an  inch,  which,  divided 
by  109,  gives  for  the  average  error,  or  rather 
ditereponcyj  of  one  observation,  the  very  small 
fraction    0*00249  of  an  inch.      Modificataooa 
and  different  ionnB  of  the  Aneroid  have  already 
been  proposed:  among  which  are  thoae  named 
MetalUo  Barometen,    The  principle  is  the  sama 
Barometo',  Siphon^  Simpieaometer,  PoriaUe^--^ 
Various  forms  of  the  Barometer  have  been  pto-^ 
posed.    One,  the  siphon^  consisting  mainly  of  « 
bent  tube  (fig.  1,  BiKoauBXAR),  wiUiout  a  cistera, 


M  b  fig.  ^    Tike  altHade  of  the  odlamii  is  some- 
.  at  tlw  tapper  suxfiKe  and  aometimes 
duu4^  of  position  of  the  lower 
eritaitly  ooR«6ponding  with  chiinges  in 
Ifat  postkn  of  the  upper  oocw    In  this  latter  case, 
CQRecdon  for  the  tanperatore  of  the  mercnry  may 
he  tPi^wiiiifd  with,  aa  it  is  the  veightj  not  the 
keigki^  of  tbe  long  oolanm  which  is  directly 
MSHiwd: — tlie  poaitioa  of  the  lower   sorface 
weald  be  die  aanw^  althotigfa  the  greater  part  of 
fte  appsr  eolnma  were  not  mercury,  but  some 
These  SipkoiUf  however,  are  not 
scientific  Observers.    They  are 
to  distmbanoe  from  an  in- 
of   capillarity,    or    of   the  menisetUy 
farated  in  tscdo  and  ki  the  air.    They  are 
fr^pae;  and  altogether  the  construction  is 
—  Another  medificatjon  wss  proposed 
maoy  years  ago  by  Mr.  Adie  of 
Edinbuis^  and  is  of  much  value, 
throng  the  extent  of  its  range. 
As  represented  in  the  acoompany- 
iag  woodcut,  it  consists  of  apKnrtion 
of  pennaaeatly  elastic  gas,  enclosed 
in  the  upper  part  of  a  tube,  and 
separated  from  the  external  lur  by 
a  fluid,  which  neither  acts  on  that 
gas,  nor  is  acted  on  by  the  external 
The  gas  employed  is  hydro- 
,  and,  in  the  cistem,  oil  of  al- 
(nooda,   coioared  red  by  alkanet 
root    As  the  pressnre  of  the  at- 
moeiihen  varies,  the  enclosed  hy- 
Aogen  expands  or  oontracts,  by 
proportknal  but  large  quantities; 
mm±  the  Uqiuid,  aooocdingly,  either 
rises  or  fidls  in  the  tube,  to  which 
A  scale  is  attached,  through  huge 
fipaeeiL    Tbe  ssnsitiveness  of  this 
instnmient,  and  its  extensive  scale, 
makes  it  a  deserved  tkvourite  at 
sea;    but,    Ibr  delicate   meteoro- 
logical purposes,  it  is  quite  inferior 
to    the   mercurial   barometer,    in 
cfaieAy,  of  absorption  of  hydn^gen  by 
To  cnabie  the  observer  to  correct  for 
a  thermometer  is  attadied.  Porto^iis 
chiefly  of  the  siphon  form,  are  in- 
wkb  sspectal  view  to  safe  and 
Very  ingenious  and  excellent 
ef  thb  land  have  long  been  made  at 
hut  tlMy  are  nowsnpeaeded 

4e. — ^Ihese  are  instruments 
the  mevcurial:  the  liquid  employed 
V  Aa.  instead  of  mercury. 

JS^'RBgattrimg — ^There  are  two 

ef  what   are    called    self- 

s^The  jErsI,  to  present 

tlie  eoane  or  flow  of  a  changing 

^  whkdif  without  their  aasistanoe, 

ifra  coDditkm  only  at  a  few  and 
<tftiiBC^    Tbe  jeoond^  to  enable 
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us  to  avoid,  by  some  process  of  fnee&onica/ record 
«n^,  the  errors  inherent  in  every  act  of  observation. 
To  accompliBh  the  first  object,  self-registering 
Barometers  have  been  offered  in  various  forms ; 
but,  in  general,  we  have  lost  in  exactness  as 
much  or  more  than  we  gained  through  the  con- 
tinuity or  frequency  of  the  record.  No  instru- 
ment of  this  kind  has  been  produced  sufficiently 
free  from  irregularities  arising  out  oi friction  and 
other  medianical  obstacles.  Of  all  those  with 
which  we  are  acquainted,  the  Bryson>  of  Edin- 
burgh is  undoubtedly  the  best;  the  instrument 
marking  its  condition  every  hour  on  a  cylinder 
turning  regularly  round,  dirough  means  of  its 
attachment  to  a  dock.  But  this  instrument 
leaves  untouched  the  errors  of  observatbn ;  nay, 
the  mode  by  which  it  proxddes  for  the  subsequent 
measurement  by  the  observer  of  the  altitude  or 
vslue  of  the  marks  it  attains,  is  the  weak  part  of 
iL  This  second  source  of  error  can  be  got  rid  of 
only  in  one  way,  by  the  aid  of  Photography,  It  is 
not  too  much  to  allege  that  the  happy  application 
of  this  art  will  ere  long  supersede  personal 
observation  in  such  cases  altogether;  while  at 
the  same  time  it  affords  the  means  of  recording 
continuously  the  changes  of  any  phenomenon  in  a 
state  otJUix,  however  various  these  may  be.  We 
do  not  intend  to  describe  in  this  place  the 
mechanics  of  this  application  of  Photography, 
because  these  will  certainly  be  much  simplified. 
Suffice  it,  that  the  efficiency  of  the  application 
alike  to  Barometric,  Thermometric,  Hygrometric, 
and  Magnetic  changes  has  been  amply  verified 
at  our  great  National  Observatory  of  Greenwich. 
The  instruments  in  actbn  there,  were  constructed 
by  Mr.  Brooke ;  and  it  is  understood,  that  their 
eminent  value  is  acknowledged,  and  the  opinion 
we  have  just  expressed  fully  ooncurred  in  by  the 
Astronomer  Royals  Mr.  Airy.  See  Article 
Photoobahy,  Reoistbatios  by,  in  Ap- 
pendix. 

Baromeler^  Repeaiwg.    See  Appendix. 

Base*  In  geometry,  the  base  of  a  figure 
means  properly  its  lowest  line,  if  it  be  a  plane 
figure,  or  its  lowest  surfkce  if  it  be  a  solid.  In 
trigonometrical  operations,  the  base  is  a  line 
carefully  measured  between  two  points  readily 
accessible,  from  which,  by  measuring  angki  alone 
afterwards,,  we  may  obtain  the  length  of  lines  not 
observed.  Upon  the  accuracy  of  the  measure- 
ment of  the  base  depends  therefore,  tlft  value  of 
the  whide  series  of  operations.  In  consequence, 
the  greatest  precautionaare  taken  in  surveys,  not 
te  neglect  changes  of  length  from  changes  of  tem- 
perature m  the  measuring  chain — differences  of 
level — the  spherical  figure  of  the  earth*s  surface, 
and  the  like.  What  is  called  the  base  Kne,  in 
measuring  the  length  of  a  degree  of  latitude 
(see  Latitudb),  is  the  length  marked  off  between 
the  points,  the  inclination  between  the  verticals 
at  which  is  to  be  answered. 

BaatloB*  A  term  of  fortification,  applied  to 
a  work  in  the  shape  of  a  pentagon  inserted  In  the 
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wan  of  a  ibrtreflB.  It  consists  of  two  ^beet, 
whidi  form  a  salient  angle  to  the  spectator  out- 
side ;  of  two  JUuJcM^  which  oonneet  the  bastion 
with  the  cttrtems;  aiid  of  a  por^  which  separates 
their  extremities,  and  by  whid^  entrance  is  to  be 
'  obtained.  The  bastion  osually  consists  of  a  mass 
of  earth,  snrmonnted  with  tnif,  bricks,  or  stanes. 
It  was  not  used  till  about  the  beginning  •f  the 
sixteenth  centory. 

Batlcrr.  Several  gone  playing  at  the  same 
place,  under  cover  or  otherwise,  are  called  a 
haUenf.  The  tvSl  description  of  the  various  kinds 
of  batteries  will  be  found  in  every  work  on  Gmk- 
«dry  and  Artillery. 

Battery^  Efectric-^WiOioat  entering  m  this 
place  extensively  into  the  general  subject,  the 
reader  may  be  reminded  that,  in  the  abseiioe  of 
any  positive  knowledge  of  the  intimate  nature  cf 
electricity,  it  has  been  found  convenient  to  sop- 
pose  that  the  phenomena  are  produced  by  two 
fluids,  which  have  a  tendency  to  combine  and 
neutralize  each  other^s  eflTects,  or  even  altogether 
to  disguise  the  ordinary  evidenoeof  their  existence. 
In  this  state  of  union,  the  substance  with  which 
they  are  associated  is  said  to  be  non-eiectrified. 
They  are  called  the  vitreous  and  resinofis  elec- 
tricities, this  mode  of  expression  being  now  gen- 
erally preferred  to  that  of  Franklin,  who  en- 
deavoured to  explain  the  phenomena  by  the 
supposition  of  only  one  fluid,  which,  when 
uniformly  distributed,  constituted  the  common  or 
unelectrified  state  of  matter.  When  in  exoeBs, 
as  on  a  piece  of  glass  that  has  been  rubbed,  the 
body  was  said  to  be  positively,  or  when  in  defect, 
as  in  sealing  wax  after  friction,  negatively  elec- 
trified. These  names  are  respectively  synonymous 
with  vitreous  and  resmous  in  the  firBt-mentiooed 
hypothesis.  When  the  prime  conductor  of  an 
electrical  machine  is  of  a  large  size,  a  very  con- 
siderable anaount  of  vitreous  electricity  can  be 
accumulated  on  it ;  but  it  has  been  found  that, 
by  the  employment  of  the  principle  of  what  is 
called  electric  induction,  a  vastly  greater  quantity 
can  be  accumulated  in  a  comparatively  smaU 
space,  and  in  a  state  more  capable  of  producing 
many  of  the  eflfectB  of  this  remarkable  agent 
Such  is  the  purpose  of  the  electric  or  Leyden  jar 
and  battery.  The  principle  of  induction  may  be 
stated  thus : — If  a  good  conductor  be  interposed 
between  an  electrified  and  an  unelectrified  body, 
the  aocdbulated  electricity  (say  the  vitreous) 
attracts  resinous  electricity  from  the  other  body 
through  tho  conductor,  and  the  ordinary  unex- 
cited  state  is  restored,  or  the  body  is  said  to  be 
discharged.  If,  however,  the  interposed  substance 
be  not  a  conductor,  then  dischaige  cannot  occur, 
but  the  vitreous  fluid  in  the  electrified  body  at- 
tracts  the  resinous  fluid  naturally  in  the  neutral 
substance,  and  tends  to  draw  it  through  the  non- 
conductor, while  at  the  same  time  it  repels  the 
vitreous  or  fluid  similar  to  itself,  this  being  a 
fundamental  law  of  electric  action.  If  now  a 
path  be  opened  for  the  escape  of  the  repelled 
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vitreous  fluid,  as  by  presenting  to  it  a  metaDie 
rod  or  other  good  conductor,  it  passes  off,  and  m 
have  the  remaining  resinous  fluid  and  the  com- 
municated vitreous  acting  on  each  other  fay  in- 
duction across  the  substance  of  the  non^ooDdnctor, 
disguising  each  other's  presence,  and  strengiy 
tending,  by  their  mutual  attnctk>n,  to  effect  a 
junctiim  as  soon  as  a  conducting  channel  shall  be 
afibrded.  In  this  species  of  actkm,  the  mutual 
repulsion  of  the  particles  of  each  of  the  fluids  » 
overoome,  by  the  attractive  power  of  the  opposite 
fluid  acting  across  the  substance  of  the  non-oon- 
ductor,  and  thus  a  vastly  greater  accunralatioa 
can  take  place  than  the  s^-repulsive  power  of 
each  species  of  fluid,  Ibr  its  own  particles,  oould 
possibly  permit,  were  it  not  for  this  arrifloe  ot 
causing  each  fluid,  by  its  proximity,  to  subdue, 
so  to  speak,  the  other.  In  this  state  the  non- 
conducting substance  b  said  to  be  chaiged  with 
disguised  electricity,  and  the  instant  a  conducting 
circuit  is  established,  the  two  species  join,  and 
the  diBcbaige  is  effected.  Sealing  wax,  gum 
lac,  gntta  percha,  or  glass,  or  indeed  any  tolerably 
perfect  non-conductor  of  electricity,  may  be  used. 
A  thin  plate  is  the  most  eflbetive,  and  in  order 
that  the  different  points  of  the  surfaces  may  act 
simultaneously,  a  film  of  conducting  substance 
must  be  spread  partially  over  both  sides,  leavings 
however,  suiflcinit  space  near  the  borden  to  pre- 
serve the  insulation.  A  plate  of  common  window 
glass,  coated  with  tinfoil  on  each  surfkce  to  within 
an  inch  of  the  edge,  makes  an  excellent  apparatus 
for  the  accumuli^n  of  electricity  in  the  manner 
above  referred  to.  Being  rendered  carefully  clean 
and  dry,  it  is  chaiged  by  holding  it  by  one  of  the 
comers,  bringing  the  tinfoil  of  one  surface  in  eon- 
tact  with  the  prime  conductor  of  the  electrio 
machme  in  action,  the  itoger  or  a  wire  being  kept 
in  contact  with  the  foil  of  the  oppositu  surface, 
to  allow  of  the  escape  of  the  repelled  vitreous 
fluid.  This  simple  and  efltetive  arrangement 
aflbrds  a  reedy  means  of  dispelling  the  popular 
fallacy  nguAng  the  Leyden  jar,  viz.,  that  the 
form  of  a  jar  is  necessaiy,  in  onder  that  the  elec- 
tric fluid  may  be  retained  in  it  in  opposition  to 
its  tendency  to  flow  out  like  water.  Although 
it  is  true  that  any  quantity  of  dectridty  might 
be  collected  on  a  sheet  of  glass  arranged  as  ii^- 
cated,  by  suffidently  increasing  its  size,  still  sndi 
an  apparatus  would  be  cumbrous  and  liable  to 
accident.  It  Is  therefore  found  that  the  form  of 
a  jar  is  more  convenient,  and  glass  is  the  sub- 
stance usually  preferred,  the  thidmess  bdng  from 
1-^th  to  -^^h  of  an  indL  A  greater  thickness 
tlum  this  impedes  the  action.  Eadi  smfooa  has 
tinfoil  smoothly  pasted  on  it  to  within  about  two 
indies  of  the  mouth,  a  ooric  or  dry  wooden  lid  is 
inserted,  through  whidi  a  metallic  rod  peases^ 
terminated  at  the  top  by  a  smooth  ball  of  hatf- 
an-inch  diameter,  and  ending  bdow  in  a  chain 
which  reaches  to  the  inner  coating  of  tinfoil  on 
the  bottom.  The  ball  thus  represents  the  inner 
surface^  and  the  outer  tinfoil  the  exterior.    Be- 
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■e  the  disdist^  tends  to  take  place. 

groat  aocitmalatkNi  is  requued,  instead 

one  ray  larg^  and  tbeivfore  thick  and 

Jar,  a  qnnhinafioo  of  a  number  of 

era  is  piefiawd.     To  sock  a  ooUection 

off  Eleetiic  Battery  is  giveii.  Each  jar  is 

aa  alieadj  detailwl,  and  the^r  are  then 

fay  placing  the  oatride  eoatings  in  me- 

itii  cadi  other,  and  by  connecting  the 

tcriofs  Into  one,  joining  all  the  balls 

efdftains  or  brass  rods,  or  more  aimply 

by  binding  the  whole  of  the  rods  as  they 

raii  the  intarior  of  the  jars*  so  that  they 

on  the  joined  extiesuties  placing 

lepresents  the  whole  of  the 

A  bettfliy  composed  of  six 

A  sKposing  two  sqaare  feet,  is  soffident 

nhihirinn  of  most  of  the  eSkcU  of  accn- 

When  powerfnlly  chaiged, 

be  by  about  a  hundred  tnnis  of  a 

H  alMNild  be  imnHLirf  with  caution, 

taken  that  do  part  of  the  body  be 

r  the  baD.    If  tfaia  be  attended  to, 

BMiy  be  freely  touched.    The 

the  sneosMful  management  of  this, 

Mst  pieees  of  dectrical  apparatoa, 

t  it  be  nodered  perfectly  dean  aiid  dry; 

it  is  ^nerally  esMiitisl  that  eadi  jar  should 

pantriy  and  nndcnd  warm  by  being 

walk  a  tBBiag  motion  for  a  few  seconds 

A  iie  or  a  good  flame,  just  before  being 

It  ia  pnfMr  also,  to  prevent  disappoint- 

(wUch  fe  so  freqnait),  that  a  pithbidl  elee- 

AonU  be  attached  to  the  battery,  to 

by  the  asMunt  of  its  diveigenoe,  the 

of  thecimge. 

a  battery,  with 


ifcniEiths 
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in;wk£sthe 
the 
sad  the 


lodicatiBg  the  chaige,  and 
gr  nsed  for  passing  the  chaige 
inoe  of  an  egg,  which  lie 
the  enter  surlaoe.  One  ' 
^  placed  on  its  upper 


on 
ben 

sur- 


plaoed    uu.   us   upper  sur- 

B  brought  up  to  touch  the 

^ ooatingK,  when  the  spark 

disriMfK®  ^  instantly  completed. 
mtUc  or  VoUaic — ^Tbe  apparatus 
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to  which  this  name  is  given  must  be  regarded  as 
one  of  the  most  curious  and  remarkable  of  human 
inventions.  The  exhibition  of  its  efiscts  scarce 
fails  in  exdting,  in  the  thoughtful  observer,  ad« 
miration  of  the  genius  which  has  constructed, 
from  the  apparently  inert  and  lifdess  matter  of 
the  earth,  combinations  of  power  so  strange  and 
subtle,  an  instrument  so  potent  in  the  laboratory 
of  the  philosopher,  and  now  so  useful  in  the  pro- 
cesses of  art  Of  the  theoiy  of  the  Galvanic 
Battery  little  can  here  be  said,  nor  indeed  could 
it  be  of  value,  as  all  that  is  known  regarding  it 
rests  on  hypotheses  in  themadves  full  of  doubt 
Without  entering  into  speculations  as  to  the  elec- 
tric rdations  of  the  atoms  of  matter,  it  may  be 
stated,  as  tolerably  weU  ascertained,  that  there 
is  DO  case  in  which  chemical  change  occurs  among 
the  constituents  of  any  substance,  without  a  di»- 
turbance  of  their  dectrical  state.  In  some,  nay 
in  most  cases,  this  disturbance  would  altogether 
escape  notice,  were  it  not  for  certain  precautions 
taken  expresdy  for  its  observance.  For  instance, 
say  that  we  dip  a  piece  of  metal,  such  as  brass, 
into  diluted  sulphuric  add,  in  a  glass  vessd ;  the 
metal  would  be  dissolved,  and  we  should  not  be 
sensible  of  any  dectrical  change.  It^  however, 
the  containing  vessd  were  tin  or  iron  instead  of 
C^ass,  then,  on  bringing  the  edge  of  the  dissolving 
brass  in  contact  with  the  edge  of  the  vessd,  a 
spark  of  light  would  faistsntly  give  notice  of  the 
passing  energy.  To  this  the  name  of  Galvanie 
Action  has  been  given,  and  the  agent  is  called 
Galvanic  or  Yoltaus  Electricity.  That  it  is  com- 
mon electricity  in  a  modified  form  has  been  proved, 
and  the  difference  between  the  two  has  been  com- 
pdM  to  the  difference  between  a  mountain  rivulet, 
or  rushing  cascade,  rapid  and  powerful  though 
siDall  in  quantity,  while  the  other,  the  galvanic 
current,  resembles  the  rolling  waters  of  a  broad 
and  deep,  though  slowly  moving  river,  the  frio- 
tional  dectridty  excelling  in  tennon^  while  the 
voltaic  current  far  exceeds  it  in  quanHiy.  In 
the  absence,  hitherto,  of  certainty  as  to  the  inti- 
mate nature  of  the  actions  in  question,  such 
phrasesas  Galvanic  Current,  Podtive  and  Negative 
Pole  or  Electrode,  &&,  must  be  conventionally 
used  till  a  more  correct  nomendature  shall  emerge 
from  advancing  knowledge.  It  will  be  suffident 
here  to  state  as  an  ultimate  fact,  that  when  two 
different  substances,  together  and  without  con- 
tact, are  immersed  in  a  substance,  generally  a 
liquid,  whidi  chemically  acts  on  both,  the  two 
are  thrown  into  opposite  electrical  states ;  that 
which  is  most  energetically  acted  on  becoming 
negative  or  lednous,  while  the  other  becomes, 
with  reference  to  it,  vitreous :  and  further,  that 
these  actions  are  most  powerfully  observed  when 
the  chemical  action  is  one  of  oxidation,  and  both 
substances  are  good  conductors.  Though  it  is 
important  to  keep  in  view  this  generality  in  these 
actions,  still  it  is  known  that  metals  undergoing 
solution  in  adds  are  most  favourable  for  the  ener- 
getic exhibition  of  the  galvanic  phenomena.    In 
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the  choice  at  the  pair  ot  mctola  to  be  put  together 
to  fbnn  the  eombinition.  k  miieC  be  kept  in  view 
that  if  both  an  g<xid  conductors,  then  the  more 
energMicali}'  and  ragndly  Uie  one  la  acted  on  by 
the  eulution,  the  greater  is  the  evolulioD  of  elec- 
tricity, lliia  being  called  the  generating  plate,  and 
the  more  the  other  reeisU  the  action  of  the  liquid, 
the  giealer  iba  is  the  energj'  of  the  combinalion. 
The  one  Beail  acted  on  ie  called  the  conducting 
pUte.  The  combinition  of  two  such  plates  U 
called  ■  galvanic  element,  the  most  common  bting 
copper  and  line,  immeraed  in  a  solution  of  one 
pMt  ol  vrater,  from  ,',,01  to  ,^1''  "^  eulphurie 
add,  according  lo  the  energy  icijuh^  and  ^^th 
of  Ditric  acid.  When  luch  a  pair  ie  composed  of 
plates  exposing  many  square  feet  of  aui&ca, 
great  energy  is  evolved.  A  win  connected  with 
the  copper  in  called  the  pmilhe  pels  or  dtcfrode, 
while  tiie  same  wi(h  rererence  to  the  linc  is  called 
the  utgalia  poh  or  electrode.  Any  substance 
to  be  subjccled  to  the  action  la  placed  between 
the  [wlee.  The  cuirent  is  said  (o  pau.  Metallic 
wires  are  heated  lo  redness  or  dissipated  in  va- 
pour ;  vivid  sparks  are  seen ;  pieces  of  charcoal 
■re  heated  to  intense  whiteness,  producing  what 
has  t>eeii  somewhat  erroneously  called  the  electric 
light.  Fonerfid  magnetic  effects  are  likewise 
induced  hi  coils  of  wire.  But  some  ot  the  most 
Important  actions  of  the  eamnt  cannot  be  evolved 
by  thisapparalusof  asingla  pair,  howeter  large. 
It  la  defirient  in  tension,  and  can  only  trBverBe 
very  good  conductors.  To  give  Impelos  or  force 
to  Uie  current,  a  eomUnation  ot  shigk  gait 
elements  into  a  battery  Is  necessary.  Befbr 
ferring  to  the  mode  in  which  such  combina 
■re  farmed,  it  may  be  as  well  to  attend  a 
more  minutely  to  the  Afferent  kinds  of  s  _ 
dements  which  nni  used.  They  may  be  divided 
into  those  of  om  hquid  and  those  of  two  liquids. 
Of  the  first  is  tbaC,  the  most  common  and  gen- 
erally useful,  of  a  ^mc  and  copper  plate  of  aboul 
equal  thickness,  and  separated  by  an  Interval  of 
about  half-an-inch,  Uw  excltuig  liquid  being  one 
part  of  water,  ^Vlh  of  oil  of  vitriol,  and  ,>^th  of 
Ditric  acid.  This  arrangementismuchimproved 
■nd  rendered  more  economical,  by  the  amalgama- 
tion of  the  line  plate,  which  is  readily  accom- 
plished by  rubbing  its  aurfacs  with  metalhi 
mercury,  while  it  is  moistened  with  one  part  a 
lulphnric  add  to  dght  of  water.  By  this  means, 
first  sug);ested  by  Mr.  Kemp  of  Edinburgh,  the 
Kurface  ot  the  eIuc  plate  is  kept  bright  and  free 
from  oxide,  while  its  substance 
only  wasted  down  by  the  add  di 
iiig  the  time  thai  the  current 
■dually  being  used,  all  waste  In  1 
interv^  bdirg  thus  avoided.  The 
modificBlion  usually  called  Smee's 
Batter}- consists  of  an  amalgamated 
plate  of  line  placed  within  half- 
an-incb,  one  on  each  side,  of  ■  tliin 
silver  conducting  plate  on  which 
pbtinum,  in  a  line  state  of  divishia, 
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baa  been  prediiitaied.  The  nitric  add  is  ondtled 
in  the  exciting  liquid.  The  superiority  in  thia  caaa 
A  supposed  lo  consist  chiefly  in  the  freedom  whb 
ivbicb  the  bj-drogen  escapee  from  the  platinised 
luriace  of  the  silver,  as  contrasted  with  the  man- 
ser  m  which  it  clings  lo  the  plates  of  the  copper 
batter}-.  In  each  of  these  cases  of  mngla  liqidd 
elements,  the  evolved  current,  though  energetic 
for  the  Qist  few  minutes  after  the  fresh  liquid  ii 
ted  on  the  dean  metals,  soon  begins  to  dimtn- 
aod  in  general,  in  the  course  of  flfteoi  er 
aly  minutee,  it  is  reduced  to  a  mere  fractim 
s  first  foree,  even  though  the  add  in  the  add- 
tioo  should  be  nearly  of  its  original  slieiigth. 
One  main  cause  of  this  has  been  the  depoaitkD 
of  oxide  of  dnc  on  the  conducting  plate,  and  the 
evolution  of  the  hydrogerr  has,  during  the  whole 
process,  acted  as  ao  oppoang  process,  or,  at  least, 
Ion  has  beoi  occasioned  by  the  n^lect  of  tha 
opportunity  which  the  hydrogen  migfat.«flbrd  at 
causing  a  deoxidating  process  mi  the  coodacting 
plala,  thus  rendering  it  more  opposed  to  the  gat- 
erating  plate,  where  oxidation  is  proceedbig-  To 
keep  tlie  zinc  liquid  from  touching  the  coadaetiDK 
pUte,  to  substitute  tor  it  on  this  latter  pUle  a 
liquid  capable  of  undergoing  deoiidation  by  Itie 
hydrogen,  and  at  the  same  time  to  allow  aacb 
contact  of  these  two  liquids  with  each  other  as  to 
admit  of  the  current  passing,  are  the  objects  to  be 
attained.  Such  are  the  ends  served  by  the  con- 
stant battery  of  Prof.  DanieU.  A  rod  or  cylioder 
of  amalgamated  zinc  i^  introduced  into  ■  lag 
made  of  an  ox  gullet  or  bladder,  or  even  of  dosdy 
woven  cloth,  or,  failing  these,  unglazcd  porcelain, 
in  the  form  of  a  cjlindtr  closed  at  bottom.  The 
lino  cylinder  Ac,  enclosed  in  its  envelope,  ia 
immersed  in  a  cylindrical  vessel  of  copper,  ao 
much  larger  as  to  allow  a  space  of  halt-an-indi 
dear  all  round  between  tiuaa.  Into  tbo  colour 
vessel  Is  put  a  saturated  solution  of  sulphate  of 
copper,  with  the  addition  of  j^th  of  anlphiuie 
add,  and  Into  the  envdnpe  of  the  liac  is  pound 
the  usual  exdiing  liquid  formerly  mentioned,  ct 
sulphuric  add  and  water.      When  the  wim  fraoi 


jpper  a 
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vgen  oxidatea  the  zinc,  which  is  then  dis- 
hy the  sulphuric  add,  forming  the  sulphata 
:^  which  remains  in  solution,  and  is  pro- 
rented  by  the  diaphragm  or  envelope  &om  toudi- 


lug  the  copper,  while 
its  hydrogen  passes 
through  the  moist  en- 
vdnpe, and,  comhig 
in  contact  with  the 
sulphate  of  copper, 
deoomposes  It,  reduc- 
ing die  mctall  Ic  nqipet 
on  the  surface  of  the 
copper  cylinder.  The 
sulphuric  add  passn 
through     to     ■ttack 
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tibft  2»c,  mffording  a  renewal  of  acid  for 
eoBtiiraiiig  thte  aetioo.  Thia  apparato-s  when 
fcopedT  oonstmcced,  keeps  in  an  energetic 
lor  boars,  and  is  hence  called  con- 
Snbjoiiied  is  m  drawing  of  one  of  its 


Each  dement  in  Grove's  Batteiy  is  constmcted 
I  a  similar  principle.  In  this  case  platinam  b 
the  oooduding  plate.  It  is,  from  its  ex- 
nature,  used  only  in  thin  sheets,  and  is 
fliffd  in  strong  nitric  add,  in  the  interior  of 
a  thin  flat  troogh  of  miglazed  porcelain,  the 
diaphragm,  though  otherwise  preferable, 
:  in  this  case  inadmissible.  One  amalgamated 
plate  may  be  placed  on  each  side  of  the 
titNigh,  and  the  whole  placed  in  a  vessel 
size,  containing  the  usoal  ezcit- 
aultiuo  of  solphmic  add  and  water.  In  this 
I  the  hjdrogen  deoxidates  the  nitric  acid 
r,  while  the  nitrous  acid  so  pro- 
I  disBolved.  Afler  a  time,  however, 
to  be  evolved  into  the  atmosphere,  and 
the  nitric  add  fisiiiy  enters  into  ebnllition, 
soaafalBatiDa  is  of  great  energy  and  con- 
;  it  is,  however,  in  its  first  oonstmction, 
and  is  liable  to  acddent.  If  cylinders  of 
the  best  being  that  left  by  sublimation 
in  the  retorts  of  ooal  gas  works,  be  substituted 
ftr  the  platinam,  we  have  the  dement  usually 
br  the  name  of  Bunsen's.  Square  prisms 
the  eohe  can  easily  be  cut  by  a  nuu-ble  cutter, 
A  {Meoe  of  copper  wire  is  wound 
iqiper  past  as  the  conductor,  and  they 
into  the  nitric  add.  Great  care  is 
in  washing  them  after  each  time  of 
the  copper  b  oxidated,  and  the 
to  pass.  A  battery  of  thb  kind 
ly  be  eonstrocted  for  £2,  which,  for  equal  effi- 
latinnm,  would  cost  XdO. 
exedlent  combination  of  two  liquids 
m  thai  of  CaOan,  or  the  Haynooth  dement,  as  it 
has  been  called.  The  conducting  plate  b  made 
flf  tlie  ferm  of  a  cylindrical  vesBcI,  and  b  of  cast 
faoB.  The  amalgamated  zinc  cylinder  b  pbced 
m  a  porooB  cdl  an  inch  hunger  than  itself,  for 
the  sulphuric  add  and  water,  one  of 
u>  eigiit  of  water.  Thb  b  then  placed  in 
iron  edl,  which  b  so  large  as  to  leave 
half-aa-inch  all  round  of  space,  for  con- 
tiae  second  liquid,  which  b  composed  of 
snlphnric  add,  and  a  drachm  of  nitrate  of 
te  the  oonce  of  acid. 

the  chief  modifications  of  the  galvanic 
while  andoubtedly  that  of  Grove  b 
powcrfol  for  its  balk,  that  of  Callan,  for 
M  the  most  economicaL 
Afl  the  diifaent  spectes  are  easily  made  into 
^"•"^^  by  the  combination  of  a  greater  or  less 
smibcr  of  Single  elements  into  one  arrangement, 
■ych  ii  done  by  eonnectinj^  the  generatmg  plate 
«f  me  ai^wM^^  with  the  conducting  plate  of  the 
m^  aad  so  on.  For  the  communication  of 
«tet  k  ^n^rf  tfr*  cbcMlt,  to  the  himum  body, 
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from  GO  to  100  pairs  of  the  single  liquid  copper 
and  zinc  combination,  each  plate  being  three  or 
four  inches  square,  are  necessary.     Thb  would 
also  be  suffident  to  exhibit  most  of  the  effects  of 
chemical  decomposition,  and  the  heating  power 
of  the  current,  on  thin  metallic  wires  and  leaves, 
as  also  for  the  feeble  production  of  the  dectrio 
light.    About  a  dozen  celb  of  Grove's  two  liquid 
combinations  of  a  similar  size  would  produce  the 
same  effects,  and  three  dozen  elements  of  Callan, 
each  exposing  half  a  square  foot  of  zinc,  is  suffi- 
dent to  produce  a  tolerably  brilliant  light  when 
transmitted  through  points  composed  of  the  gas 
coke,  formerly  mentioned,  and  brought  to  touch 
each  other  as  poles. 

The  Galvanic  Battery,  as  is  well  known,  b  now 
an  instrument  of  great  practical  use  in  the  Electric 
Tdegraph.  For  thb  purpose  the  form  most  gene- 
rally prefierred  b  the  simple  copper  and  zinc 
plate,  each  about  three  inches  square,  immersed 
in  acell  of  earthenware  or  gutta  percha  containing 
river  sand  mobtened  by  tlie  usual  diluted  sul- 
phuric add.  Thb  arrangement  b  called  the  sand 
battery.  It  b  steady  in  its  action,  and,  once  ar- 
ranged, keeps  in  force  about  a  week  without  re- 
quiring the  add  to  be  renewed  on  the  sand.  In 
the  offices  of  the  Edinburgh  and  Glasgow  Rail- 
way, a  battery  of  about  100  such  plates  is  used 
for  the  transmission  of  signab  from  one  dty  to 
the  other,  while  in  tlie  arrangements  of  the  Elec- 
tric Telegraph  Company,  batteries  of  about  from 
1,000  to  2,000  such  plates  are  used,  owing  to  tlie 
great  dbtances  over  which  the  signals  must  be 
sent.  In  thb  respect,  however,  much  depends 
on  the  state  of  the  weather  and  insulating  condi- 
tion of  the  supporting  posts  for  the  wires,  and 
also  on  the  diameter  of  Uie  wires  themselves.  On 
thb  curious  and  interesting  subject,  however,  the 
article  Tkleoraph  b  referred  to. 

Since  the  prospect  of  a  greatly  extended  use 
of  the  Galvanic  Battery  as  an  illuminating  agent 
has  presented  itself,  a  view  of  the  process  depend- 
ing on  the  generality  of  the  connection  of  the 
galvanic  exdtement  as  an  attendant  on  chemical 
action  has  led  to  important  results.  It  has  been 
proposed  to  employ  only  such  substances  for  bat- 
teries as  will  produce,  as  a  residue,  materiab  of 
commercial  value.  Hopes  are  entertained  that, 
during  the  preparation  of  pigments,  and  in  many 
otherwise  necessary  processes  of  chemical  manu- 
factures, by  proper  arrangements  vast  amounts 
of  electricity  now  uselessly  allowed  to  waste  will 
be  evolved,  in  a  form  fit  for  the  production  of 
Ught,  or  the  development  of  other  actions  of  value. 
The  mere  mention  of  such  effects  suggests  sources 
of  power  for  the  benefit  of  mankind  which  cannot 
be  contemplated  with  indifference.  Strange  that 
such  results  should  have  flowed  from  the  convul- 
sion of  a  decapitated  firog!  I 

Bear,  Grtmt.  aad  Ijlttle.  Two  constella- 
tions in  the  Northern  Hembphere.  See  Uit;tiA. 
Major  and  Minos. 

BclL    A  musical  instrument  in  which  the 
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Trbnittons  of  the  meUls,  when  struck,  are  the 
direct  cause  of  the  sounds. — (See  Acoustics  ) 
We  can  easily  understand,  according  to  the  laws 
of  acoustics,  how  belb  can  be  constructed,  from 
which  the  same  impacts  will  produce  different 
notes.  Upon  this  depends  the  machinery  of  what 
are  called  musical  bells,  which  play  at  certain 
hours  of  the  day.  The  material  of  which 
•  bells  were  originally  composed  was  in  all  lilceli- 
hood,  merely  cast-iron.  That  now  used  is  a 
compound  of  80  parts  of  copper,  and  20  of  tin. 
This  is  the  theoretical  proportion;  and  Indian 
gongs  are  made  exactly  in  accordance  with  it. 
In  ordinary  beUs  the  proportion  of  copper  remains 
the  same,  but  some  lead  and  zinc  is  substituted 
for  part  of  the  tin.  This  alloy  is  very  remarkable 
for  its  great  elasticity,  and  therefore  its  great 
capacity  of  sound. 

JBdlt  DirlBg*    It  is  frequently  desirable  to 
raise  otgects  from  the  beds  of  rivers  or  lakes,  or 
from  the  sea-bottom;  e.  g.  the  processes  of  fishing 
for  pearls,  sponges,  corals,  and  other  sub-marine 
products.  Often  again,  it  is  needful,  as  in  laying 
the  foundations  of  piers,  or  in  removing  sunken 
rocks  from  a  diannel,  that  we  should  possess  the 
power  of  remaining  under  water  for  a  considerable 
period.    Man  does  not  possess  this  power  natu- 
rally, 80  that  he  must  supply  it  by  suitable 
contrivances.    The  longest  time  during  which  a 
practised  diver  can  remain  under  water  is  about 
two  minutes.    Ordinary  persons  are  not  able  to 
support  such  a  condition  for  more  than  half  a 
minute.   Those  half  savage  tribes  that  are  accus- 
tomed to  water  from  their  infancy,  seem  to  become 
semi-amphibious,  and  can  support  immersion  for 
a  much  longer  time.  The  inhabitants  of  the  South 
Sea  Islands  afford  a  good  proof  of  this.     A  most 
extraordinary  instance  is  related,  on  the  autho- 
rity of  Kircher.    In  the  time  of  Frederic,  King 
of  Sicily  (about  the  commencement  of  the  14th 
century),   lived  a  celebrated  diver,  by  name 
Nicholas.     He  was  sumamed,  for  his  powers, 
Pesce  (a  fish).    He  had  from  his  infancy  been 
ufled  to  the  sea  as  a  fisher  for  corals  and  oysters. 
He  came  to  be  so  accustomed  to  it,  that  he  had 
been  known  frequently  to  spend  five  da^-v  in  the 
waves,  catching  fish  and  eating  them  raw,  for 
his  subsistence.   He  was  in  the  habit  of  carrying 
letters  frequently  between  Calabria  and  Sicily 
(a  very  coarse  passage,  b}'  the  way).   His  hands 
and  feet  grew  idtimatdy  webbed,  like  the  feet  of 
a  ^oofs,  and  he  became  capable  of  inhaling,  at 
one  breath,  enough  of  air  to  serve  him  for  a 
whole  day!    His  very  glorious  career  was  unfor- 
tunately cut  short  by  the  inconsiderate  curiositj 
of  the  king.    His  Majesty  sent  for  him  to  the 
palace;  and  when  Nicholas  had  been  found — 
from  his  unusual  mode  of  living,  this  was  not  so 
easily  accomplished— he   came.      Frederic  de- 
sired him  to  explore  the  bottom  of  Charyb- 
dis,  which,   though   unwilling,  he    ultimately 
midertook,  upon  the  renewed  solicitation  of  the 
King,  and  his  flinging  a  golden  cop  into  the 
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whirlpool,  which  was  to  be  the  diver's  own,  if  hft 
could  find  it  He  dived,  and  after  three  quartcn 
of  an  hour,  rose  with  the  cup.  He  gave  an  ac- 
count of  the  whirlpool  as  being  lined  with  jagged 
rocks,  to  which  clung  a  strange  polypous  fish, 
that  stretched  out  its  fibres  in  the  most  frightfnl 
way  to  catch  him.  Frederic,  not  perfectly 
satisfied  with  the  account,  requested  Nidiolas  to 
re-descend.  Nicholas  allowed  himsdf,  by  the 
prospect  of  a  still  laiger  cup,  to  be  over-persdideil 
— dived,  and  perished.  Every  reader  of  Gennan 
poetry  will  remember  Schiller*s  exquisite  ballad, 
the  Diver,  which  founds  oo  this  legend. 

There  are  two  prime  requisites  in  an  ap- 
paratus for  diving — the  constant  snpi^y  of  air, 
and  the  protection  of  the  body  of  the  div«r  from 
too  great  pressure. 

The  first  method  adopted  was  the  very  simple 
one  of  letting  down  a  heavily  weighted  bdl 
tically  into  the  water — the  diver  sitting  in 
interior.  As  it  descended,  the  air  got  overpressed 
and  the  water  rpee  in  the  bell,  but  never  to  the 
tup.  The  man  sat  in  the  top,  above  the  water 
mark,  and  if  the  bell  was  large,  oould  so  remaia 
for  about  an  hour.  The  air  became  graduaHj- 
poisonous  by  his  continued  respiration,  and  he 
had  to  be  taken  up. 

Several  evident  defects  occur  in  this  iostni- 
ment.  The  man  is  always  kept  by  it,  at  some 
length  from  the  ground.  He  goes  throuj^  a  pro- 
cess of  inspiiration, of  air  constantly  deteriorating; 
and  several  similar  objections  might  be  pointed 
out  Dr.  Halley*s  diving-bell  was  invented  to 
remedy  those  evils.  It  was  of  wood  coated  with 
lead,  and  having  at  the  top  a  strong  glass  win- 
dow, by  which  light  might  be  admiUed  to  the 
diver  bielow.  In  order  to  supply  air,  a  barrel 
was  taken  with  an  open  hole  in  the  bcMttom,  and 
a  weighted  hose,  hanging  by  and  fitting  into  a 
hole  at  the  top — so  weighted  that  it  would  natu- 
rally hang  below  the  bottom  of  the  barrd.  Tlie 
barrel  is  let  down  vertically  by  weights,  and  the 
hose  is  caught  by  one  of  the  men  in  the  bdl,  who 
lift  it  up  and  let  the  air  escape  from  the  barrei 
into  the  bell,  sending  it  up  when  empty.  A  code 
lets  off  the  carbonic  add  formed  by  the  breath- 
ing of  the  diver,  when  the  air  in  the  beU  geta 
filled  with  it  The  bell  is  thus  kept  always  filkd 
with  air;  and  the  air  kept  constantly  pure. 

Two  practical  difficulties  yet  remained.  When 
the  bell  descended,  on  a  rough  auriace,  it  wa<i 
apt  to  be  caught  on  some  rock  and  tilted  over 
fW>m  its  vertical  position — ^the  air  escaping, 
and  the  divers  perishing;  and  again,  the  whole 
management  of  the  bell  depends  upon  the  peofile 
above,  so  that  if  the  rope  was  broken,  or 
rubbed  against  a  stone,  the  same  fiite  awaited 
them.  To  obviate  the  first  difficulty,  Spal- 
ding's diving-bell  has  a  heavy  wei^ii  ■!• 
tached  to  its  middle  by  a  rope  which  can  be 
raised  or  let  down  as  convenient:  it  ia  let  down 
the  moment  that  the  bell  touches  a  rough  spot; 
and  then,  resting  on  the  ground,  It  velioTeB  tht 
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n  Iw  vvigtiC  and  loablei  it  to  rise  ap 

H  obatade.     To  orecctMiM  the  Utter  dilH- 

dM  bdl  conatu  of  tura  cavities  liistewl  of 

•  or  Kfp"  ""^  laarittg  lateral  lialea 


dowD,  thk  caviijr  ia  Oiled,  by  tba 
laiag  oat  tba  lb.  Wbai  tfas  diver 
I  Muad,  be  open  ■  tnull  •crew  in  tlie 
■ibcr,  wludi,  Bdmittinf;  ilr,  poshes  ont 
rfrvM  the  nppcr  chamlier,  to  listens 
Bd  BUke*  it  fin.  Triemld,  h  Swediah 
introdoced  tmfther  iinpniTcnMiiU.  At 
light  it  «c»ntr,  «iid 
vng  Rtne  windaw  in 
apalding'a,  of  on*  on  tlia  ndo,  did  not 


b  hi*  bdl  ct  copper,  tinned  mm  in 
~  re  a  very  Mnng  nflecting 
'  ig  tbie  by  pladog  tliree 
■rtbatopofttwbelL  He 
a  ^  of  dain*,  >aepR>ding  ■  plat- 
n  tkat,  vhen  not  at  deptba  iraderlng 
■■n  BCDOTmiBit,  the  diver  migbt  etuid 
t  wU  bm  he^  JnM  above  the  water.  He 
ri  in  tbia  waj  the  air  purer  Ihin  he  could, 
■g  n^tm  drj.  Tiiewaid  amnged  also,  a 
^  tMbn  Inade,  br  iHiidi,  even  if  nlting, 
wwt^  Inadie'ttae  eirneanM  the  bottom 


17  enrioni  and  InterMtng 
a  in  bie  divine  bdl  Wbik  holding 
am  amia  m  the  light  coming  throngh  tite  win- 
dew  m  tha  tap,  be  found  Ifae  back  of  it  appear  red; 
«Ue  Ik  )^  of  hit  hand,  hdd  downwvdi, 
fail,  Aa  WBIB,  end  HliiBiiDalai  chiefly  by  the 
BkIk  frfaOcd  finn  it,  wee  jpraan.  The  expUna- 
lioB  ■«■  gimi  by  Newton.  The  Ka-wMer 
■  ttie  nd  raje  at  ttw  ipectnun  moet 
~  r^ede  moet  eopiouly  the  violet 
One  irf  the  AateroidA.    For  ele- 
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.  IVboi  we  wiah  to  dinct  a  stream 
f  iir  agaJoManj  otgect,  an  inatnunent  i*  need 
^M^BeOnn.  ItbofvaiJouaoonMnKtkma, 
^  the  firiaeiph  In  all  caeco  It  very  nnch  the 
^■B.  The  r»dcr  will  roHlily  nnderataiid  it  b; 
a^mg  a  pair  s(  eomraon  bellowe  in  hie  hand, 
md  iii^iMiiiim  10  ne  them.  The  bottom  lid, 
m  plaM  ef  wood,  ie  Kipplkd  wllh  a  velve  opening 
mif  ionrd,  and  Aite  when  ibe  belbwa  are  not 
b  Me.  W  iti  own  weight.  Ckning  aleo  the  pipe 
rf  the  liiHiiai.  ia  a  Tiive,  which  opeuB  ootwud 
3eih'  Whai,  Ihen,  he  polli  asunder  the  pUtea 
if  Ae  baOowi,  Ibe  air  attempts  at  both  places 
to  OBB,  ia  orda'  to  eopidy  tlie  empty  apace  thus 
«uda  The  valre  at  the  moath,  opaiing  out- 
mwi  e^,  win  be  Ant  bj  this  mah  of  a^;  the 
(die  a  She  buttin  plslo,  opening  inward,  w  ill  ad- 
■A  'M-  Whn  auofcfa  air  has  been  admitted,  he 
^oa  tbfda^agam  together.  Theairaeda 
■r «ud  Ik  iiauijiiniifei  bv  actjing  tluoogh 
b  T^n,  ami  lltf  nuh  of  air  cIcmb  the  bottom 
^  wtkh  60m  not  OP^  outwaid,  and  optu 
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Ibe  valre  at  the  noizle  of  the  bellnws.  The  air 
which  is  thus  talten  from  tbe  ordinary  atmoe- 
phere  by  which  the  tnttom  valve  ii  BuTTDunded, 
is  diiected  with  considerable  velocity  through  the 
nozzle  to  any  point  whetber  we  desire  to  transmit  it. 
In  using  the  bellows  for  large  furnaces,  it  wai 
found  that  tlie  inconstant  blest  tbns  supplied  wu 
a  source  of  considerable  lose  of  advantage.  The 
fire  receiving  the  conent  of  ur  homed  violentiy 
far  the  moment  (oxygen  being  supplied  as  fast  as 
consumed),  and  next  moment  lost  much  of  [ta 
beat.  It  was  Imponible  thus  to  uie  the  bellowa^ 
when  It  was  desired  lo  Btibject  a  body  to  a  cou- 
■tant  heat  To  prevent  this,  two  belln>r9  were 
fiir  some  time  emidoyed — one  of  which  wo;  fllluig 
wUh  air  while  tbe  other  was  exhausting  it  This 
•ecnied  tbe  dssideratiim  of  a  permanent  supply 
of  air.  but  it  did  not  aulBciently  secure  a  luiifomi 
■apply — beeatwe  the  air  emitted  at  one  part  of 
(he  compreedon  of  such  bellows  could  not  alwayi 

other.  The  inatrument  which  we  engrave  ia  pei^ 
bKpt  the  beat  and  the  aimpleat  of  thoae  employed 
Ibr  the  nmovat  of  thl*  debet 


R  F  ia  a  piston  wrought  gencratly  by  a  ateam- 
eogine — where  convenient  by  a  water-wheeL  u 
and  u  are  tba  placea  where  the  air  enlen  by 
puibiug  tba  valvaa  which  open  inwards,  but  not 
oatwarda  At  u'  and  r*  there  are  valvca  which 
open  ontwatda  (cammnnicaiing  with  the  tube  a), 
but  not  inwards,  so  as  not  to  permit  the  air  once 
collected  there  to  drive  back  again.  When  the 
fusion  descoids  the  valve  V  admits  aJr,  and  the 
valve  0'  expels  air  prevvmsly  admitted  into  the 
Duder  part  of  the  cylinder.  When  the  piston 
ascends,  uadmiti  air,  and  u' expels  that  admitted 
in  the  dencent  Air  is  thus  collected  in  O,  and 
emiitcd  at  a  uniform  pressure,  and  with  oniform 
Telocity,  theidbie,  byastop-cockoia  valve  in  tbe 
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pipe  o,  leading  to  the  object  npon  which  the  air 
is  to  be  drivea. 

One  objection  to  the  proceas  described  cannot 
fail  to  be  evident  It  is  this — that  the  cold  air 
constantly  supplied  will  be  a  constant  source  of 
cooling  to  the  furnace.  It  is  indispensable  to 
the  continuance  of  the  flame  that  air  shoold  be 
supplied;  and  as  many  operations  in  the  arts 
require  the  highest  temperatures  that  can  be 
reached,  it  became  necessary  to  destroy  this 
effect  of  the  admitted  air  without  destroying  its 
power  of  supporting  combustion.  The  method 
adopted — the  Hot  Blast — ^requires  merely  theheatf- 
ing  of  the  air  before  admission  into  the  furnace. 
In  this  way  there  is  a  constant  temperature  pre- 
served, as  well  as  a  constant  supply  of  oxygen. 
The  Hot  Blast  is  now  almost  universally  adopted, 
as  it  affords  this  very  important  advantage,  and 
that  with  greater  economy  of  fuel,  than,  with 
the  older  forms  of  Bellows,  was  possible  for  the 
famace.  The  details  of  apparatus,  &c.,  will  be 
found  in  works  on  Metallurgy. 

Beb«  See  Sa.tdb:t  and  Jupiter  far  an  ac- 
count of  the  planetary  rings  and  belta. 

Helelgcaae.  The  brightest  star  in  the  con- 
stellation Orion.    It  is  of  the  first  magnitude. 

liisiocalar.    See  Telescope  and  Visioh. 

BlnoiMlal  (TcchalcaL)  A  Binomial  is  an 
Algebraic  quantity  composed  of  two  parts  sepa- 
rated by  the  signs  of  addition  or  subtraction. 
The  theorem  for  the  development  of  binomials — 
the  binomial  theorem  of  Newton,  which  is  engraved 
on  his  tomb,  as  being  one  of  the  most  beautiful 
of  his  discoveries,  we  merely  give  here,  without 
proofl  A  demonstration  of  it  will  be  found  in 
any  good  elementary  work  on  Algebra.  It  is 
tliis: — 


(a  -f-  b)»  =  a»  -f  n  .  a^-i  b  -}-  n . 

a«-«  h«  &c : . .  n  .  5j:ii: 

2 

n  —  m  —  2 


n  — 1 


BiMeztlle.  The  natural  measure  of  time  in 
small  portions  is  the  interval  between  two  suc- 
cessive returns  of  the  sun  to  the  meridian.  A 
measure  no  less  natural  than  the  day  is  for  the 
smaller  portions,  is  provided  by  the  year  for  the 
larger  portions.  Upon  the  civil  year,  the  interval 
between  the  sun*s  appearances  on  the  same  pohit 
of  the  ecliptic,  depend  the  variations  of  the  sea- 
sons. Tlie  year  contains  865  days,  6  hours,  48 
minutes,  60  seconds.  Suppose,  then,  the  year 
and  the  day  to  begin  at  once  this  year — ^next  year 
will  commence  at  5^  48™  50*  a.k.;  and  when 
we  calculate  the  number  of  days  from  the  com- 
mencement of  the  year  for  any  purpose,  we  should 
get  confused  between  these  and  the  ordinary  day 
from  meridian  passage  to  meridian  passage.  The 
year  must  thus  somehow  be  got  to  be  considered 
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for  social  purposes  as  commencing  with  the  day, 
or  veiy  great  confusion  will  arise.    Julius  Caesiir 
saw  this,  and  appointed  that  in  every  fourth  year 
there  should  he  two  days  both  reckoned  as  the 
24th  Feb.,  and  that  the  months  shonld'stand  as 
we  have  tliem  now — February  by  this  red^onin^ 
having  really  every  fourth  year,  29  days,  aod 
being  considered  to  have  only  28.    This  gaT« 
for  three  successive  years  365  days,  and  for  tha 
fourth  366.     Ciesar  thought  that  thus  a  cora 
would  be  provided  for  the  evil,  and  that  once  in 
every  four  years,  the  commencement  of  the  phy- 
sical year  and  physical  day  would  coincide.   Tbe 
24th  of  February  was  called  "sextus  Caleodas 
Martii,"  and  hence  the  year  which  doubled  this 
day  was  called  **biB  sextus  Calendas  Maitii,'* 
and  we  call  it  bissextile  or  leap  year.     This 
of  doubling  the  day  is  legally  affirmed  by  a 
tute  of  our  own  Henry  IIL    Had  the  year  been 
866  days  6  homss  long,  Caesar*s  antidpatioDS 
would  have  been  verified;  and  though  it 
nearly  so,  yet  the  little  errors,  constantly 
mulating  in  the  same  direction,  threatened  serious 
inconvenience — ^tending  to  make  our  year  com- 
mence in  spring  instead  of  winter,  and  destroy- 
ing the  value'  of  the  weather  maxims  for  tlie 
month,  on  which  the  fanner  and  many  others 
rely.     When  Pope  Gr^;ory  XIII.,  in  1582,  re- 
formed the  Calendar,  the  leap  year  had  gone  on 
about  11  days  before  the  true  year,  and,  in  con- 
sequence, there  seemed  to  be  a  slow  retrogression 
of  the  seasons.    To  prevent  this,  and  to  rezider 
the  positions  of  the  seasons  permanent  in  the 
year,  except  so  far  as  physical  causes  might  ope- 
rate, it  was  enacted  that  so  many  days  should 
be  passed  over,  and  the  mischief  already  done 
thus  repaired.     Provision  was 'also  made  against 
new  danger  of  a  similar  sort    It  was  decveed 
that  each  century,  which  is  naturally  a  leap 
year,  should  be  an  ordinary  year,  except  those 
centuries  the  number  of  which  should  be  a  mul- 
tiple <tf  four.    The  effect  of  this  was  that  1600 
was  a  leap  yeai^-that  1700,  1800,  1900  are 
not,  although  divi^ble  by  four — that  2000  is, 
and  so  on.    The  average  year  thus  procured  is 
865  days  -|-  ^  day  (due  to  leap  year) — ^^ 
(due  to  the  three  years  in  the  400,  wliich  ought 
to  be  leap  years).     This  would  give  a  year  of 
865  days,  6  hours,  49  minutes,  12  seooncb.   The 
correction  requisite  to  reduce  to  a  true  ^'ear  would 
be  22  seconds,  and  there  would  not  be  an  error 
of  a  day  therefore,  for  24  X  60  X  60  ^^^^^  ^^ 

8927  years.  If  it  be  further  enacted,  when  the 
occasion  calls  for  it,  that  each  4000th  year  shall 
be  an  exception  to  the  exception  to  the  rule  of 
leap  years,  a  similar  calculation  would  show  the 
error,  per  annum,  on  an  average  to  be  }  of  a 
second,  and  an  error  of  one  day  would  not  occur 
hi  216,000  years. 

Black.    The  absence  of  all  capacity  of  re- 
flecting oobur  constitutes  a  perfect  black.    See 

COLOUBS. 
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This  2(110, 

a  vciy  dnioas  lelatioii 

«f  the  several  planets  of  our 

6m  the  son;  awl  of  the  satellites 

It  is  wholOj  tmfirioalf  t.«^ 

origin  or  oanse  fbr  it; 

Botwitlistanding  the  existeooe  of 

ini^^lariliwSi  it  aasmedly  does  point 

in  our  system.—* 
to  the  phmeti  and  the  son,  the 
be  piestBtsd  as  IbUowe:— Write  the 
the  planeCa  in  a  line,  and  nnder  eadi 
anmbcr  4.    Ttmcath  the  4  mder  Mer- 
0;  hensath  the  4  nnder  Venns  write 
the  4  OMler  the  Earth  write  twiot  8; 
tte4  mder  Man>&«r  times  Z\  then 
S,  and  SD  on.    Add  their  several 
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in  the  hmer  fine  are  the  actual  dis- 

p'anelB  from  the  son,  on  the  scale 

s  distance  is  10.    The  general  eon- 

li  too  grant  to  mnlt  from  accident    The 

eT  the  Aaleraids  at  distance  27*4  was 

h^  OlbeBb  thfongh  eonsideration  of 

of  the  gap  between  Mian 

The  grand  braaeh  of  the  Law  is  in 

«f  Heptane^  a  bieedi  iHiicfa  might  be 

if  we  knew  the  eaose  or  physical  origin 

ilaal£_IL  A  principle  of  older  qnite 

nkhong^  in  its  twlioef  somewiiat 

be  traeed  in  the  only  two  groops 

with  whiA  we  are  yet  ftilly  ao- 

/Inrt,  with  regard  to  the  satellites  of 

t  nomber  hen  is  7;  tlie 

bensnhipii>d,4;  and  the  mnltipUer, 

Ae  ixmiepondspce  as  below^tlie 
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to  the  ant^Btes  of  Satnm.    The  con- 
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Thera  Is  oonsiderahle  irregularity  in  ease  of 
the  last  three  satellites;  bat  is  it  not  some  com- 
pensation, that  the  lately  discovered  satellite, 
Ujipencm,  or  the  tecentk,  might  have  lieen  so*- 
peeted  to  exist,  as  well  as  the  Asteroids,  becaose 
of  the  gap  between  the  sixth  and  eighth,  as  indi- 
cated by  this  Iaw  ? — Of  the  sateHites  of  Ursnos 
it  would  be  prematura  at  present  to  conclude 
anything. 

Beillaff.    See  EBULLmoK. 

Beasb.  A  boUow  globe  of  in>n  filled  with 
powder,  shot  off  from  a  mortar,  and  burstiog  by 
aid  of  a  ftisee,  which  is  lighted  when  it  goes 
oSf  but — being  made  of  slowly  consuming 
paper— does  not  reach  the  powder  till  the  bomb 
falls.  Bombs  ara  generslly  ten,  twelve,  or 
eighteen  inches  in  diameter.  Lumuumt  bombs 
are  used  to  illuminate,  or  serve  as  signals.  The 
invention  of  bombe  is  claimed  for  the  Venetians 
u  early  as  1376,  but  other  anthon  name  Mala- 
te6ta»  prince  of  Florence,  as  the  inventor. 

Beetea.  (B«7f ,  an  ox).  The  herdsman.  One 
of  the  ancient  constellations.  It  is  frequently 
called  Arctophylax  by  the  ancients  (the  guard 
of  the  bear)!  Bootes  is  represented  as  a  man 
with  a  club  in  the  right  hand,  holding  two  dogs 
by  a  leash  in  the  left.  Arctunis,  of  the  first 
magnitude,  is  the  principal  star. 

Beecevicb*a  Tbemy*  A  remarkable  specu- 
lation by  an  illostrious  Italian,  concerning  the 
ultimate  constitution  of  Matter,  As  it  has  fre- 
quently and  profoundly  affected  the  structure  of 
pi^fiieal  theories,  it  is  right  to  advert  to  it  here 
Looking  at  matter  as  rnolved  into  its  ultimate 
Atoms,  Boscovich  imagines  that  each  ultimate 
Atom  may  exist  to  any  other  Atom  in  various 
relations;  the  actual  relation  in  which  they  do 
exist  towards  each  other,  depending  chi^efiy  on  the 
interval  between  them. 
The  curious  sutrjcct  is 
best  iUustrated  by  a 
diagram.  Let  there  be 
two  atoms,  A  and  B.  At 
great  distances  these  are 
afiected  towards  each 
other  by  the  attraction 
or  affection  termed  gra- 
vitation', which  elec- 
tion, increasing  as  b 
approaches  ▲  (within 
sensible  distances),  may 
be  rqnesented  by  the 
curve  above  the  line  ^ 

from  B  to  b' — the  ordmai€$  of  which,  indicating 
the  farce  of  the  attraction,  increass,  acoofd- 
ing  to  the  wdl-knowa  law,  n  b  approaches 
A.  Suppose  that  at  b^  terminates  the  space  of 
saisiMs  distances,  and  the  purely  atomic  finees 
begin  to  act.  These  atomic  forces  cannot  be  all 
attractive;  nay,  the  ultimate  one,  between  b*  and 
A^  must  be  a  repulsive  one,  as  represented  by  a 
curve  bdow  the  line  ab ;  for,  if  it  were  not,  the 
two  Atoms  might  be  made  to  coincide,  or,  what 
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i»  fhe  same  thing,  matter  would  not  be  tM|pefi#- 
trdbU.  Bat  between  b^  and  b'  there  may  be  not 
one  transition  only,  bnt  seyeral,  from  attraction 
to  repulsion ;  as  hypotheticallj  isdicated  by  the 
curve  in  the  diagram.  At  any  distanoe  at  which 
the  curye  is  above  the  line  ▲  b,  the  two  atoms 
win  be  mutually  attractive,  and  the  body  they 
frnn  will,  aocordiiig  to  Boecovicfa,  be  soHtL  At 
any  of  those  distances  when  the  curve  is  below 
the  line,  the  particles  would  repel  each  other,  and, 
according  to  Bosoovich,  constitute  gas,  or  per- 
manently elastic  fluid;  while,  when  the  second 
particle  is  at  b',  b",  b%  &c.,  they  would  be  to 
each  other  in  a  condition  of  indifference,  and 
would  thus  constitute  a  liquid.  The  JtaUan 
philosopher  presented  it  as  the  ultimate  aim  of 
physical  inquiry  to  detect  all  the  windings  of  this 
hypothetical  curve,  and  define  the  nature  of  its 
branches.  One  thing  his  conception  would  indi- 
cate as  jxmible,  viz.,  the  tnmdformation  of  one 
apparent  description  of  matter  into  another,  mde- 
paidenUy  of  chemical  <ihangt.  For  instance,  if 
the  two  atoms,  in  the  difierent  positions  of  ▲  b*, 
A  b'^,  a  b"',  a  b",  and  a  b',  constitute  Uquid$, 
these  could  not  be  the  same  Uquids;  so  that 
transmutation  might  be  efiected  through  mere 
change  of  relative  position ;  and  so  as  to  those 
various  positions,  constituting  solids  and  elastic 
fluids. 

B«7le*a  liaw*    See  Mahriotte. 

BmchjaiAchronr.  The  name  of  the  curve 
connecting  two  points  along  which  a  body  de- 
scending would  flail  most  rapidly.  The  eychid 
would  be  such  a  curve  if  there  were  no  resistance 
of  Air.  John  Bemouilli  first  proposed  the  prob- 
lem of  the  Brachystochrone  in  1696. 

Breast  WheeL    See  Watkr  Whbblb. 

Brewater'a  I«aw.  The  optical  law,  gener- 
ally so  named,  is  this — the  tangent  A  the 
angle  of  polarization  is  equal  to  the  refhictive 
index  of  the  polarizing  material.  This  re- 
quires manifestiy  that  the  line  of  the  reflected 
ny,  when  polarized,  should  be  perpendicular  to 
that  of  the  refracted  ray.  There  are  several  other 
optical  laws  discovered  by  Brewster,  and  passing 
current  under  his  name.  They  have  generally 
been  merged  in  higher  laws. 

Brld|c«a*  The  principles  upon  which  ordi- 
nary bridges  must  be  constructed,  in  order  to 
secure  their  stability,  have  been  already  given  in 
the  article  Arch.  Certain  data  there  referred  to 
-—such  as  the  strength  of  the  wood  or  iron,  or 
stone,  of  which  the  mass  of  the  bridge  is  com- 
posed, to  resist  the  strain  made  by  the  weight  of 
the  parts  above  it,  and  by  the  loads  passing  over 
the  bridge — are  discussed  under  Stkengtu  of 
Materials.  We  shall  in  this  article  give  a 
brief  account  of  some  points  connected  more  with 
the  practical  art  of  bridge-making  than  with  the 
theory  of  bridges,  but  still  depending  upon  that 
theory  and  illustrating  it. 

Bridges  are  either  fixed  or  moveable.  The 
latter   are  sometimes — as  drawbridges — con- 
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stracted  on  the  ordinary  prindples  of  the  lixei 
bridge.  They,  in  fact,  are  fixed  bridges^  bat  ene 
part  of  theur  mass,  instead  of  resting,  as  uaal,  oo 
immovable  props  in  the  earth,  is  comieeted  with 
it  by  prope  which  are  jointed  to  sndi  UDmovaUe 
portions,  and  in  which  the  jointing  may  be  re- 
moved as  occasion  requires.  What  are  eaDed 
flying  bridges,  floating  bridges^  btidges  ef  boata^ 
&C.,  depend  upon  quite  otbar  piind^es,  and  an 
really  altogether  difi^rent  in  diameter  fimn 
the  ordinary  bridge;  They  are  boats  of  a  peoo- 
liar  c<Hi8truction  merely;  fitted  with  eontiivmcee 
lilce  the  gangway  of  a  steam-boat,  which  they 
carry  about  with  them,  and  apply  easfly  t» 
shores  of  any  height ;  thus  afifording  ready  fias- 
sage  from  these  Acres  to  the  boat.  They  are,  in 
fact,  mere  ferry-boats,  wiih  gangways  attached, 
sometimes  having  a  smooth  deck,'  with  no  aaib 
or  rigging,  and  constituted  by  nailing  planks 
above  two  or  three  boats  placed  together.  They 
are  generally  drawn  across  the  stream  bj  pid- 
leys,  and  ropes  fastened  over  it. 

lliere  are  three  descriptions  of  pier  bridges. 
These  are  the  ordinary  bridge  with  piers^  the  ana- 
pension  bridge,  and  the  tubular  bridge. 

Considering  then  the  Jixed  bridge,  and  pro- 
ceeding in  the  order  of  their  construction  along 
its  various  parts,  we  shall  understand  where  the 
mathematical  prindples  of  the  theory  of  ardies 
must  be  applied,  and  comprehend  generally,  the 
other  prindples  upon  whidi  the  art  of  bridge- 
making  rests.  In  choosing  which  kind  of  bridge 
ou^ht  to  be  thrown  over  a  particular  space,  there 
are  certain  evident  consideratioDa  to  be  attended 
to, — fair  instance,  the  kind  of  traffic  for  which  it 
is  needed.  Thus,  a  suspension  bridge,  admirably 
adapted  for  foot  passengers  across  a  wide  dian- 
nd,  would  vibrate  too  much  if  locomotives  were 
to  pass  over  it  Again,  for  example,  a  bridge  over 
the  Clyde  must  be  so  constructed  that  ordinary 
boats  can  pass  one  another  beneath  its  mtAm; 
and  this  will  require  a  somewhat  wider  arch  than 
might  have  been  found  otherwise  desirable.  For 
such  ends  suspension  bridges  are  admiiaUy 
adapted — giving  the  whole  width  of  channd,  and 
not  affording  any  obstruction  to  fVee  passage,  K 
the  boats  can  lower  their  masts.  Further :  where 
we  have  a  channd  too  wide  for  an  ordinary  pier 
bridge  to  be  thrown  over  it  without  great  diffi- 
culty and  enormous  expense,  and  too  deqp  to 
permit  us  to  get  readily  at  the  foundations  of  our 
piers ;  and  also  requiring  that  navigation  of  all 
sorts  be  permitted  fitidy  to  pass  bdow,  even 
where  the  masts  cannot  be  lowered;  and  de- 
manding, further,  that  locomotives  pass  over  it, 
we  are  driven  to  the  construction  of  a  tubidar 
bridge.  The  nature  of  the  soil,  too,  on  whidi  the 
foundations  of  piers  must  be  laid,  requires  to  be 
known,  as  a  first  dement  of  the  calculation.  If 
we  cannot  secure  such  a  soil  near  the  pcnnt  where 
we  wish  to  construct  our  bridge  as  will  siut  oar 
purposes,  we  have  dther  to  obtain  an  artifidal 
foundation,  by  gratings  and  other  oontzivancesi 
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to  vbt  un  €■  ft  suspQunni  biidgo. 
r,  it  ii  ft  point  of  importniGe  to  const- 
pcMitioB  of  the  bridgie,  frith  refer- 
to  the  ftofl  ftt  Hs  two  extremities, 
wft  oenrcnienoe  of  traffic*  WherB|  foit 
bridge  is  to  be  tfarown  over  between 
of  two  etreete,  both  ending  at  the 
w«  hcvB  no  cfaoiee;  and  if  the  line 
tfaem  be  Qbliqfae  to  the  coune  of  the 
r,  the  bridge  moat  be  obliqoe  aba  Where 
if  left,  we  iboiild  never  construct  a  bridge 
to  the  fine  of  the  cnncnt  The  reason 
The  whole  Talue  of  a 
upon  thestabDity  of  the  piers 
In  iJbrir  poeitiaBu  Henee  eveiTthing  that  can 
mrtmmy  strain  on  these  piers  mtist  be 
But,  an  obUqiie  earrent,  as  in  the 
iigvie  1,  .^ 
gUDStthe 
es  la  the  second, 
of  the  mass 
c  if  J  while  the 
along 
of  tibe  pier  and 
Mtow  the  ardi 
qfBsedjr,  boa  with  the  fijiee 

OcT  Fig.  1. 
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Henoe,  with  such  an  obliquity  there 
be,  in  addition  to  the  pressure  of  the  sn- 
weight  of  the  bridge  and  passen- 
on  the  pier,  and  the  ooncosston  due 
beneath  striking  on  the  pier, 
width  as  it,  also  the  ooncnnion 
to  Ae  nasB  c  C'  to  be  sustained.    Not  only 
this  sAect  the  pier  directly,  but  the  violent 
large  a  mass  of  water,  c'  o  O", 
eddka  about  the  pier,  and  these 
to  uiwhieihif  the  foundations  upon  which 


however,  in  ^ilte  of  these  objeo- 

ei^qne  bridges  become  advisable— for  ex- 

e  cannot  obtain  otherwise  a  good 

and  can  flns  obtain  one  on  rock — ^al- 

Ike  best  fcr  such  a  stmctore.    Practically 

the  obyection  of  greater  expense  ftom  the 

length  is  the  prindpal  one,  for  most 

in  a  tolerably  good  foundation  will  sup- 

a  nA  of  water  many  thncs  as  great  as  that 

the  finont  of  the  piers  is  usually  ex- 


We  have  spoken  of  the  piers  in  the  water, 
an  the  sooroes  of  greatest  difficulty  and 
in  the  Ibnnatian  of  bridges.    To  bridges 
a  loed  or  narrow  street  no  piers  are 
at  the  extremities;  when  a 
tf  niiway  for  example  crosMs  a  diy  road, 
fisB  sn  ior  more  easily  oonstmcted  than  in  case 
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of  the  arches  itself,  is  of  inferior 
Mmdx  bridges  have  been  swept 
Che  edMa  of  the  water  in  undermin- 
19 '  while  bat  few  accidents  have 
tbe  ftdopcloa  of  arches  not  sdentifi- 
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cally  oonstmcted.  We  can  readily  understand, 
moreover,  how  expensive  a  proceeding  it  fre- 
quently must  be  to  find  a  good  foundation  for 
piers,  in  the  middle  of  a  rapid  and  tolerably  deep 
current  TIm  workmen  cannot  work  under  water 
well;  or  if;  by  the  diving-bell,  tiiey  do  woric 
under  water,  it  is  slowly  and  laboriously.  An- 
other difficulty  also  presents  itself  very  fre- 
quently in  the  soil  in  the  beds  of  rivers-soften 
consisting  of  a  light,  loose,  sandy  material,  oh 
which  it  is  unsafe  to  rest  any  substance  wliich 
will  press  heavily  upon  it  In  these  cases  it  is 
usual  to  create  a  sort  of  artificial  foundation. 
The  present  ordinary  mode  is  by  what  is  techni- 
cally called  a  coffer-dam — a  hollow  space  formed 
by  a  double  range  of  piles,  with  day  rammed  in 
between.  Hence,  it  is  a  prime  object  with  the 
engineer  to  lessen  as  much  as  possible  the  num- 
ber of  piers. 

Piers  have  an  unfortunate  tendency,  also,  to 
catch  floating  wood,  ice,  &c.,  drifted  down  by 
the  stream,  and  so  to  submit  the  mass  of  the 
bridge  to  more  violent  shocks,  and  to  impede  the 
navigation  of  the  river. 

The  Putoey,  and  Battersea,  and  Tanxhall 
Bridges  over  the  Thames,  afford  examples  of  all 
the  damsiness  of  appearance,  and  practical  incon- 
venience of  the  numerous  piers  that  were  once 
customary — ^besides  having  this  added  to  thdr 
list  of  foults,  that,  bemg  in  a  navigated  river, 
they  impede  the  passage  of  boats,  and  have  there- 
by fifequently  proved  sources  of  extreme  danger, 
llie  more  modem  construction  of  Southwark  and 
New  London  Bridges  displays,  in  its  striking 
contrast,  very  fbrcibly  the  position  which  we 
have  been  midntaining. 

Sometimes  —  inde^  pretty  fSnequentiy,  the 
danger  arising  trom  the  use  of  too  narrow  arches 
accrues  to  the  bridge  itsdf,  as  much  as  to  the 
passengers  bdow  it,  by  narrowing  the  efTective 
passage  way  of  the  stream.  But  as  the  same 
volume  of  water  as  before  requires  to  pass  where 
the  bridge  is  placed,  the  water  must  flow  with 
much  greater  velodty  through  the  bridge;  that 
increase  increasing  with  the  increasing  space 
occupied  by  the  piers.  But  this  increase  of  the 
vdoci^  of  the  water  tears  a  laige  quantity  of  sdl 
away  with  it,  and  deepens  the  stream.  An 
undermining  of  the  foundations  of  the  piers 
takes  place;  and  careful  and  sound  construction 
alone  can  check  this. 

A  bridge  of  Smeaton's  construction  at  Hexham 
was  swept  away  on  the  occasion  of  a  violent 
flood,  partly  in  consequence  of  this  defect  Tlie 
immense  sheet  of  water,  whirling  down  trees  and 
stones,  caught  on  the  numerous  piers,  then  ibouglit 
neoessaiy  for  the  stability  of  the  bridge,  and 
finally  swept  it  off. 

Engineers  sometimes  make  the  space  between 
the  piers  unnaturally  wide,  to  avoid  this  very 
defect  A  small  island  in  the  middle  of  the 
stream  over  which  the  bridge  at  Pont  de  Kea- 
illy  was  to  pass,  was  removed  for  aiymmetiy, 
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and  Tvy  t&w  pien  were  erected.    Tbe  camnti  I  be  not  ao,  it  would  denly  rmilt,  ibat  in 
which  had  fonnedy  ran  with  oonsidemble  vio-   nndation  ooDtinmng  for  any  kngth  of  tiuM^  the 


lonoe  through  the  narrow  space  between  the  shore 
and  the  island,  had  now  the  space  widened;  The 
removal  of  the  island  more  than  made  np  for  the 
insertion  of  the  piers.  In  consequence,  the  stream 
ran  more  sluggishly  than  before,  and  the  equili- 
brium bemg  disturbed  in  this  dbeetion,  the  bed 
«f  the  river  b^gan  to  fill  op— becoming  shallower 
and  shallower  by  the  formation  of  a  deposit  from 
the  sides  greater  than  was  carried  away  by  the 
currant  In  consequence  of  inequalities  in  the 
bed  of  the  river,  one  side  has  become  almost  silted 
up  by  this  alluvial  deposit,  and  the  arches  there 
dosed.  The  navigation  on  one  side  being  thus 
seriously  impeded,  boats  are  driven  to  the 
other  channels.  There  they  meet  with  a  current 
which  has  become  alarmingly  rapid.  The  silting 
up  of  this  portion  of  the  bed  has  left  avery  small 
portion  passable,  and  through  this  the  mass  of 
water  runs  violently,  deep^mg  it  much,  and 
rendering  navigation  dangerous,  at  the  same  time 
that  it  permits  the  formation  of  a  sort  of  lagoon 
at  the  side,  which  will  gradually  deposit  more 
and  more  of  the  days  and  mud  that  at  pvesent 
choke  up  the  river. 

In  the  construction  of  bridges,  there  are  Jive 
important  points  to  be  considered.  Tlie  dunce  of 
tlieir  position;  the  vent  or  egress  to  be  allowed 
to  the  river;  the  form  of  the  arches;  the  size  of 
the  arches;  the  breadth  of  the  bridge. 

The  first  of  these  points  is  detennined,  as  we 
have  already  pointed  out,  by  economical  consi- 
derations— Bxuh  as  the  nearness  to  a  roadway; 
the  convenience  and  security  of  a  foundation;  tibe 
convenience  of  approach ;  the  necessity  of  leaving 
a  ftee  passage  in  a  navigable  river,  and  the  like. 
The  second  depends  very  much  upon  the  deter- 
mination of  the  vdodty  of  the  stream.  This 
raries,  indeed,  at  different  times  It  is  generally 
greater  in  winter,  and  especially  at  a  time  of 
floods,  than  in  summer,  when  the  water  is  gene- 
rally low.  It  is  not  the  method,  however,  to 
take  the  mean  vdodty  for  the  year  as  the  datum 
fhmi  which  the  bridge  is  to  be  constructed.  It 
must  be  built  so  as  to  be  able  to  bear  the  heaviest 
stress  to  which  it  will  be  subjected — c^iable  of 
sustaining  the  shock  of  a  mass  of  water  greater 
than  ordinary  coming  down  with  unusual  vdo- 
dty. In  fact,  this  is  one  of  the  fundamental 
points  in  the  construction  of  a  bridge— .that  it 
allow  a  free  passage  through  its  arches  to  the 
waters  of  sudi  sudden  floods  as  the  ri\'er  is  liable 
to,  and  that  its  arches  be  suflidently  strong  them- 
sdves  to  resist  the  violence  of  these  attacks.  This 
latter  has  been  already  alluded  to,  and  the  neces- 
sity for  a  firm  foundation  consequent  upon  tliat 
pointed  out  Another  caution  evidently  suggests 
itsdC  It  is  this— that  the  top  of  the  intrados 
(as  it  is  called,  namdy,  the  inner  curve  of  the 
ardi)  be  oonaderably  above  the  levd  of  the 
highest  water  mark  which  the  river  makes,  even 


bridge  would  in  the  first  plaoe,  by  cheeking  the 
water  entirely,  cause  a  flood  over  of  the  af^^eeot 
country;  and  in  the  second  pIaoe»  sooh  aa  eaoi^ 
moos  pressnro  would  be  brought  against  it  by 
the  constant  downward  nuh  of  the  vfipa  atnam 
that  no  bridge  of  any  ezodlenoe  of  coofltmedoB 
could  stand  against  it  long,  or  bdp  being  aevenly 
ii^ured  by  the  oontinuanoe  of  such  a  flood  ef«B 
fiv  tiie  abortest  period. 

To  avoid  such  evils,  necessitateB  frequently  the 
building  of  the  bridge  in  places  where  the  banks 
are  pretty  high,  or  the  constmction  of  aitificinl 
numnds  to  serve  in  the  aame  way,  with  ex- 
pensive works  for  the  convenience  of  approach. 
The  old  method,  whidi  made  the  brid^  liia 
at  the  top  very  much  like  a  aemidrele,  is  entiidy 
given  np  in  modem  bridgea,  as  unsu&ted  to  thn 
necessities  of  tbe  great  traffic  whidi  they  moat  nil 
now  be  able  to  support  But  this  is  not  the  onJ^ 
way  of  avoiding  this  inconvenienoe.  It  arises  aa 
much,  indeed,  on  ordinary  occasions,  tmat  tha 
greater  or  less  pressure  in  high  floods,  due  to  tha 
fimn  and  position  of  the  arch. 

Thus  take  two  arches  (fig.  2)  of  tbe  aame  ftrai. 


F|g.2. 

bnt  tha  one  built  on  such  a  pier,  that  at  high 
—represented  in  the  figure--4fae  water  Just  readiaa 
A,  whidi  is  called  the  4prm^ai!^  of  the  ardi  or  point 
from  which  it  commences,  while  in  tha  othor  tfaa 
pier  is  so  low  that  it  reaches  the  line  P  T  a — tha 
water  being  at  the  same  hdght  in  tha  two  cases, 
and  the  ardiea  of  the  same  form— the  only  dif- 
ference bdng  in  the  height  of  the  piers  in  eadi 
case  respectivdy.  In  the  fint  instanoe^  tiia 
water  catcheson  the  space  PTBD.  Intheotfaef^ 
only  on  the  space  ▲  b  s  d.  There  is  therefore 
much  less  hold  given  to  tbe  descending  stream 
in  the  one  than  in  the  other — that  b,  it  haa 
much  less  force  to  push  the  upper  part  down  tha 
stream,  and  ao  overturn  it  In  a  bridge  con- 
structed like  the  &rsi  sperimen  above,  a  vcsy 
little  rise  above  the  ordinary  fiood  mark  would 
insure  all  the  calamities  already  described ;  and 
the  sweep  of  the  water  on  so  large  an  extent  of 
the  building  would  produce  a  violent  nnaettling  of 
its  foundations,  along  with  a  multitude  of  eddies, 
from  the  large  mass  of  water  whidi,  unable  to  poaa 
the  bridge,  ib  thrown  back  every  momoit  in  vio- 
lent conflict  with  the  descending  current  Theaa 
eddies,  producuig  an  uplifting  of  the  soil  round  tha 
foundation  in  proportion  to  their  amount,  inten^ 
sify  all  the  efilocts  already  described.    There  ia 


yet  another   peculiarity  in   this  arrangement 
on  the  exceptional  occasion  of  inundation.    If  it  j  which  acts  even  still  more  efiectoally.     Tha 
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fbr  the  maintcoAiice  of  the  Tdodty 
the  bridgB,  that  no  part  of  its  oooae  be  in- 
If  it  1)0  at  an  intorapted,  as  by  the 
tt  wmatt  bt,  ire  hsTa  seen  that  an  increase  of 
vdBcaftjraad  of  depth  will  tsiEepIso&  I^  however, 
■a  in  t&e  aeeood  arch  in  fig.  2,  the  piers  where  it 
tbe  wafter  be  legnlariy  bnilt,  so  that  the 

regular  proportion  to 
left  free,  the  velocity  will  increase  ba- 
the bed  deepen,  until  the 
Thiawill  not  be  materially 
by  tfia  lisiqg  of  14^  water,  as  the  in- 
wiU  bear  the  same  proportion  to 
beftxre.    But,  in  the 
dda  eqnilibciam  or  balance  will  be  dis- 

flood  comes.    The 

aafteroepted  space  becomes  forth- 

Lj  laige^  and  the  velocity,  <m  the 

Amdf  fatahllsheil,  increases  inordi- 

with  tile  Tiolent  tendency  to  deepen 

sweep  away  the  foundation  of  the 

water,  therefore,  striking  upon  the 

fUs  weiy  great  velocity,  wUl  be  much 

0a  tbe  proportion  of  the  square 

i)  than  tihe  same  mass  could  have 

tbeeeffioaiy  rate  of  passage. 

Ik  iilbws  fkoB  this  reasoning,  that  It  is  of 

iaqnrtaDoe  that  the  springing  of  an 

not  be  bdow  M^  water  mazk 

1ft  k  ■iKiaiiaij,  in  constructing   a   bridge, 

-we  ahooild  know  accuraidg  the  actual  stress 

it  wSI  likely  be  subjected  in  the 

ef  a  ioed.  and  also  in  onlinaiy  cases. 

we  arast  measure  the  velo- 

In  lis  aatnnd  way,  and  also 

of  floods,  near  the 

die  bridge  is  to  be  constructed.  This 

Various  methods 

propoaed  for  its  aeoomplidiment  Tlie 

it  yet  seems,  the  most  eflfectnsl, 

of  Hgfat  wood  float  down  the 

point  to  another.    The 

dropped  into  the  stream, 

it  paasea  the  aeoond  point,  is  aocn- 

tlM  process  having  been  re- 

ref  thnes^  themean  of  them  is  taken 

Weobtefai  tbns,  the  vcikid^  of  the  water 

Bat  is  this  vdodty  not  the  same 

r?  EwiamOyML  Thawateratthe 

there  Is  a  bed  of  stone 

to  mtud  It    The  water  in  the 

JiSilaniBd  fc»  keep  pace  with  this  slower 

to  kasp  pace  with  that 
gUkttnw^kK,  I^jDOvoe  eta  mean  rate.  Cal- 

faito^  to  diow  the 

__  aorlhoe  speed  with  the 

ef  tte  wiMla  water  of  the  place 

Ho  very  decided  results 

Ui  k.'  _,f_jjl  mU  to^  «^  anffidenUy  satia- 
MlMiRMa^'     —  IryMLdeFrony 
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where  u  is  the  mean  velocity  required,  and  y  the 
sniftoe  velocity,  given  in  metres  per  second.  He 
finds  A  =  2.87187  and  b  =  8.15312  to  give 
results  best  reconcQesble  with  both  theory  and 
e3q)eriment 

A  useful  consequence  of  this  formula  is,  that 
when  the  velocity  v  varies  between  y  =.  o 
and  y  =  8  metres  per  second,  that  is  between 
0  and  10  feet  per  second,  which  are  about  its 
usual  limits  of  variation  (0  and  7  miles  per  hour 
being  nearly  equivalent),  the  mean  velocity  win 
vary  between  y  X  •  74  and  y  X  •  87.  We  may 
take  thereibre  as  a  fair  rule  for  ordinaiy  applica- 
tion, though  it  is  only  a  good  approximation — 

u  =  yX.80=ll 

5 

This  gives  the  mean  velocity  of  the  mass  of 
water.  But  in  order  to  know  the  shock  that  win 
be  sustained  by  a  bridge,  and  the  new  velocity 
wliich  win  be  occasioned  at  the  bridge  by  tlie 
amount  of  inteiruption  which  the  piers  cause,  we 
require  to  know  forthor,  the  amount  of  wa- 
ter which  passes  with  this  velocity.  This  win 
deariy  be  determined  by  the  section  of  the  mass 
of  water  at  any  place,  multiplied  by  the  vebcity 
just  found  for  that  place.  To  find  this  fonner, 
we  must  cross  the  stream,  sounding  its  depth  an 
over,  and  marking  the  depths.  We  can  then 
gain  an  approximate  knowledge  of  the  surfiMe  of 
the  section,  which  we  may  suppose  represented 
(fig.  8),  l)y  the  figure  having  the  level  line  at 
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the  top— the  surikce  of  the  water;  and  the  curved 
one  at  the  bottom — the  bed  of  the  stream.  We 
take  the  level  one,  and  measure  along  perpen- 
dicular to  it,  lines  equal  to  the  length  obtained 
by  the  soundings,  at  points  corresponding  to  thoee 
where  they  were  made ;  and  by  joining  the  ends 
of  these  lines,  we  see  that,  even  with  a  pretty 
irregular  bottom,  we  obtain  a  polygonal  figure 
almost  identical  with  it, — whoee  area,  eully 
calculable,  can  be  substituted  for  the  accurate 
vertical  section  of  the  stream  at  the  place.  We 
know,  therefore,  the  amount  of  water  passmg 
near  the  bridge,  and  the  velocity  with  ^iiidi  it 
passes — that  is,  we  can  calculate  how  much 
shock  the  piers  wffl  have  regularly  to  sustain;  and 
also  approximate  to  discovering  what  vdndty  the 
stream  win  acquire  beneath  the  bridges,  when  any 
proposed  system  of  piers  intenvpts  the  current. 

ihtjbn*  of  the  arch  is  the  next  point  of  im- 
portance. There  are  three  forms  of  special  interest. 
1.  The  old  semidrcular  arch.  2.  The  eUiptical 
ardi,  nsuaUy  made^  however,  as  a  putting  together 
of  several  circular  arches  of  difibnnt  radii;  and 
8.  The  segmental  arcii. 


i 
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Tlie  semidrcnlBT  arch  is  used  almost  exdu- 
sively  in  the  more  ancient  bridge.  It  is  more 
easily  constnicted  than  the  other  kinds,  and  it  is 
more  solid  when  it  is  cons^cted.  But,  as  its 
height  is  half  its  width,  it  would  require  either 
Teiy  high  banking,  in  which  case;  if  a  bridge 
with  piers  were  desirable,  it  would  probably  be 
employed,  or  else  the  springing  of  the  arch  would 
be  nearer  low  water  thiem  high  water  mark,  and 
thus  the  inconveniences  already  pointed  out  would 
result  There  is  the  further  objection  that  it 
does  not  ofier  so  agreeable  and  elegant  a  "coup 

The*  other  forms,  the  flat-vanlted  arches,  as 
they  are  called,  and  the  segmental  arch,  have 
each  their  peculiar  advantages  and  disadvantages. 
They  both  present  less  obstacle  to  the  pas- 
sage of  water.  Either  may  be  employed  where 
the  springing  of  the  arch  is  above  high  water 
mark,  without  causing  such  an  inconvenient  rise 
from  the  side  to  the  centre  of  the  bridge,  or  re- 
quiring banks  higher  than  are  usually  to  be 
found.  In  the  fiat-vaulted  arches  each  dreular 
arch  is  nearly  the  semicircle  of  a  much  smaller 
form,  and  the  same  advantages  of  soUdity  and 
stability  securable  in  the  first  case  are  so  with 
them.  The  lateral  pressure  of  the  vouttain  (or 
stones  forming  the  actual  arch)  is  very  consider- 
able in  the  case  of  the  segmental  arch,  and  care 
has  to  be  taken  that  the  crown  does  not  sink  down 
after  the  arch  is  formed  in  this  construction. 

Bridges  are  constructed  either  of  wood,  of  stone 
or  brick,  or  of  iron.  The  first  is  objecdonable  on 
account  of  its  rapid  decay,  especially  under  con- 
stant exposure  to  water.  Some  kinds  of  timber 
indeed  are  less  liable  to  decay.  Thus  oak 
piles,  when  entirely  submitted  to  this  action,  are 
not  liable  to  rapid  decay;  but  if  one  part  of  the 
same  log  be  in,  wliile  another  is  out  of  the  wa- 
ter, unequal  action  produces  a  rapid  decay — ^like 
the  galvanic  cmrent,  deocmiposing  substances 
through  which  it  circulates.  Tlie  oidinary  woods 
moreover  change  their  bulk  according  as  they 
are  wet  or  dry,  and  so  produce  a  warping  or  a 
bursting  action,  tending,  so  far  as  it  goes,  to  dis- 
integrate the  bridge.  The  cheapness  and  the 
oouTenience  of  procuring  wood  is  its  great  re- 
commendation. Besides,  when  a  more  secure 
building,  such  as  a  stone  bridge,  has  to  be  erected, 
it  always  requires  to  have  a  sort  of  platform  of 
wood,  called  centering,  erected  beforehand,  and 
continued  as  the  work  proceeds,  for  the  use  of  the 
workmen.  The  materisl  for  this,  with  a  little 
more  work,  would  construct  a  tolerable  wooden 
bridge.  A  bridge  of  iron  is  olrjectionable  be- 
cause of  the  violent  expansion  and  contraction 
of  the  material  in  heat  and  cold,  and  ftom  this 
cause  it  is  not  so  extensively  used  as  it  would 
otherwise  be.  Principles  of  compensation,  how- 
ever, similar  in  principle  to  that  emplojred  in  the 
oompeosation  balance  of  a  watch,  may  go  far  to 
correct  this  evil.  The  other  contingency — of  the 
oxidation  of  Iran  from  exposure  to  rain  and  air, 
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is  avddable  by  painting  and  other  devices  wliidi« 
however,  add  a  large  per  centage  to  the  original 
cost  of  the  bridge.  No  structures  of  the  ordinaiy 
bridge  kind,  so  little  obstruct  the  coarse  of  a 
stream  as  iron  bridges. 

Suspention  Bridges, — When  a  chain  of  iran, 
or  of  any  metal,  is  suspended  at  two  points,  it 
takes  a  certain  form  depending  upon  the  wdght 
at  the  various  points.  The  action  of  giavkatiiig 
forces  draws  it  downwards — resisting  forces,  of  in- 
definite capacity,  at  the  points  cHf  aaspensaan, 
keeping  it  from  falling  entirely;  and  cohesiv* 
forces  transmit  this  retentkn  £rom  point  to 
pcdnt  of  the  whole  mass.  We  can  readily  un- 
derstand that  these  forces  wOI  come  to  bjlaoce 
after  bringing  the  chain  to  a  certain  definite  po- 
sition; and  that  unless  the  cohesive  forces  or 
the  retaining  power  of  the  points  of  suspeosioii 
fail,  there  will  be  always  a  position  in  wUch  tlia 
curve  will  remain  fixed;  which  position  onoe 
reached,  new  forces  will  be  required,  again  to  dis- 
turb it  The  principles  upon  which  these  corves 
are  determined  belong  to  the  higher  mathematics^ 
If  the  forces  which  pull  a  curve  be  at  right 
angles  to  its  line,  and  all  equal,  an  arc  of  a 
circle  wiU  be  formed,  as  we  might  have  expected 
from  the  uniformity  of  the  action  and  the  regn- 
larity  of  the  figure.  If  all  the  forces  applied  to 
be  vertical — i^  for  example,  a  chain  be  used, 
uniform  in  mass,  and  pennitted  to  hang  iireelyy 
a  peculiar  curve  called  the  catenary,  or  chain 
curve,  results.  If  the  mass  be  not  uniform,  there 
win  be  deviations  firom  this  curve,  in  the  shape  of 
lines  that  will  give  greater  defiectlon  with  the 
greater  weights.  If,  for  example,  the  forces 
which  act  upon  ei^ch  point  of  the  chain  are 
proportional  to  the  lengths  of  the  pngeo- 
tk>ns  of  the  small  equal  parts  adjacent  to  the 
points,  the  resulting  curve  will  be  a  parabola. 
If  the  chain  be  constructed  so  that  these  foroea 
are  applied  to  successive  points,  instead  of 
along  the  whole  chain,  a  polygon  would  be 
formed,  having  the  low  pomts  of  suspension  for 
vertices,  all  which  points  hang  along  a  paiabolie 
curve.  We  have  said  that  these  results  will  oo- 
cur,  and  such  curves  be  formed,  unless  thecohesive 
forces  of  the  material  of  the  chain  l>e  too  weak  to 
stand  against  the  other  divellent  forces.  We  can 
imagine  forces  of  any  kind  applied  to  a  chain  ao 
fixed,  and  this  fixity  remaining  if  the  chain  be 
strong  enough.  This  is  the  idea  on  which  tlv^ 
suspension  bridge  of  the  present  day  is  can- 
structed. 

Two  towers  are  erected,  of  such  height^ 
that  the  chain  may  have  its  natural  awing* 
and  the  passage  of  the  river  or  road  not  im- 
peded by  the  bridge  hanging  over  it  A  chain 
of  verv  strong  iron  is  then  fixed  to  the  ground 
at  tlie  two  ends,  and  passed  up,  tlirongfa  a 
passage  in  the  tower,  leaving  sufficient  leagth 
to  hang  in  the  curve  contemplated.  Sub- 
sidiaiy  chains  are  suspended  to  it  by  vaiioai 
points,  and  to  these  is  hooked  a  roadway  con- 
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It  weight  in  the  oenln  to  dnw  tham 
f«r;  aul  OD  Uw  duds.  The  origin  of 
ii  thnrfold.  Fun,  tha  weight  of  tlu 
hn  :  mawidij,  that  oT  the  robwiuuy 
wUch  tha  To^ny  i>  nupcndat ;  ■nil 
iM  irftba  Toadmjr  uid  of  (ha  panengsni 
A  BBit  ba  ■trong  eooogh  to  TTfTp*"  the 
a  which  tliey  an  writally  lubjactad, 
Ita  bridip  wLU  laiL 
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Then  U  oDS  Mriooa  difficulty  UticUng  to 
lbs  mapanaioD  bridge,  but  it  ia  w>  nrloiu 
that  It  ■MUD*  to  pncluda  tfaa  uaa  o/-thii 
aidant  ooatrirince  iicapt  for  puscngan.  The 
bridge  baa  no  itability.  Two  cauMa  ace  na- 
dily  aulgnable.  Ia  tha  Gnt  plwe,  the  iron 
of  tha  chain*  i«  liibla  to  great  upanuon  or  oon- 
tractioQ  by  but  or  cold.  And  in  the  Kcond 
place,  tbe  whola  stnictura  hinging  in  (he  air  it 
liable  (o  oacillale  with  tha  wind.  Noconlrivanca 
will  prabablv  do  away  with  IbLi  latter  evil,  or 
I  indeed  with  either.    Uolh  may,  honcver,  be  con- 


Tba  best  owthod  for  i 


GS-ii 


^■teertbapine. 

AaadTaUwaerldMlj  aiMng  frooLtbe  plan 
tf  mkf  -nrj  bw  duino,  ii  thU:  no  two  bora 

■ThBaatMBdtaaxpuidalwayiaUka.    Now, 

Hweia^tBalkTaRical  and  enbaidiuT  chahia 

toBfBl  diflanMlT,  weiholl  hate  this  nultr 

^  w^Kbt  mt  tba  wbde  nua  polling  the  lese 

•dmdtfthacwei^t.     The  whole  man  of  the 

krii(t  mtf  thm,  and  at  dmea  doea,  hug  upon 

•a  ar  M*  ckaina,  nd  tbeaa  mat  ba  made  to 

■■■(  ■■  w  ba  eq>aUa  af  bearing  H.    Hence, 

^  b  >  gnt  wam  of  material  in  (hoe  chalDi. 

lr«  ha  Bed,  then  thawbobwdgfatvUl  leaulce 

to  ba  fBiM  by  ^^  «r  tha  ua.  uaad  (ronghly). 

mUmlri  ba^  by  Uh  of  th<!  ma»^  'H.e 

tmm  ■».  tteribra,  may  be  Jnat  tight  time. 

1m  Mb  As  iBima,  and  innM  expoae,  thenfora 

<«*—>«■»■)■  >  gnat  daal  ot  kaa  aorftce  to 

tta  Mta  ^  (he  wind.     We  eB<  go  to  far, 

•■*■<.  I..»d.  the  dbniiiatiam  bat  not  In  thla 

l<WTdBBtnfiatioaortheecdhury  ne- 

,-y- M^ir- "^  »*•  •-™'">™'B'' 

bridge.  The  rtrain  upon  diOetent 
linki  of  tba  anapeDdiog  chain*  will  dearly  not  be 
qnile  the  aame.  Thus,  in  on  ordinary  chdn,  tbe 
■Iraln  will  be  greatest  at  one  end,  and  leesl  at 
the  middle.  Hr.  Dredge  calculate^  Dpon  matbe- 
matical  prindfJea,  (be  variatiuiia  to  which  tba 
atroin  (a  thoa  liable ;  and  conttmcU  ttaeee  cbalna 
nch  that  tbe  middle  liolu  be  light  proportionally 
to  tba  strihi  tbey  have  to  bear,  and  tbe  aid  coei 
BO  much  the  heevier.  Thl*  aecurea  an  economy 
of  material,  important  bi  tbe  conatmctinn  of  the 
inspeiided  chain..  He  ilao  naea  obliqne  Bus- 
pending  roda  iosteid  of  Terticol  ones.  The 
■till  greater  eqoaliution  of  the  Mmin,  and  tba 
leOBenlng  of  it  by  thii  patticnlor  invention,  are 
capable  of  mathematical  Oiostnlion  nf  a  not 
Tery  complex  nature.  In  the  bridge,  tba  diaina 
beoHDe  neaier  and  nearer  tbe  horizontal,  the 
nmer  they  are  to  tbe  middle  of  tbe  bridge.  A 
very  beautiful  specimen  of  thll  canatnidlan  of 
bridge  ii  formed  acmsa  tbe  river  Le\'en,  at  Bal- 
loch,  on  Loch  Lomond,  built  nnder  the  panonal 
ioperlDtandence  of  llr.  Dredge,  the  inventor. 
The  flgare  {llui(n(i<s 
tbe  principle.  Let  v  ji 
be  a  part  of  the  road- 
way, anpported  by  Iha 


pull  Tankadty  downwaidi — being  that  of  gravity 
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— bsvlog,  be>id(«,  ■  tendencv  U>  make  the  mus 
route,  tlut  U  to  diituib  'ths  fixity  of  tlic 
tjttaa  .by  dimwiDg  B  (mppon  the  top  of  the 
tower)  inwudh  Thia  ie  neistad,  and  then 
ramiioi  >  vertical  fbroa  vbich  we  may  fma- 
gliw  to  poll  right  down,  acting  on  the  lope, 
thraigb  F.  Thii  vertical  tbrce  can  be  decompoaed 
into  two — una  perpeniKctiUr  In  the  line  A  b,  and 
acting  on  F,  B  eupported  joint,  and  another  along 
the  line  a  b.  Thia  fane  along  the  line  is  evi- 
dently amallar  than  that  vertical  one  of  which 
we  apoke,  wblch  ii  tlie  only  one  acting  in  the 
ordlnaiy  snipenaion  bridge,  and  the  strain  is 
tlierafbn  lea.  Hie  only  limit  to  tlie  capabilitlea 
of  Ihla  «ooMniction  ia  the  danger  of  ibroniDg  too 
moGh  wdgjit  on  the  fblenun  p,  and  of  cansing  a 
tanring  ^ct  opon  the  top,  n,  too  considerable. 

Hw  taepmdon  bridge,  thoagh  giving  an  ad- 
minbl*  panage  to  ibipa  below,  was  not  yet  quite 
capable  of  (ulBlIing  all  the  tequiiementa  of  a 
modarn  bridge.  Many  of  them  require  to  admit 
of  the  puiage  over  them  of  vary  heavily  laden 
traina.  Now  Ibtae  two  advantaga  of  free  road- 
way, and  of  gennble  stability,  could  not  be  com- 
plied in  the  aaapension  bridge.  Wo  annex  an 
engraving  of  ■  euiipanaion  bridge. 

The  tdinlar  tru^  was  deviaed  to  comblna  , 
tbeaa  advantages.  We  shall  avind,  however, 
entering  Into  its  principles  at  length. 

The  chief  pi^  opon  which    ' 
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of  tnbolar  bridges  rests,  la  the  cspatHit;  tt 
WTongbt  Iron  to  rcalil  a  tension  mDch  greater 
than  cast  inn  on.  The  old  iron  ardi  bridgei 
were  almost  all  bnilt  of  cait  iron.  Cast  Iroa 
bears  a  iTansverae  nnJii  better,  and  the  wro^t 
iron  a  strain  lengthwise ;  and  at  the  time  tl 
construction  the  bridge  mt^t  be  made,  an^ 
that  when  without  paasengera,  the  two  aboald 
work  completely  tt^fether— the  transvon  strda 
t>ome  by  ths  cut  iron,  and  the  lengthwtae  osm 
by  the  malleable  Irrrn,  nnfixtunatdj,  fliia  b 
not  the  purpose  tar  whidi  bridgea  are  eanatineled, 
and  it  [s  easy  to  conceive  louls  so  placed  oo  tin 
line,  that  each  strain  would  tall  to  tba  dimi 
least  flttel  to  sustain  it.  A  mdanelioiy  inataoM 
of  thia  occurred  oo  the  bridge  over  the  I>e^  on 
the  line  of  the  Chestor  and  Holybead  Railway, 
it  broke  down  completely  on  the  14th  V»j, 
1B47,  eccarioning  seriom  loaa  rf  Ufa 

The  tube  tkraiffh  whldi  the  mdwa;  rana  In 
the  tnbulai  bridge  sostidna  all  the  weight  in  it* 
various  pane.  It  was  a  qnestiaa  ol  lUe  ntmoM 
importance  to  determine,  w4iarB  the  great  itiiw 
on  the  tube  would  be,  and  what  wirald  be  tha 
finm  best  calculated  lor  stiangth.  Both<<th«M 
matters  reqairad  experimental  (hMndnatioD,  and 
a  series  of  expritnenta  as  eUbenU  aa  any  «■ 
rocord  were  entered  into,  nnder  the  dinctioai  of 
Hr.  Robert  Stqihenaoo,  by  Uenre.  F^rbadm  and 
Uodgkinson,  the  reanlta  of  nhidi  wHl  be  Ibmid  d»- 


f  died  at  conriilerBble  length  In  the  recent  nppla- 
menttoDntnell'sTheoryofBridgea.  Itcameoat 
in  the  course  of  these  invntigatioDS,  that  the 
Ciruular  and  Etliplial  tnbea  were  not  neariy  ao 
well  fitted  to  susUio  a  wdght  paaatng  throng 
tiiem  as  the  much  more  rimply  constructed  rtetoK- 
gidar  one ;  and  the  remaikabie  tlet  was  eliaited, 
that  the  iron  on^t  to  be  made  IhickEr  at  the  tiqi 
of  Uwtuba  thanattbabottain,  bacanae  Mara  was 


the  greatest  stnln.  This  Is  a  censeqaawa  of  tbt 
fact  already  noticed,  that  WTonglit  irco  is  moch 
lees  capable  of  snatalning  a  transverw  load  tham 
cast  inm  i^  althongh  on  the  other  hand  U  ia  br 
more  capable  of  bcuing  a  lengthwte  atrain. 

The  magnidcent  antes  of  inventlonaby  nUA 
an  the  details  of  theee  bridges  have  lieeB  per- 
fected, has,  pethapa,  no  paiaUd  b  modeta  engj' 
Hearing.    £¥«]>  pcint  emuneted  wUb  iMr  east- 
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€bm  ti*iiliig  of  tlw  piUtM)  the  ooostrao- 
tl»  tdbe^  the  devatioo  of  it  wxthoat 
wflhktfaig  of  any  kind,  has  given 
ftr  wKk  iBgennhy,  eqnaDy  ranarkable  for 
pcEMverii^   af^licatioiL    This 
of  erecting  a  bridge  without 
; — ga>Te  Vr.  8tq>henaon  the  tint  no- 
cf  a  tnbiilar  bridge  It  had  been  propoeed 
n  bridge  over  the  Menai  StraitB,  to  iaci- 

Dublin  and  London. 

,  required  tiiat,  in  tlie 

of  dds  bridge,  then  abonid  be  a  dear 

ef  100  fei  kft  acroee  the  whole  channel, 

tibe  time  of  oonstmctxin.    This — ^to 

-would  have  been  a  simple  veto 

of  a  bridge  of  1,500  ibet  long; 

it  itit4iT**^  Mr.  StepboBson  to  the  oonstmo- 

of  the    Britaimia  tubular   bridge.     See 


A  property  of  bodies,  whidi 

•ofid,  yet  are  so  wei^y  boond  together, 

neehanical  Ibroe  suffices  to 

They  can  be  easfly 

The  oohesivo  fime  between 

pfwycSblfi  partidea  almost  yaniahes,  but 

fiquids  in  possessing  a  oonsider- 

tana,  acting  between  the  particles 

almost  to  be  imperoeptible. 

We  shall  see  in  the  articles 

DiovTsics,  that  rays  of  Bf^tdi- 

point,  and  falling  upon  minors 

be  thrown  back  ftom 

aD  to  intersect  in  one  pofant,  and  that 

a  kns  of  pecuUar  shape,  they 

tfarosi^  it,  emerging  in  such  adireo- 

to  eopcentrate  about  a  particular 


ir  the  int  case,  we  diaU  see  that  small 

mimm  wiU  throw  back  rays 

n  poiBt  tokfably  distant,  so  as  to 

very  acazly  in  one  Ibcas;  and  if  the 

he  parshel,  aa  some  rays  are,  or  the  point 

■hkh  tibsy  oome  rery  distinct,  which  is  the 

of  tUs  paaOdboi,  we  may  hare  with  a 

iriikh  has  a  reiy  small  central 

of  rays  as  accurately  as 

The  lays  incident  upon  a 

ooBraz  to  these  lines  of  ind- 

do  Bol  pasB^  when  mfleeted,  through  the 

rhkh  thiy  ffiveige  at  aO.    Their  fi>- 

■  litiiillillliT  rf-nr 

We  shaft  aea»  abo^  that  a  parabdold  mirror, 
to  tlie  line  of  incidence  of  the 
panDdnya,  aa  ftom  the  sun,  or 
aeeuratdy  to  one  pomt,  and 
m  -*T*""*^  minor  win  reflect  rays  dWerg- 
feoB  the  coe  iwos,  aeonntely  on  to  the 
WUh  •  mfrrar  of  the  hyperboloid  form 
vobM  be  obtained  as  with  a  eon- 
ninur;  the  raya,  when  reflM^ed, 
ia  ^nrgl^  Ihna  a  new  pdnt,  but 
4hii%hdUBd  the  mfnor,  they  wookl  not  ae- 
-  -  It 
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Kow,  the  sun's  r^  possess  a  heating  as  well 
as  a  luminous  power;  and  although  difierent 
rays  do  possess  this  power  in  difllterent  degrees, 
yet,  as  the  di£forent  nature  of  rays  causes  no  de- 
viation in  any  of  them  ftom  uniform  laws  of  geo- 
metrical reflection,  and  as  none  of  the  component 
parts  of  white  light  are  separated  in  ordinaTy  re- 
flection, we  may  consider  each  ray  of  ordbiary 
light  as  simply  possessed  of  besting  power.  Let 
a  number  of  heatiug  rays,  therefore,  divergbg 
fttnn  any  source  of  heat,  ikU  upon  a  mirror  ftom 
whidi  they  are  accurately  reflected,  so  as  all  to 
cross  one  another  at  a  given  point  It  is  plain 
that  at  that  point  there  will  be  a  very  great  con- 
centration of  heat,  and  that  bodies  placed  at  it 
may  be  sutrjected  to  a  very  high  temperature. 
This  is  the  prindple  upon  whidi  burning  minora 
are  ooDstmcted.  The  readiest  source  of  heat  is 
the  son,  and  the  mirrors  hitherto  employed  have 
been  made  piindpally  so  as  to  concentrate  its 
rays.  In  the  expressions  by  which  the  radios  of 
the  mirror  and  the  distance  of  the  luminons  point 
ftom  it  are  connected  with  the  distance  ftom  it  of 
the  focos  of  reflection,  we  have  simply  to  make 
the  distance  of  the  luminous  point  become  infi- 
nite, as  in  comparison  with  aD  ordinary  tenestxial 
distances  it  may  in  tliis  case  be  Curly  con- 
sidered, in  order  to  apply  the  ordinary  formuto 
to  the  action  of  sun  rays. 

The  substance  of  the  mirrors  diould  not  be 
transparent  But,  for  the  second  case,  that  of 
baraing  lenses,  the  transparency  of  the  (passes  is 
the  property  on  whidi  their  power  depends. 

We  And  (see  Diopnucs  and  Lsns)  glasses  of 
this  character,  that  they  gather  light  coming  fronk 
a  point,  and  fidling  scattoed  on  their  surikoes  into 
another  point  bdiind  the  lens.  Some^  indeed, 
like  the  convex  mirror  already  noticed,  only  scat- 
ter the  rays  less,  but  still  allow  them,  after  pas- 
ssge^  to  go  on  diverging,  as  if  they  came  from  a 
point  through  which  they  do  not,  in  reality,  pass 
stall.  These  lenses  are  as  usdess  for  our  purposes 
as  the  similar  mirrors  were,  but  wherever  we 
have  lenses  whidi  concentrate  luminons  rays  af- 
ter passage^  towards  a  point  through  which  they 
reaUy  pass,  we  can  use  them  for  burning  glassee. 
Frequently  any  lens  which  could  conveniently  be 
made^  more  frequently  any  which  we  may  ac- 
tually have  in  possession,  win  not  threw  the  rays 
exactly  toward  the  point  where  we  desire  to  oon- 
oentnte  them.  And  in  that  case  we  may  com- 
bine two  or  more,  so  as  to  prevent  the  con- 
vergence of  the  laya  to  a  point  too  near,  by  a 
slight  di^wrsive  power,  or  to  make  the  concen- 
triOion  stin  more  intense  than  after  passage 
through  the  fliat  lens.  Here,  however,  we  are 
met  1^  the  fact  of  the  dispersion  of  ordinarylight 
by  refraction  through  lenses.  There  is  one  focos 
for  the  violet,  anotlier  for  the  red,  another  for 
the  blue  rays  of  Che  apeotnun.  If,  therefore,  the 
heating  power  of  the  sdar  ray  be  uniformly  dia- 
tribnt^  among  the  various  hom<^geneoos  rays, 
we  shall  require  to  use  for  burning  lenses  the 
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Mine  arrangements  which  we  have  already  eeen 
to  bo  neceasaiy  to  prevent  chromatic  dispersion. 
It  has  been  fortunately,  however,  found  that  the 
more  refrangible  rays,  those  towards  the  violet 
end  of  the  spectrum,  possess  very  little  heating 
power.  The  experiments  of  Sir  W.  Herschell,  in 
1800,  proved  that  the  calorific  effect  at  the  vari- 
ous points  of  the  prismatic  spectrum  was  greatest 
6>r  the  extreme  red  rays,  and  extended  even  con- 
siderably beyond  it,  and  beyond  the  spectrum. 
Hence  we  may  take  the  sort  of  mean  index  of 
refiraction  for  the  heating  rays  to  be  very  nearly 
the  index  of  refraction  for  these  extreme  red  rays. 
By  convenient  lenses  accordingly,  we  may  con- 
centrate these  rays  at  the  foci  of  our  lenses,  and 
obtain  a  considerable  headng  effect  also  upon  ob- 
jects very  near  the  focus  of  the  lens,  upon  either 
aide  of  it.  Arrangements  similar  to  the  achromatic 
arrangements,  by  which  the  dispersion  of  colours 
is  prevented,  would  undoubtedly,  however,  very 
largely  increase  the  heating  effect 

The  principle  upon  which  burning  glasses  are 
constructed  is,  therefore,  simply  this,-^that  the 
heating  nys,  either  from  the  sun  and  other  heaven- 
ly bodies,  as  is  meet  usual,  or  from  other  sources 
of  heat,  be  concentrated  as  nearly  as  possible  to  a 
point  This  is  effected  in  burning  mirrors  with- 
out regard  to  the  dispersion  of  heterogeneous 
rays;  and,  in  the  case  of  burning  lenses,  we 
may  either  empby  arrangements  aldn  to  those  in 
achromatism,  or  with  simple  lenses  may  con- 
struct them  as  if  intended  to  collect  the  extreme 
red  rays.  The  burning  lens  is  convex,  as  the 
burning  mirror  is  concave. 

The  use  of  burning  glasses  is  certainly  very 
aodent  Aristophanes  mentions  them  in  "the 
clouds."  The  celebrated  exploit  of  Archimedes, 
who  set  fire  to  the  Roman  fleet  at  Syracuse,  by 
means  of  a  burning  mirror,  rests  upon  a  mass  of 
historic  testimony  not  easily  set  aside.  The 
use  of  lenses  is  certainly  not  much  more  mo- 
dem. Pliny  mentions  balls  or  globes  of  glass  or 
crystal,  whidi,  when  exposed  to  the  sun,  are 
capable  of  transmitting  sufficient  heat  to  set 
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cloth  on  fire,  and  Clemens  Alezaodrinos  oBd 
Lactantius  suggest  the  employment  of  globes  of 
glass  filled  with  water. 

In  order  to  give  some  idea  of  the  power  of  these 
instruments,  we  shall  transcribe  an  account  of  ooe 
made  by  Mr.  Parker.  His  lens  is  made  of  fiint 
glass,  and  when  exposed,  has  a  dear  surfisoe  of 
32  inches  diameter.  Its  thickness  in  the  ceotFa 
is  Si  inches,  and  its  focal  length  6  feet  8  inches. 

He  used,  along  with  this,  another  lens  having 
a  clear  8ui£eu»  whose  diameter  is  13  incbesi, 
whose  tluckness  in  the  centre  is  If  inches,  and 
whose  focal  length  is  29  inches.  This  lens,  when 
arranged  along  with  the  other,  still  further  con- 
oentrates  the  converging  rays  which  have  already 
passed  through  it  It  was  placed  by  him  so 
that  the  focal  length  of  the  two  was  6  feet  8 
inches.  A  number  of  experiments  gives  the  fol- 
lowing series  of  results: — 


time  occupied  in  fusion 
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Wrought  Iron  ...      3      ...     19 
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.      10 

Pure  Silver 

so 

Pure  Platinum 

10 

Nickel       .       .       . 

.      IS 

Cast  Iron— a  cabe    . 

.      10 

Pare  Odd 

.    so 

Crystal  Pebble  .      . 

7 

Lays  .... 

.      10 

Asbestos    . 

.      10 
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Bar  Iron— a  cube 

» 

.      10 

Steel— a  cube   . 

.      IS 

10 

Garnet 
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10 

Pure  Copper     . 

.     20 

33 
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10 
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24 

.      10 

Oriental  Emerald    . 

.      25 

2 

Jasper 

.      25 

10 

Wlilte  Affate     .       . 

,     80 

10 

Oriental  Flint   . 

80 
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Topax  or  Chryaolito . 

.     45 

a 

Common  Limestone 

55 

10 

White  Rhmnboidal  Spar 

SO 

Id 

Volcanic  Clay  . 

60 

10 

Cornish  Moorstone  . 

eo 
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RouKh  Cornelian     . 

7S 

10 

Botten  Stone    . 

1 
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10 
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Calcalas,  the  iNFmrrBsncAL ;  or  the  TVons- 
cendeiUai  Analjfiis: — ^the  names  usually  given  to 
that  great  branch  of  the  Mathematical  Sciences, 
which,  since  the  time  of  Leibnitz,  has  com- 
manded, by  one  general  method,  the  most  ar- 
duous problems  in  geometry,  mechanics,  and 
physics.  Periiaps  the  simplest  definition  that 
can  be  given  of  this  potent  Algorithm  is  the 
following: — In  ordinary  Algebra,  the  value$  qf 
vtUaiown  quantUiet^  and  their  rehtioni  toith  each 
other,  are  detected  by  aid  qfequaiione  eUabKshed 

BETWIEN  TBB88  QUAVTITIBS  DIBECTLT; — it  it 

the  fertile  artifice  of  the  Calculus,  on  the  other  hand, 
toarriveai  such  sjfstenuqfdirecteguationt  by  meant 
«lf  other  equations primariif  established  not  between 
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the  quantities  themselves,  but  betwbbk  cbbtadt 

DBBIVATIVES    FROM    THBM,    OT   BLBMENT8    OP 

TBEM.  It  is  found  much  more  easy  in  practice 
to  determine  the  equation  between  such  elements 
and  derivatives,  than  between  the  primary  qoMo- 
tities;  when  this  is  aooomplished,  the  probkm 
may  be  siud  to  be  laid  analyticslly;  and  tha 
subsequent  process — that,  viz.,  by  whidi  equa- 
tions between  the  primaries,  are  deduced  from  the 
relations  of  the  derivatives— is  a  simple  prooesa 
and  difficulty  of  pure  analysis.  The  fundamental 
requisition  of  the  Calculus,  was  evidently  this — 
to  establish  rationally,  the  notion  of  these  deritta- 
tioes  or  elements.  Three  schemes  have  been  pro- 
posed, amounting  to  the  same  thing  in  practice^ 
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dafcuiift  in  iSb»  strictnesi  of  their  ]og{c>  as 
MinUMteffityortheirapplicatioo.  If  one 
wumld  ftid  the  tme  logic  of  the  new  Cakolua, 
adn  be  bad  to  that  memonble  seo- 
of  tfaa  Ptmdpia,  in  which  Newton  exposes 
rhwnfyi  and  demoostrates  the  chief  theorems,  in 
Method  of  the  UUhnale  Vaiuet  or  LimUs  of 
Batka  of  Tsifable  qoantities.    This  concep- 
«r  pifcBcipie  of  LumU,  is  now  nnirerBslly 
ihBshfaig  the  fbondaUons  of  the 
Analyris  by  all  rigoroas  logicians; 
is  it  tmj  to  see  tliat  any  other  coarse  xb  open. 
with  the  conception  or  Xtsii^  as  not 
IWBidj  aaaljtieal  one^  and  also  dissatisfied  for 
with  the  original  method  of 
fllastrioas  Lsgrange  offered  a  new 
of  eoBtcasplatiqg  the  origin  of  these  tferiro- 
Pin- niiing  to  haf«  demonstnted  that  any 
of  X — f»x,  cooM,  after  x  had  received 
A,  be  developed  in  a  series  as 
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♦  (*+*)=  f  .  +  Ai,A  +  A,A»  +A, 
-|-  4e^  in  which  Ai,  Af ,  Aj,  &c.,  should  con- 
I  the  variahle  x  onlj — ^he  reqoired  that  these 
Aiv  As,  Aa,  &c,  should  be  accounted 
vc,  or  the  JSnt,  Hcond,  thirds  &c., 
of  f»x:  nd  so  averred  that  the 
x£  tliese  derivatives  oonld  be  preiented  as 
of  a  pnrdy  algebraical  relation  or 
tlMis  being  filled  np  that  had 
10  aeparate  aa  hffie,  the  Algebraical 
the  Transoendenta]  Analysis.    Kotwith- 
liw  fair  appearance  of  the  Thecrie  des 
it  cannot  be  said  that  Lagrange  has 
Ko  equation,  on  one  side  of  which  is 
aeriea,  can  be  termed  independent  of 
of  Hmitt;  dmpiy  becaose  it  means  that 
istheUmitofthefaifiniteside;  nor 
several  steps  by  whidi  Lagrange  reached 
of  Taglor^M  tk/Mremf  nnmixed 
BedaasofconslderatioBs.    And  what 
formidable,  is  Che  fact,  that  the  appll- 
af  the  Gaknlns  vndcr  its  new  ibrm,  turns 
r  ti»  nsost  part  so  cmnbrous  and  inoon- 
tbat  Lagrange  himself  abandoned  it  in 
Ama^ftiqm,  for  the  much  easier 
«f  Leibnita.    Thb  latter  extraordmazy 
to  wbom  the  Ibrst  systematic  statement  of 
of  the  Transcendental  Analysis  is 


still  its  fSavonrite  form,  that 
Not  wholly  nnlike  the  manner 
Us  once  l^uioas  method  of  In- 
jjfShmmtm  ooBsidered  all  quantities  or 
op  of  it^butdif  tmatt  demetUs 
named  di0ermtia!»;  and  he 
that  in  the  grttit  majority  of  cases,  the 
qwanfTfiffl  oonoemed  in  a  problem, 
t  nraeh  moieaaailj  expressed,  by  equations 
fhrsn  f  lanfnK  than  between  the  primary 
SomstimeB  it  turned  out  difficult  to 
tbeae  eqoations;  but  in  that  case, 
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differentials  themselves  into  other  infinitely  small 
elements,  and  seeking  relations  anrang  such 
second  differmtiali:  or  still  further,  differentials 
of  the  thbd  order  in  descent  might  be  resorted  to ; 
and  so  on  in  the  same  manner.  There  cannot  be 
a  doubt  that  Leibnitz's  conception  is  of  all  others 
the  most  facQe  in  practice;  so  much  so,  that  it 
may  be  said  to  be  the  only  conception  in  the  mind 
of  any  one  extensively  employing  the  Calculus ; 
but  at  first  it  appeared  ot^ectionable  in  principle. 
The  idea  of  Infinitesimals  itself^  cannot  be 
termed  a  Just  or  pure  analytical  idea ;  and  in 
the  working  of  it  out,  according  to  the  methods 
of  its  inventor,  one  is  called  upon  at  every  step 
-to  reject  infinitesimalB  as  being  inconyxtrable  with 
finite  quantities,  and  the  higher  orderi  of  infinit- 
edmals  as  being  incomparable  with  lower  ones, — 
a  process  bearing  much  too  dose  a  resemblance 
to  a  mere  process  of  approximation,  to  be  received 
without  scruple  as  the  instrument  oi  exact  in- 
quir>'.  GeometerB  did  not  soon  succeed  in  dis- 
covering why,  out  of  methods  wearing  on  their 
tnmt  the  garb  of  mere  approximative  methods, 
the  exactest  results  were,  through  some  neces- 
sity, evolved.  D'Alembot,  Euler,  and  others, 
sought  the  key  of  the  puzzle  in  vain.  At  last 
Camot  detected  it.  The  methods  of  Infinitesi- 
mals are  correct,  through  effect  of  an  exact  con^ 
pensation  of  errort :  if  the  equations  originally 
formed  are  in  error,  or,  as  Cainot  termed  them, 
imperfect^  through  n^lect  of  quantities  infinitely 
small  in  comparison  with  the  quantities  entering 
into  these  equations,— oj^roceM  occure  qfprecuefy 
the  revene  nature  v^en  ihcte  auxiliary  equaiUmt 
arejbud^  raised  to  equationi  between  Jbute  tpumr 
tities;  which  last  are  therefore  and  necenarily 
perfect  equations.  The  logic  of  the  processes  of 
Leibnitz,  vindicated  in  this  way,  the  sole  objec- 
tion that  remains  to  the  method  of  this  geometer, 
has  reference,  as  we  have  already  said,  to  its 
bdng  founded  on  a  conception  like  that  of  infini- 
t^wimals. — Such  in  general  the  nature  of  the 
ideas  on  which  the  Transcendental  Analysis  is 
founded ;  let  us  now  enumerate  and  briefiy  deli- 
neate its  main  divisions.  It  is  sufficiently  evi- 
dent that  a  Calculus  which  proposes  to  discuss 
and  determine  the  relation  of  quantities  from  re- 
lations established  between  other  quantities  de- 
rived from  them,  must  consist  essentially  of  two 
tt  originally  under   prindpal  parts.    Fint,  it  must  explain  the  rules 


by  which,  the  primitive  quantities  being  known, 
the  analyst  may  determine  their  derivativeM 
(Jhtxions^  infimtetknaUj  dtfferentiaU)  \  and  m- 
oondfyi  it  must  explain  that  inverse  set  of  rules 
or  methods  by  whidi  the  primary  quantities  may 
be  deduced  from,  or  detected  by  aid  of,  these 
derivatives.  We  shall  offer  a  few  remarks  on 
each  of  these  great  divisions. 

(1.)  The  Differential  CalcuJut.  It  is  the  object 
of  the  Differential  Calculus  to  lay  down,  how  we 
obtain  the  derivatives  of  eadi  of  those  few  dmple 

functions  or  modifications  of  quantity  which  are 

^  t»s^  be  igiiood,  by  decomposing  the  |  alone  recognized  in  analysis;  and  this,  whether 
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these  functions  are  presented  singly  or  in  any  form 
ofcombinatioD.  The  fimctions  are — the  mm  of 
variables,  their  difference^  their  j7ro(ftic<,  qwUtnty 
power  or  root;  exponentiah^  logarithnu;  and 
direct  and  inoene  ekaular  fiinctions.  Now,  the 
Differential  Calculus,  as  thus  defined,  may  be 
termed  complete.  We  can  differentiaU  at  wHl 
any  of  these  known  functions,  or  any  combina- 
tion of  them  whatever.  It  is  of  no  consequence 
whether  the  function  to  be  difibrentiated  (or 
made  to  yield  its  derwaiioes)  be  explicit  or  im- 
plicit :  the  known  methods  of  derivation  apply 
to  all  cases;  and  witii  equal  ease,  any  function 
may  be  differentiated  a  second,  third,  or  any 
number  of  times,  or  pursued  to  any  order  of  its 
derivatives.  This  Calculus  in  itself  is  susceptible 
of  many  important  and  interesting  applications, 
such  as  to  problems  of  nuxsewna  and  fliiftcoui;  but 
these  we  cannot  at  present  notice. 

(2.)  The  Integral  CtUadus. — ^The  Inverse  por- 
tion of  the  Transcendental  Analysis  is  very  far 
fifom  being  as  perfect  as  the  former.  Its  metiiods, 
instead  of  being  general,  are  little  better  than 
happy  artifices  whose  origin  is  mostly  due  to  the 
occurrence  of  difficulties  in  the  treatment  of 
geometrical,  mechanical,*  and  phyrical  problems ; 
nor  are  there  many  analysts  who  would  be  in- 
cUned  to  question  the  opinion  of  Laplace,  that 
mtegration  is  one  of  those  difficulties  'wboae  gene- 
ral solution  we  cannot  hope  Ibr.  The  remarks 
that  can  be  offered  here  are  so  few,  that  we 
shall  wholly  leave  out  of  view  the  question  of  the 
integration  of  Implicit  fimctions,  or  of  differential 
equatione, — an  immense  sulfject,  of  which,  in  com- 
parison with  its  extent,  we  can  scarcely  be  said 
to  know  anything.  Explicit  differential  expres- 
sions are  those  that  take  on  the  following  form : — 

^x.  dx. 
— simple  enough  as  so  expressed ;  bat  the  integral 
even  of  these  cannot  be  found  unless  with  regard 
to  a  few  of  the  more  elementary  forms  otp.  x. 
If  ^ .  a;  be  either  an  exponential^  a  hgariihmic^  or 
a  ciret^cir  function,  the  integral  of  the  foregoing 
expression  cannot  be  directiy  fbund  unless  in  a 
very  few  and  simple  cases ;  to  treat  which  even, 
generally  requires  great  ingenuity.  One  of  the 
leading  artifices  applied  in  this  case,  is  the  fnte- 
gratkn  hy  Parte  of  John  Bemouilli ;  by  whose 
means  a  difficult  expression  may  often  be  re- 
duced to  another  more  easQy  reduced.  I^  on 
the  other  hand,  ^ .  x  indndes  only  the  common 
algebraic  fimctions,  we  still  cannot  treat  the  case 
generally,  unless  ^  .  «  be  whcUy  raltionaL  If 
it  is  irrational,  it  cannot  be  treated  at  all  unless 
in  the  few  cases  in  which,  by  substitution,  it  can 
be  rendered  rationaL  It  may  be  said,  therefore, 
that  the  Integration  of  rational  functions  is  really 
the  only  portion  of  the  great  inverse  problem  of 
Analysis  over  which  we  have  yet  entire  com- 
mand. Want  of  space  constrains  us  only  to  refer 
by  name  to  methods  of  Integration  by  tgpproxisnar 
tioUf  or  to  that  curious  Transcendental  Arithmetic, 
knoym  aa  I>^fitUe  IsUegrab»     We  cannot  omit, 
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however,  an  expression  of  regret  that  we  are 
not  enabled  to  explain.  In  refiearenoe  to  Differen- 
tial Equations,  the  most  ingenious  and  admirable 
method  indicated  by  the  name  of  Singular  Sobn 
iions.  The  student  must  apply  for  detidls  to  some 
of  the  excellent  text-books  now  common  In  this 
country. 

(8.)  Calcidut  of  Variatione,  Calcubte  qfFimU 
Differencea^  Cakuhu  qf  Fimctiont. — ^For  brief 
notices  of  these  important  off-shoots  fhun  the 
original  Transcendental  Analysis,  we  refer  to 

YaBIATEOHB,  DirrBBBRGIS,  F1TIICIIOH& 

CalMi^Uwb  A  distribution  of  time,  accommo- 
dated to  the  uses  of  ordinary  life.  In  seeking  for 
some  base  upon  which  to  rest  such  a  divisaoBa 
the  first  that  suggests  itaeli;  as  being  the  widest, 
for  which  we  have  an  evident  physical  gromid, 
is  the  division  into  revolutions  of  the  sun  round 
the  earth,  or  of  the  earth  round  the  sun,  i.  e;, 
from  equinox  to  equinox.  Upon  this  depends 
the  cyda  of  the  seasons.  Another  unit,  how- 
ever, independent  of  this,  scans  to  have  equal 
claims  on  us;  viz.,  wfaat.is  called  the  civil  day, 
or  the  interval  of  time  fhxn  one  passage  of  the 
meridian  by  the  sun,  nntH  his  next  passage  of  iL 
I^  then,  weshould  adopt  eAAer  of  these  as  the  mnt 
of  time,  and  the  standard  of  our  measurement,  we 
should  have  good  physical  grounds  upon  which  to 
prooeed;  but  would  require  a  peculiar  nomendfr- 
tura  for  parts  of  the  unit  not  aUgwt  (as  in  the 
case  of  the  day  and  the  year);  or  formulttpIeBQf 
the  unit  by  firactional  or  mixed  numbers,  for  the 
odd  hours  (6  hours,  48  minutes,  60  seoonda),  of 
the  day.  In  iSut,  tiie  day  and  tiie  year  are  each 
of  them  so  important,  that  we  are  forced  to  give 
up  all  hope  of  the  adoption  of  one  standard,  and 
a  mdfonn  system,  and  consent  to  the  admiikin 
of  two  independent  units.    We  could,  indeed, 

.p«a  of  the  yw  «  ^^' of  .  dqv  «  .r  . 

8640 
day  as    ^,^^^     of  a  year,  and  there  would  he 
8165698 

some  advantages  in  so  doing;  but  these  would 
be  fiur  more  than  counteracted.  We  are  forced, 
therefore,  to  employ  tlie  two  units  ooi^ointly. 
Attempts  have  bem  made  even  to  introdnoe 
another  independent  unit  The  period  of  the 
moon's  levoltttion,  next  to  that  of  the  earth'a 
annual  and  diunud  period,  is  undoubtedly  the 
most  prominent,  and  it  has  accordingly  been 
chosen.  This  has  not,  however,  been  generally 
adopted.  Thesystem  almost  universally  usedrests 
upon  the  smaller  of  these  natural  units— the  civil 
day.  We  endeavour  to  adi^  the  year,  by  vari- 
ous contrivances,  (see  Bibsbzxilb)  to  the  day; 
so  that  we  may  not  have  the  commencement  of 
our  dvil  years,  &r  from  the  actual  commence- 
ment of  tiie  true  year ;  while  we  are  enabled, 
for  the  sake  of  convenience,  to  consider  the  year 
as  made  up  of  a  number  of  loAofo  days.  We  aie 
desirous  of  this  latter  result,  for  tiie  fedlitatingof 
calculations,  which  would  be  very  tedious  if  we 
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in  -mbaX  pot  of  the  ymr  way 
of  any  pft-knUr  day  m^glit  diance  to 
te;  ad  of  the  ftRnori  that  so  wo  maybe  enabled 
la  aaapQa  rake  of  meteorology  fat  oor  obeer- 

tliaft  may  be  applied  without 

Ikom  the  dianul  standard  of 

to  tfaie  eolar,  or  vice  vend.    A  cal- 

perlbetkn,  the  more  doaely  it 

OOtldltlODS. 

A  aoft  of  BifieyfS^  system  has  been  intiodaoed 
t»  tt  OB  to  this  kind  of  calendar,  which  is  in- 
to seemo  tlie  same  pncticsl  coinddenoe 
the  oonmMOoemcDt  of  the  month  and  of 
or  rcvolatkn  of  the  moon;  while  it 
as  to  count  eadi  ImatioQ  as  made  up 
of  wfaote  dajFS.    Attempts  to  reoon- 
pnetkaXly  the  commencements  of  the  year 
te  hmatSoB,  have  alao  been  made.    The 
thus  tiied  to  xeoondle  the  commence- 
of  a  month,  composed  of  a  namber  of  whole 
sd  a  lansBtion,  and  made  the  months  to 
tf  S9  and  80  days  respectively.    This 
adig^  do  extremely  well,  bat  for  the  in- 
that  12  of  these  months  would  only 
mslead  of  365  days,  and  that  the  ro- 
ll di^  would  confuse  the  arrange- 
In  Cset,  practically  it  has  been  found  in 
that  the  unit  of  a  lunation  is  by  no 
■>  Inpostaat  as  that  of  a  day  or  of  a  year 
the  physical  drcomstanoeB  which  complete 
^«ia  along  with  it^  are  comparatively  tsw\ 
dmt  as  the  introdnedon  of  it  into  the  calen- 
ftnrther  asystem  which  is,  for  the 
peopla^  abeady  complicated  enough,  it  is 
and  would  be  troublesome,    fieoce, 
■i  12  is  Beanr  than  any  other  whole  number  of 
to  the  space  occupied  by  a  year,  we 
he  yaar  into  12  months,  appointing  the 
of  dajTi  iu  esdi  mooUi  ta^  approximately, 
as  the  case  will  admit  oi;  to  be  81  and 
JlL    What  is  called  the  hmi-taiar  calendar,  has, 
la  tet.  haoi  imnd  quito  nadeas.    The  Grecian 

calmdan  were  based  iqx>n  it, 

of  the  Eastern  nations,  the  Hin- 

Chineaa,  and  Japanese,  still  are.    It  is  not 

la  Eaivpe  at  all,  except  by  the  Jews. 

What  ii  called  the  purely  lunar  calendar— in 

tlia  Rtnni  of  the  moon  is  taken  as  the 

Bit — tnt  whicfa  rather  is  the  one  resting 

«a  fhe  AsD  «Hto  of  the  day  and  the  lunation, 

ka  ink  physieal  fimndation.    It  is,  in  oonse- 

Tcry  extenrivdy  used.     Here  we 

fie  eooaider  the  famation,  as  consisting  of  so 

whofe  days,  and  wo  have  to  arrange  the 

of  days  in  the  month  so  that  12  of  them 

an  oome  to  make  up  a  period  of  864  days,  8 

haaa  (the  poiod  of  12  hinations>    If  we  make 

SKh  ■enth  Co  eoosist  ooly  of  whole  days,  the 

.  cyde  whieb  we  can  employ  will  be  three 

Ifa^  or  1063  dMySf  in  which  86  lunations 

^  fe  sccanpliahed.     The  profiaaBonof  theMo- 

^■■■. ■  I—  wmjjgMwt  nae    ttiis    hmar  calendar; 

te  ^  fTfffa^««  whicb  it  introduces  mto  the 
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SMSons,  and  the  practical  restraint  it  puts  upon 
agriculture,  by  making  their  various  periuOs 
of  time  not  at  all  correspond  to  the  recurrences 
of  the  prindpal  influences  of  meteorology,  have 
prevented  its  bdng  introduced  anywhere  else. 

Some  of  the  more  ancient  calendars  made  very 
slight  attempts  at  any  reconciliation  of  the  two 
standards  of  the  day  and  the  year.  These  could 
only  be,  and  were  coly  toleiated,  in  the  infimcy 
of  astronomy. 

We  shall  just  mention  rapidly  in  condusion, 
the  methods  by  which  the  day  and  the  year 
have  been  sought  to  be  kept  as  bases  of  one  sys- 
tem, by  successive  nations. 

Ilie  Egyptian  method  is  perhape  the  most  an- 
cient, and  one  of  the  meet  interesting.  In  theory 
it  is  almost  identical  with  the  Julian  method, 
yet  how  different  in  its  practical  results!  It 
divides  the  year  into  12  months  of  80  days  each, 
with  5  additional  intercalary  days  (tie.  belonging 
to  no  particular  months,  but  makeweights,  as  it 
were).  This  year  of  865  days,  however,  is  in 
error  \  day  each  jrear,  and,  therefore,  865  days 
(1460  X  it  days)  in  1460  years  (magnus  arnm). 
Hence  at  this  period  we  should  come  back  to  our 
true  starting  phuse,  and  the  commencements  of 
our  dvil  and  natural  years  would  agree.  It  is 
needless  to  remark  on  Uie  inadequacy  of  this  me- 
thod. It  would  only  be  endurable  for  ^  part  of 
the  time,  during  each  magmu  onmtf,  within  which 
the  enror  woold  not  be  more  than  a  month  dther 
way ;  but  for  the  other  1217  years  we  should 
have  the  seasons  all  altered  fixnn  their  stSQdard 
positions  by  at  least  more  than  a  month. 

The  Persian  method  made  nearer  approach  to 
a  good  calendar.  They  had  the  same  system  of 
12  months  of  80  days  each,  with  6  additionid 
intercalated  days;  but  they  added  a  thirteenth 
month  (80  days)  at  the  end  of  each  120th  year. 
This  secured  a  counterpoise  for  the  errors  of  a 
quarter  of  a  day  per  year,  accumulated  dniing 
that  period.  During  60  years  of  each  120,  how- 
ever, the  year  was  s^  more  than  a  fortnight  out 
of  place,  and  though  its  restoration  to  a  true  • 
state  was  indeed  provided  for,  the  fact  of  that 
error  was  not  removed,  and  the  same  providon 
which  at  first  brought  back  the  true  year  brought 
back  the  error  aftowarda.  The  Julian  method, 
and  the  Gregorian,  with  the  various  improve- 
ments which  may  be  iq;>plied  to  that,  when  ne- 
cessary, are  detailed  in  the  artide  Bissextile. 
The  Julian  provided  for  a  restoration,  eveiy  four 
years,  of  the  agreement,  and  if  the  true  year  had 
been  865^  days,  would  have  been  peribct  The 
Egyptian  and  Persian  methods  foiled  also  in  con- 
sidering this  as  the  true  year,  although  the  doee 
approach  to  the  truth  is  much  more  remarkable  in 
thb  case  than  the  slight  deviation  from  it  The 
methods  by  which  the  day  and  the  lunation  are 
brought  to  agree,  are  detailed  in  the  artide  Cyclb. 

Calibre  i — the  diameter  of  the  chamber  of 
fire-arms.  The  word  is  moetly  used  in  regard  to 
mortars,  howitaers,  and  swivels.     The  dimen- 
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■ions  of  cannon  are  ugaaXiy  indicated  by  tte 
weight  of  the  bullet 

eaUppU  Pertod*    See  Gtclv. 

Ci^Uopc.  One  of  the  asteroids.  For  ele- 
ments, &c.,  see  AsTBBOiDS. 

Cttl«rlc  t — a  technical  tenn  once  extenaivelj 
need  in  physical  science.  It  was  meant  to  stand 
in  that  opposition  to,  and  connection  with,  Heai, 
that  CatfSf  does  to  EjffecL  By  Cahric^  physicists 
meant  the  hidden  cause  of  the  sensation  and  phe- 
nomena of //sot.  The  term  is  now  dispensed  with. 
The  entire  theoretical  part  of  the  sulject  will  be 
treated  in  this  Dictionary,  nnder  Hsat. 

€al«riai^t«r.     An  instrument  intended  to 
measure  the  amount  of  heat  contained  in  bodies. 
Various  calorimeten  are  in  use.  The  one  perhape 
most  simply  explained  is  constructed  as  follows : 
Take  a  cylinder  and  put  hi  it  a  known  quantity 
of  the  hot  substance,  the  amount  of  heat  given 
off  by  which  it  is  to  be  examined.    Surround  it 
with  another  cylinder  filled  with  unmelted  ice, 
which,  in  order  to  prevent  communication  of  heat 
to  it  from  the  air,  is  endoeed  in  a  third  cylinder 
also  filled  with  ice.    A  pipe  finom  the  bottom  of 
the  second  cylinder  conducts  the  water  that  flows 
off.    It  does  not  communicate  with  the  water 
melted  from   the  ice  in   the   third   cylinder, 
althou^  its  mouth  be  placed  quite  at  the  bottom 
of  the  second,  for  the  ice  remaining  in  the  third 
bdng  lighter  than  the  water  in  it,  tUs  water  is 
kept  at  the  bottom,  and  is  not  permitted  it  to 
reach  the  mouth  of  the  tube.    The  body  inside 
wHl  then  be  reduced  to  82^,  and  the  water  that 
comes  out  is  measured.     Now  it  is  known  that 
it  takes  141^  Fahr.  to  convert  ice  into  water.  If 
we  know  then  the  amount  of  ice  melted,  141  times 
the  number  of  lbs.  in  it  is  the  number  of  thermal 
miits  Fahrenheit  given  off  by  the  body  experi- 
mented upon.    If,  further,  die  number  of  lbs.  in 
the  body  be  known,  we  can  easily  calculate  the 
number  of  thermal  units  given  off  by  each  lb.  of 
the  substance,  in  falling  from  the  temperature  at 
which  it  was  introduced  into  the  cylinder  to  82^ 
Fahr.    A  lb.  of  water  would  fall  in  that  case  by 
as  many  thermal  units  as  the  degrees  in  tempera- 
ture, lees  by  82°— and  dividing  that  result  by 
this,  the  tpecific  heat  of  the  body  is  obtained. 
To  ascertain  this  is  the  ultimate  aim  of  the  calori- 
meter. 

This  method,  however,  which  Lavoisier  and 
Laplace  employed,  is  foimd,  though  theoretically, 
very  excellent,  to  give  practical  results  far  from 
trustworthy.  Another  consists  in  mixing  a  cer^ 
tain  weight  of  the  body,  to  be  examined,  with  a 
definite  weight  of  water,  and  observing  the  tem- 
perature of  the  mixture.  Thus ;  suppose  a  pound 
of  metal  filings,  at  80°  Fahr.,  be  set  to  float  in  a 
lb.  of  water  at  100°  Fahr.,  and  the  resulting 
mixture  be  found  at  the  temperature  99°  Fahr., 
tliis  would  prove  that  the  loss  of  one  degree  of 
to?tpcrattire  from  water  compensates  for  a  gain 
of  19°  in  tenyaerature  of  the  mixture.  The 
amounts  of  heat  loat  and  gained  must  be,  how- 
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ever,  the  same,  and  hence  it  only  takes  l-19fii 
part  of  the  heat  to  raise  a  lb.  of  the  metal 
through  one  degree  that  it  does  to  raise  a  lb.  of 
water.    The  spedflc  heat  then  is  1-1 9th.    Thii 
is  the  principle  on  which  the  process  fonnda. 
There  is  also  the  method  of  cooling,  which  givca 
the  most  satisfactoiy  calorimetric  results  of  alL 
The  substances  are  placed  withm  cylindrical 
vessels,  heated  to  the  same  temperatures,  and 
allowed  to  cool  down.     The  cylinder,  with  a 
constant  form  and  quality  of  substance,  radiates 
off  the  same  amount  of  heat  for  the  same  jficm 
(emperoAires,  so  that  the  time  of  cooling  of  the 
respective  bodies  through,  say  1°  of  tmnperalmn 
win  indicate  the  comparative  amounts  of  beas 
which  each  body  possessed.     K  thus,  the  one 
takes  five  minutes  and  the  other  two-and-a-haU; 
there  is  given  off  twice  as  much  heat  by  the  first 
body  as  by  the  second,  with  the  same  loweriqg 
of  temperature.    It  takes,  Uierefore,  vice  venOf 
twice  as  much  heat  to  raise  the  first  throogfa  one 
degree  of  temperature  as  the  second.    The  speci- 
fic heat  IB  thus  found.    The  reader  will  readily 
see  that  the  two  bodies  will  not  be  gmU  at  the 
same  temperatures,  at  any  instant  after  the  first, 
and  the  process  above,  founding  on  a  law  that 
assumes  this,  will  require  certain  modificationa. 

€al«cype.  This  name,  signifying  beantifiil 
I^ctore,  is  the  term  chosen  by  Mr.  Fox  Talbot  to 
designate  the  exquisite  process  dt  his  inventkniy 
by  which  the  images  of  the  camera  obscura  are 
fixed  on  paper,  from  which  afterwards  other 
photographic  copies  are  taken,  and  pictures  piXH 
duoed  equal  in  accuracy  and  effect  to  those  cf 
the  celebrated  daguerreotype,  and,  indeed,  in 
some  respects  greatly  superior.  The  distingiddi- 
ing  peculiarity  of  the  calotype  consista  6i  the 
use  of  the  organic  substance,  gallic  ^add,  to 
heighten  the  sensitiveness  of  the  salts  of  silver. 
The  general  fact  that  organic  substances,  when 
mixed  with  solutions  of  nitrate  of  silver,  tend  to 
aid  its  decomposition  by  light,  has  been  long 
known.  For  example,  we  may  safely  expose 
without  change  to  the  rays  of  the  sun  a  bottle  of 
nitrate  of  silver  dissolved  in  distilled  water.  But 
if  the  water  has  been  river  water,  or  contains 
even  the  smallest  quantity  of  animal  or  vegetable 
matter,  an  immediate  decomposition  commencea, 
and  in  a  short  time  a  black  precipitate  at  the 
bottom  of  the  vessel  shows  us  that  we  hove 
neglected  to  cover  the  bottle  with  an  opaque 
wrapper.  Mr.  Talbot  has  the  merit  of  having 
taken  full  advantage  of  this  property,  and  thoa 
rendered  an  inestimable  service  to  photogr^»hie 
art 

Since  the  first  publication  of  the  process,  ex- 
perience has  shown  that  in  some  of  its  details  it 
may  be  somewhat  improved.  It  will  not  be  ne- 
cessary here  minutely  to  specify  many  of  these, 
but  rather,  to  prevent  confusion,  to  confine  our- 
selves to  two,  which  seem  to  be  the  be^t  in  theb 
effects  and  the  most  certain  m  their  results.  The 
first  to  be  mentioned,  viz.,  that  in  whidi  t>^ 
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te  of  dlv«r  k  med,  is  the  moit  mnri- 
th«»  and  win,  chcnfore,  be  used  Ibr  portraits 
odur  purpcieei  where  apeed  ]a  required.  The 
wlwrcm  the  add  nitrate  of  sflrer  in  part 
the  place  of  the  galHc  add  oomponnd,  is 
drftrate,  ad,  pertiape,  more  oertaio,  requiring 
BI0H'  tfane  of  ezposme  in  the  camera,  and  is 
ooljr  aoited  for  landaeape  Tiews  and  the 
capytn^  of  tfin  fife. 

Tlie  paper  adected  dioiild  be  fkee  from  spots 
hgr  tcanimitted  li^t;  CarKin*B  an- 
Bcing  cot  to  the  leqnired  sizei  it  is 
to  be  wli^led  to  the  first  process,  called  iodizing. 
la  dooe^  dtfaer  by  the  doable  prooess — ^that 
by  the  application  flnt  of  the  nitrate  of  silver, 
snfeeiiqautly  by  tlie  iodide  of  potassinm — or 
\^  Ae  mBpla  process  of  applying  the  iodide  of 

The  latter  is  now  considered  the 
iodized  papers  are  also  sold  in 
ready  tar  nse.    The  doable  process  of 
Sa  as  follows : — ^The  paper  bdng  fixed 
"hy  mknr  piaa  to  a  board  slightly  laiger  tfaan 
IB  hdd  nearty  vertical,  and  broshed  evenly 
theroi^ly  from  above  downwards,  with  a 
tf  aitiate  of  silver,  twenty  grains  to  the 
of  fatilkd  water.    The  brush  must  be 
sad  aofk,  and  no  nmning  or  superfiuous 
SBHt  be  left  on  the  paper.     It  is  now 
to  hang  and  dry.    In  some  respects,  a 
ia  to  employ  a  larger  quantity  of 
and  to  float  the  paper  on  it  in  a  fiat 
dflblly  tnming  ap  the  opposite  edges  pre- 
takiog  care  that  the  back  be  kept 
Siijuwiag  now  that  the  silver  coating  has 
by  either  of  those  prooeases,  properly  ap- 
pSad,  by  the  fight  of  a  taper  or  candle  the  paper 
b  Bww  to  be  placed  with  the  prepared  side  on  the 
of  a  anhrton  of  iodide  of  potassium,  twenty 
to  the  omioe  of  water,  with  the  addition  of 
grssaa  of  common  salt,  this  bdng  poured 
I  a  flat  diah  of  the  proper  size.    Care  must  be 
to  keep  the  upper  side  diy,  and  that  the 
he  Aoiw^iily  wetted  by  drawing  it  back 
It  may  be  allowed  to  remain  on 
te  about  three  quarters  of  a  minute, 
Biaate,  but  not  looger,  as  the  iodide 
tf  dbcr  wooid  be  ledissdved.    Having  dripped 
iff  Aa  aapcvllaoas  adherent  tohition,  place  the 
ito  bade  to  allow  time  Ibr  a  complete 
the  thonrac^  change  of  the 
to  the  iodide  of  silver,  to  that  no  black 
nay  result  from  neglect    it  is 
to  be  floated  with  the  prepared  side  down- 
I  a  ■!■>!  of  ckan  water,  which  easily 
the  whole  snxfaoe,  as  U  has  been  placed 
OB  li  whaa  oohr  about  half  dry.    It  is  allowed 
Is  amaia  te  *ten  minutes,  in  order  that  the 
been  temed  on  the  paper,  and 
of  potaasiam  may  be  washed 
It  is  now  to  be  hung  up  to  dry.    In 
tfc»  ^lato  the  paper  will  keep^  if  endosed  in 
a  boi;   aad   Mght    exdnded,  till  the  period 
it  b  to  be  uted  in  the  camera.     The 
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next  part  of  the  process,  which  b  celled 
exeUing  the  paper,  is  only  to  be  carried  out 
shortly  before  it  is  to  be  exposed— indeed  the 
shorter  the  better,  and  in  general  more  than 
twenty- four  hours  should  not  elapse.  The  room 
must  be  thoroughly  darkened,  and  no  other  light 
used  than  that  of  a  candle  at  the  distance  d^a 
yard.  The  exdting  liquid  called  the  gallo-ni- 
trate  of  silver  is  prepared  by  mixing  equal  quan- 
tities of  the  two  fbllowiog  tolutions,  viz.,  a  satu- 
nted  solution  of  crystallized  gallic  add  in  dis- 
tilled water  (excess  of  crystab  being  always  kept 
in  the  bottle,  and  allowed  to  subside  fior  ten  min- 
utes before  pouring  out),  and  a  tolution  of  60 
grains  of  nitrate  of  sUver  to  eadi  ounce  of  dbtilled 
water,  to  which  last  has  been  added  ^th  of  its 
bulk  of  gladal  acetic  add.  Solutions  of  half 
thsM  strengths  are  more  certain  in  their  results, 
though  less  rapid  in  their  action..  Thb  mixture 
b  to  be  made  in  such  a  quantity  only  as  b  indis- 
pensably necessary  for  property  mdstening  the 
sutfrioe  of  the  paper,  and  b  to  be  used  immedi- 
atdy,  u  it  begins  in  a  few  minutes  to  undergo 
spontantous  decompodtian.  For  applying  it  to 
the  iodized  surfEioe  of  the  paper,  dther  of  tiie  fd- 
lowing  modes  may  be  adopted.  A  piece  of 
smooth  and  fiat  {date  glass  b  to  be  converted 
into  a  shallow  trough  1^  haviug  a  small  dip  of 
paper  pasted  round  it,  to  prevent  any  of  the 
liquid  running  off,  if  it  diould  happen  to  come  to 
the  edges.  Thb  plate  bemg  rendered  level,  the 
requisite  quantity  of  the  gdlo-nitrate  b  to  be 
spread  over  it  with  a  glass  rod,  and  the  prepared 
paper  gently  pressed  into  contact  with  it,  all  over, 
care  bdng  taken  still  to  keep  the  upper  dde  diy. 
The  paper  may  abo  be  pinned  down  by  silver 
pins  to  a  piece  of  wood,  and  a  smooth  glass  rod 
laid  on  it  In  front  of  the  rod,  and  in  contact 
with  its  whde  length,  the  gsllo-nitrate  b  poured, 
and  b  then  spread  over  the  paper  by  gently  and 
steadily  moving  the  rod  forward  over  the  surface. 
As  soon  as  the  surface  has  been  wetted  by  dthcr 
process,  the  paper  must  be  immedbtdy  removed 
into  a  vessel  of  water,  and  washed  by  moving 
gently,  changing  the  water  several  times.  It 
must  be  dlowed  to  drain  for  a  little,  and  then 
pboed  in  the  camera,  or  if  that  b  not  convenient, 
it  b  pinned  up  to  diy,  and,  while  still  romewhat 
damp,  put  into  the  dide  or  the  portfolio  with 
care,  remembering  the  tender  nature  of  the  sensi- 
tive  surface. 

The  time  of  exposure  for  tlib  very  sendtive 
paper  will,  of  course,  vary  with  the  strength  of 
the  light,  but  in  general  from  thirty  seconds  to 
four  or  five  minutes  will  sufiice.  On  being  re- 
moved from  the  camera  slide,  which  must  be  done 
only  in  the  feeble  light  of  a  candle  or  a  small  piece 
of  yellow  glass  inserted  in  a  window-shutter,  no 
picture  will  be  vidble,  the  process  called  develop' 
ment  bdng  necessary.  Thb  b  efibcted  by  the 
reapplication  of  the  same  gdlo-nitrato  tolution, 
and  in  the  same  manner  as  before.  As  soon  as 
thb  b  applied  the  picture  b  to  be  hdd  against  a 
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Jet  of  steam  iasning  from  sorod  such  apparatus  as 
a  common  tea  kettle.  The  development  most 
be  watched,  the  high  lights  appearing  first  as 
dark  spots,  and  other  parts  coming  oat  succes- 
sively till  even  the  smaller  details  begin  to  appear, 
when  it  is  to  be  immediately  washed  by  dipping 
in  water. 

The  picture  is  now  to  be  fixedy  or  rendered 
insensible  to  farther  change,  by  steeping  in  warm- 
ish water,  renewing  it  several  times — and  is  then 
to  be  pressed  between  folds  of  bibulous  paper.  It 
is  now  allowed  to  soak  for  about  a  day  in  a  so- 
lution of  hyposulphate  of  soda  of  the  strength  of 
half  an  ounce  to  twenty  ounces  of  water.  No- 
thing farther  is  necessary  than  to  thoroughly 
wash  this  last  solution  out  of  the  paper,  by 
allowing  it  to  soak  in  a  large  quantity  of  water 
for  several  days,  frequently  dumging  the  water, 
until  every  trace  of  a  sweetisn  taste  is  gone,  in 
orc|er  to  insure'  that  none  of  it  be  left.  If  this  be 
not  attended  to,  the  efiect  will  be  a  slow  decom- 
position of  the  dark  parts  of  the  picture,  by 
which,  in  the  course  of  time,  it  will  be  injured,  if 
not  altogether  obliterated. 

The  picture  so  obtained  is  what  is  called  a 
fkegaiiee  picture,  that  is,  the  lights  and  darks  are 
reversed,  so  that  another  process  becomes  neces- 
sary for  again  reversing  this,  and  produdng  the 
same  appearances  as  in  nature.  In  this  case  the 
camera  is  unnecessary.  The  negative  is  placed 
with  its  prepared  side  on  the  sensitive  surface  of 
another  sheet  of  paper ;  a  piece  of  glass  is  pressed 
on  both  to  insure  dose  contact;  sunlight  is  al- 
lowed to  penetrate  the  negative  and  to  darken 
the  parts  opposite  the  lights  on  the  second  or 
sensitive  suiftce,  while  the  parts  opposite  the 
opaque  portions  of  the  negative  are  protected; 
and  we  thus  get  a  reversed  copy,  with  the  lights 
as  ui  nature.    This  is  called  printing. 

Yarious  modes  of  preparing  the  tentUwe  pester 
JbrpruUing  have  been  adopted,  in  some  of  which 
the  albumen  of  eggs  is  used  to  give  additional 
sharpness  to  the  impression.  The  following  pro- 
cess answers  well  Dissolve  fifty  grains  of  nitrate 
of  silver  in  an  ounce  of  distilled  water,  and,  drop 
by  drop,  add  strong  liquid  ammonia,  till  the 
liquid,  which  at  first  becomes  turbid,  again 
clears,  taking  care  not  to  add  more  than  is  sufii- 
cient  Prepare  the  paper  by  dipping  it  in  a 
solution  of  common  salt  in  water,  of  the  strength 
of  two  grains  to  the  ounce;  press  it  in  blotting 
pa{>er,  and  having  allowed  it  to  dry,  the  fore- 
mentioned  rolution  of  silver  is  to  be  brushed  over 
it  in  the  manner  formerly  mentioned  in  the  pre- 
paration of  the  calotype  paper,  or  it  may  be 
Tpread  on  the  glass  slab,  which  is  preferable. 
Allow  it  to  dryr  and  the  paper  is  fit  for  use.  It 
is  to  be  placed  under  the  negative,  as  formerly 
mentioned,  and  exposed  to  light  The  progress 
of  the  printing  must  occasionally  he  watdied,  by 
removing  the  glass  and  papers  into  a  darkened 
room,  and  cautiously  lifting  the  edge  of  the  ne- 
gative, which  is  prevented  from  shifting  its  place 
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by  the  finger  or  a  little  gam.  The  prooeia  Is 
only  to  be  arrested  after  the  exposure  appean  to 
hate  been  somewhat  excessive  by  the  darkening, 
slightly,  even  of  the  most  protected  parts,  or 
what  are  the  highest  lights.  The  subsequent 
process,  of  fixing,  restores  them,  having  a  ten- 
dency to  lighten  the  whole  picture.  It  U  now  to 
be  steeped  for  a  short  time  in  warm  water,  and 
soaked  afterwards  in  the  same  strength  of  a  so- 
lution of  hyposulphate  of  soda,  as  used  in  the 
calotype  negative,  and  well  wadied  in  a  aoooes- 
sion  of  waters,  so  as  to  remove  the  last  tjnaoe  of 
hyposulphate 

The  modified  process  of  the  calot^'pe,  in  whidi 
aoeto-nitrate  of  silver  is  used,  with  only  a  small 
quantity  of  gjsllic  add — alluded  to  at  tiie  begin- 
ning of  this  artide,  may  now  be  described.  A 
solution  called  the  aceto-nitrate  of  silver  is  to  be 
prepared  as  follows: — Nitrate  of  silver,  thirty 
grains;  acetic  acid  (glacial),  one  drachm;  water, 
one  ounce,  can  be  mixed  together.  The  iodised 
paper,  as  in  the  ordinary  c^otype,  is,  by  dther 
of  the  processes  formerly  described,  to  be  evenly 
wetted  with  the  following  mixture,  prq[>ared  at 
the  moment  only  in  bardy  suffident  quantity: — 
into  a  small  glass  measure  or  conical  wine  glassy 
in  which  has  been  inserted  a  filter  of  blbuloos 
paper,  about  the  size  of  a  half-crown  piece,  drop^ 
so  as  to  filter  it,  four  drops  of  the  aoeto-nitrate 
solution,  then  removing  the  filter,  add  two 
drachms  of  distilled  water,  and  then  drop  In  four 
drops  of  the  saturated  solution  of  gallic  ackL 
This  having  been  spread  on  the  iodized  paper,  is 
to  be  allowed  to  remain  on  for  fifty  or  sixty 
seconds,  when  it  is  to  be  blotted  off  with  a  single 
sheet  of  bibulous  paper.  Allow  it  to  remain  un- 
til half  diy,  and  it  is  ready  for  the  camera.  The 
time  of  exposure  in  the  camera  may  be  finom  four 
minutes  to  half-an-hour,  according  to  the  nalore 
of  the  subject  and  the  strength  of  the  light  It 
is  now  to  be  devdoped,  which  ought  to  be  done 
within  a  few  hours  after  its  exdtement  This 
must  be  carried  on,  as  well  as  the  preparation,  ina 
darkened  room,  and  with  no  other  light  than 
that  of  a  candle.  For  the  devdopmoit  first,  aa 
much  of  the  gallic  add  solution  must  be  poured 
on  as  when  spread  with  the  glass  rod,  to  cover 
the  surface;  then  pour  on  about  a  similar  quan- 
tity of  the  aceto-nitrate  of  silver,  and  having 
also  spread  it,  allow  the  whole  to  rest  during  four 
or  five  minutes,  after  which,  pour  on  and  spread 
a  little  more  gallic  add,  repeating  the  aame 
operations  till  the  devdopment  is  completed, 
taking  care  in  each  of  the  processes  to  wet  the 
paper  quite  to  the  edge,  to  prevent  warping.  It 
is  now  to  be  washed  in  tliree  or  four  waters,  and 
ailterwards  fixed  as  in  the  process  already  de- 
scribed. 

Camera  I^nclda.  This  instrument  is  more 
recent  in  construction  than  the  Camera  Obscura. 
There  are  two  different  instruments  to  which  the 
name  is  applied.  The  first  is  that  of  Dr.  Hook. 
It  is  described  as  a  contrivance  for  making  the 
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<if  aajtfalag  sppwr  oa  m  wall  in  s  light 

bf  ^aj  or  bj  niglit    He  nqidrai 

about  A  fboc  la  diimetor,  to  be 

is  the  wall  opgaibb  to  whidi  the  npnaea- 

ietobepvM.    The  ol^ject  is  placed  oo^ 

ad  A  conv«z  kos  also  placed 

An  iaaaage  will  be  dlstinetly  seen  npon 

-wdif  if  the  ol^ieel  be  voy  powecftdly  fflnmi- 

ia  its  proper  poAion.     If  the  ob- 

be  eaawmamdj  inTOted,  as  may  be 

wetimesj  two  oonveK  lenses  most  be 

ai  distancee  propordoned  to  thdr  le- 

flical  dtstanoesy  and  the  dirtaniy  of  the 

in  mwaffcm    A  fiill  aoooont  of  thk  instni- 

is  ghm  in  tlie  iWoaqpftacol  Drantaetums, 

98i.    Its  only  pecnBarity  is,  that  it  serves 

as  Ibe  camera  obscora  in  a  daxlc 


of  Dr.  Wollastoa  is  an 
■■Bifplihlf  of  much  mors  varied  ap- 
U  ia  intandfd  to  Cidlitate  the  per- 
of  oljectBi    In  ita  snnplest 
ndda  Is  merely  a  piece  of 
at  46^  to  the  horizon.    An 
bodicntal  object  idling  on  this 
be  partly  ndected,  and  tbat  in  the 
TBttkai  (aeemdlag  to  the  prindpls  of  eqoality  of 

and  refle(iion)|  and  an  eye 

win  see  the  Image,  and 

tiaee  It  out  npon  paper  bdow,  from 

of  dks  g^lass.    As  the  leflecdon, 

once  hoe,  the  Image  seen  on  the 

wID  be  Inverted.    Even  in  this  case,  we 

the  ootline  with  a  pencfl  on  tiie 


in  in 


minor  be  held  at  22}^ 

and  a  plane  c^  at  22^^  from 

image  win  be  rejected  doobly, 

erticany,  and  wiU  be  shown 

Tbb,  again,  can  be  traced 

with  the  pendL 

A  pBBeticaldiiBcalty,  however,  soggests  itselll 

«B  the  glasB,  and  the  pencil  print  on 

asa  at  dtsfanfta  sensibly  different  in 

;  hence  the  eye,  fitted 

from  the  one,  is  not  so  to 

the  other.    A  convex  lens  Is 

,  in  eflact,  to  make  the  image 

that  on  the  paper  coincide. 

attainfd  by  thte  use  of  a  con- 

the  olfject  and  the  minor. 

larthud  Is  better  adapted  ibr  near- 

tbe  mott  osnal  ftrm,  however,  in  which  the 
ii  toaad  h  tfaatof  aprism,  which  snswers 
of  the  minor  and  the  glass.    It  is 
having  the  angles  which  n  c  make 
aift  fts  fc<»M"t,  and  b  ▲  with  the  vertical,  re- 
22^^.     The  ray  r  o  is  not  permitted, 
to  the  refiactiv«  laws,  to  be  thrown 
hito  a  denaer,  at  more  than 
awttnai^     Hateeit  la  aB  reflected  from 
0  4^ «  Bii  at  a^  and  leflected  from  It  agam  np 
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in  the  line  h  b.    Now,  the  piiam  not  being  so 

tranaparent  as  the  plane  glass  plate,  some  means 

mnst   be   adopted  of 

seefaig  psst  the  prism. 

One  part  of  the  eye, 

therefore,8ee8  theimage 

at  E,  and  the  other 

part  in  fiut  sees  the 

plane    paper    below. 

Bnt  the  laws  of  oor 

mental  natnre  wiQ  not 

leadily  permit  ns  to 

imagine  a  double  sen- 

sation  corrsqMndmg  to  the  tme  doable  vision,  and 

the  paper  thus  iq>pearB  to  ns  to  have  the  image 

of  the  otject  traced  npon  it    The  same  methods 

are  applicable  here  as  before,  to  make  the  image 

and  ihe  paper  coincide  as  nearly  as  possible. 

Copies  obtained  by  the  instnunent  of  any 
drawings,  may  be  either  on  a  larger  or  smaUer 
scale  thui  the  originaL  If  the  copy  Is  to  be 
equal  in  size  to  the  drawing,  the  paper  must  be  as 
fiur  from. the  eye-piece  as  the  object  from  the 
prism,  and  so  in  proportion. 

The  histrument  is  difBcnlt  to  use  satisfactorfly, 
and  many  people,  probably  from  some  physical 
peculiarity  in  the  visual  organ,  are  not  able  to 
employ  it  wett  at  any  time.  It  offisrs,  neverthe- 
less, considerable  advantages.  Its  smaU  bulk 
and  portahility  are  remarkable.  It  is  not  in  the 
least  li^ared  by  bemg  made  smaU.  A  good 
instniment  wiU  pack  In  a  box  eight  Inches 
by  two,  and  half-an-inch  deep.  There  are, 
fhrfher,  no  lines  distorted,  as  we  shaU  point  out 
to  be  always  the  case  with  the  camera  obscnra, 
to  a  greater  or  less  extent;  and  the  fi^  of  ob- 
servation, generaDy,  may  be  more  than  twice  as 
wide  as  the  distinct  fidd  of  the  camera  obscura. 

Camera  Obocvnu  Of  the  two  optical  instm- 
ments  that  are  termed  camero  or  chambers,  this 
is  the  more  ancient.  The  first  account  of  it  was 
published  in  Baptista  Porta*s  Magia  NaturaUtj 
17, 6,  the  first  four  books  of  which  were  published 
in  1560,  although  tibe  work  was  not  completed 
until  1590.  The  invention  has  been  dairned  on 
very  slight  grounds  for  Roger  Bacon.  The  con- 
straction  wUdi  Porta  gives  is  the  following  :-^A 
circular  hole  is  to  be  made  in  the  shutter  of  a  win- 
dow, from  which  there  is  a  good  view  of  any  pro- 
minent object,  not  too  near,  and  in  this  hole  a 
convex  glass,  single  or  double,  (fig.  1)  is  to  be 
placed,  having  a  focus  at  the  distance 
of  fifom  six  to  twelve  feet  It  should 
not  be  less  than  three  feet  at  least,  or 
the  Images  wiU  become  very  small, 
or  greater  than  fifteen  at  most,  or  they  Z.  ' 
win  become  confiised  and  indistinct, 
and  the  colouring  fidnt  Let  the  room  be  com- 
pletdy  daricened,  except  through  the  light  so  ad- 
mitted. Atthefboddistiuicefinomtbeapertureplaoe 
a  piece  of  paper,  very  white,  and  bend  it  as  near 
as  possible  to  the  shape  of  a  segment  of  a  spherical 
suiftce,  having  the  Ibcal  distance  for  rsdius.    If 
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thiBpi9eriu)wbefixedonafhaMofthkilgiin^|portal)Ie  cimem  have  l^  Tbt 

and  attached  to  a  moveable  stand,  for  the  pvpoee  one  represented  here  is  perhaps  the  rimplest 


of  aocorate  adjustment  to  distinct  vision,  the 
apparatus  will  be  completed.  The  images  of  all 
the  objects  oatade  will  be  seen  very  distinctlj 
upon  the  white  snr&oe,  in  an  inverted  position, 
but  with  the  greatest  fidelity.  Ever^  movement 
in  any  of  them  will  be  beautlAilly  represented  on 
the  paper. 
The  iavenion  of  images  is  an  otjectlon  which 
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is  readily  removed  (fig.  2).  Or,  if  a  large 
concave  mirror  be  placed  at  a  proper  distance 
before  the  picture,  or  if  two  lenses  be  empbyed* 
in  a  tube  which  draws  out,  instead  of  Uio  one 
described,  we  shall  have  the  images  hi  their 
natural  position.  Fig.  8  will  explain  the  manner 


Fig.  8. 

in  which  the  image  is  formed.  It  is  obtained, 
inverted,  at  the  posterior  focus  of  the  lens.  The 
ray  A  B  passes  down  as  ▲'  e.  The  effect  of  the 
lens  so  for  is  a  simple  concentration  of  the  rays. 
The  circular  form  of  the  frame  is  the  most  advan- 
tageous that  can  be  adopted,  in  order  to  have  the 
whole  picture  as  nearly  as  possible  in  the  focus  of 
the  lens.  If  the  paper  were  plane,  the  picture 
would  be  only  distinct  in  the  middle^  shading 
away  into  indistinctness  on  the  sides.  The  pro- 
portions of  its  parts  could  not  be  preserved.  The 
outer  rays  would  be  dispersed  more  than  the 
inner.  The  magnitude  of  the  image  so  obtained 
will  be  in  proportion  to  the  relation  between  the 
distance  of  the  object  and  the  focal  distance  of 
the  lens.  A  good  deal  of  light  shining  upon  the 
object  is  necessary  to  render  the  picture  quite 
distinct,  and  to  represent  the  cobur  clearly.  The 
instrument  is  so  interesting  that  very  many 
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In  the  modem  camera  the  delJneation  may  be 
made,  as  in  the  original  darkened  chamber,  upon 
paper  bent  into  a  circular  ibrm.    Dr.  WoQartm 
proposes  that,  in  order  to  be  enabled  to  emploj  m 
plane  of  paper,  a  meniscus  leas  should  be  em- 
ployed, histead  of  the  single  or  double  oonvez, 
and  this  would,  if  the  concave  dde  . 
be  next  the  object,  produce  m  greater  W^.^^ 
lengthening  of  the  maita^inal  than  of  V — ^ 
the  central  rays.    This  lengthening     ^ig.  & 
may  be  so  adjusted  to  the  size  of  tibe  lens,  and 
the  ratio  of  its  radii,  as  to  render  it  safe  to  en- 
ploy  a  plane  surface. 

The  camera  was,  until  recently,  ooosidered 
chiefly  as  an  hiterestmg  philoeophlnl  toy,  Sinee 
the  invention  of  photography,  it  has  become  of 
the  greatest  importance.  The  aocura^  of  the 
pictures  depended,  in  the  first  instance^  on  the 
possibility  of  obtaining  a  distinct  deariy  defined 
optical  image  on  the  photographic  material,  and 
as  very  many  objects  can  only  remain  at  rest  §of 
brief  periods,  this  was  to  become 
poasiUe  in  the  shortest  aptoe  of 
tune.  The  latter  requirement  is 
answered  partly  by  the  seontiv»- 
ness  of  the  chemical  preparations 
spread  over  the  photographic  amr- 
fkce— partly  by  the  intensity  of 
the  light  whidi  the  cimeca  cm 
throw  upon  the  olject. 

The  improvements  immedialdy 
rendered  indispensable  in  the  cn- 
mera  by  those  requirements  mn 
pretty  evident  The  length  of  the 
focal  distance  in  the  old  cameras  was  not  materiaL 
In  the  photographic  camera  it  became  of  the  greab- 
est  importance,  at  once  for  coavenienoe^  and  ftcm 
the  necessity  fji  a  rapid  impreesion  already  pointed 
out,  and  a  conoentration  of  lig^t  as  great  as  pos- 
sible. Achromatic  obj^  glasses  were  at  once 
seen  to  be  necessary  to  preserve  the  image  dear 
and  distinct;  and  above  all,  it  became  of  impor- 
tance that  it  should  become  possible  to  throw  tlm 
picture  accurately  in  its  correct  proportions  on  a 
plane  surface,  even  though  the  field  of  view  was 
pretty  large.  To  a  certain  extent  the  latlier  is 
impossible,  but  sdenoe  and  ait  together  hjiTe 
given  a  perfection  to  the  photographic  caaMm 
which  could  not  have  been  readily  anticipated. 
For  the  details  of  the  instruments  by  wUdi  tliese 
requirements  are  now  sought  to  be  satisflfd,  ace 
Hunt's  Phoiograph^, 

€a«als.  Artificial  courses  of  water  fbr  sani- 
taiy,  agricultural,  or  commercial  purposes.  The 
first  kind  are  intended  to  drain  marshy  gnmnd, 
or  inundated  territory;  the  next  to  distribata 
water  tsom  an  elevated  reservoir  over  the  im- 
watered  country;  the  third  and  most  important, 
for  tlie  transmission  of  merchandise — sometimes 
even  for  the  passage  of  ahipa.  Some  of  these 
latter  are  oonstroctei  along  the  bed  of  a  aCkeam, 
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it,  Inenne  Toy  litdt  requires  ao  to  be 

tlovi^  wlMn  Hm  BtnuB  bae  worn  a  passage 

Tkqr  make  oe  of  the  water  of  the 

Blmun,  mBiOf  repbdng  it,  with  iU 

imgaliiiitiaB,  by  a  perfectly  regular 

TIm  caoalB  which  have  Jbeb,  are  bow- 

capaUe  of  contidiiiiig 

of  water  in  geosfal,  and  reqoiiing 

•ilgbal  amn^geDMnt  of  dreomstanoes  in  a 

as  it  is  not  always  easy  to  pro- 

The  lock  is  rimply  apart  of  the  diannel 

nacnrally  there  would  be  a  fall  of  water 

in  the  level  of  the  ooontiy, 

two  moreable  folding  doors,  as  it 

firam  top  to  bottom  of  the 


(As  CVwft>  In  the  division  of  the 
ies  a  phoe  between  00*'  and 
19tP  inm  te  vernal  equinox.  It  contains  no 
wiy  latfs  star.  It  is  sononnded  by  Hydra, 
Las^  hjmXf  Geniiii,  and  Canis  Minor.  Its  sign 
am  a  andJaeai  eonstdlatioo  is  flB.  It  has  for 
2,000  yeacB,  in  consfqiience  of  precession, 
iNBid  between  90*^  and  180<»  from  the 
&c^  coinciding  with  the  sign.    See 

TcMMlcl  {Omlmff  -2>09i>    A  con- 
added  by  Hevelina.    On  the  celestial 
t  An  dogs  ars  wpwsmtsd  as  held  in  a  leash 
The  fonsteilation  is  near  Coma 
UnalC^or. 

(da  Grmlar  Dogy.    A  con- 

_  Sirins  (the  dog-star).    The 

ie  fbod  by  the  presence  of  this  star, 

is  ia  the  coBlinnatiim  of  the  linethroogh 

haltcfOiioQ.    Tlie  snnoonding  constdla- 

Asyo^  Orion,  M oooceroe^  Lepns,  and 


(tkt  Lmtr  Dog),    Aconstel- 
Canb  Xajor.    The  Frocyon, 
'  ,  is  its  moat  remai%able  star. 
ly  be  foond  by  means  of  this 
in  a  direct  line  between  Sirios  and 
It  ia  also  hi  a  line  tfaroogfa  Slrina,  per- 
'  to  tksBne  Aon  Orion's  belt  to  Sirins. 
The  manifestation  of  a  descrip- 
letiaB  between  solids  and  liquids 
^ieh  <firtaits  the  natural  level  of  the 
The  genenl  phenomena,  indeed, 
to  awry  student,  and  may  be  voy 
Take  a  aoUd  cylinder  of  glan, 
the  end  of  it  into  water,  the  water— 
tha  q^inder  be  dean)—will  ascend  aU 
around  it,  forming  a  curve 
M  aa  annexed.     If  a  plate  of 

■  ^ass,  faistead  of  a  cylinder, 

■  be  placed  in  the  same  cfar- 
Jm^  eamstancei^  the  water  will 

- — ^>^V^  aecend  in  a  curved  film  a 

ffg^  I.  certain  way  up  its  ndes.  If 

a  glaas  uSbt  of  small  bore 

of  tlia  cylinder,  not  only  have  we 

I  Joat  deacribad,  around  its  convex 
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surfiwe,  but  within  the  tube  itself  the  water  rises 
above  its  external  level  by  a  ooosideraUe  space. 
And  finally,  if  two  glass  plates,  fixed  at  a  small 
distance  from  each  other,  have  their  ends  im- 
mernd  in  the  water,  it  will  ascend  to  a  certain 
height  between  them,  and  remain  there  appa- 
rently suspended.  The  quantity  of  liquid  thus 
elevated  varies  with  the  liquid ;  nay,  with  some 
liquids  it  is  ni^a^ioe,  that  is,  instead  of  elevatian 
we  have  a  depression; — if  mercury  is  employed 
instead  of  water,  for  instance,  the  Ibregoing  |die- 
nomena  are  all  reversed. — The  study  of  this 
curious  snl^jeet  brings  liefore  us  three  distinct 
daases  of  considerations,  viz.,  the  question  as  to 
the  numerical  laws  observed  by  the  general  phe- 
nomena;— the  question  as  to  tbe  physical  causes 
on  which  these  phenomena  seem  to  depend; — 
and  an  inquiry  into  the  conduct  of  difibrant 
liquids  in  relation  to  these  laws  and  causes. 

I.  Gawal  Numerical  Law. — These  laws  ex- 
press the  relations  between  the  ascent  or  descent 
of  any  liquid,  and  the  bore  and  sliape  of  a  capil- 
lary tobe  or  the  distance  between  the  pandlel 
plates  that  bring  out  the  same  phenomenon.  We 
owe  the  first  experimental  investigation  of  the 
subject  to  Gay-Lussao.  The  undertaUng  was 
one  of  great  difficulty,  alike  because  of  the  minute- 
ness of  the  quantities  tliat  had  to  be  handled, 
and  the  necessity  of  securing  that  these  nar- 
row tubes  be  in  a  right  condition.  Neverthdess, 
tills  able  physicist,  through  efi^  of  the  nicety 
and  Judgment  so  honourably  distinguishing 
IVen<&  inquirers,  succeeded  in  establishing  three 
ftmdamental  laws:^!.)  The  elevation  or  de- 
pression of  the  same  liquid  in  tabes  of  the  same 
nature,  but  of  uneqnsl  diameters,  varies  inversely 
as  the  diameter  of  the  tabe:~(2.)  In  the  case 
of  two  parallel  platss,  separated  by  a  small  dis- 
tance, the  elevation  or  depression  also  varies 
inversdy  as  the  distance  between  the  plates: — 
(8.)  The  variation  of  levd  occurring  in  the  case 
of  paralld  plates,  is  half  that  which  is  produced 
in  the  case  of  a  tabe  the  diameter  of  whose  bore 
is  equal  to  their  di^ance.  (Ttiis  latter  law,  how- 
ever, was  presented  rather  as  a  theoretical  deduc- 
tion from  the  two  previous  ones.) — ^The  recent 
progress  of  physical  inquiry  has  not  established 
any  truth  mora  important  than  this — definite 
nnmericsl  laws,  deduced  from  early  experiments, 
and  indicated  by  eariy  theories,  ought  scarcely 
ever  to  be  received  dbiobUeljfy  or  held  by  other- 
wise than  as  valuable  approximations ;  and  the 
subject  of  capillary  attnudon  fiimishes  no  inva- 
lidation of  the  nlutary  rule.  The  finegoing 
numerical  condusions  undoubtedly  recdve  great 
support  from  their  agreement  with  the  physical 
theny  of  Laplace— a  theoiy  cobiddent  with  that 
of  Young,  and  resting  on  the  hypothesis  that  the 
volume  ci  liquid  which  is  raised  above  the  level, 
is  in  proportion  to  the  eaiUcvr  of  the  mdiom  qf 
iko  soM  wo/A  whatever  may  he  the  cmrvahare  qf 
iku  conUiur.  Since  6ay-Lu8sac*s  now  oompa- 
rativdy  early  time,  new  and  extended  investi- 
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^tions  have  been  prqjected  and  eanied  oat, — 
among  tbe  most  snooeasfnl  of  which  we  most 
signaUze  those  of  Simon  (of  Metz).  Bat  nn- 
doubtedlj  oor  amplest  oontribation  has  recently 
come  from  M.  Wortheim.  The  first  acoonnt  of 
his  experiments  is  given  in  the  CcmpUs  Rsitdm 
for  May  IStli,  1867 ;  and  the  soperior,  if  not 
QDchailengeable  accuracy  of  his  mothoda  cannot 
be  doubted.  Wertheim  has  arrived  at  the  fol- 
lowing important  general  theorems : — (1.)  T*ioo 
paraBei  planes  raise  a  constant  volume,  whatever 
may  be  their  distance,  and  even  when  this  dis- 
UQCe  is  infinitely  great: -^(2.)  The  oonstant 
capillarity  calculated  from  experiments  with 
narrow  tubes,  is  equal  with  some  liquids,  and 
with  others  superior,  to  that  determined  by  means 
of  two  planes :  it  is  accidental  that  wiUi  water 
the  relation  between  these  two  values  is  equal  to 

^,  as  pointed  out  by  Shnon :  this  relation  is  nearly 

2  for  chbride  of  iron,  and  1  for  other  liquids  »~ 
(3.)  Wide  tubes  give  a  value  comprised  between 
tbe  two  preceding  ones  when  the  kUter  differ,  and 
equfld  to  them  when  Iheg  coincide.  This  latter 
takes  place  when  the  liquid  is  aloohoL  Now  this 
is  the  only  liquid  by  means  of  which  the  theory 
of  Laplaoe  was  sought  to  be  verified  by,Gay- 
Lussac.  Had  he  made  use  of  water,  the  fonnida 
would  have  been  found  utterly  in  Ikult;  and 
Frankenheim  has  subsequently  shown  that  even 
experiments  with  alcohol  quite  deviate  from  de- 
terminations by  the  formula,  when  tatifn  were 
used  half  an  inch  in  diameter :— (4.)  In  pro- 
portion as  tbe  radii  of  concex  cylinders  diminish 
in  departiug  from  the  plane  where  this  radios  is 
infinitely  great,  the  volume  raised  oontinaes 
diminishing  for  some  liquids ;  for  others  the  dimi- 
nution commences  at  a  certain  limit  of  curvature^ 
and  increases  gradually  and  apparently  indefi- 
nitely, ^iher  seems  to  present  nearly  a  oonstant 
volume.  Tbe  presence  or  abeenoe  of  viscodty 
does  not  a£Ei9ct  this  constancy  or  variation.  Vis- 
cosity retards  the  movement ;  but  when  the  equi- 
librium is  established,  it  is  not  found  to  influence 
soisibly  the  definitive  stata  The  most  impor- 
tant result  of  Wertheim*s  investigation  is  not  the 
mere  invalidation  of  6ay-Lus8ac*s  numerical 
laws ;  it  is  thAt  which  disproves  the  hypothesis 
of  Young  and  Laplace.  Wertheim  is  c^  opinion 
that  some  new  element  must  be  introduced; — to 
which  conception  we  shall  again  advert 

IL  Onihe  Phywxd  Camee  of  CapOlariijf,^ 
As  indicated  above,  this  part  of  our  curious  sub- 
ject has  not  reached  a  condition  that  can  be 
reckoned  satisfibctory.  We  shall,  however,  state 
exactly  what  the  prevailing  speculationa  have 
been,  and  what  are  their  bases. — ^The  received 
doctrine  rests  on  the  assumption  that  forces  of  a 
definite  and  powerful  kmd  are  exerdsed  by  mole- 
cule over  molecule  of  any  fluid  mass ;  and  that 
similar  afi^tons,  positive  or  negative — that  is, 
attractive  or  repellent—regulate  the  conduct  of 
the  molecules  of  liquids  towards  molecules  of 
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solids,  with  which  they  an  either  in  oontaet,  or 
in  a  nai^bouriiood  so  dose  that  sensibly  it 
amounts  to  contact    The  exact  cfaanoter  and 
the  peculiar  eneigies  of  these  forees  nmafai  am- 
teir  of  speculation ;  but  over  the  point  as  to  tbair 
reality  no  doubt  can  longer  imL    Under  aitide 
FoBCBB,  MoiAouLAB,  the  reader  wiU  find  a  sne* 
dnt  and,  it  is  hoped,  a  satlsfactoiy  atateoMBt  ef 
the  remttkable  experimental  contrfbntiona  ef  M. 
Flataan  to  our  knowledge  oonoeming  this  almost 
evanescent  snb|eet    Let  os  see  ttoi  what  oaa 
be  made  out  of  the  unqoestioned  eadstaaoe  of  such 
molecular  forces,  in  elucidation  of  these  singdar 
ciq;>il]ary  phenomena.-^!.)  Let  a  distinetnolioB 
be  finrmed  of  the  nature  of  the  disturbing  eflbot 
as  regards  the  levels  should  these  rdative  nMl»> 
cnUtf  forces  faidnoe  within  a  tube,  or  betnesD 
plates,  a  oohmv  or  aoonooM  smftoe  npoo  theliqdd 
therein  contained?    It  is  not  difiicalt  to  make 
the  general  esse  hiteOigible.    Fktt,  let  tbe  m^ 
fooe  be  convex,  as  in  tbs  dia- 
gram : — ^This  can  only  ansae 
in  consequence  of  the  par- 
ticles near  a  and  b,  and  of 
course  in  all  similar  posi- 
tions, down  the  tube  a  b  o  d, 
being  attracted  towarda  the 
sides  of  the  tube ; — ^in  other 
words,  the  phenomenon  in- 
dicates an  excess  of  action  of 
the  solid  molecular  fiiroes  composteg  the  walls  of 
the  tube,  over  that  exerdsed  by  the  liquid  mde- 
cules  on  eachother.    Kow,  in  the  neigbbooriiood 
of  a  and  h  there  is  thus  induced  a  latoal  proa- 
sure  on  the  part  of  these  liquid  moleeoles— 
dednctteg  in  so  for  (by  tbe  principle  of  Uqoid 
equality  of  pressure}  from  their  downward  efieii, 
as  determined  by  thefr  ordinaiy  gravity  or  wdght 
The  column  a  6,  o  i>,  nnist  tiieraftre  be  on  the 
whole  lighter  than  it  would  have  been  bot  for  thn 
distnibance;  and,  therefore,  to  procaro  equili- 
brium,  it  must  be  a  higher  odomn  than  tbe 
external  one.    Seoondkf,it  the  case  werersrersed, 
that  is,  if  the  molecule  of  the  liquid  were  driven 
off,  or  repeOed  by  the  molecule  of  tiie  aolid  wall, 
its  downward  force  must  be  increased  exactly  in 
that  proportion,  and  the  fevd  of  the  oovnter- 
balandng  cdumn  theretbre  dqfreaeed.    No  geo- 
metrical diagrams  can  ofite  a  plainer  acoonnt  of 
the  physical  actions  now  under  contsmplatkafc 
But  the  question  remains  as  to  theoaioMil  of  the 
action.    As  already  indicated,  Laplaoe  inaagn- 
rated  his  elaborate  theory  (and  Poisson  in  this 
haa  followed  him),  by  the  assertion  that  the  de- 
vating  power  must  be  the  contour  of  the  capillaiy 
surface,  be  that  the  contour  of  a  small  tube  or  tiM 
interval  between  plates.    It  is  easy  to  see,  how- 
ever, that  a  doctrine  so  general  can  tidEe  no 
account  of  the  special  nature  of  the  capillary  or 
molecular  forces:  nor  does  it  even  really  ad- 
vance sdenos,  when  general  truths  are  thrown 
into  mathematical   forms  that  become  despo- 
tic and  absolute.    The  physical  problems  aluned 
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hr  Tiplawt  md  PoisKm, — ^problems  which' 

the  wfaole  impoctanft  part  of  the  qnes- 

a^dbi  happQy  being  stirred.    Wei^ 

Mft  it  neoeBBaiy  to  look  into  the 

froB  a  point  altc^gether  new  and 

Ha  tbonghft  at  te;  that  thete  important 

mSi^  nerfve  their  solntion  in  the 

tliaft  tlia  angle  of  contingence  varies 

arrstnre  of  the  wall;  but  this  is  not 

**  It  win  be  neoeBBBiy,  therefore,"  he 

**to  haiva  leooane  to  another  hypothesis, 

I  bclin«b  to  take  into  aoooont  the  variable 

ef  the  liqoid  itratam  or  sheath  which 

to  tbe  aolid  bodj.    This  hypothesis  has 

flf.™''"*  to  BM  by  a  series  of  ezperimeniB 

I  ha^«  made  upon  the  deration  of  the 

ef  pntodihiiide  of  iron  between  two 

lioB  platea,  wfaidi  I  fixed  to  the  poles  of 

jneL    The  lower  ex- 

of  tlMae  plates  wen  immened  in  the 

and  tbe  ndoes  k  and  6  for  the  diffisrent 

S  Mf  were  already  known.    A  current 

Into  the  appaxatns,  of  wliich  the 

gradually  increased  and  measured, 

the  magnetie  liquid  was  leen  to  risebe- 

tfae  two  planes,  often  to  two  or  three  tiroes 

he^t^  whilst  the  suifaoe  acquired 

suitAe  to  this  new  devation ;  but 

fatcnaity  of  magnetization  tlie  ydune 

eridantly  constant,  whatever  be 

of  the  two  planes;  in  one  word, 

on  aa  if  the  constant  capillarity  had 

tripled.    We  know,  however, 

of  Bmnner  and  Mousson, 

the  mUmiitMi  of  the  liquid  upon  itself  is  not 

by  ita  magnatizadon ;  and,  on  the  other 

the  alottteBeBB  of  the  changes  of  form 

the  lh|aid  mde^goes  irtwn  the  polar  sur- 

in  it,  and  the  fiict  that 

of  the  volume  devated  is  inde; 

of  the  diwlancw  of  the  planes,  prove  that 

to  do  irith  an  dfoet  of  magnetic 

at  a  dislanffi     I  think,  there- 

ftots  can  only  be  explained  by 

ef  thickiHBB  of  the  adherent  stratum, 

tBi7  be  proved  directly.    It 

ako^  that  as  every  change 

eaaae  this  thickness  to  vary, 

of  leBspcfatnie  may  be  very  difier- 

by  the  theory,  only  taking 

the  dihtatfon  of  the  Ikiuid." 

m.  It  is  dear,  diaefon,  that  the  enthe  sub- 
It  is  not  likdy  that 
will  be  dcaied  away  so  long 
tbe  old  path.  It  is  somo- 
thercfew,  to  And  a  new  one  opened. — In  a 
by  Mr.  Watentoo,  printed 
h  ihs/%ilMiijiii'iiiirj^ttaitg  for  January,  1858, 
aa  «ie^i  i  made  to  establish  univensl  re- 
htkm  bstwua  the  capillarity  of  any  liquid 
aai  iht  Isffrrf  hcftt  of  its  vapour;— it  follow- 
i^bm  the  modem  ihecry  of  heat,  that  this 
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of  cohesion  between  the  particles  of  the  liquid. 
Tliis  inquirer,  after  inaugurating  a  special  and 
quite  original  mode  of  experimeoting,  has  exa- 
mined the  capillarity  of  a  great  many  liquids  in 
rdation  to  this  idea,  and  his  results  go  very  far 
to  confirm  his  views.  Indeed  he  oonsiders  it 
possible  to  compute  the  latent  heat  firom  tbe 
capillarity,  and  he  has  given  instances,  especially 
in  the  case  of  mercury,  of  the  success  of  that 
method, — in  proof  of  course  of  the  soundness  of  its 
foundations.  We  may  fondly  hope  that  the  whole 
subject  will  speedfly  be  reinvestigated  under  a 
fiiller  and  wider  view  of  its  oooditiona. 

Cayra  {the  She  Goaty  A  small  northern 
constdlation. 

CJaprlcomva — Capricorn  (fioai-horriieS). 
The  tenth  sign  of  the  sodiac 

CiapeuiB.  A  species  of  the  whed  and  axle, 
employed  in  lifting  heavy  wdghts  of  any  sort, 
especially  in  the  manoeuvres  of  casting  and 
weigliing  anchor. 

ewatumCu  F«Bctl«a.    This  important  co- 
eflScient  may  be  considered  as  the  connecting 
link  of  tlie  phenomena  produced  by  heat  on  all 
kinds  of  substances,  and  may  be  defined  as  the 
coeffident  by  which  the  difibreoce  between  two 
temperatures  if  inflnitdy  small  Of  only  a  degree 
Cent.,  or  less,  for  instance,  in  practical  approxi- 
mations), must  be  multiplied  to  calculate  how 
mudi  of  the  mechanical  value  of  a  unit  of  heat 
supplied  at  the  higher  temperatuie,  can  be  con- 
verted into  work  by  a  perfect  tbermo-d)'namic 
engine,  having  its  refrigerator  at  the  lower  tem- 
peratare  of  the  two.    It  is  a  quantity,  expressive 
of  a  rdationshjp  between  temperature  and  pres- 
sure, or  between  temperature  and  work,  which 
has  an  absolute  vdue,  the  same  for  all  sub- 
stances for  any  given  temperature,  but  vaiying 
with  the  temperature  in  a  manner  determinable 
by  experiment    It  may  therefore,  as  Professor 
lliomson  has  pointed  out,  be  used  as  the  founda- 
tion of  an  absolute    system  of  thermometry. 
Camot,  the  discoverer  of  the  ftinction,  was  not 
in  posMSsion  of  experimental  facts  by  which  he 
could  determine  ite  true  form.    These,  however, 
have  been  recently  obtained  by  Messrs.  Thomson 
and  Joule,  by  determining  the  changes  of  tem- 
perature experienced  by  air  in  passing  through  a 
porous  substance  from  a  state  of  high,  to  one  of 
low  pressure.    They  have  thus  proved  that  Car- 
not*s  function  is  approximatdy  equal  to  the  me- 
chanical equivalent  of  the  thermal  unit,  divided 
by  the  temperature  by  the  air  thermometer  from 
ite  zero  of  expansion.   Thus,  at  0^  Cent,  Car- 

not^s  fnnctkm  =  /•  =  ^|^  =:  6-078  r=  the 

*"        278-7 


mechanical  effect  in  foot  pounds  derival)le  from  a 
thermic  unit  Centigrade  pasdng  from  0°  Cent 
to  —  1^  Cent  For  further  information,  see 
Hbat,  Mbchahical  AonoN  of;  also.  Reflexions 
tur  2a  Pttiuance  Motriee  du  Feu,  &c,  par  S.  Car- 
not,  1824;  **  Memoir  on  the  Motive  Power  «r 
of  the  force  I  Heat,"  by  £.  Clapeyron,  TayIor*s  ScUtUifie  Me- 
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moir$,  vol.  L,  part  8 ;  **  An  Aooomit  of  Cmoi^fl 
Theoiy/*  by  Profeaaor  W.  Thomaon,  R,  A,  E^Sn^ 
voL  xvL,  port  6 ;  **  On  the  Centrifugal  Theoiy 
oCfilastidty,'*  bj  Profossor  Rankine,  R.  8^  Edrn^ 
voL  XX. ;  *<  On  the  Dynamical  Theoiy  of  Heat,** 
by  Professor  Thomson,  part  4,  R.  A,  Edm^ 
ToL  XX.,  part  2,  and  PkUogophieal  Magatme, 
YoL  iv. ;  "  On  the  Thermal  Eflfects  of  Fluids  in 
Motion,"  by  Messrs.  Thomson  and  Jonle,  PkU, 
TVoM.,  1854,  part  2 ;  *^  On  the  Movhig  Force 
of  Heat,*"  by  M.  Claosins,  Berlin,  1860 ;  Holtz- 
mann  **0n  Heat  and  Elastidty,"  1846;  and 
Helroholtz,  '*0n  the  Conservation  of  Foroei'' 
1847. 

CSualopcia.  A  oonsteDation  on  the  side  of 
the  pole  opposite  the  great  bear,  maiked  by  five 
stars  of  the  third  magnitnde,  foiming  a  flgnie  lilte 
an  M.  These  stan  may  be  found  by  drawing  a 
line  fr«Qi  Capella  to  the  brigiit  star  in  Cygnus, 
which  will  pass  about  half-way  between  tiiem. 
The  figure  of  the  constellation  is  that  of  a  wo- 
man dtting  in  a  chair,  with  a  branch  in  her 
hand.  In  1672,  Tycho  Brahe  noticed  in  it  « 
new  star,  first,  on  Nov.  lltl^  at  which  time  it 
had  a  lustre  greater  than  thatof  any  of  the  fixed 
Stan — greater  than  that  of  Jupiter,  and  nearly 
equal  to  that  of  Yenus.  In  January,  its  light 
was  less  than  that  of  Jupiter;  In  February  and 
March,  about  equal  to  that  of  the  fixed  stars  of 
the  first  magnitude.  It  went  on  so,  diminishing 
in  lustre,  until  in  March,  1674,  it  disappeared, 
lycho  supposed  that  the  same  star  had  appeared 
in  the  same  way  in  945  and  1264.  The  autho- 
rity for  this  is  not  very  reliable;  and  comets  ap- 
peared about  these  times,  which  may  have  been 
mistaken  for  it  Sir  Jolm  Herschell  suggests  a 
possible  reappearance  in  1872.  It  was  oertahdy 
more  distant  by  fiir  than  any  of  the  planets,  for 
at  no  tune  had  it  a  sensible  parallax. 

Ctuimr,  One  of  the  bri^t  stars  in  the  head 
of  Gemini,  torn,  which  and  Pollux,  that  con- 
stellation is  named  (the  teww).  It  is,  of  the  two, 
nearest  the  pole,  and  among  the  moat  remarkahto 
of  the  double  stars. 

<7«tal«gae»  AatrmioBiicsl*  A  list  of  stars, 
^ith  their  mean  or  corrected  right  ascensions  and 
declinations  for  a  given  epoch.  The  importance 
of  such  catalogues  cannot  be  over-eatimated. 
They  form  one  of  the  leading  contributions  of 
any  age  to  the  great  subject  of  the  adertai  sio- 
Uona.  We  have  several  old  catalogues  of  much 
value;  but  it  is  only  on  documents  constructed 
by  aid  of  the  instruments  of  recent  times  that 
future  science  will  rely  in  prosecuting  the  more 
delicate  and  immense  inquiries  now  opening  up. 
Csilajpalta.  An  ancient  warBke  enghie 
adapted  to  throw  darts  against  the  defenders  of 
the  walls  of  a  besieged  dty.  In  its  shape  and 
other  easential  points  it  was  veiy  much  like  the 
more  recent  crosi-ftoio.    See  Baujsta. 

CatoMsuT*  The  curve  formed  by  a  flex- 
ible cord,  of  which  two  points  are  fixed,  and 
upon  which  no  forces  but   gravity  operate. 


curve 
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UsQaUy  tlia  cord  is  oonsLdered  as  homogeneoDSi 
When  the  density  varies  in  any  regular  way  it 
takes  a  shape  slightly  difi^rent  from  that  of  the 
ordmazy  catenary.    The  equation  of  the  carve 

is  y  =  Ji  ^e  ^-f  e  ^Y  This 

several  very  renunkable  propertieB.  One  is  that 
its  centre  of  gravity  is  lower  than  that  of  aqy 
curve  of  equal  perimeter  and  with  the  same  fixed 
points  for  ^xtrwft^ti^^  The  curve,  whore  the 
wei^t  is  pn^ortioned  to  a  horizontal  prqjeetkn 
of  the  part  oonudered,  is  tkparabola,  Tlds  and 
the  oidhiaiy  catenaiy  are  of  diief  importance  in 
the  theoiy  of  8mq)enrion  bridges  (sr.v).  Thepn>- 
perties  of  the  catenaiy  will  be  firand  adndiably 
discussed  in  Duhamel's  Coun  de  Meoamque, 
voL  1. 

Ctetliode.    See  Ahodb. 

CtatiMk    See  Amov. 

€3at9pirics.  The  sdenoe  of  Optics  treats  of 
the  phenomena  of  light,  and  of  the  physical 
causes  of  these  phenomena.  The  former  we  have 
reduced  to  Uws,  and  from  these  laws  we  can  de- 
duce geometrically  efibcts  either  already  verified 
by,  or,  perhaps,  anticipatory  of;  experinMOt. 
The  question  of  tiie  physical  constitntion  of  Ui^ 
has  been  long  debated,  and  has  only  been  recently 
put  upon  a  satisfiu^ry  basis.  With  the  pheoo- 
mena  alone,  the  present  article  has  to  do. 

The  phenomena  of  geometrical  optics  are  prin- 
cipally three — the  phenomena  of  light  passing 
through  a  homogeneous  medium,  or  through  a 
vacuum^-of  lig^t  passhsg  firom  one  medium,  cr 
fifom  vacuum,  into  vacuum  or  anotlier  medinoH— 
and  finally,  the  phenomena  of  light  incident  upon 
a  medium  at  its  surfkoe,  and  tlirown  back  finm 
its  surface  as  incapable  of  passage. 

The  first  of  these  may  be  treated  of  under  optica 
properly;  the  latter  two,  which  form  the  most 
important  departments  of  geometrical  optics,  are 
generally  designated  the  sdences  of  diapinct  and 
eatopirici  respectively.  The  latter  is  the  sal^jeet 
of  the  present  article. 

The  first  important  theorem  of  catoptrics  is 
this,  that  the  incident  and  the  reflected  ray  are 
situate  in  the  same  plane  with  the  peipendico- 
lar  to  the  sui&oe^  from  which  the  reflection  is 
made,  at  the  point  of  reflection.  Thus,  if  a  ray 
be  incident  upon  a  floor,  and  if  we  draw  a  per- 
pendlcidar  to  the  pUne  through  the  point  of  in- 
ddenoe,  and  apply,  suppose  a  piece  of  paper  to 
the  two  lines,  so  as  Just  to  lie  upon  them,  the 
reflected  ray  would  be  reflected  somewhere  In  the 
plane  of  the  paper. 

This,  however,  gives  us  but  fittie  informatkio. 
It  teUs  us  something  that  the  ray  cannot  do, — 
viz. :  turn  to  the  one  dde  or  the  other ;  but 
it  does  not  give  any  definite  idea  of  its  coarsei 
This  is  supplied  by  the  next  law,  that  the  oonne 
of  the  Une  of  reflection  in  the  plane  so  fixed  is 
determined  by  making,  with  the  peipendlcular  to 
the  surfiue  of  faaddence,  on  the  same  side  with 
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lltt  iecUait  n j,  «a  oiglei  equal  to  that  made 
br  it  vith  tfai  Incident  T17. 

T«o  <IHInilhma  wlndh  maj  bete  be  given,  will 
eHUe  ne  to  mx^-mm  this  law  very  dmplj.  The 
■eyfe vfmddmm vi  %nji3i  light  is  the  angle 
vydi  tliaa  isjr  makes  with  the  perpendiciilar  to 
the  nfine  oC  the  enhersnee  en  which  it  strilces. 
wmgU  ^  r^Udtkm  is  the  ang^  similariy 
by  us  ROBCted  ny. 
Tie  lava,  tbeiefaei  of  eatoptries  m^  be  ez- 
i>— When  a  laj  of  light  is  faiddent 
sobstanoe,  the  reflected  ny  is 
with  the  inddnt  lay,  and  the 
of  laridffa  and  wflection  are  equal. 

tiben,  tiie  perfect  exactness  of  these 
we  dhall  see  that  catoptrics  is  not  at  all 
Willi  tibe  non-bomogendty  of  ordinaiy 
In  odier  words,  thoogfa  nys  do 
la  asndal  qoalitleB,  and  tl^ogfa  white 
l|f^  is  nuds  np  of  rays  diflbient  in  nature,  it 
It  be  deeonpoeed  or  sepaiated  by  re- 
late nys  of  diflferent  ooloiin.    This  one 
r,  ef  the  eqnsiBtj  of  the  angles  of  incidence 
holds  fiir  allldnds  of  light  Hence 
thoilgli  TCeDy  diflfennt,  come  mingled 
a  emteoe,  wDl  leave  it  mideoompoeed. 
This  Is  a  Most  Impoitant  result,  and  at  once 
ns  fnm  the  neoessity  of  instituting  in- 
nfleetive  (like  refractive) 
of  dlAiait  lisht  nys.    We  shall  now 
of  the  more  impartant 
of  catoptrics. 

flnt  pwipositlfln  we  shall  state,  Is 

of  panDd  tk^  fidl 

snifilioe,  the  r^ected 

to  them  wHl  also  be  per- 

Tbis  vriD  be  deariy  seen  by  any  one  who 

of  reds  panllel  to  one  another, 

to  a  floor,  and  then  bends  them  over 

Ifccy  dmll  be  agsin  inclined  equally  to  the 

It  w3l  be  nedny  seen  to  be  in  strict  ao- 

wtth  the  geometrical  laws  of  plane  snr- 

tbr  pilenM  fwif^fainy  osch  incident 

Its  cw  If sjiondhig'  reflected  lay,  have 

another   In  each 

r,  the  petpendjcnlar  to  the  original 

tha  original  nya.    It  follows,  there- 

tha  pj^"*f  themselves  are  panlleL 

tke  wflectod  nys  make  equal  angles 

with   these  pexpendlcalars, 

whkfa  are  panllel,  and  in 

panllel  planes,  they   also 

are   pandM.     The  figure 

win  IDuetiate  this,  but  the 

best    IllBStratiQn    may   be 

made  by  the  student  hhnself 

ampging  two  rods  as  di- 

nctsd,     and    fixing    two 

10^  at  the  two  points  of  incidence  00 

to  ssw  flir  tba  parpeodlcolars. 

tMjMM  tout  pwipuaition  Is  the  fiJkwIng 
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fleeted  nys  wHI  have  the  appearance  of  diverging 
fixnn  or  converging  to  a  point  at  an  equal  distance 
on  the  opposite  side  of  the  miiTor.  Thus,  let  a 
number  of  nys,  q  a,  q  b,  q  q  divexge  ih>m  the 
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point  Q,  and  fidl  on  the  minor  at  a,  b,  c,  fhey 
will  appear,  when  reflected,  to  diverge  flt>ni  the 
point  q,  at  an  equal  distance  from  the  mirror,  at 
a  distance  on  the  other  side  equal  to  k  q.  Draw 
▲  K,  and  let  R  A  be  produced  through  a  to  meet 

Q  N  produced  in  q.  Then  i^^qan=^^bab 

(by  the  reflective  law),  and  ^^  b  a  b  ^  ^L, 

irAq(1. 15), therefore,  4^QAir  =  ^^  HAq. 
Hence  the  two  triangles  n  a  q,  n  a  q,  have  one 
side  common  and  two  similarly  situated  angles 
equal,  and  are  therefore  in  eveiy  respect  equal — 
H  Q  being  equal  to  a  q.  The  reflected  rey  a  b 
appears,  therefore,  to  come  from  q.  This  proof 
determines,  then,  thb  length  of  r  q,  and  it 
has  been  shown  equal  tox  q  by  a  method  equally 
applicable  to  the  other  nys  as  to  q  a.  Hence 
<dl  the  revs  will  appear  to  come  ftom  q,  and  tbb 
proposition  is  proved. 

When  we  have  two  or  more  plane  minms  ai 
which  luminous  nys  are  sncceasively  reflected— 
as  for  escample,  a  second  mirror,  from  which  the 
reflected  nys  in  the  last  figure  will  be  a  second 
time  reflected;  and  a  third,  from  whidi  three  wHI 
be  again  thrown  back;  and  a  fourth  and  a  fifth, 
and  so  on ;  the  point  of  divergence  or  oonver- 
gence  of  the  nys  after  the  second  reflection  wfll 
be  found,  simply  by  supposbg  the  focus  of  the 
first  reflected  nys  to  be  a  real  point  from  which 
reslly  emanate  luminous  nys.  Keflected  light  is 
reflected,  just  like  li|^t  coming  flxim  a  luminous 
point,  and  hss  loot  none  of  its  properties  in  this 
kind.  It  has  lost  none  of  its  component  nys,  as 
we  have  already  proved.  We  can,  therefore, 
apply  the  prindple  already  demonstrated  for  un- 
reflected  lig^t,  in  the  case  of  light  reflected  frfom 
a  plane  nSrror,  again  reflected  in  another,  and 
that  pertiapeie-reflected  from  a  third  and  fourth. 

It  is  finquently  an  interesting  point  to  discover 
the  amount  of  deviation  of  a  my  of  light  which 
has  been  reflected  at  each  of  two  plane  mhrrors. 
in  a  plane  perpendicular  to  the  liiw  of  their  in- 


Let  s  A  be  the  ny,  so  incident  on  the  mirror 
A,  and  reflected  back  a  second  time  from  B.  The 
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an^le  d  Is  called  the  angle  of  deviatioD,  and  its 
amount  is  required. 

The  angle  s  A  B  =  A  BD -{- 

A  D  B.       Now,  8  A  B  =  180° 

—  2  BAcand  ABD  =  180° 

—  2  A  B  B.    Therefore,  180° 

—  2  BAO=  180° — 2  ABB 

-|-  A  D  B.     Hence  2  a  b  b  — 

2  b  A0=:  ADB,  batABB  — 
BAC  =  BCA.     .*.  2bOA  = 

ADB.  That  is,  the-aogle  of 
deviation  is  equal  to  twice  the 
angle  of  indination  of  the  two 
miiTon. 

An  investigation  exactly 
similar  would  make  it  easy  to 
find  the  angle  of  deviation  after 
thieeorfour,  or  anynumber  of  reflections  from  plane 
mixTois — all  the  reflections  bebig  made,  however, 
in  the  planes,  to  which  the  successive  lines  of  in- 
tenection  of  the  first  and  second,  of  the  second 
and  third,  of  the  third  and  fourth  minors,  are 
perpendicular. 

lliiB  proposition  has  been  groonded  on  the 
hypothesis  that  the  mirrors  are  plane.  It  is  evi- 
dent, however,  that  as  no  part  but  a  very  small 
part,  in  fact,  tiie  point  6f  incidence,  of  the  mirror 
is  at  all  concerned  with  the  r^ection  of  the  ray, 
the  proposition  would  hold  equally  good  whether 
we  have  plane  mirrors  or  not,  provided  only  that 
a  very  small  space,  indefinitely  small,  coincided 
in  direction  with  the  planes,  whose  angles  of  in- 
clination we  consider  in  determining  the  angle  of 
deviation.  It  is  evident  that  the  mirrors  may 
be  of  any  form  which  will  permit  the  reflection 
of  the  rays  so,  and  vihieb.  idll  not  be  so  bent  as 
to  catch  one  of  the  reflected  rays  agahi  after  re- 
flection. We  may  have  them,  therefore,  curved 
mirrors,  of  any  form  whatever,  and  the  angle  of 
deviation  of  any  ray  after  two  reflections  fh)m 
curved  mirrors  will  be  double  the  angle  of  incli- 
nation of  the  two  planes  which  touch  the  mirrors 
at  the  points  of  incidence  of  the  rays  upon  them. 
This  idea  of  tangent  planes  will  Iw  readily  con- 
ceived, if  the  reader  take  any  ball,  and  apply  a 
plate  of  glass  or  paper,  so  as  just  to  touch  it  in  a 
point  without  bdng  itself  bent,  or  the  ball  m- 
dented  by  pressure.  He  will  easily  see  that  there 
is  only  one  direction  in  which  he  can  apply  the 
plane  of  the  paper  or  glass  to  the  ball,  so  that  it 
will  Just  do  so,  for  each  point  of  application,  and 
so^  there  is  only  one  direction  in  which  he  can 
apply  the  plane  to  the  curved  miiTors  already 
described,  and  therefore,  the  angles  of  inclination 
of  each  successive  pair  of  planes  are  quite  deter- 
minate quantities. 

The  law  of  reflection  can  therefore  be  applied 
to  the  case  of  curved  surfiuses,  by  considering 
them  as  coincident  with  plane  sni&ces,  tangents 
to  them,  or  having  for  an  indefinitely  small  q>aoe 
the  same  direction  as  them. 

Having  established  this  principle,  then,  we  are 
able  to  apply  the  law  of  re»9ection  to  the  case  of 
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curved  mirrors,  and  to  deduee  die  vuIodb  eAels 
certain  to  result  in  that  case. 

We  shall  just  examine  the  case  of  rays  refieeled 
to  one  point,  and  crossing  one  anotlier*s  direetaons 
in  that  point.  This,  though  not  so  important  as 
the  corresponding  problem  in  dioptrics,  the  db- 
covezy  of  surfooes  of  accurate  lefiwctioii — at  all 
events,  for  the  purposes  of  the  optician — is  sofS- 
dently  important  for  other  purposes  to  deserve 
attention. 

If  a  pencQ  of  parallel  lays  fidl  upon  a  eoncave 
parabolic  reflector,  in  a  direction  parallel  to  the 
axis  of  the  body  (the  line  in  its  centre  is  csSed 
the  axis),  the  rays  will  be  reflected  so  tluit  these 
lines  of  direction,  after  it,  shall  pass  tfaroa^  one 
point  Of  this  proposition  we  can  oflbr  no  preo£ 
It  rests  upon  the  assertion,  itself  demonstrable 
in  the  higher  mathematics,  that  the  peipendicalsr 
to  a  parabolic  surface,  at  a  given  point,  bisects 
the  angle  made  by  a  Ime  through  it  panUel  to 
the  aids,  and  one  firom  it  to  a  point,  fixed  for 
any  given  parabola,  and  called  its  focus. 

A  similar  snrfooe  of  accurate  reflection  will  be 
found  in  an  ellipsoidal  shell,  on  the  interior  of 
which  rays  foil,  diverging  fiom  the  one  fbcos  of 
the  ellipsoid,  by  which  th^  rays  will  be  reflected 
in  Imes  all  passbg  through  the  other  focus  of  the 
shelL 

Another  still  might  be  found  in  a  hyperiwSic 
reflector,  from  one  focus  of  which  rays  proceed, 
filling  on  the  convex  reflecting  surface,  whidi 
wUl  send  them  back  to  the  other  focus. 

If,  in  these  cases,  the  mirror  be  silvered  on  the 
one  side  instead  of  the  other,  and  if  the  same 
rays,  continued  indefinitely,  be  imagined  to  ftll 
upon  this  new  reflecting  side,  we  obtain  a  series 
of  propositums  almost  identical  with  those  already 
given,  and  having  application  to  convex  lefieo- 
tion  of  the  shapes  just  specified.  Thus,  if  a  pen- 
cU  of  parallel  rays  be  incident  in  a  convex  para- 
bolic mirror,  parallel  to  the  axis,  the  reflected 
pencil  will  diverge  from  the  focus  of  the  psiir- 
bola. 

This  proposition,  and  the  one  corresponding  to 
it,  are  by  far  the  most  important  of  those  now 
submitted.  They  i4>ply  to  the  cases  most  fre- 
quent in  actual  nature-— of  solar,  astrsl,  and  lunar 
rays.  These,  coming  from  a  great  distance,  di- 
verge so  little,  compared  with  that  distance,  that 
they  may  be  considered  as  perfectly  paralld.  If, 
therefore,  a  system  of  panllel  rays  fidl  on  a 
parabolic  mirror  (as  for  example,  any  of  the  tays 
spedfied),  they  will  be  refiected  to  the  focus^  if 
they  fisU  upon  the  concave  mirrored  side;  ioA 
from  the  focus,  if  they  fall  on  the  convex  mir- 
rored side. 

We  find  thus  then  points  of  aecnrate  reflectkn 
in  various  circumstances,  and  it  is  dear  thiO,  as 
we  are  able  to  describe  as  many  ellipsoids  and 
hyperboloids  as  we  choose  when  the  true  fod  are 
given  in  each  case,  we  might  make  a  mirror  of 
any  particular  curvature  that  we  might  want, 
capaUe  of  reflecting  rays  of  light  coming  from  a 
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giv«D  point    But  fbe 
(puiboloida,  ellip- 
difficnlt,  and  they 
On  the  other 
cxnisCnicted  with 
If  then,  we  am  ohtain  soch 
capflbitt  «f  fHodncing  all  the  effiscts  dne 
■ore  ezpoisTe  Undiy  ewi  approzinuttel ji 
Hwra  be  cMieaiBut  to  adopt  them.  It  becomes, 

to  iuvesligate  the  propertieB 


witli  mpect 


to  the  more  ftequeut 
ofpenDel  lays  inddent 


l«t  o  A,  pam  thna^  the  ontre,  parallel  to 
«f  n^  whkh  we  oooader,  and  let  a  p 


Ilf.4. 

hi«w«ftta»aya.  Hmd  the  tangent  to  the  anr- 
hm  s  A  B',  is  Bka  aD  the  tangents  to  dides — 
to  the  ladfatt  op.  I^  therefore, 
the  ciide  aa  eqiofyalettt  for  a  small 
to  a  tUn  plane  minor,  ooindding  with 
en  wImmb  snfooe  the  inddsnt  ray 
shall  have,  by  the  law  of  reflection, 
a  P  o^  q  p  o  eqpul  (angles  of  incidence 
i).  Now,  apos=PO(|.  Henoe 
p  o  q,  q  P  o  an  eqoal,  and  the  triangle 
(having  the  sides  pq  and  oq 
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cipoi  Jbeal  tmgih^  as  being  the  focal  length 
which  serves  for  the  greatest  nmnber  of  rap ;  all 
of  those  which  coirespond  in  description  to  s  p, 
with  regard  to  the  partjof  the  minor  on  which 
they  flUl,  being  equally  reflected  in  directions 
▼eiy  nearly  passing  thronghF.  The  line  a  p  then 
is  equal  to  half  the  radius  of  the  drde. 

If  A  p  represent  a  moderate  angle  at  the 
centre  o,  q  o  wiQ  be  the  half  of  the  sum  q  o  -{- 
qp.  This  sum  is  greater  than  p o  (I.  20)  or 
OA,  and  qo  is  therefore  greater  than  the  half 
of  o  A,  or  than  o  f  which  is  equal  to  it  If  the 
angle  p  o  A  become  larger  than  60^,  the  angle 
OP  A  (Joining  p  a)  would  be  less  than  60®,  and 
the  ray  would  be  reflected  on  to  the  mirror  again 
before  passing  so  as  tocut  oi.  The  same  Uws 
of  reflection  would  apply  to  this  csse^  which,  as 
specula  or  minors  are  not  usually  made  which 
oonespond  to  a  central  angle  of  120®  (twice  60®), 
does  not  very  often  occur. 

The  caustic  curve  (see  Caustic)  is  an  effect 
of  the  law  of  reflection  also.  When  a  reflecting 
curve  is  exposed  to  the  paralld  rays  of  the  sun- 
light, a  luminous  space,  as  in  fig.  5,  with  a 
cured  outline,  is  made  by  means  of  the  reflect- 
ing lines.    The  space  is  that  on  which  the  re- 


and  in  which, 
concentration  of 


by  tiigDoonetrical  methods,  find 

Isagtt  «f  the  Hoe  oq  in  any  given  drcum- 

Wia  slian  eonfine  ourselves  to  some 

If  the  angle  po A  be  very 

It  win  be^  for  a  given  length  p  a, 

bavfiy  hugs,  the  figure  pq  o  becomes 

light  fins.    The  three  sides 

to  ftilTWB     TbB  proposition  just  estab- 

dsea  not  at  all  depend,  however,  upon  the 

r  p  o  Ay  and  win  atiU  hold  good,  there- 

I  An  «aae  now  imaghifd.    If  we  suppose 

^^  faidcfinitcly,  or  even  infi- 

to  aatralglit  line,  from  the  increase 

1110  ffimhwitifm  of  p  a,  the  proposition 

to  be  traai    In  this  case^  however, 

■I «f  rq  and  q  o  will  be  indeflnitdy  near 

to  pci,  aad  ^ej  hmji  thcsefore,  eadi  be 

M  eqttl  to  ito  haU;  or  to  the  half  of 

b  aqoal  to  it.    Hence  the  point  of 

nOeeOoD  at  parallel  rays  fiJling 

ar«    hsnrittg  a  vcrjr  smaH 

{L^  i1*<— nring  a  very  smaU 

ttX  wiD  he  the  point  of  bisec- 

.vlr  Use  ndnor  which  is  paral- 

yiTtk^^S^'V''     A  F  is  caned  the  Jim- 


ng.& 

fleeting  Hues  mostly  intersect, 
thsrefore,  there  is  a  greater 
luminous  rays. 

The  more  general  case,  of  the  refraction  of 
luminous  rays  by  spherical  mfnon,  when  theto 
rays  diverge  from  a  pohit,  remams  to  be  con- 
sidered.  We  shan  take  the  mimns  as  concave 
to  the  ray,  and  shaU  find  that  1^  altering  the 
signs,  and  afl&zing  difibrent  values  for  the  various 
quantities  specified  in  the  question,  we  wiU  be 
enaUed  to  comprehend  in  the  tolntion  of  this 
case  an  the  cases  of  spherical  minors. 

Let  PA  p,  be  a  sedionof  the  mirrar,  and  let 
Q  o  A  be  ita  axis,  q  being  the  luminous  point, 
from  which  diverging  p^ 
rays,  Q  A,  Q  p,  faU  upon 

the    mirrored    snrfiioe.Al ^:^^i ^    "*'Q 

Let  p  be  the  principal 
focus,  as  already  de- 
fined, and  o  the  centre  ^^  ^ 


of  curvature  of  the  surfoce.  Lst  QPalsobeone 
of  the  incident,  and  q  p  the  oorresponding  re- 
flected ray. 

Then,  as  before,  q  p  o  is  the  angle  of  inddenee, 
and  o  p  q  the  angle  of  reflection,  and  since  these 
areequalQo:qo::QP:qp(yi.8).  This  ex- 
pression is  miiverMl,  and  suitable  trigonometri- 
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cal  BTpnukm  siight  be  fbund  which  mmld 
give  the  value  of  the  distance  q  o  in  terms  of 
the  angle  p  o  a  (the  fixed  an^^  of  the  kne),  and 
of  the  instance  q  o,  and  the  ndios  o  4.  We 
ahall  limit  omaelveB  to  a  less  comprehensive  case. 
Suppose  the  are  p  ▲  to  subtend  an  inoonaidenble 
angle  at  the  centrci  which  may  be  the  case  either 
by  p  ▲  becoming  itself  very  small  compared  with 
p  o,  or  inversely  by  o  a  becoming  veiy  large 
compared  with  p  a.  Then  q  p  and  q  a  may  be 
taken  as  in  fact  equal,  and  so  also  q  p  and  q  a. 
In  fact,  in  that  case,  each  pair  of  lines  approach 
vecy  ckMely  to  each  other,  and  therefore  become 
very  nearly  equaL  The  proportion  already  es- 
tablished, and  always  maintained,  as  not  at  all 
dependent  on  the  relative  magnitude  of  p  a,  will 
now  become 

QO:qo::QA:qA 

Callmg  Q  A  =  u  (the  perpendicular  distance  of 

the  point  Q  from  the  mirror),  passing  in  this  case 

through  the  centre o,  and q  a  =  v,  and  o  a  =r. 

We  get 

u  —  r:r  —  v::u:v 
•  •.  u  —  r :  r  —  V  : :  u  r :  V  r 


and 


u  —  p 
nr 


vr 


r       n        V        r 
.nd?  =  l+l 

Now  !  =  f 
2 

2         1 
Henoe,  taking  reciprocal  equality,  .  =  . 

•  '.  -  4~  -  ==^  -  in  the  case  when-the  arc 
▼       u        f 

p  A,  becomes  by  any  method,  small  in  compari- 
son with  the  radius,  and  hence  subtends  a  small 
arc  at  the  centre  of  the  circle. 

It  is  quite  evident  that  as  a  ray,  q  p  would 
have  beoi  reflected  to  q,  the  same  proof,  and 
therefore  the  same  result  will  apply,  if  q  be  sup- 
posed the  luminous  point,  to  the  rays  from  which, 
we  desire  to  find  the  point  of  accurate  reflection. 

This  expression  serves,  then,  in  the  case  of  rays 
fidUng  upon  a  concave  minor.  If^  however,  the 
mirror  be  turned  in  the  opposite  direction,  sil- 
vered on  the  opposite  side  from  that  where  it  was 
silvered  before,  the  radius  changes  its  sign — 
that  is,  we  might  imagine  a  mirror  with  a  gra- 
dually diminishing  radius  of  curvature,  having 
the  centre  of  the  circle  of  curvature  constantly 
between  q  and  a,  and  constantly  approaching  a, 
ontil  the  ndins  becomes  7=  0,  and  wo  may  ima- 
gine the  sam^  process  to  continue,  the  centre  to 
keep  still  moving  onwards  in  the  same  direction, 
paskng  A,  and  being  supposed,  in  order  to  suit 
algebra,  which  does  not  take  direction  into  ac- 
count, to  become  less  than  nothing,  or  negative. 
Similariy,  the  pohit  q,  going  along  with  the 


Fi^7. 


CAT 

radius,  and  keeping  on  the  same  sida  of  A»  maks 
q  A  or  V  also  nega- 
tive, while  Q  A oru 
rsmains  as  before. 
In  the  ultimate  e- 
quations,  however,  o 
we  do  not  find  r,  but 
f,  which  is  evidently 
affected  by  the  same  drcumstanoes,  and  of  the 
same  8ign<    Therefim 

-1  +  1  =  -). 

V        a  X 

V        u        f 

The  same  remaik,  already  made  in  the  ena  ef 
concave  mixrors,  that  if  q  be  the  luminous  point, 
the  proof  and  the  result  might  be  alike  employed 
for  determining  the  focus  of  aocnrate  reflection  g^ 
may  also  be  repeated  here. 

Taking  now  the  two  equations, 

.  -}-  I  =  r  formitroncoDcarBtDthein- 

V  tt         f 

cident  rays, 

and  -  —  .  =  ~  for  mirrors  convex  to  them, 

Y  n       f 

let  us  proceed  to  examine  the  various  eases 
which  occur: — 

Let  a  =  00  (become  infinite),  then  .    ^   o, 

u 

and  in  either  case  .  =  -  andvst 

V         t 

That  is,  that  in  the  case  of  parslld  rays  inci- 
dent on  a  mirror,  either  convex  or  concave  to 
thehr  direction,  the  rays  are  reflected  to,  or  are 
reflected  so  as  to  appear  oomiogyhm  a  point  in 
the  axis  of  the  mirror,  within  its  completed  drde, 

and  at  a  distance  from  a  =  f  =  I ;  as  we  have 

2 

already  shown  in  oonsideiing  this  special  case. 

If  u  be  greater  than  r,  then  in  the  first  case 

-  is  greater  than  -  and  less  than  ~  and  v  is 
V  r  f 

less  than  r  and  greater  than  f. 

In  the  second  case  -  is  greats  than  .  and 

V  f 

therefore  v  is  less  than  t    In  the  first  case,  them, 

q  will  lie  between  f  and  o  (fig.  6),  if  q  lie  on 

the  opposite  side  of  o  that  a  does.    In  the 

seoond  (fig.  7),  q  will  lie  between  r  and  a,  if 

A  Q  be  greater  than  r.    In  this  seoond  case,  tfu 

be  any  positi?e  quantity,  however  small,  that  is, 

lie  at  idl  on  the  opposite  ^de  of  a  that  o  does, 

the  same  consequence  wiU  hold. 

If  a  =  r,  then  in  the  first  case,  .  =  ~t  andv 

V      r 

=  r  (thai  is,  all  rays  coming  fh>m  o  will  be  re- 
flected bade  upon  o)h— as  we  i^ould  have  expected, 
seeing  that  tbb  luminous  rays,  all  being  radii, 
win  aU  be  perpendicular  to  the  stufiuse  of  tiie 
mioor. 
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Vmsr, in OttoUMr catty?  r=i  andvz= 

T        r 

t  8 


▼  =  T  tUs 


in  -  =~  and  a  =  r,  or 
n      r 

te  zsj«  an  rdfeeted  to  fbe  laminoui  point,  as 

iSi  In  fiwti  exactly  the  same 

ia  vUeh  we  baTa  abeady  got  the  same 

the  nteting  sabstsnce  will  now 

cf  convex  to  the  incident 


If  «  ba  1e»  On  IV  and  greater  than  i;  then  1 

V 

An  -and  ▼  ie  greater  than  r,  in  the 

That  is,  if  die  Inminone  point  come 

a  poeitioo  aa  q,  the  point  of  accQ- 

wiD  pasB  akog  towards  q— a  re- 

hare  aheady  aeen  caose  to  antid- 

Ib  the  asoood  cssOi  we  woold  obtain  a 

~_  identical  with  that  ah«ady  pointed 

a  is  poaitivc  aft  aU.    If  q  were  in  this 

_   its  poeitioii,  giving  a  negative  line, 

woaid  Itt  teoi^i^  back  to  the  esse  abeady 

frr  concave  mitroTB. 

B  =s  1^  ib0itf  for  concave  minoiBi 

d  Amttn  T  Is  hifinite.    This  is  pre- 

ainilirtloB  of  the  proposition  that  in 
if  othtr  cf  the  points  q  or  q  be  the 
tha  other  win  be  that  of  aocorate 
•o  the  caae  of  panOel  xays— Ibr  the  x^ 
/  to  a  point  aft  an  faifinite 
freft»  paraDd.  Ifa=:f;inthe 
Bfarcn,  tiie  same  icsalt  will  be 
as  Is  0ot  when  n  Is  taken  positive.  If 
■  =  —  t,far  ftis  ease— we  are  brooght  back  to 
the  casa  af  coocara  biIitccb* 

Km  ha  Isas  than  t,  then  .  is  n^gative^  and  v 

ii aha  ■^pUhns  in  the  first  case.  Tbaftis,ifQ 
(%.  4)  hr  sitaafte  hetwen  f  and  a,  the  rays  will 
he  seiaeeBd  na  If  drrcsgiDg  from  some  point  on 
the  ade  ef  A,  opporita  ftom  w  and  A.  If  (fig.  7) 
a  he  less  Ihaa  t,  we  hsTS  precisely  this  ease,  and 
if  m  he  less  tfon  4  we  Ifaid  a  particular  case  of  u 
hoag  psritive— «  snppoaitkn  already  examined. 

UusszOi  thcB,  In  the  first  ease,  .  =  —  ao, 

V 

nsi  if  a  =s  o  in  ftbe  aeeoRad  case,  .  :=  oo ,  and 

▼ 

If  a  beeoaa  aqjgndve  fat  the  first  case,  we 

nmert  la  tha  caae  of  convex  mimirs,  and  in 

aeendnce  witb  l&nt*  Ibid  the  fannola  giving 

■  rpantive  nnd  ^Ifcnter  than  1    If  it  become 

a^tfie  m  the  aeoond  cnae,  we  obtain  the  for- 

mmtkroaacMre  wmmtokb  inatead  of  convex  ones. 

jd  j  iuCimslinr  to  dednoe  the  ezpreasion  for 
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the  case  of  plane  mirrors  from  the  formnliB  jast 
fimnd.  They  may  be  considered  as  small  parts 
of  circles  of  no  cnrvatore)  and  inflidte  radios,  be- 
canse  it  is  qnite  evident  that  the  nearer  a  drde 
becomes  to  a  complete  plane  in  any  laiige  part  of 
it,  the  laiger  its  nuUus  most  get    Suppose,  then, 

r  =  00 .,  then  f  =  L  =  oo  also^  and  —  +  ~ 

2  ^         T       n 


f  00 


i  =  —  iandv=— 
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u  that  is,  the  point  of  accurate  reflection  is  on  the 
oppodte  dde  of  the  mirror  from  the  point  of 
diveigence  of  the  rays,  and  at  an  equal  distance 
ftom  the  mirror.  We  should  have  had  the  same 
result  l^  taking  the  other  formula  for  convex 

minorB     i.  s=  ^  and  v  :=  a;  sedng  that 
V  u 

the  posidve  valoes  of  V  and  u  are  now  obtained  by 
taking  them  on  the  opposite  sides  of  A. 

It  IB  important  to  notice  that  in  eveiy  one  of 
the  special  cases  considered,  it  was  only  necessaiy 
to  take  a  as  positive  in  the  one  case^  and  nega^ 
tive  in  the  other,  to  make  the  two  cases  coincide. 
In  fact,  we  have  seen  that  the  two  cases  differ  by 
having  the  signs  of  two  of  the  quantities  differ- 
ent When  the  sign  of  the  other  also  becomes 
diflbrent,  we  get  a  formula  something  of  the 
form  —  A  =  —  B,  which  is  readily  convertible 
into  A  =  B,  the  original  expression.  Taking 
it  geometrically,  we  see,  indeed,  the  same  thing. 
The  whole  system  of  mirror,  rays,  luminous 
point,  is  merely  transferred  to  a  new  position 
in  space,  and  as  physically  it  makes  no  dUfin^ 
ence  in  the  results  what  position  in  space  a 
system  may  occupy,  we  should  expect  this  total 
cliange  to  restore  the  exact  equivalence  of  the 
fonnuUs.  A  physical  change  would  be  generally 
wrought  in  the  results  of  any  system,  by  some 
relative  slterations  of  positions ;  but  when  the 
whole  position  alters,  maintaining  all  the  while  its 
internal  relations,  there  is  no  diflTerence  of  results. 

An  important  proportion,  which  is  of  great 
Tsloe  in  enabling  the  student  immediately  to  de- 
duce many  of  the  results  just  given,  and  in  con- 
centrating them  into  one,  is  the  following.  The 
focal  length  is  a  mean  proportional  between  the 
distances  of  the  corrugate  fod  from  the  principal 
focus. 

Taking  the  proportions  already  obtidned-* 


or.n  —  r :  u  ::  r 


V  I  ▼ 


we  get,  by  composition  and  divisbn  2  n  —  r :  r 
: :  r :  2  v  —  r 


=  rA« 
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If  we  remember  that,  as  has  been  ehown  in  the 
varions  cases  which  we  have  epedally  examined, 
the  oonjagate  foci  always  lie  on  the  same  side  of 
the  principal  focus,  the  proposition  wOl  enable  ns 
in  any  case  veiy  speedily  to  arrive  at  the  results 
which  we  may  desire. 

It  is  essential  to  remember  that  in  all  the 
cases  just  examined,  and  in  all  the  propositions 
now  established,  the  arc  of  the  minor  is  con- 
sidered as  beUig  very  small,  compared  with  the 
radius  of  the  arc.  If  it  be  not  so,  these  propo- 
sitions wHI  not  hold  good,  and,  in  Cut,  there  will 
be  no  point  of  accurate  reflection. 

€«iatlc«  When  a  number  of  rays  iSrom  a 
point  are  Ejected  or  refracted  from  a  reflecting 
or  refracting  srufiice,  the  line  wliich  would  be 
made  up  by  the  series  of  intersections  of  the  suc- 
cessive reflected  or  refracted  rays  is  called  the 
caustic  curve.  For  example,  if  a  series  of  lumi- 
nous rays,  sent  from  a  point  so  distant  that  the 
rays  are  practically  parallel,  be  reflected  from  a 
semicircular  rim,  the  curve  x  t  z  represented  in 
the  figure  will  be  the  OMtf^io  curve.  Suppose  two 


very  near  n^  such  as  the  rays  ▲  and  b,  inter- 
secting each  other  when  reflected  in  the  point 
o,  then  the  curve  is  the  line  made  iq»  by  an 
infinite  number  of  such  points.  It  will  be  prac- 
tically exemplified  if  we  place  a  semicircular  rim 
of  tin  upoD  a  table  exposed  to  the  sun's  rays. 
The  curve  wQl  be  the  line  of  division  between 
the  bright  space  on  the  table  and  the  dark  one. 
It  will,  indeed,  be  evident,  by  producfaig  the  re- 
flected lines,  that  no  pohit  be|f  ond  the  line  of  the 
curve  can  get  more  than  half  of  the  light  reflected 
from  the  one-half  of  the  semicircle,  while  pomts 
between  the  rim  and  the  curve  are  exposed  to  the 
light  reflected  from  the  whole. 

We  may  have  a  caustic  finmed  in  the  same 
way  ft>r  any  reflecting  or  refracting  surfitce,  ex- 
posed to  light  from  points  situated  in  any  posi- 
tion. The  theory  of  caustic  curves  is  veiy  inte- 
resting. It  was  first  discussed  by  Tschim- 
hauaen.  Mains  treats  very  fully  of  it  in  his 
Theorie  de  la  DouNe  Rtfraetion. 

The  special  name  given  to  the  caustic  of  reflec- 
tion is  caiaeautUc,  sometimes  simply  cautUc,  and 
it  is  this  that  is  employed  above; — ^the  curve  of 
refraction  is  called  tiie  diaoaitffic  curve  (g  v). 
•  CemtmMoemm  (Tke  Centaur).  A  southern  con- 
stellation  which  scarcely  rises  in  our  latitude. 

It  is  situate  near  Ara,  Lupus,  Libra,  and 
Virgo.  Tho  stars  ct  Gentauri  and  $  Centanri 
are  of  the  first  magnitude.  Sometimes  it  is 
.made  one  constellation  along  with  Lupus,  and  it 
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would  appear  tiiat  variooa  of  those  which  we 
have  mentioned  have  been  united  with  it 

C^Btering.  The  subordinate  arches  of  wood 
or  slight  stone-work,  employed  fior  the  conve- 
nience of  the  architect  hi  laying  the  materials  of 
our  larger  bridges,  are  called  centermff,  TTnj 
depend  equally  with  the  bridge  upon  thie  mathi- 
matical  principles  of  the  ardL  See  Bbidom  and 
Abgh. 

Ceatlgmde.    See  Thbsxombtbb. 

Cemral  Forcca.  A  body  under  the  ectfan 
of  any  one  force  moves  uniformly  in  a  stn^gfat 
Ime.  The  kw  of  TnerUa  declares  that  a  body 
moving  so,  will,  if  not  interrupted,  continoeto  more 
so  for  ever.  If  then  a  body  move  either  with 
changes  of  velodty  or  changes  of  directioo,  there 
must  be  some  ne  w'force,  the  introduction  of  which 
has  produced  these.  11^  for  instance,  a  body 
moving  at  a  uniform  rate  increases  or  decnaaes 
its  velocity— as  a  steam-enguie— we  know  that 
additional  force  has  been  exoted  in  the  one  cam, 
and  that  contraiy  forces  have  been  brought  into 
play  m  the  other.  I^  agam,  as  in  a  ship  taddng, 
or  a  projectile  fidlmg,  a  body  change  its  directicn 
of  motion,  there  must  have  been  a  like  introduc- 
tion of  new  forces.  The  theory  of  oentral  fonea 
hi  its  elementary  stage  treats  chiefly  of  tlie 
latter  case. 

Suppose  that  a  body,  moving  along  at  any 
rate,  receives  a  shock ;  it  will  proceed  to  move 
in  a  new  dh^ction  (the  new  direction  being  a 
straight  line,  though  not  the  same  as  before). 
If,  again,  it  recdve  another  impulse,  it  will  again 
change  its  direction,  and  so  on  with  a  third  or 
fourth  impulse.  We  may  readily  suppoas  a 
series  of  such  impulses  acting  so  that  the  primi- 
tive directions  and  lines  of  motion  shall  be  re- 
stored, and  that  the  body  be  thus  made  by  the 
compounding  of  each  successive  motion  with  the 
result  of  eadi  new  impulse,  to  describe  the  dr- 
cumferenoe  of  a  polygon.  If  we  suppose  these 
impulses  communicated  in  every  rapid  snooesaiflQ, 
we  shall  have  a  polygon  with  a  constantiy  in- 
creasfaig  number  of  sides,  and  if  we  siqipoee  tiieai 
added  at  infinitely  small  Litervals,  we  shall  have 
a  curve.  All  motion  then,  in  a  circle,  depends 
upon  such  a  coomiunication  of  soeoesstve  im- 
pulses at  infinitely  small  intervale  of  time— each 
impulse  driving  the  moving  body  in  a  direction 
difierent  flrom  that  in  which  it  moved  previondy. 

In  some  eases  of  curvilinear  motion,  indeed, 
no  snch  impulses  are  at  first  discerned.  If,  for 
example,  a  bullet  be  attached  to  a  string,  and 
made  to  rotate  round  it  as  in  a  ding,  thcarie  la  a 
curvilinear  motion  pro- 
duced, yet  we  only  see 
at  first  si^t  the  one 
force  of  the  w^pultion 
which  we  give  the 
body.  If^  however,  we 
increase  the  vdodty  of 

the  bullet  or  its  weight,  we  shall  find  that 
the  string  is  broken.    Now,  the  bullet  moved 


108 


toaOid 


^ 


|B(nEedv  to  H  in  every  caae,  and  as  it 
■ite  bet  «>  to  movv^  we  should  not 
that  tins  tiiuPM^w  bad  been  tlie  caoflo  of 
In  fact,  at  evay  pointy  the  ball 
to  the  string,  but  it  did 
to  monre  in  tlie  line  Urns  given  it  at 
bnt  dirvged  towards  the  centre*  The 
A  would  bsvB  moved  along  to  0  in  a  given 
it  does  move  only  to  Di  Sopposing 
conaiiVted  to  be  veiy  smaO,  then 
a  downward  ibroe  acting  npon 
polliiig  it  to  the  centre  eqoal  to 
Tks  atriaig  ffmahiing  stnig^  thoe  has 
Ibiee  polling  tibe  string  from 
to  aetkn.    This  force  is  the 
of  the  atring;  and  simply  means  Uie 
■Udi  Us  cohesive  properties  enable  the 
to  resist,  wtthoot  being  broken.    If  this 
a  s  be  ao  great,  that  the  string  cannot  sos- 
tba  eppoBBg  force  of  its  equivalent,  the 
bnaka,  and  the  body  flies  o£    This  then 
the  emtrifitgal  force.    The  cmlr^petai 
m  simply  tbe  adverse  fotce  which  seta 
ties  body  to  prevent  its  moving  akng  the 

AC 

embifitjfoijbm  (as  it  is  called)  varies  as 
vt  the  velocity  of  the  body  at  the 
d  in  toe  inveese  ratio  of  the  distance 
(In  the  case  of  bodies  moving 
nt  ditnlar,  the  centre  spoken  of  is  that 
wbidi  woold  just  touch  the  curve  at 
,)    Aa  the  velodty  at  any  point  varies 
invenMly,  the  eentnftigal  force 
eobeoftheradiua. 
iUostration  of  the  centrifiigal 
wS  be  if4f*^"«*S  if  we  set  a  drcnlar  ring  of 
aa  iron  bar,  wliich  is  free  to 
rotate  in    its   socket, 
and  cause  violent  re- 
volution.    The  figure 
will  xepiesent  the  re- 
sult   The  middle  and 
extxemitiBS  of  the  circle 
perform   their  revolu- 
tions in  the  same  time. 
Hence  the  velodty,  and 
therefore  the  centrifligal 
imymimh  greater  at  the  former  than  at  the 
Tbe  spring  then  tends  to  whirl  off  the 
rhere  tiie  oantriAigal  foroe  is  great- 
tins  a  piMBUie  generated,  which 
ssented.   This  is  shown 
in  tbe  great  terrestrial  inequality 
and  aqoatoiial  diameter.    The  line  of 
to  tlie  line  of  the  rod,  and 
I  diametral  section  of 
Tba  eeotriftigal  fttroe  is  at  no 
to<yvenome  the  attraction  of  the 
flKl  so  aU  motion  must  be  along  its 
Tim  ceatiitagal  force,  however,  at  the 
k  ■^^fcfcy:  er  rery  nearly,  and  there  is 
iovai^  the  centre  due  to  the 
At  tbe  equator,  again,  there 
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is  a  very  great  centrifugal  foroe^  arisuig  from  the 
earth*s  rotation  round  tiie  poles.  A  particle  at 
the  equator  describes  its  25,000  miles  in  the  same 
time  as  one  near  the  poles  describes  one  mile  of 
drauit  Hence,  not  the  whole  attractive  force, 
but  that,  less  by  this  centrifugal  force,  presses  the 
mass  at  the  equator  to  the  centre.  The  earth, 
then,  is  as  absll  of  soft  matter  unequally  pressed; 
it  will  be  squeezed  out  in  those  places  where  the 
pressure  is  least  Therefore,  it  is  higher  at  the 
equator  than  at  the  poles.  If  the  velodty  of  the 
earth  in  its  rotation  round  its  axis  were  about 
seventeen  times  as  great  as  it  is,  this  effect  would 
become  so  marked  Uiat  a  body  at  the  equator,  not 
retained  by  cohesive  force  at  the  surfrice,  would 
fly  off.  lliere  is  a  diminution  of  rather  less  than 
(^)  *  in  the  wdght  of  a  body  at  the  equator  and 
at  the  poles.  See  Babth,  "Dessstt  of  the,  and 
Eastb,  Fioubb  of  thb. 

€eBt>«  af  Qmvity  is  that  point  of  a  body 
which,  bemg  supported,  the  whole  body  will  re- 
main at  rest,  aldiough  subjected  to  the  action  of 
gravity. 

In  this  definition,  it  is  assumed  that  such  a 
point  does  exist — that  there  is  some  point  in 
every  body,  or  which  may  be  supposed  connected 
with  it,  which,  being  supported,  the  whole  will 
be  so  alsa  This  assumption  is  made  upon  the 
following  ground : — ^All  bodies  may  be  imagined 
to  consist  of  a  large  number  of  particles  of  mat- 
ter, connected  by  cohesion.  Suppose,  then,  to 
take  the  simplest  case^  a  body  composed  of  the 
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two  partides  a  and  b,  oormected  together,  and 
both  acted  on  by  such  a  force  as  gravity.  Then, 
as  gravity  may  be  supposed  to  act  for  any  average 
distance  a  b,  constantly  in  the  same  direction, 
imagine  a  p  and  b  q  to  represent  its  line  of 
action.  The  force  upon  a  and  b  will  be  propor- 
tional to  their  masses,  and  therefore  they  will 
just  fall  with  the  same  speed,  and  preserve 
throughout  their  reUtive  positioiL  b  might  be 
considered  as  made  up  of  (say)  four  pieces,  each 
equal  in  mass  to  a,  and  each  piece  would  then 
be  acted  on  by  a  force  equal  to  that  upon  a,  and 
the  four  pieces,  in  falling,  would  move  all  toge- 
ther, and  would  move  just  ss  a  moves.  Hence, 
if  A  B  be  a  material  connection,  suppose  an  in- 
finitely thin  rod,  so  as  to  have  no  sensible  wdght 
of  its  own,  it  would  not  be  at  all  twisted  from  its 
original  position  with  respect  to  the  horizon: 
so  that  exactly  the  same  motion  would  be  pro- 
duced upon  a  mass  equal  to  a  and  b  togetiier. 
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by  A  fijroe  equal  to  the  ram  of  those  aetSng  upon 
A  and  B.  If  we  snppoee,  then,  a  fiiroe  etpial  to 
that  with  which  gravity  wonld  act  upon  a  and 
B  together,  acting  somewhere  and  prodndng 
eqnilibriam  in  the  whole  system, — ^we  shall  obtain 
that  which  we  can  substitate  for  a  and  b  separ- 
ately. Now,  it  is  evident  that  this  force  must  act 
between  ▲  and  b.  In  any  other  case  a  and  b 
would  fldl  round  the  line  of  its  direction.  If  b 
be  the  heavier  (say  four  times),  it  will  have  four 
times  the  tendency  to  fUl  round  the  line  of  force 
in  any  case  that  a  has ;  but  the  velocity  which 
gravity  produces  is  the  same  fbr  a  and  b.  Now, 
in  order  that  the  line  a  b  may  remain  steadfiut, 
the  spaces  described  by  b  and  a  in  falling  round 
the  line  ol  application  of  this  foroe,  would  be  Just 
in  proportion  to  the  lines  b  o  and  a  o  (o  bdng 
its  point  of  application).  Hence,  a  o  must  be 
just  in  the  same  ratio  to  b  o  that  the  foroe  ap- 
plied to  B  is  to  that  at  a  (see  Lkvbb);  and 
ifitbeso,equilibiinmwillbeprodoeed.  If,  then, 
the  point  o  be  supported,  there  will  be  no  mo- 
tion, and  the  actual  motion  of  a  and  b  might  bo 
replaced  by  a  motion  of  their  sum  at  the  point  c, 
under  the  gravitating  influence  due  to  the  united 
weight 

In  an  this  we  have  not  required  to  consider 
what  position  a  b  occupied  with  regard  to  the 
direction  of  gravity.  It  therefon  comes  to  the 
same  thing,  whether  we  imagine  it  oblique  or  not 
If  then,  we  have  merely  a  and  b,  with  the  same 
weight  at  the  same  distance,  o  wHl  always  be 
their  centre  of  gravity.  There  does  exist,  there- 
fine,  in  the  case  of  two  material  points  connected 
into  one  body,  a  point  between  them  which,  behig 
rapported,  the  system  remains  at  rest,  and  upon 
which  the  strain  is  equal  to  the  oomUned  weights. 
But  as  the  same  thing  may  be  shown  regard- 
ing any  number  of  points,  it  may  be  concluded 
that  in  every  given  body  th«re  exists  a  point 
which  can  be  deteimined,  (and' which  remains 
in  the  same  place  w  the  iocfy  as  long  Ms 
the  body  remains  the  same,  whatever  position 
it  may  assume,)  at  which  the  gravitating  forces 
which  really  act  upon  all  the  individual  pohits  of 
the  body  may  be  supposed  concentrated,  when  we 
wish  to  connder  the  body  either  in  motion  or  at 
rest  In  &ct,  we  may  rappoee,  (theoretically) 
the  body  removed,  and  a  heavy  material  point 
weighing  the  same  as  the  body  rabstitnted  in  its 
place. 

The  stability  of  a  body  (see  Stabilitt)  hi  its 
portion  of  equflibrium  is  that  property  by  which, 
if  disturbed,  it  tends  to  return  to  rest  in  its 
origfaial  position.  If  the  centre  of  gravity  be 
supported  from  above,  any  distortMmoe  would 
cause  the  body  to  oscillate  like  a  pendulum  round 
the  point  of  support,  ultimately,  (from  friction, 
resistance  of  air,  &c.,)  coming  to  rest.  If  the 
point  of  support  be  veiy  fiir  from  the  centre  of 
gravity,  the  body  will  rapidly  return  to  com- 
parative rest,  under  the  same  di8turi)ing  forces  as 
would  have  caused  a  protracted  motion  had  the 
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two  points  been  near.  If  the  rapport  be  obtafaied 
by  holding  the  centre  of  gravity  itnlf,  as  fay 
pushing  a  fixed  rod  through  it,  tibe  eqnilibrliim 
will  be  preserved  in  any  position  wfaidi  the  body 
may  assume.  There  wffl  be  no  tendeocy,  in  fac^ 
to  foil  round  the  point  of  rapport  If;  agaii^ 
that  point  be  below  the  centre  of  gravity,  aa 
when  abody  rests  upona  table,  thentheeqoiUbrinai 
will  be  unstable,  if  there  be  only  one  pofait  upoo 
which  the  body  rests.  If  the  base  be  ooaaSda^ 
ably  extended  around  it,  small  disturiMaoes  wOl 
remove  the  centre  of  gravity,  indeed,  but  Um 
vertical  through  it  wOl  still  frOl  within  Iha 
and  gravity  iHIl  restore  the  body  in  some 
to  its  original  poaitioD,  in  some  not  If  a  vertical 
throuj^  the  centre  of  gravity  foil  within  the  base^ 
liowevflr,  there  will  be  equilibrium.  Tbn  is 
strikingly  illustrated  liy  the  hanging  tower  of 
Pisa,  a  building  like  that  below,  with  its  centra 


of  graAdty  as  shown,  and  the  vertical  through 
it,  falUng  within  the  base.  If  we  rappose  an- 
other storey  added  to  the  tower,  the  centre  of 
gravity  might  be  conceived  to  be  raised  till  the 
vertical  would  Just  USX  at  the  edge.  In  thla 
position  there  would  be  equiUbrium,  but  the 
least  horizontal  foroe  coming  against  it  woold 
upset  it  (a  slight  breeze  for  instance).  If  another 
storey  be  added  to  the  tower,  the  vertical  from 
the  centre  of  gravity  would  no  longer  foil  within 
the  base,  and  the  tower  would  fidl.  We  can 
explain  these  successive  results  by  rapposing^  the 
tower  removed  entirely,  and  the  weights  col- 
lected at  the  various  pointa  which  are  snooea- 
sively  the  centres  of  gravity. 

It  remains  to  describe  the  method  by  whidi 
the  centre  of  gravity  may  be  found. 

In  regular  bodies  it  is  very  easy  to  see  wliere 
the  centre  of  gravity  will  be.  Thus,  in  a  areolar 
or  square  plate  of  homogeneous  matter,  the  oeBtia 
of  gravity  will  be  the  centre  of  the  figure,  or 
rather,  if  we  imagfaie  it  cut  hi  the  middle  by  a 
section  parallel  to  the  two  surflMes,  it  will  be  the 
centre  of  that  section.  In  a  homogeneooa  cube  or 
sphere,  the  centre  of  the  figure  would  again  oor- 
respond  with  the  centre  of  gravity.  In  sbost, 
wherever  we  have  a  regular  figure  made  up 
of  a  series  of  pain  of  pohits,  correspondlQg 
in  weight  and  in  distance  from  a  pofait  of  the 
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fhil  ift  Am  cntn  d  urAvIiy*    This  con- 
it  iriU  l»  endent,  iodndei  bodies  not 
BM^eneoia.  A  splieie,  for  iDstanoe,  made 
ip  cf  concentric  abdls  mii^t  be  composed  of  any 
of  matter,  and  the  aheOs  of  any  different 
of  matter,  sodi  as  iroD,  braasi  tin,  &a,  if 
quite  bomogeneoQS. 

with  which  we  have  to 
not  80  ooostzncted.     If  their  smfiues 
to  any  law,  and  their  density'  TBiies 
to  any  other  law,  dqwnding  npon 
ly  anfipose  mathematical  sdntions 
IhafnUeBL     li^  aa  in  most  or^Bnary  bodies 
agglomeration  of  partides,  we 
to  dfltermiDe  dm  centre  of  gravity  by  ex- 
iaeadicaBe. 
Let  the  body  be  sospended  by  a  string,  and 
aillDwed  to  find  its  position  of  eqoilibrinm.    Then, 
aa  w«  hare  abcady  pointsd  oat,  the  eqoiUbrimn 
be  dne  to  the  action  of  some  Ibroe  ooonter- 
That  ibne  is  the  tension  of 
and  ttk  mnst  therefore  be  directly 
to  the  line  in  which  granty  acta  on  the 
fine  pesega  throngfa  tiie  centre  of 
ao  tfaoefion  must  the  direction  of 
VaA  the  direction  of  the  string 
the  body.    Suspend  it  by  another  point, 
we  ifaall  have  a  second  line  of  direction 
the  centre  of  gravity  of  the  body. 
t  of  giarity  ia  tberefiire  a  point  through 
bedi  of  theee  Unes  peas.    Bnt  as  the  lines 
ani  only  both  paaa  throogh  one  point,  eAol  point 
■■at  be  dm  centre  of  gravity. 

It  la  qrise  mdtilerent  wliat  points  we  select  as 
ttnse  by  which  we  may  suspend  the  body.  There 
ii  only  one  ccntie  of  gravity  in  every  body,  and 
the  inas  wiU  slwaya  intirspct  as  we  have  shown 


the 


•or* 


we  have  two  or  three  bodies  muted 
and  of  each  of  which,  perhaps  from 
fignres^  we  know  the  centres  of 
find  that  of  the  whole  sjstem 
already  indicated.  Imagine  the 
and  heavy  pomts  with  wdgfats 
to  theaa,  placed  at  their  centres  of  gravity. 
the  c^^re  of  the  ihst  two  will  be  foond  by 
oiniiig  them  into  parts  in  the 
if  the  we^g^tfa,  the  leoNr  beii^  next  the 
weight  and  eace  eeno.  We  can  snppooe 
now,  and  a  mass  eqoal  to  their 
at  the  point  of  division  so  fonnd. 
in  the  same  way  with  the  third 
give  the  eenfn  of  gravity  of  the  ihree^  and 
preeeaa  might  be  pioxsned  Ibr  any  nnmber, 
we  ebtaoi  finaDy  the  centre  of  gravity  of 


f   Cbfuervafjoii  of  the 

^    (km  ct  the  moot  important  among 

rtoiimms  in  Rational  Mechanics;  first 

k«>  jfewton  in  hie  fomtii  Corollaiy 

ntd  imw  ei  Motion,  and  afterwards 

hv  n'AlembeKt'   It  may  be  expressed 
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bodieg  qfa  tjftlem  on  one  another^  cannotj  vihatever 
he  ike  nature  of  Ikai  action,  alter  in  any  vise  <Ao 
stoto  of  ike  oenfre  ofgraoUig  qfihesyeUm;  so  that, 
if  the  only  aooeleratbg  finoes  influencing  the 
system  be  these  reciprocal  actions ;  or,  what  is 
^e  same  tiling,  if  the  external  forces  afibcting  it 
be  not  aeodenUng,  but  imUKUaneoue  finroes,  £en 
tie  centre  qf  graoi^  of  ike  tyetem  mutt  ^ther 
renotn  mo&mlese,  or  move  in  a  ttraighi  Une. 
The  singolar  advantage  of  the  foregoing  theorem 
is  this ; — ^however  complex  the  system  may  be  of 
which  one  is  treating,  or  whatever  the  form  of 
the  body  whoee  motions  are  being  investigated, 
the  problem  concerning  the  motion  of  its  centre 
of  gravity  is  as  simple  as  if  vre  were  treatii^  the 
elementary  case  of  the  motion  of  a  point  And 
as  all  movements  of  transhiion  i^jpertainhig  to 
any  system,  are  virtoally  movements  of  its  centre 
of  gravity,  it  foUows,  that  when  considering  any 
SQCh  problem,  we  may  neglect  those  etfects  of  the 
motoal  action  of  the  bodies  oomposmg  it,  the 
determination  of  which  generally  oonstitates  the 
chief  diflScntty  of  Dynamics. 

Centre  af  Oymtlon  is  the  pohit  at  which, 
if  the  whole  mass  of  a  body  rotating  roond  an 
axis  or  point  of  suspension  were  collected,  a  given 
force  a^ed  would  produce  the  same  angular 
velocity  as  it  would  if  appUed  at  the  same  point 
tothebodyitselt 

Suppose,  for  example,  a  wheel  pushed  in  any 
direction  by  a  certain  force,  it  will  only  act  ori- 
ginally at  the  point  of  applicatioiL  By  virtue  of 
the  rigidity  of  the  body,  however,  its  action  will 
be  transmitted  to  the  whole  wheel,  and  a  certain 
motion  produced.  Now,  if  we  imagine  the  mass 
of  the  wheel  collected  at  the  centre  of  gyration, 
and  if  we  imagine  the  same  force  acting  on  the 
same  point,  wUch  now  must  be  supposed  to  be 
without  weight,  but  rigidly  connected  with  the 
mass  at  the  centre  of  gyration,  the  motion  pro- 
duced would  be  exactly  the  same  as  that  of  the 
point  corresponding  to  this  in  the  wheeL  The 
angular  velocity  is  uniform  for  the  whole  wheel, 
and  is  the  same  as  the  angular  velocity  of  the 
centre  of  gyration  in  these  drcumstances. 

The  centre  of  gyration  bears  a  strong  analogy 
to  the  centre  of  oscillation.  Itdifiersonlyinthis, 
that  whereas,  in  that  case  the  operating  forces 
are  supposed  to  act  at  every  point  of  the  moving 
body,  in  this  there  is  only  one  force  acting  upon 
one  point. 

It  is  fbund  by  the  fbllowing  rule : — Divide  the 
moment  of  inertia  of  the  rotating  mass  (the  sum 
of  the  products  of  the  weight  of  each  pdnt  of  it 
by  the  square  of  the  perpendicular  distance  of 
that  point  ftom  the  axis  of  rotation)  by  the  mass 
of  the  body,  and  extract  the  square  root  of  the 
quotient  Iliis  will  g^ve  the  distance  of  the  cen- 
tre of  gyraUon  from  the  axis. 

The  centre  of  gyration  of  a  straight  Hne  re- 
volving round  one  of  its  extremities  is  at  the  dia- 
tanoe  Vi  («•  «•>  ^'^)  ^  the  length  of  the  line 
from  that  extremity. 
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Tbe  plane  of  a  drde  revolving  abont  die  dia- 
meter has  its  centre  of  gyiation  removed  from  the 
centre  by  one-half  of  the  radios. 

The  distance  of  the  centre  of  gyratian  from  the 
axis  of  motion  is  always  a  mean  proportional 
between  that  of  the  centres  of  gravity  and  osdIlA- 
tion.  Any  two  of  these,  therefore,  being  given, 
the  other  may  be  detexmined. 

Centre  of  OacilkuiaH.  If  we  conceive  a 
set  of  points,  snch  as  a,  b,  c,  connected  by  in- 
finitely li^t  though  rigid  rods  with  the  point  o, 
and  allowed  to  vibrate  as  pendnloms  round  that 
p(nnt,  we  shall  have  the  several  motions  oom- 
o  mencing  with  diffisrent  velo- 
'  dtiea.  Gravity  tends  to  im- 
press upon  aU  bodies  upon 
which  it  acts  fiee^,  equal 
velocities,  and  thus  a,  b,  and 
c,  if  left  to  themselves,  would 
fall  through  ▲  d,  b  x,  c  f  in 
the  first  second,  these  being 
aU  eqnaL  Now,  according  to 
the  proposition  of  the  par- 
allelogram of  forces,  we  may 
consider  these  motions  as  each 
orlgfaiated  by  two  forces  instead  of  one — the 
first  pair  being  such  as  to  produce  a  motion  of 
▲  o  and  A  K  respectively  in  the  first  second, 
A  o  being  a  continuation  of  a  o,  and  k  o,  a 
rectangle,  having  the  diameter  ad.  So  the 
other  forces  could  also  be  decomposed,  giving  two 
forces  which  may  be  represented  l^  b  h,  b  l, 
and  c  M,  o  N,  (l  H  and  k  r  being  rectangles.) 
Now,  of  the  two  forces  in  each  case,  that  which 
acts  along  a  a  is  destroyed  by  the  resistance  of 
o,  and  A  K  alone  is  left  free  to  remove  a. 
Similarly  b  h  and  o  m  are  destiojred,  and  b  l 
and  o  N  alone  left  to  move  the  pdnts  b  and  c. 
Hence  a,  b,  and  c,  instead  of  moving  through 
a  D,  B  B,  and  G  F,  in  the  first  second  will  move 
through  4  K,  B  L,  and  c  n  respectively.  It  will 
be  evident  at  once  that,  as  we  approadi  the  ver- 
tical o  p,  the  motion  will  grow  less  and  less, 
and  at  o  P,  in  &ct,  all  the  motion  would  be  pre- 
vented by  the  resistance  of  o.  If  we  imagine 
now  the  points  a,  b,  c,  to  be  rigidly  connected, 
some  of  them  must  slacken  and  some  quicken 
their  motion.  The  point  a  wUl  be  retarded  by 
the  point  c,  which  does  not  move  so  rapidly  of 
itself^  and  the  point  c  again  will  be  pushed  on- 
wards by  the  point  a.  The  body,  however,  does 
moA-e,  and  with  a  certain  velocity.  We  can  sup- 
pose a  point  8,  which  would  move  with  the  same 
velocity,  accompanying  the  body  stroke  for  stroke, 
and  if  this  pdnt  s  were  free,  rotating  abng  with 
the  body  and  the  point  immediately  ben^th  it 
npon  tbe  body  marked,  it  would  be  found  that  the 
relative  positions  of  s  and  of  that  point  would  not 
alter.  If,  again,  any  mass  were  attached  there 
to  the  body,  suppose  a  heavy  ball  compressed  into 
a  point,  the  motion  of  the  body  composed  of  a, 
B,  c,  &C.,  would  go  on  just  as  before.  The  point 
8  is  called  the  centre  of  osdQation. 
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It  is  moat  readily  found  in  any  given  case  by 
the  employment  of  the  methods  of  the  calcnlna; 
we  shidl  not  attempt  to  give  these  betre.  It  Ss 
always  fiurther  from  the  point  of  suspenalon  than 
the  centre  of  gnvity  is,  and  always  in  tiie  atnui^ 
line  joining  tibese  two  points. 

It  is  necessary  to  find  it,  in  order  to  arrive  at 
an  exact  means  of  reducing  a  compound  pendu- 
lum to  a  simple  one,  to  which  latter  many  leadi^ 
understood  laws  wpflty* 

The  centre  of  oscillation  of  a  given  body  is 
found  by  letting  the  body  come  to  i«et»  when  we 
can  draw  a  vertical  line  in  which  the  oentie  of 
gravity  must  be  found,  and  in  which  the  centre 
of  oscniation,  therefore,  also  Bes.  To  find,  Uien, 
its  length  from  the  centre  of  suspension,  we 
divide  the  moment  of  inertia  (the  sum  of  the  pro- 
ducts of  the  mass  of  each  paitide  of  the  body  by 
the  square  of  its  distance  firom  the  pomt  of  aoa- 
pension)  by  the  product  of  the  mass  of  the  body 
into  the  length  of  the  line  flom  the  centie  of 
gravity,  to  the  point  of  suspension. 

The  centre  of  oscillation  of  a  straight  line  or  e 
cylinder  suspended  at  one  end,  wiU  be  distent 
from  that  end  by  f  of  its  length,  while  the  centre 
of  gravity  is  distant  ^  of  its  length.  The  dis- 
tance in  an  isosceles  tiian^e  of  the  point  of  ane- 
pension  (the  vertex)  and  tiie  centre  of  oaciOalion 
will  be  i  of  the  length  of  the  peipendioolar  from 
the  vertex  upon  the  basa  Tiie  distanoe  of  tlie 
oentre  of  gravity  from  thai  pomt  will  be  {  of  the 
length  of  that  line. 

CJentre  ef  Percnaalen  is  that  point  of  e 
moving  body  at  which  the  impetus  of  tbe  body  is 
supposed  to  be  concentrated.  If  we  imagine  the 
body  perfectiy  rigid  and  non-elastic,  then  when 
the  centre  of  percussion  strikes  against  an  im- 
movable obstacle,  repose  should  be  prodoced. 
If  the  body  strike  at  any  other  pomt  but 
the  centre  of  percussion,  there  would  be  a  sort  of 
rotatory  motion  round  the  fixed  point  The 
impetus  of  some  of  the  points  would,  in  fiwt,  not 
be  destroyed,  and  that  of  others  would  be  not 
only  destioyed,  but  an  impetus  in  the  odier 
dirsction  imparted. 

I^  again,  the  body  move  round  an  axis,  as  in 
the  case  of  a  body  suspended  from  a  point,  and 
strike  against  the  oentre  of  percussion,  there  iritt 
be  no  strain  upon  the  axis  or  the  pomt  of  soqfMn- 
sion.  If  it  strike  against  any  other  point  there 
will  be  a  certain  strain. 

If,  for  example,  a  ball  swinging  round  frosn  a 
fixed  pomt  strike  against  an  immovable  point  at 
its  lower  part,  the  velocity  of  the  upper  wiU 
not  thereby  be  destroyed,  but  it  wHl  move  onward 
as  for  as  it  can,  until  the  rigidity  of  the  body, 
and  its  connection  with  the  point  stopt  prevent 
it,  and  then  it  will  pull  at  the  point  of  suq^enakm 
in  order  to  continue  its  motion. 

There  is  a  difierent  oentre  of  percnsuon  for 
each  of  these  two  cases.  When  the  body  is  mov- 
ing freely,  and  gravity  therefore  acting  freely, 
whatever  dirsction  the  body  may  be  moving  in, 
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is  tlw  mne  ts  the  centre 
of  grarily.  Tills  supposes  that  there  is  do  rota- 
teiy  sQoCiuii  oosabined  with  the  rectilinear  motion 
«f  the  body.  In  that  case  it  is  not  acting  freely. 
If  there  he  Done,  then  whatever  force  acts  upon 
eadi  particle  of  the  bodj  acts  onifomily  like  that 

~tr,  and  acts  in  a  constant  direction.  Hence, 
to  the  paiaUelogrsni  of  forces,  the  force 
«— y,windpd  of  grmvitj  and  the  impelling  forces 
wiB  act  omifimnlj  alsa  If  the  body  move 
seaad  a  point  or  an  axis  of  sospeosbn,  tlie  centre 
of  pffcnsHon  becomes  the  same  point  with  the 

of  oscfflstiaB,  and  is  to  be  foond  in  the 


only  to  remark,  that  a 
body  will  strike  the  hardest  blow  upon 
the  opptttJTig  ohstade  at  the  centre  of  percussion. 
At  that  potot  there  is  no  interior  strain  on  the 
paztidfls  of  the  body,  snd  none  upon  the  point  or 
a»  of  sayiwiion,  in  whidi,  part  of  the  value  of 
the  owvi^g  foree  wonid  be  consumed.  The  whole 
Live  acts  opon  the  obstacle.  Thus,  since  the 
cBrtre  flf  oscillation  of  any  straight  uniform  stick 
b  at  }  of  its  length  from  the  point  of  suspension, 
ths  hardest  blow  with  a  stick,  may  be  given  by 
hioaif  an  obstacle  with  it  at  that  point 

Castsw  mfWuttmrnntm    A  fluid  enclosed  in  a 

Tcari  cztfts  a  certain  amount  of  pressure  against 

Iks  aika.    It  is  manifest  that  this  will  be  less 

at  acT  point  than  at  one  lower  down,  because  the 

whole  weight  of  the  body  immediately  between 

tie  potats  ptuBia  on  the  side  of  the  vessel  at  the 

lowvin  addition  to  the  wdght  at  the  upper.  The 

pnaapk  of  the  etiuality  of  pressures,  essential  in 

llTt«ucraTiCB,  (j.  «.)  at  once  establishes  this. 

▼e  have  therefore  the  simple  problem  of  parallel 

ijroei  to  deal  with.   So  many  forces  acting  against 

the  Tcrdeal  nde  of  a  vessel  in  horizontal  directions, 

k  is  raqaired  to  know  their  resultant— if  there  be 

eapabia  of  icpicsentlng  all  of  them — and  its 

of  a^iplication.     It  is  evident  that,  as  the 

as  we  go  downwards,  the  point  of 

riD  be  nearer  the  bottom  than  the 

tafK  aad,  tbenfore,  always  lower  than  the  centre 

The  value  of  the  resultant  forces  will 

Bsm  of  all  tlie  pressures.      It  is  not  ne- 

of  coane,  that  the  udes  of  the  vessel  be 


point  if  called  the  centre  of  preature  or 
In  the  case  of  a  vessel  with  a  paral- 
fijr  one  skk,  the  centre  of  pressure  will 
the  disfaPTf  of  one-third  of  the  height  from 
In  ths  case  of  a  triangular  ves^sel, 
is  at  the  bottom,  it  is  one-fourth  of 
tke  he^la  only; 

As  the  oentre  of  pressure  is  the  point  of  appli- 
cf  tlie  resoltant  of  all  the  pressures,  a  force 
13  the  opposite  direction,  and  of  the  same 
,  would  neutralize  tlieee.     This  will  sug- 
a  jvactkal  method  of  determining  centres  of 


j-pa^rr      That  by  which  a  body 
■nhiig  stout  a  centre  has  a  lendeauy  to  re- 
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cede  from  it  It  is  simply  the  force  opposite 
to  the  tension  of  the .  string  or  tlie  attraction 
towards  the  centre.    See  Central  Forces. 

Cenlslpemi  Fare«.  That  by  which  a  body 
revolving  about  a  centre  has  a  tendency  to  move 
towards  it  Thus  the  tension  of  a  string  by 
whidi  the  revolving  body  is  held,  or  the  attrac- 
tion resident  in  the  oentre  and  drawing  the  re- 
volving body  towards  it,  is  the  centripetal  force. 

See  CfiNTBAL  FOBCKS. 

Ccntvwbnrie.  A  word  not  much  used  now. 
It  is  intended  to  indicate  the  following  principle: 
Every  figure,  generated  by  the  motion  of  any 
line  or  surface,  is  equal  to  the  product  of  the 
generating  magnitude,  by  the  length  of  path  of 
the  centre  of  gravity  of  the  line  or  surface. 
This  is  merely  a  translation  of  the  maxim 
that  any  body  may  be  theoretically  considered 
to  have  its  mass  concentrated  in  a  heavy  point, 
at  its  oentre  of  gravity.  In  that  case  the  figure 
generated  by  the  body,  would  be  measured  by 
tiie  length  of  the  path  of  the  centre  of  gravity, 
multipUed  by  the  quantity  contained  in  the  body. 
In  the  original  case,  we  have  to  consider,  the 
different  .points  of  the  body,  as  i)erhaps  taking 
different  paths.  The  centre  of  gravity  is  the 
point  round  whidi  these  diflferenoes  eompefuate 
one  another. 

By  aid  of  this  principle,  when  the  centre  of 
gravity  of  a  line  or  a  surface  is  given,  we  can 
determine  the  content  of  the  body  or  surface 
generated.  When — as  in  a  cylinder — ^the  centre 
of  gravity  is  readily  inferred  from  the  sym- 
metry, this  method  d  finding  the  content  is  veiy 
convenient 

The  theorem  is  mathematicallv  demonstrated 
by  Guldinus,  and  goes  by  his  name. 

Cerhems.  A  small  northern  constellation 
near  the  hand  of  Hercules.  It  contains  only  four 
stars. 

Ceres.  One  of  the  asteroids  discerned  first 
by  Piazzi  at  Palermo,  on  January  1st,  1801. 
While  looking  for  one  of  the  stars  of  Lacaille*8 
catalogue,  he  noticed  a  star  beside  the  one  he 
expected ;  and  by  next  night  this  had  changed 
its  place,  continuing  to  do  so  on  the  successive 
nights,  lie  was  interrupted,  however,  by  sick- 
ness, and  when  he  recovered,  the  planet  had 
become  invisible  in  consequence  of  its  approach 
too  near  the  sun.  He  communicated  the  discovery, 
therefore,  and  a  number  of  observers  having  cal- 
culated the  approximate  orbit  of  the  planet  from 
his  few  obser\'ations,  watched  for  its  reappearance. 
De  Zacb,  on  the  last  day  of  that  year,  and  01- 
bera,  on  the  first  day  of  the  succeeding  year, 
re-discovered  the  planet  It  had  been  supposed 
to  be  a  comet  at  the  first  It  looks  like  a  star 
l)etween  the  seventh  and  eighth  magnitudes,  and 
is  therefore  invisible  to  the  naked  eye.  Its  mag- 
nitude is  less  than  that  of  our  moon.  For  the 
elements,  &c,  see  Astkroids. 

Ccins  (The  Sea  Monster.)  A  constellation 
which  received  the  names  idso  of  Pistiix  and 
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OiphiUL  It  is  below  Pisces  end  Aries,  and  is 
nsnallj  drawn  with  a  fish's  head,  two  paws  in 
front,  and  a  curled  fish's  taiL  Its  brightest  star 
is  calied  Menkar  («,  Ceti),  and  is  of  the  second 
magnitude.    It  is  in  the  sonthera  hemisphere. 

Chalas.  For  the  principles  of  the  equilibrium 
of  Chains  see  Abches. 

Cihamcilf)—  A  southern  constellation  con- 
taining nine  stars.  It  is  situated  on  the  colore 
of  the  equinoxes  within  the  antarctic  polar  circle. 

Chaacca,  l»«ctriae  •€•  A  most  important 
division  alike  of  speculative  and  practical  science. 
See  PROBABiLrrns. 

ChaagM.    See  PsBMirrATioNS. 

Cluirse  (Eleetrieal).    See  Battbrt. 

€harlca*a  Waia,  is  a  name  given  by  some 
of  the  older  astronomers  to  the  constellation 
Ursa  Hig'or  (g.  v.)  It  was  formerly  called  in 
England  the  **  brood  hen«"  Both  the  Romans 
and  the  Arabs  called  this  constellation  a  wain 
or  waggon. 

CiMurt.  A  map  of  the  sea,  for  the  use  of 
navigators,  showing  the  relative  positions  of  rocks, 
shoi^  harbours,  &c.    See  PROjBCTZoir. 

Cbraasailc  A  series  of  sounds  each  one- 
half  of  a  note  distant  from  the  other,  is  said  to 
be  arranged  according  to  the  chrotnatie  gannU  or 
ckroffiaHa  scale.  The  name  ^romoHes  was  ap- 
plied by  the  ancients  to  that  species  of  their 
music  which  divided  each  note  into  three  lesser 
<mes. 

Ckraaagraph.    See  Chkosioicrtbr. 

Cluraaalagy.  The  science  which  treats  of 
the  divisions  of  time,  arbitraiy  or  otherwise. 
What  we  call  arbitrary  divisions,  are  such  as 
date  generally  from  some  remarkable  historical 
event.  What  we  coll  non-arbitrary  divisions 
are  such  as  commence  along  with  some  marked 
phenomena  in  external  nature.  In  fact,  the  one 
and  the  other  are  arbitrary ;  but  the  divisions  of 
time  into  years,  days,  months,  &c.,  being  simul- 
taneous with  the  period  of  complete  evolution  of 
a  recurring  phenomenon,  are  not  of  an  arbitrary 
character.  For  the  chief  of  these  see  Bissrx- 
m^B,  Calrivdar,  Trar,  Month,  Cyclb,  &c 
where  the  chief  points  of  what  is  called  Mathe- 
matical Chronology  will  be  found.  With  his- 
torical chronology  this  work  has,  of  course, 
nothing  to  do.  See  Griffin's  Cgdopadia  f^f 
Mittorg.  See  especially  Ideler's  Mathematical 
and  Teehnieal  Chronology. 

Chraaaaieler  t  Clock  t  Cliraaagraph. 
Instruments  for  the  accurate  measurement  of 
time.  They  bear,  to  our  command  over  this 
formal  condition  of  all  finite  existence,  the  same 
relation  as  the  telescope  bears  to  onr  command  of 
its  other  formal  oondition^sjMce.  The  arrange- 
ments of  the  universe  ofier,  as  our  most  accessible 
miit  of  time,  that  grand  and  invariable  apparent 
diurnal  revolution  of  the  heavens, —or,  the  ddereal 
dag.  The  index  or  hand  of  a  Just  chronometer 
aliould  make  one  exact  revolution  during  a  side- 
ffsal  day ;  and  also  indicate,  by  graduated  parts  of 
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that  revolution,  the  reqnirite  snbdivisioDS  of  thai 
day.  In  practice,  this  exact  oonformit/  of  the 
revolution  of  the  index  with  the  danUion  of  the 
sidereal  day  is  not  demanded ;  it  is  enough  if  die 
amount  of  the  clock's  daily  retard  or  advanee  be 
known — (the  clock's  rate);  and,  if  the  observer 
may  feel  assured  that  bis  instrument  will  not 
capriciou*fy^angethatrate:'^thai  thegFadnatkm 
of  the  dial-plate,  answer  tQ  the  rsquired  subdivi- 
sion of  the  day,  is  of  course  an  absolute  necessity. 
It  will  conduce  to  distinctness,  if  w«  arrai^ 
our  remarks  on  the  instruments  employed  for  the 
above  purpose  under  difiisrent  heads. 

(1.)    The  Clock,  common^  to  oaUed,  or  Ae 
Tinupieoe  with  Pendulum. — The  moving  power 
of  the  modem  dock,  as  is  well  Imown,  is  the 
weight:  a  cylinder  is  turned  slowly  round  by  the 
descent  of  a  weight;  and  this  slow  motion,  mol- 
tiplied,  and  rendered  apparent  by  aid  of  hands  or 
indices,  marks  the  progress  of  that  descent.     Bui 
such  progress,  although  tolerably  uniform,  is  quits 
inadequate  to  represent  the  flow  of  time  with  an 
absolute  uniformity;  nor  was  efiective  aid  ob- 
tafaied  from  the  old  application  of  a  fy-^wAed^ 
caused  to  alternate  like  the  balance-wheel  of  a 
watch,  by  an  obvious  but  rude  artifice.     The 
dock  with  weights  did  not  become  an  instmmest 
of  Sdenoe,  until  Huyghens  proposed  to  apply,  as 
the  supreme  regulator  of  its  motion, — the  /»^db- 
lum;  whose  laws  had  long  before  been  discovered  by 
Galileo.   We  owe  to  the  great  Florentine  the  two 
propositions; — ^that,  provided  the  arc  of  osdllatioa 
beasmall  one,  pendubaneofihe  tame  lenath  oscff- 
late  in  the  earns  invariable  period  of  ttme;  mod 
that  theperiodt  of  the  otdllatiom  qfpentbdiane  of 
different  lengths  are  as  the  square  roots  of  tkar 
Imglhs,     Presuming,  on  the  ground  of  these  in- 
contestable propositions,  that  the  artist  may 
obtain  a  pendulum  whose  osdllations  shaU  maiiE, 
let  us  say,  exactly  one  second  qf  time ;  it  is  easy 
to  follow  the  application  of  the  fortunate  idea  of 
H  uyghens.  Imagine  such  a  pendulum  (not  repre- 
sented in  the  sketch)  suspended  from  the  juvot  d^ 
to  which  is  also  attached,  by  a  short  arm,  the 
anchor  or  circular  arc  a  b  a    Thte  anchor  will 
necessarily  oscillate,  or  move  slightly,  now  to 
one  side,  now  to  the  other,  s^mchronousty  with 
the  pendulum.     (See  woodcut  on  next  poffe.^ 
The  whed  r— one  of  the  mab  wheds  of  tlia 
dock — ^has  that  permanent  tendency  to  mova 
round  which  is  impressed  on  all  the  roadiinery 
by  the  weight.    When  the  pendulum  is  at  rest 
however,  the  whed  cannot  move,  being  Hmd 
caught  by  the  anchor;  and  it  is  only  when  the 
anchor  is  moved  sideways  that  the  whed  is  mo- 
mentarily set  free.    During  each  oedDatkm  of 
the  pendulum  one  tooth  of  the  wheel  escapes,  ao 
that  the  machinery  of  the  dock,  and  of  oonne  ila 
index,  makes  one  step  forward,  or  one  beat,  doriqg 
one  oscillation  of  the  pendulum,  or,  as  we  have 
supposed,  during  one  second  <if  time.    The 
dianical  adjustment  of  the  whed  and 
termed  the  eeoapement  ■lequhieB  to  be  amnged 
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pkywdD;  but,  iriielber 

Bot,  tlM  ilaiplft  •ttaduDeat  of 

that  tliB  clocfc  b6at  wmwutei 

'<!  ifidi  proviskn  tur  tho  anl- 

oC  tte  tmaiktt  dmntcf  ^tw**^ 
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»«0B8fanieted  eamiot  fiul  in  repro- 
an  tb0  rabdlTifliDns  of  a  side- 
nil  4^,  by  tha  gradoatioo  of  its  dial ;  and  the 
of  its  indax  wOl  ooRcapond  with 
sidereal  daj,  provided  the  peodnlnm  be 
:  ieagA  it  a  Moond's  pendulnm.    No 
pntcod  that  he  had  neoied  a  pcnda- 
rkagth  fay  Um  fint  act  of  oon- 
t  fortligfatljleogth- 
'ibovtBiiBg  chat  pait  of  the  instrament,  as 
'^OHj^  of  the  dod  may  show  that  it 
bj  OBplojiog  these  meansi  the 
caalf  aod  speedflj  can  bring  his  dock 
SDiaU  daily  rata  of  retard  or  ad- 
orn or  two-tenths  of  a  second.    One 

tlie  observer  as- 

tfaa  dock,  thus  completed,  will  ke^Ut 

«r  tkat  he  nay  tnist  its  indications,  in  dr- 

pnrent  his  examining  and 

7    In  other  and  more 

b  the  observer  aseared  that  the 

sf  Ube  pcndnlnm,  once  a^lnsted,  may  not 

Uions?  Unforta- 
is  the  case.  All  bodies  expand 
of  increasing  heat,  and  con- 
es tkaadrent  of  cold;  and  the  pendulum 
hmHLamtOBBtplkm,  On  eveiy  change  of  sor- 
teapanstare,  therdbro,  the  doi^  must 
itisata;  aod,  as  the  qoaoti^  of  that  change 
ii  tm  msmOf  dilemlnnble  otherwise  than  1^ 
wkmfKmtL  uliaiaiinn.  the  dock  would  thus 
««i  la  Its  mmwmWj  i«U«Ua  meisaw  of 
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time.   This  defect  mifl^twdl  have  seemed  fats]; 
but  the  ingennity  of  the  artist  has  overcome  it, 
by  an  inydoable  contrivance  termed  the  wmpm^ 
•aHtmpmduhmL   The  remedial  artifice  first  sng^ 
gested  was  the  gridiron  pendn- 
Inm-rod — a  compodte  rod  of 
dififerent  metals,  of  different  bat 
known  expansibilities.  The  sus- 
pension  rod,    o,   it  will   be 
noticed,  Is  attached— not  to  the 
ball,  L— but  to  tlie  cross  rod, 
B  a.    Should  o  expand,  the 
rod  B  B  is  of  course  carried 
dowmoardt.     Attadied  to  b  b 
are  t?ro  rods,  d  d,  whose  tops 
are  fished  to  a  cross  rod  oo, 
through  the  centre  of  which 
the  nd  o  passes  easily  and 
yree/y.     In  case  of  expansion 
of  the  rods,  d  d,  the  cross  bar, 
c  o,  is  carried  npwsrdsi  Fixed 
to  c  o,  two  ban,  b  b,  stretch 
downwsrds,     passfaig    fieefy 
through  the  cross  rod,  be,  and 
canyiog  a  third  cross  rod,  a  a, 
to  wliidi  L  is  attadied.    These 
rods,  B  B,   evidently  expand 
dtmmwardi.     The  podtion  of 
L,  with  regard  to  the  suspen- 
don  point  of  the  pendulum,  will 
in  such  a  esse  be  evidently  af- 
iteted,  on  an  incresse  of  tem- 
perature^ by  tkneeagMmtkmi — 
two  canybig   It   downwards, 
via.,  those  of  the  mdn  rod,  o, 
and  of  the  rods  b  and  b;  and 
one  carrj-ing  it  upwards,  viz., 
that  of  the  rods  d  d.    But  if 
these  three  sets  of  rods — ^viz., 
o,  b  B,  and  d  i>-..can  be  made  of  such  metals,  (Aal 
the  one  e^^ptmriom  ng^wardi  aeettnUely  cotatieraets 
the  ttno  mpamnom  downwardi,  the  length  of  the 
pendulum  will  evidently  not  be  affected,  nor  the 
duration  of  its  oscillations  altered,  by  any  variation 
of  temperature.    The  prindple  of  compensatiMi 
now  described  is  perfect ;  and  in  practice  it  was 
eminently  sucoeasftd.     Keverthdess,  the  com- 
plexity of  the  gridiron  pendulum,  and  oertaia 
de&ota  inseparsble  fiom  that  complexity,  have 
caused  it  give  way  before  another  arrange- 
ment, so  simple  that  k  may  be  understood  with- 
out tlie  aid  of  a  diagram.    Suppose  that  instead 
of  the  weight  l^  the  rod  o  curies  a  cylindrical 
glass  ressd,  nearly  filled  with  mercury.    When 
the  rod  expands  downwards,  the  same  variatioB 
of  heat  will  cause  the  mercuiy  to  expand  up- 
wards, or  oiomkd  In  the  glass  vessel .  so  that  the 
practical  problem  sunply  is,  to  give  such  dimen- 
sions to  the  cylinder,  aiMi  to  place  within  it  such  a 
quantity  of  mercury,  that  this  upward  expansion 
exactly  compensate  or  countersct  the  dynamical 
efleets  of  the  lengthening  of  the  rod.    It  is  not 
too  much  to  say,  that  the  mercurial  pendnlom, 
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toi  now  conwtnicted,  leaves  nothing  to1)e  desired; 
And  a  Clock  governed  by  it,  oonStrucled  by  the 
best  makens  may  be  received, — sunder  correction 
of  ob9er\'ations  repeated  as  often  as  convenient— 
as  a  reliable  and  absolalo  measurer  of  Time 

(2.)  CHKONoUKTBRSf   commonfy  $0  called; 
portable  instruments;  Wjltchbs.— The  action  of 
the  CIocIe,  as  above  described,  depending  on  the 
undisturbed  operation  of  gravity — ^alike  in  its 
moving  cause  the  Wei(fhi,  and  its  regulator  the 
Pendulum— it  is  clearly  requlrite  that  the  r^Dose 
of  the  instrument  be  not  disturbed.    To  do  Jus. 
tice  to  a  good  Clock  indeed,  it  is  necessary  to 
suspend  it  on  a  stone  pillar,  sheltered  from  the 
wind,  but  unconnected  with  the  walls  of  any 
house,  and  not  subjected  to  their  tremor.    Bat 
important  purposes,  alike  in  sdenoe  and  the  arts, 
demand  portable  chronometenj  fiuthfnl  recorders 
of  the  lapse  of  time — capable,  even  while  in  ao- 
tion,  of  being  conveyed  from  place  to  place ;— in- 
struments which  must  deaily  depend  on  other 
agencies,  alike  for  their  mamng  caute  and  their 
regulatum.    The  force  of  gramiy  is  svpplanted, 
in  such  chronometers,  by  the  equally  important 
and  accessible  mechanical  force  of  elasticity.   The 
moving  power,  or  substitute  fbr  the  Clock  weight, 
is  the  force  with  which  a  strong  spiral  spring, 
wmnd  up  around  an  axle,  uncoils  itself;  and, 
since  the  force  of  this  tmcoiling  is  not  uniibrm, 
nniformity  of  motion  is  obtained  from  it  by  the 
tapering  or  pyramidal  shape  of  the  fuiee — the 
name  given  to  the  wheel  it  turns.'    And  simi- 
larly the  office  of  the  pendtdam  is  performed  by 
a  halancB-vyhed^  that  osciPatea  regularly  and 
isochronously,  in  obedience  to  the  action  and  re- 
action of  a  spiral  steel  spring,  delicate  as  a  hair; 
one  end  of  which  is  fastened  upon  its  arm.    The 
mechanism  now  described  may  be  understood  on 
A  glance  at  the  interior  of  a  common  watch.    It 
is  extremely  fragile,  in  comparison  with   the 
comparatively  solid  and  massive  structure  of  the 
Clock ;  but,  Uirough  the  ingenuity  and  solicitude 
of  the  best  artists,  chronometers  are  produced 
that  measure  time  with  astonishing  accuracy. 
The  rate  of  these  instruments  is  also  liable  to  de- 
rangement through  the  influence  of  varying  tem- 
perature;  in  consequence  of  its  action  on  the 
balanoe-wheeL    For  instance,  if  ▲  b  a  b  be  an 
arm,  oscillating  in  obedience  to  any  force  what- 
ever, around  its  centre,  it  will,  through  effect  of  a 
well-known  principle  of  rotatory  motion,  oscil- 
late slower  if  lengthened  by  expansion,  and  tnca 
wrsa ;  so  that,  in  the  Chronometer,  as  in  the 
Clock,  increase  of  temperature  will  dbnhiish  the 
rote.    Several  modes  of  compensation  have  been 
proposed,  but  the  following  diagram  illustrates 
the  principle  of  them  alL  Let  the  arcs,  b  c,  B  c,  on 
each  of  which  is  placed  a  wdght  d,  form  the 
circumference  (an  interrupted  one)  of  the  balanoe- 
wheeL    Each  arc  is  composed  of  two  thin  slips 
of  diflforent  metals,  lying  side  by  side,  the  oiUer 
*  slip  expanding  somewhat  more,  under  heat,  than 
the  timer  om.    When  ezpaaflSoii  takes  place 
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then,  it  Is  easy  to  seb  that  the  arcs  b  o  moat 
become  more  curved,  and  that  the  weights  d  wIH 
\»  drawn  thereby  nearer  the  centre  of  motion — 
an  approximatioD,  on  the  part  of  the  circomfer- 
enoe  of  the  balanoe-wheel,  which  is  meant  acca- 


rately  to  compensate  the  recesdon  of  the  motion 
of  the  arm,  a  b,  through  its  bdng  lengthened. 
It  is4ue  to  our  artists  to  state  that  the  expected 
efibct  is  here  also  to  a  considerable  extent  real* 
ized :  but,  the  delicacy  of  the  mechanism,  should, 
if  rightly  estimated,  render  it  in  no  wiae  wonder- 
ful that  conq)entation  is  still  the  weak  and  fallible 
part  of  duottometers.    Besides,  the  subject  is  of 
importance  too  profound,  to  permit  that  the  inade- 
quacy of  prevalent  methods  be  disguised.     Tha 
emulation  excited  by  the  annual  ti^ds,  and  tha 
publication  of  their  results  by  the  Observatory  of 
Greenwich,  has  indeed  succeeded  in  prodacii^ 
very  lavge  ameliorations;  and,  doubtless,  whea 
the  highest  care  and  skill  are  expended  on  theoi, 
instruments  are  constructed  very  nearly  insenrfbla 
to  variations  of  temperature.    But,  unhappQy,  it 
is  quite  otherwise  with  the  timepieces  gsDenily 
employed  in  our  merchant  service.    The  fttctm 
rscently  brought  to  light  by  Mr.  Hartoup  of 
Liverpool,  surprise  no  one  at  aU  conversant  with 
the  actual  state  of  these  instruments.    Five  per 
cent,  of  them  may  very  safely  be  pronounoed 
utterly  worthless  —  their  rates   Tar>*ing    with 
changes  of  temperature,  so  irregularly,  that  no 
eorrec^ton,  in  the  ordinary  sense  of  the  term,  can 
be  applied  to  them — the  variations  in  qaestion 
having  no  apparent  law.    But,  even  excluding 
these,  it  is  the  rarest  thing  possible  to  meet  with 
an  approximately  good  compensation.   Geoerally 
speaking,  for  a  diange  of  temperature,  frona  40^ 
to  60**,  the  mean  average  change  of  rate  is  Severn 
seconds  a-day :  so  that,  however  scrupulously  his 
chronometer  has  been  rated  in  haiixNir,  a  captain 
sailing   firom    northern    to  southerly  latitodea 
would,  in  eighteen  days,  mistake  his  reckoning 
of  Greenwich  time  by  nearly  two  minuies.     For- 
tunately, the  larger  number  of  these  instmmenta 
resume  their  old  rate  when  the  former  tempera- 
ture returns,  so  that  thor  rate  of  variation  is 
comparatively  regular,  and  therefore  ca!oiiIabk. 
Nevertheless,  each  chronometer  has  its  own  spe- 
eidl  rate  <if  variaUom,    It  is  incombenti  thera- 
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ftn^  OB  er«T  owner  or  iiMster  of  A'ahipi  to  trust 
mttkoB^  in  cxbting  drcamstanoes*  to  a  mere  har- 
Int  nte,    BeSon  kaviDg  port  the  chronometer 
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it  is  dear  that  if  the  phenomenon  be  hMtantcmeoim 
its  image  will  appear  as  a  mere  point  of  the  circleb 
and  will  have  no  shape.     If,  on  the  contrary, 


ihoaid  be  tried  voder  tke  wfiueaot  of  diffatni  <  the  phenomenon  haevezROppreciahU  duration,  the 

image  of  it  will  stretch  ont  and  form  an  arc  of 
the  cirde,  greater  or  less  in  proportion  to  that 
duration ;  and  the  size  of  the  arc  will  consti- 
tute a  measure  of  that  duration.  An  dectric 
spark  viewed  in  this  way  shows  no  dongation, 
so  that  we  cannot  attach  to  it  any  duration. 
The  discontinuity  of  certain  famea  and  other 
luminous  streaks,  have,  in  this  same  way,  been 
rendered  mauifest  to  the  eye.  See  Vuxon,  Light, 
Yklocitt  of,  &c 

Cincnatica.  The  sdence  which  treats  of 
motions,  without  concerning  itself,  as  Mechanics 
do,  with  their  cause,  and  the  physical  idea* 
that  are  thus  introduced.  Suppose,  fur  instance, 
that  a  given  body  moves  with  a  certain  rotatory 
and  a  certain  advancing  motion,  it  is  the  province 
of  dnematacs  to  trace  out  the  complete  path 
which  vwy  individual  particle  of  the  body  will 
describe.  The  vdodty  of  motion,  and  the  forces 
causing  it,  may  be  of  any  magnitude  whatever. 
Cinematics  treats  the  problem  quite  indepen- 
dently. Cinematics  forms,  properly,  an  intro- 
duction to  mechanics,  as  involving  the  mathe- 
matical prindples  which  are  to  be  applied  to  its 
data  of  forces.  The  distinction  is  very  usefid, 
but  it  has  not,  until  recently,  been  dearly  brought 
forward.  M.  Laboulaye  (1849)  has  pubUshed 
the  first  treatise  <ni  the  subject- 
Circle.  A  eurvilineal  figure,  whose  defini- 
tion 18,  that  every  point  in  tibe  curve,  or,  as  the 
curve  is  termed  in  this  case,  in  the  drcttm/erenos, 
is  at  the  same  distance  from  a  fixed  point  named 
the  ctntre.  The  properties  of  the  circus  are  well 
known,  and  are  investigated  in  every  treatise  on 
Geometry.  Speaking  more  generally,  a  drde 
is  a  curve  of  the  tecond  ordtr^  belonging  to  the 
class  of  the  Ccnic  Sedioru, 

Circle,  A  itronomiccU  or  Bphmcat  A  mathe- 
matical drde  passbg  round  the  Heavens  or 
some  part  in  them.  If  the  drde  shall  bisect  the 
celestial  sphere,  it  is  called  a  Great  Circle  of  the 
Sphere :  such  are  the  Equator,  the  Ecliptic,  the 
Cirdes  of  Right  Ascension,  &c,  &c.  It  it  does 
not  bisect  the  Sphere,  it  is  called  a  Small  Cirelt 
of  the  Sphere :  sudi  aie  all  Cirdes  of  Dedina- 
tion  (excluding  the  Equator),  the  Arctic  and 
Antaictic  Cirdes,  &c.,  &c.  The  relations  of  three 
intersecting  Great  Cirdes  of  the  Sphere  consti- 
tute the  subject  of  Spbbrical  Trigonometry. 
Circle,  in  InstrtunmUdor  PracticnlAttronomyy 
signifies  a  Cireular  Inttrvmeiat  employed  in  the 
measurement  of  Angles:  beyond  question  the 
instrument  on  the  construction  of  which  Mecha^ 
nical  Art  has  lavished  its  choicest  efibrts.  We 
shall  purposely  describe  this  most  important 
Element  in  an  Observatory  at  considerable  length ; 
giving  our  reader  notice  that  the  prindples  now 
explained  shall  be  accounted  as  understood  by 
him,  in   all  reference  to  smaller   instrumenta 


and  the  Act  ascertained  toheih€r  its 
rate  of  9&riatiom  Mas  a  low  or  not?  If  it  has 
Ml,  the  iostnment  is  oseksa ;  if  it  has,  the 
■sMcr  oogfat  to  be  in  possession  of  that  law,  or 
of  tabks,  tlttt  win  enable  him  to  correct  for  tem- 
pcntara  The  kes  of  ahipe  appears  insuffident 
t»  ftnon  tiM  sopinenees  of  the  merchant  service, 
ki  dtti  Tsy  simple  bat  veiy  important  matter ; 
ad  it  mnld  seem  the  duty  of  government  to 
attention  to  it.  Nor  is  the  precaution 
berond  readi  of  any  of  our  large 
Pobfie  obsenratories  are  now  less  un- 
i;  and  the  object  sooght  for  might  always 
be  ebtaiaed  there.  A  mechanical  remedy  will 
doBbtloB  gradually  arrive,  through  still  more 
fapiofed  Bodei  of  oompenaation. 

(S.)  The  Chbosogbaph.     An  astronomical 

Osek  kaci  aeoonA.    But  between  one  second 

ad  sasther  some  phenomenon  may  occur,  and 

te  etarrer  leqoires  to  determine  the  fraction  of 

tks  mntA  at  whkh  it  did  occur.    Hitherto  he 

lasdoK  tUs  by  ettmadom.    But,  by  an  appli- 

QBliaa  sBirthing  akin  to  the  deetiic  telegraph, 

aaediod ii  pnmised  bv  whidi  a  second  of  time 

■■r  bssBbdiTided  medianically  mto  hundredth 

psiti,  with  afaneat  pcrftct  aocoracy.    Suppose  a 

cjfiete  toning  on  its  axia,  and  so  governed  in 

famttka  by  the  machinery  of  the  Clock,  that 

ft  «iD  idt  qC;  or  deliver,  any  an  indi  length  of  a 

dpef  p^CT  IB  one  second  of  time ;  the  observer 

■sy,  ly  a  toodk  of  his  finger,  cause  a  mark  to 

W  rmpnmtd  on  that  inch  of  paper  at  the  very 

■ont  of  the  occuneuce  of  the  phenomenon,  and 

the  paadoa  of  that  mark  wOl  indicate  the  exact 

failmt  of  the  occuneuce.     An  apparatua  of  this 

^  ^  BOW  bees  conatmcted  at  Greenwidi. 

^  Airy  hat  given  a  very  detailed  account 

^  th  one  of  his  recent  annual  reports.     It 

^■>  wipliested,   bat    tlie    ingenuity    dis- 

IjyJ  duoqghoot,  b  worthy  of  the  mechanical 

^■s  of  tho  Astrooomer  RoyaL     It  answers 

f^fatlj,  aad  will  ioangnrato  a  new  era  in 

as  Car  ae  tbe  element  of  time  is 


One  of  the  very  ingenious 
of  the  fertile  Mr.  Wheatstone.  It  is 
fiianded  on  the  fact  that  luminous 
on  the  eye  persitt  tor  a  certain  time, 
^  fter  tiie  actual  sensation  is  gone ;  and 
y  *^  the  diseoverer,  desires  to  prove  the 
^^^BMunets  of  certain  luminous  phenome- 
JJ*Aai  the  dectric  spark,  or  to  measurs 
■*  ^mim^  however  brief  that  may  be.  One 
■■^  «C8Btcd  by  Ur,  Wheatstone  is  this  :— 
P^gfcwwienon  is  observed  by  reflexion  in  a 
^B^ta  which  a  rapid  motion  is  communicated — 
•  mtAm  of  audi  a  nature,  that  supposing  the 
otgcct  permemenL  its  image  would  ap- 
'totecdbe  a  great  cirde.  This  accomplished. 
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out 

B  dllitr  ptrtUdly  «r  atiiHj  to  tba  Cb- 

enur  Ctu>.  It  wen  nnlcn  to  occupy  tinw  Id 
cxpUning  how  the  uigis  betwwn  dUUot  ob- 
j«(Ai  may  be  mcaiuml  by  help  of  gndiuttai  dr~ 
eolar  tna;  neither  ihall  m  rda  to  ths  time 
nbeatigiU,  and  not  tekicopu,  im*  the  goida 
oftha  obaarvir,  hi  hi*  wdoToon  to  fix  tbs  di- 
ncUoQ  of  uiy  Gtlestiol  or  nmotc  body.  Preriooa 
(0  UwappUutiiMi  ^ihcM  optical  pomn,  by  wboM 
tidwe  DOW  mignify  apaaco  dibar  diatantor  naar, 
tha  obaarvareoold  inaka  Doezactdatamiiiiation  mi- 
Iiaa  by  dd  of  ui  appantu  of  tuge  aii^  and  pro- 
portknally  oDiDaiuisMbla.  Donbllaaa,  tb«  illot- 
tiloiiaTyefaa,  whobai  laft  na  Ibe  |dctiii«Df  Ua 
great  Qoadnnt,  occupying  Iha  rids  i^  a  Aoait, 
wodIlI  hare  rejected  it  aa  a  bbh,  thai  poaterity, 
by  nsa  of  a  ciixle,  eaally  eairiad  in  a  bi^'a  luud, 
would  bo  ablo  to  delect  far  amaller  ^ng^1^^^  quan- 
tmea  than  were  percepUbla  to  Ilia  whole  appara- 
tua  of  Urauiburg  1  Even  after  the  application  of 
the  Telescope,  anglea  eonllnned  to  ba  meuored 
by  the  AatnmomeT  as  wall  aa  the  otdioaiy  Sui~ 
vejor,  by  QiudrmiU ;  a  daa*  of  InatnuDenta  of 
which  wa  give  a  inda  mpieaantatlon  In  the 
^n.    Hio  mode  of  applying  a  quadrant  of  thli 
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,  of  tha  limb  is?  No  pste- 
tioD  of  mere  medianlcal  woifc  oould  aeeute  (itha 
of  tbeea  reqaiutea;  »  (hat  the  artist  aimed, 
througfa  a  duaige  affirm  of  the  ^iparatoi,  to 
Inanie  that  anch  error — appanatly  nnaTOidaUe — 
ahoold  be  caw^tmiated/or.  And  be  aeoonipliibed 
thii,  by  continuing  the  quadnmt  both  way^  ssd 
Gt^Torting  the  apparatus  into  a  ctrc&>  Tba 
nader  wifi  now  pennit  hii  tbonghta  to  mt  «■ 
tnch an  InitnuMDt  u  below:— 


Fin. 

rt  will  bo  auffideutly  obvioua  en  wmry  lupee- 
•a  of  Ute  diagram.  It  ii  of  mora  ioipiwtaiica 
at  tba  nader  apptcbcod  wb  j  tbo  oia  of  the 
ire  jHoAr/mt  wai  aban&ned,  and  leconne  had 
~  ''nctrc&igradwteddlroandtbejrilm.    It 


lie  TeleacDpe  tunA  w  who  oould  anawa  fo 


Imaging  iac  aaka  of  ^stineluaa,  &$i  tlu  ffi- 
<ri«>oa  of  the  inatnuDent  can  be  read  at  tba  two 
eodi  of  the  Telescope,  which  may  be  lopiiEaed 
nrareabla  aioniMl  ita  irivot  If  tbe  {dnt  ti«  not 
a  perftet  tyUntet,  ta  if  there  exIM  as  srw  et 
aOHWrioly,  ita  efltet  will  lin  tnjnll  ihn  lii1iaiiii|ii 
ai  it  morea,  frotn  the  centre  of  tha  ciicle.  Bat 
it  ia  plain  that  aa  tha  Jolt,  in  whatevs  dindioa, 
win  Jnat  bring  one  end  of  (be  teleaoope  aa  mock 
nearer  (he  lim  of  dlviaiau  aa  it  removes  tlie  other 
from  It,  the  mtntge  or  mem  of  the  fi«  e^odlt 
nadingmWL,  In  eflbct,  Dmeepood  uilA  Uit  om 
Ttadwg,  fu  it  Aoidd  it,  mm  ecctmlnd/j  talL 
Nn  does  it  require  that  these  nsdingt  be  made 
at  Uia  ends  of  tbe  teleacope ;  they  aimply  raqaii* 
to  be  made  at  the  two  enda  of  a  diameter.  In 
drdea  of  Ihig  sort,  the  teleacope  b  not  detKbed, 
"^  -  cUmped  to  the  inatrnment.    The  tnstimnent 

IS  round  «  nuiiit,  and  tha  readhig  b  eSectcd 
one  of  which  Is  repreaented 
■lane  pillar.  Two  such  niicn*- 
mct  fbr  eccaotridty.  And  aiqh- 
ided  line  not  quite  dicnlar,  t&a 
other  great  aonrce  of  enor  aboia  spedfled ;  lup- 
podng  It  dBplieat  mora  or  leas,— the  reader  will 
dlsoam  wilhont  difficulty,  if  be  takea  the  tzDobla 
to  draw  an  elUpa^  and  suppcaa  its  drtumfaniua 


li  mj  iBght  aad  miaTiddabla  cllipiidtr.  It 
kabin  tbm  tkroorita  pUn  </  HUM  utiats  to 
■lift  imr,  lif^ ;  aod  time,  sx  mding  pMOU 
tt  |M(  I  ill  ha  Tb>  gTHmd  c4  all  compensitiaD, 
la  *— pJ-^-*-^  aboTQ.  Ramaden  was  the 
"'     "  pnlMnd  tbe  t»1b«  of  cir- 

I  two  ot  hii  chief  ono, 
d  Dublin,  iMva  bat  little  to 
iflcatknu  have  been 
B  his  time,  ■■  win  be  Mca  bdow. — 
K  «•  h«*«  ftuihw  10  aay  will  b«  done  beat, 
t  aqiMata  Aam  iaatrnniaiti  into  ctuKi^ 
L)  Tit  Mmol  (%vfe.— ne  Uonl  Ci^d^  the 
sin  akUciouMit  of  Iba  lau  Trongfaton.  ii 
■HaAid  ■  iu  ^"Mtip  ttUitna  Id  tbe  woodcat 
The  Tdeacope  and  Cii^ 
a  daaelir  attaehed,  and  thej  more  roond  to- 
r  «■  IB  azia  Hnk  deep  into  the  acJid  wall 
kon  beatfa^Iia.     Tbe  diviuon  of  the  drcU 
Ab  aide  <w  (dp  of  tba  limb  of  tbe 
^  BMiBhalke;  n  that  th« 
afnadbg  ia  « tbe  amiexed  wood- 
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to  determine  tbe  declinations  at  lenitli  dbtancet 
of  stars.  It  cannot,  with  tequisile  accuracy,  glv* 
their  right  ascensions;  on  which  account  il  is 
rapidly  giiing  traj,  after  tiaving  done  much  ex- 
ceileaC  worit,  to  Itiat  other  atructurs  which  wa 
aluU  next  bricH;  deacriba. 

{i.)  The  Trmul  Oc^— Unta  qntCe  recently, 
it  was  neoeaaary  to  the  tiglit  nae  of  a  Trihsti 
iKaTBUUEXT  (j.D.),  that  it  be  fever^bls ;  in  other 
words,  that  the  east  end  of  Its  aiis  be  Inraed  to 
the  west,  and  nee  eeria,'  and  it  ia  still  ot  im- 
pDrtanca  that  inch  reversal  Iw  easily  accom^ 
plished.  Kamsden's  circles  -wen  revenible,  turn- 
ing round  on  two  pivota  in  tlie  aenith  and  nadir; 
instead  of  tieiag  fixed  to  a  wail  like  Trough- 
ton's;  nevertlieioas,  what  lliey  gained  by  their 
idaptibility  to  the  oSce  of  Transit  Initrumenl^ 
they  ioat  through  the  absence  of  permanent  Hitur* 
in  lAe  if eni ion.  The  desideratum  waa  supplied  by 
Beidientiach  of  Munich.  The  inilruments  con- 
■tmcted  by  lilm  are  asStled  to  giro  correct  frauifr 


■>  ■•■iB?  ft«n  flra  to  rix  &M  in 
^RBMv.  Tb*  ma  fa)  tlH  obaarrMory 
■  CBferidBeeutadi  tbaaa  dlmenalaa*. 
T^mt  mamt  to  be  lo  placed  tbat 


aaoBAaad  ta^ba  nf  lecsada  of  qiace 
t>  ittttri  hj  Um  Buduo  Uicao- 
nt«  (fit.)    Tbi  manl  ciRle  taa»-   - 
■Iflj  afyaatwjght;  bqt  to  pn- 
^mOmtHi^bim  bsviog  loo  hard  on  t)w 
^*>>  •  TMiB  li  coonta-balaocca  was  pnt  tn 
r%.  wheat  MBdm  trOI  annar  mora  dtotioctly 
klktaa*  ci*B  ct  (he  Transit  Ciitlet    Thia 
It  baa  (ml^oaetaactloniTii-, 


Fit.*. 
ixrigU  aseeatioaa,  as  (&cI«a(fMf ;  and  the  fbim 
he  adopted,  improred  at  Munich  by  hli  aaceesscm 
Ertd  t,  Son,  and  by  Repahold  of  Hambnigfa,  is 
rapidly  beooming  the  tiormal  one.  The  reader 
will  readOj  onderstand  (ha  conttntctkin  of  iha 
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Tnnrit  Qrcle  on  cicRtnlnuig  the  two  mbjoTned 
lepreaenUtions  of  tlis  one  placed  by  Eitd  &  Son 
tn  tlM  Otaemtory  of  Glmgow.  Tha  firrt  view 
of  Uili  instniment  Is  abiiDtons; — ehorring  the 
tdeacope  (no  pravioui  page)  -with  all  Out 
■ttiibatca  of  *  Trtuult  loitniiiisnt,  placed  on 
two  muiTe  ptsn.  When  needtUl,  thto  gmt 
telescope  cu  ba  nventd  iritl)  litUe  trouble  b? 
■id  bf  a  lubrfdivy  apparatiia,  Tepresoited  in  Iho 
cat,  onder  artido  Collimatobb.  By  the  Co!- 
limaton,  then  deiorllKd,  the  erroi  of  the  tela- 
Bcope'e  cotllmatiaD,  M  well  as  ita  gteadfaalness 
in  the  meridiiD,  on  at  all  tlma  be  dicectlj  de- 
(ennbied.  Altadhedflnnlf totheendaoftlieaxia 
of  tiia  trannt  teleaoope,  an  two  perfectly  timilar 
drcka  of  three  Fraidi  feet  in  dlimalar.  One  of 
these  Is  meant  to  read  minutes  of  space  by  aid  of 
•  wnier;  Its  dlvldona  an  in  lilTar,  and  io  iU 
rim  the  clainp  Is  attached.  The  other  drda  is 
ptrfatiyfrte ;  it  Is  divided  on  ■  thin  line  of  gold 
embedded  withhi  the  metal  of  the  rim,  to  tteo 
taemJi  oftfaat,  and  to  this  Une,  four  reading 
microecopes,  capable  of  reaching  faiCts  liftearndt, 
•n  >[flied.  The  gteat  mechanical  fault  of  the 
conMnetbo,  aa  now  ezphUned,  ia  the  place  to 
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clamp  rt  a  heavy  inUnnnent  eo^t  naw  to  ha 
applied  Co  the  circnmferatoe  of  a  compantiniy 
slight  orcls.  One  chancteristic  of  thoe  fbragD 
inKmments  is,  the  laode  <if,fiiiag  tie  naJiig 
tucTOtayit*.  In  the  murii  drda  tbeat  vera 
attached  to  the  irall )  not  so  with  Btxbahaeb, 
Erld,  or  BqnboM.  The  fiRtgoing  aide  pictora 
of  the  Glasgov  Transit  Ciids  may  render  As 
crastnctjoa  sofGcioitly  plain.  Tha  view  pre- 
sented is  that  of  the  ode  of  the  Tmirit  Ciids 
on  trbicb  the  fine  divirions  lie.  Hw  inspecdoD 
of  (bene,  and  of  their  subdivisioDB,  is  acooai- 
pllshod  by  fbor  mlerosGopes  fixed  ia  Uie  drcoi- 
(^iHice  of  a  smaDtr  drde,  repreaental  in  the  est, 
■nd  named  the  Alidade.  The  axis  of  tlu  tnnsa 
tdescope  panes  thnagfa  the  axis  of  Iha  aMada ; 
in  bet,  tlie  iatls  coincidca  with  the  Ibnner.  It 
may  seem  that  hmatullt}'  is  thus  neoeeaarar 
communicated  to  the  poeitiona  of  the  reading 
muToacopea,  -which  annredty  onght  Id  be  abso- 
htaly  fixed.  The  alidads,  of  coniw,  doea  not 
torn  with  the  tdescope  and  its  attached  citelo : 
altbou^  its  fixity  may  be  diatarbed  by  eSbet  at 
the  eccenlridty  of  the  axis  of  the  teleacofia 
which  is  revolving  vithin  it  Two  dbcta  may 
be  impressed  on  the  alidade  by  this  ecceoDrieilj. 
It  may,  nolHithsundlng  its  clamp,  be  tatned 
slightly  ronnd,  or  it  may  be  sutjected  to  a  men 
jolting  motion,  ap  and  down  or  sideways.  The 
latter  is  of  coarse  conected  by  the  readingg  of  the 
opposite  miooecopes ;  and  the  (bttner  ia  coerected 
for.  Id  every  individml  observation,  by  obserra- 
tion  o(  ■  level  attached  to  tha  alidade,  which  in- 
dicates and  measures  the  mlnalesC  anioont  of 
displaoemeot  in  rolalim.  The  peculiarity  of  thli 
appaiently  nnatable  mode  of  fixing  the  reading 
mlCToecopea  is  this: — They  ttmict  ticaige  dan* 
plact  tnA(M  Ummg  a  rteord  of  that  obta^e  oa 
tkc  Iseet  Wa  deem  it  pnl^Ue  to  their  eatnb- 
Sshmeat  on  atone  jriDaTa,  Ibi  the  same  leawms  that 
In  the  Barometer,  a  scale  with  known,  althongll 
wnuble  rata  of  variatioD,  is  acconnted  better 
than  one  whose  rate  of  variation  is  not  known, 
and  is  defltule  although  inconsider^iie.  There  is 
no  defect  in  the  Ihtory  at  these  continental  inMro- 
meats.  They  are  quite  efl^tive  to  Culfll  their 
promise  of  enabling  ona  oiMmr  to  lake  at  once 
(he  two  co-ordinates  of  a  star.  The  points 
in  which  they  seem  to  &il — if  any  ftiluie  may 
Jnatly  be  attached  to  them— Is  •(aUtiiy.  Tha 
reproach  of  compantiTe  fragility,  or  inststulily, 
baa  been  fincjoently  uiged  against  continental 
wofiishopB,  aa  to  all  optical  instruments.  It  b 
pleasant,  therefore,  to  have  to  record,  that  tha 
UA  at  i«-consIrncting  a  frmnr  ofcU,  hu  bnn 
not  only  nndertilien  but  accompliabed  by  the 
present  eininoit  Astronomer- Royal,  Mr.  Airy. 
In  complement  of  his  unparallded  servics:i  to 
our  great  National  Observatory,  ha  hai  acfaisrrd 
the  enctioD  of  ■  Tnnsic  CiicJe,  connhdaling 
the  bait  concepticui  of  Reicbenbach,  Eriel,  and 
liepahold ;  and  supundding  a  det^™  of  Mmutrtt 
neither   coninnpUted   nor   attidned   bj  thtee 
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Avtiria.  llr.  Airj**  original  ooncep- 
(«SBd  hy  his  peenUar  d^ftumkai  genius) 
\  wm  this :— To  demand  finon  Enginaan,  on  belialf 
cf  AMiuaomical  lutnunanta,  tliat  asaunmoe  at 
makSUy  m  waQ  aa  aeevmcjr,  which  tlieyao  readily 
^  ■Vfil?'  tlsfhini-  Tha  Aatroaomcr-Royal  must 
k  aneoRd.  Hia  new  Transit  Circle  haa  reir  ob- 
t  visna  adcantagasL  Tlie  aidea  are  closer  to  the 
of  the  TdeNope;  and  there  is  no  such 
IS  tsbtufHMg  at  any  drcnrofcicnce. 
Tha  facgoBBg  brief  acconnt  of  CircoUr  Insfm- 

.  lained.    llie  reader 
a|ipiy  to  laiger  tnatisea.    Bnt  one  point 
To  read  gradoation  aright 
point  of  the  order  of  dflgraea» 
mm^  be  ived.    The  pointa  naoally  endeavoured 
tobeixei,  am  the  iortsonlal  or  the  senAA  points, 
point  ia  detenninable  in  two  ways, 
star  is  observed  first  directly, 
\  aad  aacaadlT,  by  ita  image  reflected  in  a  basin  of 

■anenny ;  the  Una  between,  moat  be  the  horizon- 
tal fine;«-«  mode  of  determining  the  line  or 

if  not  imivcrsal,  in  good 
«Bta  raecotly.    SMmiiy;  take  a 
CWZraMfor,  or  a  tdewope  wImm  hori- 
be  aasnrai  by  a  kwd^  and  placed  aa 
in  the  poaition  of  the  snb- 
in  est  under  article  Colu- 
point  may  be  deter- 
mined thna,  with  all 
accuraQT  attributable 
to  the  kvti    But  a 
more  accurate   pro- 
ceaa  baa  superseded 
these ;  the  process  of 
obaenring  die  iiadir 
poimtf  or  the  point  of 
180®.   Aafotheanb- 
joined  woodcut,  the 
teleacopc  ia  so  placed 
over  a  trough  of  mer- 
cury,  that  t>y  aid  of 
a  peculiar  eye-piece, 
the  obeervercan  dis- 
cern   at    once    the 
threads  of  the  eye- 
diineClT,  and  the  reflection  or  fanage  thrown 
'tlm  mercurial  leveL    Wben  theae 
bcbw  the  ere,  with  the  actual  system 
a  thicndB,  the  Telescope  must  ^oiat  to 


{^tk  JtepeaHMff,^1%  waa  at  one  tfane 

that  to  obviate  erron  of 

angle  ahoaU  be -measured  on  dif- 

of  Che  divided  circle ;  and  mechanical 

provided  for  e(Rcting  this.    Cirdea 

were  named  Reptatmg  Cirda;  bnt 

rfocoNspamtsve  dianse. 

— A  very   unportant 

8ee  SRXTAirr. 

iimomerable  other  forma  of 

Crrat  CMei^  Unhenal 

&€:{  &C.,  but  the 
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principles  on  which  these  may  all  be  judged,  have 
either  been  escplained  or  referred  to ;  and  we  can 
attempt  nothing  more  in  this  Dictionaiy. 

See  Division,  Transtt  iNsrrRUMKXT,  Ksad- 
oio  MicROBOOPS,  Sbxtart,  Vbrkier,  &c 

CIrcnIar  Magnetic  P«lnvimil«n.      In 
the  year  1845,  Taraday  published  his  great  dis- 
covery of  the  action  of  magnetism  upon  light, 
and  opened  up  an  entirely  new  and  interesting 
branch  of  physical  science.    His  fundamental 
experiment  is  aa  follows: — A  ray  of  light  ia 
plane  polarized,  say  by  reflection  from  a  surface 
of  g^aas.    The  state  of  tha  ray  during  the  vaii- 
oua  conditions  of  the  experiment  is  tested  by  a 
Nicol's  prism.    In  the  course  of  the  polarized 
ray  is  placed  a  bar  of  ktavy  glass,  or  ailico-borete 
of  lead,  which  is  one  of  the  best  subetanoes  for 
exhibiting  the  phenomena.    The  Nicol's  prism 
shows,  that  the  state  of  the  light  is  not  essentially 
afl^cted  by  the  transmission  through  the  ^heavy 
ghuB.    The  ray  ia  still  polarized,  and  in  the 
same  plune  as  formeriy.    Bnt  a  very  diflerent 
result  is  obtained  in  these  drcnmstances,  by  the 
mere  introduction  of  powerful  magnetic  forces. 
In  the  naighbouihood  of  the  bar  of  glass,  two 
powerful   oppodte   electro-magnetic  poles   are 
placed  near  each  other,  and  in  audi  a  position 
that  the  direction  of  the  ray  through  the  glasa  is 
very  near  the  poles,  and  parallel  to  the  straight 
line  which  joins  them.    Snppoeing  now  that  the 
light  passes  through  the  bar  of  glass,  and  that 
the  poles  are  not  yet  magnetized  by  the  electric 
current    Let  the  Kicors  prism  be  placed  in  the 
position  of  complete  extinction,  so  that  none  of 
the  light  is  transmitted*  through  it.    If,  in  these 
circnmstancea,  the  force  of  the  electro-magnet  be 
developed  by  the  passage  of  a  current  through 
its  coils,  the  light  immediately  reappears  through 
the  prism,  and  this  continues  as  long  as  the 
magnetic  arrangement  is  sustained,  and  no  longer. 
When  the  light  haa  reappeared  under  the  action 
of  the  magnet,  it  can  be  made  to  disappear  by 
turning  the   Kioors   prism  through  a  certain 
angle.  The  polarized  light  is  essentially  affected, 
therefore,  by  transmission  through  the  diamag' 
netk ;  and  the  aflection  is  found  to  be  identit^ 
with  that  which  we  have  described  in  Circular 
PoLARizATiozc,  cs  produccd  under  very  different 
conditions,   llie  light  is  still  plane  polarized,  but 
the  plane  of  polarization  has  deviated  through  a 
certain  angle  under  the  magnetic  action.     We 
may  now  give  a  brief  statement  of  the  known 
laws  of  this  action  of  magnetism  upon  light. 

We  may,  in  the  meantime,  regard  the  silicated 
borate  of  lead  as  the  transparent  medium  that 
manifests  the  action.  In  the  fundamental  expe- 
riment, aa  already  described,  the  force  employed 
was  the  electro-magnetic,  so  that  the  proper  force 
of  the  electric  current  waa  modified.  When  the 
iron  corea  were  withdrawn,  the  action  of  the 
current  was  still  sensible,  but  very  feeble,  show- 
ing that  the  introduction  of  the  magnetic  body 
increaaea  the  intensity  of  the  current's  action 
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npon  the  nty,  thoogfa  it  does  not  originato  the 
action.  Powerful  eflfeets  are  obtained  by  the 
employment  of  long  helices  without  magnetB,  the 
transparent  body  being  placed  within  &e  heUx, 
and  the  ray  being  transmitted  in  a  direction 
parallel  to  t^be  axis.  With  regard  to  the  dnec- 
taon  of  deviation  of  the  plane  of  polarization,  it 
is  connected  with  the  arrangement  of  the  electric 
or  magnetic  forces,  by  a  very  simple  law.  Tf  the 
ray  is  affected  by  the  simple  action  of  an  electro- 
hdix,  within  which  the  bar  of  heavy  glass  is 
placed,  the  ray  rotates  in  the  direction  of  the 
current  The  action  of  the  current,  is  to  draw 
the  plane  of  polarization  with  it,  round  the  ray. 
If  the  action  of  the  light  be  due  to  opposite  elec- 
tro^magnetic  poles,  we  have  only  to  oonodve  that 
the  heavy  glass  is  a  magnetic  body.  According , 
to  Ampere's  theory  of  magnetization,  the  surface 
of  the  heavy  glass  would  be  traversed,  on  this 
snppo^tion,  by  electric  currents  in  planes  perpen- 
dicular to  the  lines  of  magnetic  force.  A  plane 
polarized  ray,  transmitted  through  the  glass 
within  this  magkuuy  helix,  will  rotate,  as  in  the 
former  case,  in  the  direction  of  the  current.    If 


CIB 

the  direction  Is  adverse.  The  amount  of  rotafSon 
of  the  ray,  depends  upon  several  dements.  It 
depends,  as  we  have  seen,  upon  the  nature  of  tlia 
transparent  diamagnetic  medium  employed;  U 
depends  also  on  the  quantity  of  the  medium  em- 
ployed, or  rather  upon  the  ray-length  in  the 
medium,  vaiying  directly  as  this  length,  if  other 
things  are  equal ;  it  dq)ends  also  upon  the  iaten> 
sity  of  the  electio-magnetic  force,  yaxying  ap- 
proximately, according  to  Faraday*s  statenie&tf 
in  the  direct  ratio  of  the  intensity  of  tlie  cuncot. 
We  leain,  from  the  experiments  of  Beitln,  tbmt 
the  amount  of  rotatioa.  of  the  ray  is  connected  by 
a  very  shnple  law  with  the  distance  of  the  dia- 
magnetic from  the  magnetic  poles.  When  only 
one  magnetic  pole  Is  employed  as  the  drcnlaiijr 
pobiizing  agent,  the  an^e  of  rotation  of  the  ray 
appears  to  decrease  in  geometrical  progressioii,  if 
the  distance  of  the  diamagnetic  fiom  the  pelft 
increases  in  arithmetical  progression.  When  two 
helices  are  empbyed  with  opposite  poles  adjacent^ 
their  actions,  estimated  by  the  above  law,  are 
simply  superposed.  Two  magnetic  poles  could 
not  be  expected  to  act  in  this  way  of  mere  super- 


the  electro^magnetic  poles  be  reversed,  the  direo-    position  of  separate  eflfects,  because  of  their  power- 


tlon  of  rotation  of  the  ray  wiU  therefore  be 
reversed.  It  was  stated,  in  the  description  of  the 
fhndamental  experiment,  that  the  dheotion  of 
the  ray  through  the  glass  was  parallel  to  the  line 
joining  the  poles.    This  condition  is  not  abso- 


lutely necessary,  but  it  is  most  favourable  to  the 
manifestation  of  the  desired  effect.  Understand- 
ing by  lines  of  magnetic  force,  those  lines  which 
are  usually  called  magnetic  curves,  and  which 
are  represented  in  experiment  by  the  arrange- 
ment of  iron  filings  in  the  field  oif  force,  we  ob- 
serve generally  that  the  rotation  of  a  polarized 
ray,  under  magnetic  action,  depends  essentially 
on  the  inclination  of  the  ray  to  the  lines  of  force 
In  the  transparent  medium.  If  the  ray  is  paral- 
lel to  the  lines  of  force,  the  effoct  is  a  maximum. 
As  the  ray  deviates  fh>m  this  direction  the  effect 
diminishes,  until  the  ray  is  perpendicular  to  the 
lines  of  force,  when  there  is  no  result  The 
peculiar  action  that  is  now  under  consideration 
has  been  manifested  by  every  transparent  medium 
examined,  except  the  gases  and  the  most  of  the 
crystals.  Faraday's  heavy  glass  appears  to  be 
the  best  medium  yet  discovered.  Pure  silicates 
of  lead  have  been  found,  indeed,  which  are  twice 
as  powerful,  but  they  have  the  disadvantage  of 
tarnishing  rapidly  in  air.  Every  liquid  that  has 
been  tried  manifests  the  action  to  some  extent 
Among  crystals,  fluor  spar,  rocJE  salt,  and  rock 
crystal,  appear  to  exert  a  feebly  sensible  action, 
but  the  crystals  as  a  class  give  no  result  Many 
of  these  transparent  media  possess  a  natural  rota- 
tory power.  In  the  case  of  such  bodies,  the 
magnetic  is  found  to  interfere  with  the  atomic 
action,  only  in  the  way  of  simple  super-position 
of  effects,  increasing  the  ultimate  rotation  of  the 
ray  when  the  direcUon  of  the  current  is  fisvour- 
ahle^  and  diminishing  it  in  the  same  degree  when 
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fill  inductive  action  upon  each  other.  The 
magnetic  rotatory  power  appears,  9B  already 
stated,  to  be  a  specific  property  of  bodies.  It  b 
worthy  of  notice  that  this  power  depends,  not 
ooly  on  the  chemical  and  physical  nature  of  the 
body  itself^  but  upon  the  variable  cireumstanoea 
of  pressure  and  temperaturei  Matteuoci  made 
the  interesting  diioovery  that  a  diamagnetic^ 
submitted  to  pressure  in  a  direction  peq)endicu]ar 
to  the  ray,  has  its  rotatory  power  modified,  and 
this  to  sndi  an  extent — for  example  in  ctown 
glass — ^that  the  rotation  of  the  ray  under  magDede 
action  may  be  entirely  prevented.  He  discovered 
also.  In  heavy  glass  and  flint  glass,  an  increas* 
of  rotatory  power  by  an  elevation  of  temperature. 
With  the  same  electro-magnetic  fbroes,  he  feund 
his  specimen  of  heavy  glasa  twice  as  powerful  at 
the  temperature  of  bdling  oU  as  at  common  tem- 
peratures. Such  are  some  of  the  more  important 
foots  which  have  been  discovered  in  regard  to  the 
relations  of  magnetism  and  light  We  shall  only 
notice,  in  conclusion,  an  essential  distinction  b»> 
tween  the  Atomic  and  the  Magnetic  diculariy 
polarizing  actions — a  distinction  that  may  hav* 
occurred  to  the  reader  already.  The  former 
action  does  not  depend  upon  the  direction  of  tlm 
ray  through  the  medium;  it  afiects  the  ray  with 
the  same  screw-motion,  and  to  the  same  extent, 
for  an  directions,  if  the  ray-length  in  the  medima 
be  constant  The  latter  action  afi^  the  ray 
most  powerfully  when  passmg  through  the 
medium  in  a  particular  direction,  and  not  at  all 
when  in  a  perpendicular  duection ;  and,  for  op- 
poeite  directions  of  the  ray,  it  does  not  afiteet  tha 
ray  with  the  same  screw-motion,  but  with  the 
same  absolute  rotation.  Hence,  for  example,  If 
a  ray  be  transmitted  through  a  drculariy  polar- 
izing mediumi  and  be  retransmitted  by  zeflecttoa 


GIB 

af  the  pwteuot  MnfiMe,  it  will  emetic  In  its 
€Kl^amk  ilate,  or  wiidi  a  doable  devUtioD,  aooord- 
i^g*  as  tha  cirenlAily  polariadng  action  is  Atomic 
On  the  tfaeoTj  of  the  Magnetic 
LfiCkB  little  am  be  said.  It  is  next 
that  the  action  is  due  to  a  pecnliar 
of  the  molecules  of  the  diamagoetic, 
the  aatara  of  this  anangement  is  quite  nn- 
Faradaj  has  stiggnted  a  state  of  ten- 
BT  a  tatdemfj  to  currentM,  in  the  diamag- 
aa  the  pfoximate  caose  of  the  pheoomena. 
hisioiy  of  a  great  diseoveiy  most  be  inter> 
^  cases,  but  mors  espedallv  sow  if  the 
which  led  to  it  were  foonded  «pon  a 
waSkf  pfaOosopfaieal  and  Jadidoas  expectation. 
Ib  &b  Tiew  Fanday's  discovery  claims  dooble 
He-informs  as  that  he  had  long 
in  common  with  many  other 
fihiViBnyhew,  that  the  Faiioos  forms  nndtf  which 
of  matter  are  made  manifest  have  a 
ongin,  and  are  in  a  manner  convertible 
This  penoasion  extended  to  the 
of  light,  and  led  to  nuny  laborious  bat 
having  for  their  effect  the 
of  theieiatiQna  between  eleetxidty  and 
SBM  of  these  iavestigalions  appear  in 
Oa  F%Am^hiad  yVaasacfiot  ae  eariy  as  1834. 

of  these  lesearches  could  not  re- 

asion  referred  to^ 

the  inqoiry  '*ia  a  most 

fenner,**  and,  aiter  many 

at  last,  as  we  have 

hope,  after  this,  that  the  general 

I  whidi  he  rested,  in  regard  to  the 

among  the  various  natural 

ly  yet  lead  philosophers  to  make  similar 

in  othiT  dixeetioaei  and  with  ■»w»n^ii  ^ 

'IfMMhfSBi  In  arithmetic,  nnmbers, 
powcn  sod  in  the  same  figains  as  they 
dok    Ihns,  any  number  ending  in  0, 
a  areolar  nnmbcr. 

•ritlght.    This 

that  is  full  of  mterest,  both  to  the 

and  the  theoretical  student  of  phy- 

The  fiKts  connected  with  it  con- 

I  important  part  of  our  present  knowledge 

;  mad  the  theory  of  these  facts,  which  is 

4ns  i»  this  ^nlus  of  Fresnel,  is  one  of  the  finest 

of  a  dear,  simple,  and  complete  expla- 

ef  a  varied  and  complex  dass  of  physical 

phmsmoDai     The  vary  difficulties  that  encom- 

ptm^mbjeet,  in  the  prasent  state  of  science, 

^n  m  irfr^s»g««»«>  tnterest  to  it :  we  refer  espe- 

caBy  to  the  rffffff*'*^**  connected  with  the  jro- 

Ae^  tftinmlmr  polaiizatioa. 

UA  mmr  ha  dxcahaly  pobrized  by  a  very 

-  fjninrTV  Bhomb,  as  it  is  com- 

^^___^  _  J  psraOelipiped  of  glass,  whose 

#b0  icAvcdTv  power  of  the  gbiss. 
u  -  k.^  ^  tAmoB  poUrixed  light  be  hiddent 
If  a  beam  ©r  ^^"^^  -'if  tha  Bhomb  perpendka- 


ni ^t$ot  tib0 
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larly,  so  as  to  emerge  at  the  opposite  btw  after 
two  internal  reflections,  the  result  is  found  to  de- 
pend essentially  upon  the  indination  of  the  plane 
of  primitive  polarization  to  the  plane  of  intemal 
reflection.  When  thk  angle  is  0^  thus  0°  or  90^, 
the  emergent  beam  is  plane  polarized,  as  was  the 
inddent;  when  the  angle  has  any  other  value,  the 
beam  is  dliptically  polarized ;  and  partkularly, 
when  the  angle  is  45^,  the  emergent  light  is 
found  to  have  undeiigone  that  peculiar  change 
which  is  called  Circular  Polarization.  Light,  in 
the  last  of  these  conditions,  has  peculiar  proper- 
ties.  First  of  all,  it  is  destitute  of  every  trace  of 
plane  pdarization.  When  subjected  to  the  action 
of  any  analyzer,  such  as  a  Nichors  Prism,  it 
conducts  itself  predaely  as  common  light  In 
this  respect  it  differs  most  eminentiy  Anom  plane 
p<darized  light,  whldi  is  extinguished  in  one  po- 
mtion  of  the  anal^'zer.  It  differs  also  fh>m  dlip- 
tically polarized  light,  the  latter  giving  a  beamn 
of  varying  intensity  for  the  different  positions  of 
the  analyzer,  though  never  extinguished.  The 
property  now  mentioned  might  lead  us  to  suppose 
that  the  action  of  the  Rhomb,  in  circular  polari- 
zation, is  simply  a  depolarizing  action,  which 
reduces  the  plane  polarized  beam  to  the  state  of 
common  light  We  observe,  therefore,  that  the 
properties  of  light  in  the  state  of  Circular  Polari- 
zation, distinguish  it  as  dearly  firom  common  as 
from  plane  polarized  light  One  instance  may 
be  given  in  proof  of  this.  If  two  beams,  one  of 
common  light  and  the  other  drcuhu-ly  polarized, 
be  subjeeted  to  the  action  of  a  Fresnd^s  Rhomb, 
the  results  are  different  in  the  two  cases.  In  the 
first  the  emeigent  beam  has  no  property,  as  fiur 
as  we  know,  distinguishing  it  fnm  the  inddent, 
or  from  common  light  in  general ;  in  the  other 
case,  when  the  inddent  beam  is  drcnlarly  polar- 
ized, the  emergent  is  plane  polarized.  The  state 
of  circular  polarization  is  therefore  different  finim 
that  of  common  light,  since  the  two  states  are 
difiiuentiy  modified  by  one  and  the  same  action. 
We  cannot  enter  into  the  details  of  this  subject, 
but  there  is  one  point  that  claims  our  special 
notice,  irom  the  importance  of  its  connections.  It 
has  been  already  stated  that  the  action  of  the 
Rhomb  upon  a  beam  of  plane  polarized  light  de- 
pends on  the  indination  of  the  plane  of  original 
polarization  to  that  of  internal  reflection.  Let  A 
denote  this  angle.  We  may  speak  of  all  its  possible 
values  as  comprehended  between  0  and  90^,  in- 
duding  values  properly  negative,  from  0  to  — 90°. 
If  A  has  any  other  value  than  0  or  90^  the  Ught 
is,  as  we  have  stated,  dliptically  polarized,  and  if 
Ass45°,  the  dliptic  polarization  becomes  drcu- 
lar.  Let  a  second  Rhomb  be  now  placed,  so  as 
to  recdve  the  beam  emergent  fh>m  the  first,  and 
let  its  podtion  be  dmilar  to  that  of  the  first; 
then  the  light  emergent  fh>m  the  second  will  be 
plane  polarized  in  every  case — that  is,  for  all  the 
values  of  the  angle  A ;  so  that,  by  two  iotemal 
reflections  under  proper  conditions,  we  convert  a 
plana  polarized  beam  into  one  dliptically  polar- 
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Ized ;  and,  br  two  additional  refledionii  in  tho 
same  plane,  we  reproduce  die  state  of  plane  po- 
larization.   The  finally  emer^i^t  light,  though 
plane  polarized,  is  not  in  precisely  the  same  con- 
dition as  the  original  beam.     The  planes   of 
polarization  of  the  two  beams  are  found  to  be 
different ;  they  are  inclined  equally  to  the  plane 
of  internal  reflection  npon  oftposite  sides  of  it ;  so 
that  their  mutual  inclination  is  2  A.    By  means 
of  four  internal  reflections  we  can,  therefore,  malce 
the  plane  of  polarization  deviate  through  any 
desiied  angle.    In  other  words,  a  plane  polarized 
ny  may  be  made,  by  such  means,  to  turn  through 
any  angle  round  its  own  axis.    Tn  connection 
with  the  preceding  statements,  we  have  now  to 
refer  to  a  very  remarkable  class  of  facts.    If  a 
homc^geneous  ray  of  plane  polarized  light   be 
transmitted  perpendicularly  through  a  plateof  rock 
crystal,  whose  faces  are  perpendicular  to  its  axis, 
the  ray  after  transmission  is  still  plane  polarized, 
but  the  plane  of  polarization  has  de\-iated  through 
a  certain   angle.    The   result  of  transmission 
through  the  rock  crystal  is  precisely  the  same  as 
that  of  four  internal  reflections  described  above. 
This  is  the  reason  why  the  peculiar  action  of  the 
rock  crystal  is  usually  described  in  connection 
with  the  sulject  of  Circular  Polarization.    The 
laws  of  this  action  are  simple,  though  the  nature 
of  it  is  not  known.    First,  with  regard  to  the 
direction  of  deviation.    We  may  speak  of  the 
ray  as  propagated  through  the  plate  with  a 
screw-motion;  it  is  made  to  revolve,  in  fact, 
round  its  own  axis  while  it  is  being  transmitted 
through  the  crystaL    In  every  particular  crystal 
of  quartz,  the  motion  of  the  polarized  ray  is  con- 
stantly that  of  a  right-handed  screw  or  of  a  left- 
handed,  whatever  be  the  position  of  the  original 
plane  of  polarization,  and  whatever  be  the  Cue  of 
the  pUte  upon  which  the  ray  is  incident    In 
some  specimens  of  rock  ci^'stal  the  rotation  is  to 
the  right,  in  others  to  the  left.    This  diflfisrenoe 
has  been  clearly  connected  by  Haiiy  with  a  dis- 
tinction in  crystalline  structure. 

With  regard,  again,  to  the  amount  of  the 
deviation,  this  depends  upon  the  wave-length  or 
the  refrangibility  of  the  homogeneous  light  trans- 
mitted, and  upon  the  thickness  of  the  plate.  The 
angle  of  deviation  varies  in  the  direct  proportion 
of  the  last  of  these  elements  for  all  plates  or  sets 
of  plates  derived  from  (he  same  crystal.  The 
most  refrangible  rays  are  deviated  to  the  greatest 
extent  in  every  case.  Ilius,  in  an  experiment  of 
Blot's,  the  deviations  produced  by  the  same  plate 
^  of  an  inch  in  tliickness,  were  44°  for  the  ex- 
treme violet  of  the  spectnim,  about  17^  for  the 
extreme  red,  and  intermediate  values  fur  the  rays 
of  intermediate  refhingibility.  When  a  beam  of 
white  light  has  been  plane  polarized,  and  trans- 
mitted through  a  plate  of  quartz,  the  variously 
refrani^ble  ra^'s  of  which  it  is  composed  rotate 
miequally,  as  the  last  statement  would  lead  us 
to  expect  In  such  a  case,  a  Nicol's  priitm  will 
not  extinguish  the  emergent  light  in  any  position, 
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but  will  give  onlniTred  images.    Quartz  b  the  only 
known  solid  that  exerts  tlie  circularly-polarizing 
influence  upon  light  transmitted  throngh  it  with- 
out internal  reflection.      But  there  are  many 
liquids  that  possess  this  property,  sudi  as  oil  oi 
turpentine,  oil  of  citron,  and  other  estsential  oila^ 
tartaric  acid,  syrup  of  sugar.    What  especially 
distinguishes  this  class  of  actions  from  that  of  rodk 
ciystal,  already  described,  is  the  constancy  of  ths 
results  for  all  directions  of  the  ray  throngh  the 
liquid.  The  rotation  of  the  plane  of  polarizatioa  is 
as  evident  in  the  case  of  liquids  as  with  a  plate 
of  quartz,  but  the  rotatory  power  of  liquids  ia 
much  more  feeble.     Thus,  concentrated  symp  of 
eugar,  the  strongest  of  liquids  in  this  icsped^ 
produces  a  deviation  only  ^  of  that  due  to  ft 
plate  of  quartz  of  thesame  thickness.   We  notice 
among  liquids  a  distinction  amilar  to  that  ob- 
served between  different  specimens  of  quarts,  in 
regard  to  the  direction  of  deviation, 
liquids,  such  as  83nrup  of  sugar  and  tartaric 
make  the  plane  of  polarization  torn  fh>m  left  to 
right;  and  others,  such  as  gum  arable  andeaeenoe 
of  laurel,  in  the  contrary  direction.   When  liquide 
which  possess  the  rotatory  power  are  diluted  or 
mixed  in  any  proportions^  there  is  a  perfect  pte- 
servation  and  superposition  of  efi'ects.    The  eeme 
quantity  of  liquid,  when  traversed  by  a  ray  of 
polarized  light,  produces  the  same  amount  of  ro- 
tation in  all  circumstances  of  dilution  and  mix- 
ture.   We  except  from  this  rule  the  caaee  ot 
mixture  which  are  accompanied  by  «*h»mti«^t 
action.   The  peculiar  action  of  transparent  media 
that  we  have  been  considering  has  been  Tcry 
fully  investigate^  by  Biot  He  has  given  to  it  tlia 
name  of  Circular  Atomic   PolarUsation. — ^The 
Theorjr  of  Circular  Polarization  may  be  now 
briefly  referred  ta    According  to  the  generally 
recdved  form  of  the  Wave  Theory  of  Light,  the 
molecular  vibrations  of  a  plane  polarized  lay  aia 
rectilineal,  and  constantly  perpendicular  to  the 
plane  of  polarization.    In  a  droularly  pdarizad 
ray  the  vibrations  are  supposed  to  be  drodar,  the 
planes  of  the  drdes  being  constantly  peipendicii* 
lar  to  the  direction  of  the  ray.    If  we  suppoae^ 
then,  that  the  partides  in  the  course  of  a  ray  axe 
arranged  in  succession  in  the  form  of  a  hdix  or 
screw-thread,  and  that  the  screw  revolves  nMind 
its  own  axis,  without  advandng,  we  have  a  re- 
presentation of  the  movement  of  waves  in  a  cir- 
cularly polarized  ray,  according  to  the  theony. 
There  will  be  evidently  two  kinds  of  drcnlarly 
polarized  light,  according  as  the  screw  in  the 
illustration  is  right-handed  or  left-handed.    The 
various  properties  of  circularly  polarized  Uf^ht 
are  beautifully  explained  by  this  theory.    We 
shall  only  indicate  the  explanation  of  the  two 
distinguishing  proi)erlies  mentioned  at  the  outset. 
The  first  is,  tlie  absence  of  all  trace  of  plane 
polarization,    though    the  drcularly   polsirised 
beam  is  obtained  from  a  plane  polarized  one  by 
a  very  simple  action — that  of  two  internal  reflec* 
tioos.      To  explain  this  property,  we  observe 
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ttaX  te  aCdon  of  aa  analyrer,  such  m  NIcoVs 
Tfmmk^  m  to  oWtmct  the  passage  only  of  those 
vbkh  lire  peq[Mndicalar  to  s  particular 
this  'plane  Holding  a  oonstant  position  in 
tkm  analraer,  and  revolving  witli  it  round  the 
n^.  Kow,  it  is  a  property  of  the  circular  vibra^ 
tfam  that,  if  it  be  resolved  into  two  rectilineal 
^flKatinoa  at  right  angles  to  each  other,  the 
■liijililniln'of  the  eompoocnts  are  independent  of 

A  drcnlarly  pdarizied  beam, 

will  therefore   lose   the  same 

^saatitTof  light  in  aU  positions  of  the  analyzer — 

thmt  is— wtU  present  no  sign  of  plane  polarixa- 

tiosL.    The  second  property  mentioned  was  the 

nuaiweitlbiKty  d  a  eirenlarly  polarsaed  beam  into 

a  plane  potari»ed  one,  and  vue  ferso,  by  two 

tntgrail  refleetioos  at  proper  angles  in  a  tianspa- 

nnt  ledinm.     In  exphmatioo  of  this  property, 

it  is  proved  rerj  simply  that  a  circular  vibration 

ii  caniected  into  a  rectilineal  one,  if  either  of  its 

iTfaii^iil  ir  eonponents  be  accelerated  or  retarded 

b^  a  qaartcr  of  a  complete  vibration ;  and  that  a 

vectiliacal  vibration  i  changed  into  a  drculor 

one  of  the  same  amplitude,  by  a  similar  aocelera- 

tSoa  of  one  of  its  equal  rectangular  components. 

We  have  only  to  assame,  therefoi^  that  in  in- 

wflgilhai  there  is  an  acceleration  of  those 

(say)  that  are  in  the  plane  of  incidence, 

at  right  angles  to  this  plane  are  not 

,  and  fuTther,  that  the  amount  of  ao- 

doa  to  two  internal  reflections  at  the 

of  incidcnoe  proper  to  Fresners  Bhomb,  is 

of  nn  undulation.    This  assumption  is 

9ording1y,  as  the  basis  of  the  theory  of 

s  Bhomb^  and  more  generally  as  a  fUn- 

in  explanation  of  the  mutual 

of  plane  aisd  circularly  polarized 

by  means  of  internal  reflections.    The  as- 

certainly    much  in   its  favour. 

WhOe  upon  the  theory,  we  should  not  omit  re- 

fcmee  to  the  phenomena  of  Circular  Atomic 

FilsrBation,  which  have  been  already  described. 

of  the  molecular  actions  that  give 

to  this  dass  of  phenomena  is  entirely  unex- 

We  may  have  a  dear  view  of  the  diffi- 

by  sopposing  the  inddent  beam  of  plane 

poisrixBd  fight  to  be  decomposed  into  two  oppc^ 

mM  dacaUriy  pcdarized  beams;  the  action  of  the 

is  then  to  be  rq^arded  simply  as  giving 

to  ma  acceleration  of  one  of  the  latter  beams 

rdy  to  the  other.    Finesnd  has  proved,  in 

As  CMS  of  quarts,  that  two  opposite  circularly 

pniariii'd  rays  tiaweise  the  medium  with  di$i>r- 

ntt  Tdodtiei ;  but  the  diiBculty  is,  especially  in 

te  case  of  liquids,  to  ooncdve  an  actkm,  capable 

of  pRtdaang  such  a  result    See  Quartz. 

s  The  name  of  a  portion  of  an  instru- 

fanetion  Is  that  of  arrestiog  the 

'f  mocioa.     Applied  to  a  raOway  car- 

i:  is  esiled  a  ireaii 

7*e  exaUenex  of  the  clamp  residfls  in  two 

It  most  keep  the  parts  of  the  instru 
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still;  and  permit  at  the  same  time  a  per- 
fectly unembarrassed  motion  to  those  parts  which 
require  to  be  moved.  The  clamp  it.«ie]f  is  snlH- 
dently  simple ;  consisting  generally  of  two  plates, 
connected  by  a  screw,  which  can  bring  the  plates 
to  catch  upon  any  object,  and  hold  it  close.  The 
less  of  the  object  they  so  catch — if  they  hold  it 
securely — the  betted;  because  the  motion  of  the 
other  parts  will  be  so  much  the  more  free.  A 
tangent  screw  is  usually  connected  with  the  end 
of  the  damp,  and  with  the  moveable  parts ;  and 
is  employed  to  produce  very  fine  and  slow 
motions. 

Sometimes,  instead  of  thedamp 
with  two  plates,  a  circular  damp 
b  made  use  of;  it  is  employed 
to  hold  a  tube.  It  consists  of  a 
ring  nearly  fitting  the  tube, 
having  a  descending  end  as  in 
the  figure.  The  ring  is  made 
of  dastic  material,  and  when 
the  screw  represented  does  not  keep  the  slit 
quite  dose  there  is  a  suffident  opening  out  of 
the  ring  to  let  any  body  readily  free.  If  the 
slit  were  the  whole  length  of  the  mass,  instead 
of  bdng  terminated  as  in  the  figure,  it  would 
not  be  easy  to  preserve  such  a  damp  in  good 
working  onder. 

The  best  account  of  damps,  with  a  very  full 
description  of  the  various  constructions,  will  be 
found  in  Pearson's  Practical  Attrotumuf,  vol.  il 
pp.  272-877. 

Clenvsigei  A  phenomenon  presented  by  many 
of  the  slates  and  older  stratified  rocks  which 
physical  sdenoe  has  leoentiy  brought  within  its 
domsin.  The  phenomenon  is  this : — ^Every  one 
knows  that  a  bed  of  stratified  rock  can  generally 
be  split  with  a  certain  ease  in  the  direction  of  the 
strata;  the  housemaid  who  la\-s  a  block  of  coal 
property  on  the  fin  bears  unoonsdous  testimony 
to  this  tact.  But  such  old  beds  also  split  with 
comparative  ease  in  some  other  direction,  having 
no  definite  connection  with  the  strata.  This  split 
is  a  cross  split,  and  calls  to  mind  tbe  fact  that 
crystals,  such  as  Iceland  spar,  also  split  eadly  in 
two  directions.  The  phenomenon  in  the  case  of 
the  cnrstal  attaches  to  the  nature  of  crj-stalliza- 
tion ;  but  this  new  direction  of  split,  or  this 
u  plane  of  cleavage,**  which  often  runs  uniformly 
through  vast  mountain  masses,  cannot  be  ex- 
plain«i  by  the  ordinary  processes  of  cr>'stalliza- 
tion:  nor  until  quite  recently  did  any  rational 
theory  or  physical  cause  seem  to  the  geologist  to 
be  attainable  Professor  Sedgwkk,  indeed,  had 
a  considerable  time  ago,  ventured  on  the  conjeo- 
turo  that  probably  polar  forces  of  some  sort  were 
devdoped  amid  the  mdecnks  of  a  stratified  mass, 
after  its  stratiflcatbn ;  and  that— inasmuch  as  a 
bar  of  iron,  after  the  lapse  of  years,  shows  a  ten- 
dency to  become  cr>'etalline — so  may  the  solid 
rocks  tend  to  a  similar  state; — whence  these 
planes  of  deavage.    Ihe  idea  was  an  imposing 


wkktdo  ao€  legoire  to  be  moved  perfectly  |  one,  and  has  since  been  swollen  to  gigantic  di- 
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mensioTU  by  the  Kom-egian  KeOhan,  in  wbom 
opinion  even  the  crystalline  granite  masses  are 
only  stratified  rocks  metamorphosed  by  a  ten- 
dency of  such  a  kind,  operating  during  immea- 
surable ages.  Now  that  we  have  reached  it,  how- 
ever, the  true  cause  turns  out  vastly  more  sim- 
ple.  We  owe  the  discovery  and  exposition,  to  Dr. 
T3-ndan,  of  whose  exceedingly  interesting  memoir 
Sir  John  Herschel  has  worthily  said,  that  since 
reading,  a  great  many  years  ago,  Wells^s  little 
tract  on  Dew^  be  had  not  met  with  anything  that 
seemed  to  bring  so  many  looee-h-ing  phenomena 
under  a  generid  and  very  simple  principle.    It 
^Tould  be  wrong,  however,  to  omit  mention  of  Mr. 
Sorby.    This  very  acute  and  promising  geolo- 
gist had  clearly  approached  the  truth ;  but  un- 
fortunately he  appeared  to  consider  that  a  suboi^ 
dinate  portion  of  the  phenomenon  plays  a  prin- 
cipal part    Dr.  Tyndall's  theorem  is  this: — 
Jiocks  distinguished  by  planes  of  cUavagt^  have 
been  subject  to  enormouf  pressure  or  squeezing  m 
a  dhreetion  at  right  angles  to  those  pUmes,    He 
bhows  by  irrefragable  e\*idence,  Jiri,  that  such 
pressure  has  existed,  and,  secondfyf  that  it  suf- 
fices for  explanation  of  the  phenomenon*— (1.) 
The  fact  that  pressure  of  the  khid  supposed,  ac- 
tually occurred,  is  manifested  by  the  contents  of 
the  rocks  with  cleavage.  These  rocks,  for  instance^ 
contain  organic  remains — the  relics  of  shells, 
trilobites,  &c.    Now  those  relics  are  oniversally 
squeezed  up  in  the  direction  of  the  foregoing 
plane  cf  pressure,  that  is,  in  a  plane  at  right 
angles  to  the  plane  of  cleavage.    But  the  oondi- 
tion  of  inorganic  constituents  of  the  rocks  give 
corresponding  and  equally  emphatic  indications. 
Host  persons  will  recollect  those  yellow  marks 
that  so  often  appear  in  school  slates.    Those  and 
similar  ones,  sometimes  of  considerable  dimen- 
sions, fotand  in  the  rocks,  appear  to  have  been 
originally  deposits  of  veiy  fine  mud,  in  globular 
or  almost  globular  cavities.    Now  the  section  of 
those  masses  in  the  direction  at  right  angles  to 
the  direction  of  pressure,  remains  circular,  but  in 
the  plane  of  pressure  the  section  is  elliptioal,  L  sl, 
the  globular  masses  have  been  pressed  out  into 
ellipsoids.    In  the  same  way — as  Mr.  Sorby  has 
so  well  shown  must  be  the  case — the  flat  sides 
of  all  particles  of  mica,  talc,  &a,  that  are  found 
in    these   rocks,    lie  in    accordance  with    the 
cleavage  planes,  and  therefore  at  right  angles  to 
the  direction  of  pressure. — (2.)  But  while  the 
reality  of  ancient  pressure  has  thus  been  demon- 
strated, can  that  alone  account  for  the  existence 
of  planes  of  cleavage  ?  Kigorously  defined  lines  of 
cleavage  are  merely  lines  of  comparative  weakness 
in  the  rock.    Now  the  illuitrationa  just  adduced, 
show  that  all  through  the  rocks  subjected  to  such 
pressure  there  must  be  a  plane  of  weakness 
situated  exactly  as  above  defined.     It  b  dear 
that  every  compressible  irregularity  within  the 
structure  of  the  rock, — every  discootinoous  por- 
tion— ever}'  air-bubble,  or  water  cavity,  must  be 
flattened  and  spread  out  In  the  direction  at  right 


CLE 

angles  to  the  direction  of  pressure.    Dr.  TVndall 
takes  the  homely  illustration  of  **  pulF  pastk**  It 
Is  thoroughly  to  the  point ;  for  no  cook  can  make 
^*  puff  paste"  well,  unless,  by  pressure,  the  por- 
tions that  will  afterwards  melt,  are  flattened 
and  ibrmed  Into  thin  cakes  lying  perpeodicularij 
to  the  direction  of  the  pressore.    And  thus,  ik 
the  present,  as  in  multitudes  of  other  cases,  tb« 
most  puzzling  and  largest  classes  of  phenomeBa, 
tarn  out,^fter  all,  nothing  more  mysterious,  than 
operations  unnoticed  bemuse  familiar — ^passii^ 
hourly  before  our  eyes!    Dr.  T%nidaU  nbn  to 
an  illustrative  experiment  that  must  be  lelt  as 
singularly  conclusive.    Taking  a  piece  of  wax* 
and  usmg  every  means  to  make  it  as  hoiix»g»> 
neous  as  possible,  he  subjected  it  to  pressure  be- 
fore his  audience  at  the  Koyal  Instltutkm,  and  it 
came  firom  the  pressure  with  well  mariced  planes 
of  deavage.    And  he  tised  his  theory  most  soo- 
cessfnlly  to  explain  the  exfoliating' of  railway 
bars  and  other  analogous  phenomena. — For  iih- 
stance,  break  a  piece  of  ordinary  iron,  and  ytm 
will  discern  that  its  structure  is  granular.     If 
this  mass  be  beat  or  pressed  the  graniilea  are 
dongated;  they  yidd  and  become  plates.   Heooe 
exfoliation;  the  plates  come  ofi"  in  leaves.     In 
other  words,  the  iron  has  got  a  cleavage, — Geo. 
logy  is  thus  not  merdy  freed  from  an  enigma  i  her 
inquirers  may  further  condude  from  the  pre- 
sence of  slaty  deavage,  that  in  former  ages  an 
enormous  pressure,  dtfSnite  as  to  direction,  must 
there  have  been  at  work. 

€:ieps7dem  er  Water  deck.  An  instm* 
ment  in  whfeh  the  efflux  of  water  through  a 
small  orifice  is  taken  as  the  measnie  of  timeu 
Two  species  of  clepsydrae  have  been  emplojred, 
— one  wherein  the  fluid  is  allowed  simply  to  pass 
through  the  orifice, — another  where  the  level  is 
constantly  kept  at  the  same  bdght  by  the  intro- 
duction of  new  water.  The  latter  plan  securas 
that  the  efflux  of  water  be  uniform.  In  the  for- 
mer case,  it  is  dear  that  there  is  not  the  same 
weight  of  fluid  pressing  on  that  which  issues  at 
the  orifice — when  one-half  (for  example)  has 
passed— as  before.  In  consequence  the  vdocity 
diminishes.  If  the  water  be  pure,  and  Uie  orifioe 
very  small,  and  quite  dean,  the  law  of  efflux  will 

be,  that  in  —th  part  of  the  time  of  the  whole 
m 

efflux,  the  amount  of  the  water  that  shall  heve 
passed  is 
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Thus,  in  ^  of  the  time,  f  of  the  water  win 
have  passed;  hi  i  of  thethne,  };  in  f,  fths;  and 
soon. 

It  follows  that  the  second  method  is  tlie  best 
for  redconing  time.  If  we  can  keep  the  le^d 
constant,  and  at  the  same  time  not  disturb  the 
water,  we  shall  evidently  have  a  uniform  flow  of 
fluid,  which  may  be  measured  by  being  received 
huto  a  uniformly  graduated  tube. 

The  depsydra  is  susceptible  of  very  eoDaidnw 


ifele  sMcftsDied  RfiocnMnt ;  and  may  become 
•■  tail  miiiut  of  gntl  delicacy.  It  is  sapposed 
Id  te^v  been  in  me  among  the  Chaldeans.  Sdpio 
yaaka  intzodoeed  it  into  Rome^  Tycho  Brahe 
•■pioyed  it  in  hia  Observatory. 

A  word  whi(^  in  its  ordinafy 
signifiQB  the  general  material  lela- 
ef  any  ooontry  or  district  of  the  globe — ^be 
beneficent  or  maleficent— to  living  beings 
wilfain  that  region,  or,  more  correctly  periiapsy 
to  Jfan.  CfMofie,  in  this  sense,  comprehends, 
aa  Hanboldt  baa  aaid,  *'an  those  modifications 
«f  the  atmoBphere  by  which  our  organs  are 
aa  temperatore,  humidity,  Tsria- 
of  bantnetiic  pressore,  its  tranquillity  or 
to  forogn  winds,  its  purity  or  admix- 
exhaladona,  and  its  ordinary 
Seameas  of  sky  so  important, 
fV'*^'gh  ita  indneiicf.,  not  only  on  the  radiation 
fipom  tiie  sqD,  the  development  of  oiganic 
and  the  ripening  of  fruits,  but  also  on  the 
of  tbe  moral  sentiments  in  the  diffisrent 
To  czpiscate  and  dedan  the  laws  of 
wtitatioa  of  dimate,  under  this  wide 
«inBf<jtfiwi  of  it,  and  to  indicate  the  revolutions 
vUeh  aetaal  rKmatew  have  undergone,  forms  the 
«l(^ect  of  one  of  tiie  most  extensive  of  the  depart- 
of  rgjaring  physical  research, — one  that 
bnld  on  ^  the  physical  sciences  as  a 
draw  also  from  history  and 
r, — a  department  properly  termed  CU^ 
To  enable  one  to  constitute  or  deline- 
■Cb  tbe  qdiere  of  a  distinct  department  of  science, 
aaa  leqidies  to  obtain,  not  a  vagne  or  general, 
bat  ■■  exact  definition  of  it ;  but  this  is  precisely 
the  thing  that  can  never  be  obtained  until  a 
betog  neariy  complete,  has  surveyed  its 
and  nunked  out  its  boundaries.  At 
certainly  no  more  definite  initiatory 
can  be  given,  than  the  one  suggested  by 
tevpoing  extract,  which  is  the  essence  of  all 
of  Homboldt  on  this  subject,  viz  : 
ought  to  be  considered  identidd  or 
which,  in  whatever  latitudes  or 
they  may  be  found,  ofler  the  same  or 
conditions  for  the  material  well- 
of  Han. — Had  our  globe  been  a  perfect 
and  with  a  symmetrical  distribution  of 
vaier,  the  boundaries  of  climates  would 
marked  out  by  parallels  of  Latitude. 
Bnt  it  is  not  sow  And  since  diflTerences  of  ejlem- 
lisa;  tiioae  euiil lasts  which  distinguish  rigid 
■sner  ftooi  fluid,  viz.,  the  opacity,  density, 
and  cGiweion  of  tha  particles  of  the  former, 
to  s|ipiMj1iion  to  tbe  transparency  or  permea- 
Wkj  to  ^gbt,  and  tiw  mobility  of  the  particles 
tiie  unequal  distribution  of  vegeta- 
sf  Btin  and  mnmng  water,  of  winds  and 
camnta ;  the  diversity  of  the  slopes 
of  a  coontrf*  as  well  as  other  minor 
^-—cH,  mnj  place  countries  of  the 
extnmaiy  various  dimato- 
Ual  n^ff'^^^  it  !•  '^^'J  c^'ideat  that  mere 
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geograpkiotd  place  is  but  one  dement — and  the 
simplest  one — towards  the  exact  determination 
of  a  cfimal$.    As  a  first  step  in  the  discrimina- 
tion of  terrestrial  dimates,  Humboldt  proposed 
that  parallels  of  Beat,  as  well  as  of  Latitude, 
should  be  drawn  across  tbe  globe ;  viz.,  isothermal 
lines,  or  lines  of  eqnal  mean  heat  during  the 
whole  year ;   isotheral  lines,  or  lines  of  equal 
summer  heat ;  and  isodtmenal  lines,  or  lines  of 
equal  heat  in  winter.    The  idea  thrown  out  by 
this  venerable  physicist  has  not  lain  dormant. 
And  M.  Dov^  of  Berlin  has  recentiy  enriched 
dimatology  by  traces  of  lines  indicating  the 
equal  mean  temperature  of  the  several  months. 
The  study  of  fbose  lines  may  bo  said  to  consti- 
tote  the  basiB  of  all  actual  dimatology:   and 
tiie  folloydng  are  a  few  general  results.    The 
progress  of  isothermal  lines  across  the  two  con- 
tinents, shows  that  the  dimates  of  Europe  are 
of  a  lower  mean  temperature,  than  those,  either  of 
central  Asia  or  of  America;  and  that,  in  gene- 
ral, the  northern  hemisphere  receives  more  heat 
from  the  sun  than  the  southern.    This  difference 
begins  to  show  itself  in  paralld  of  Latitude  20®, 
and   goes  on   increasing  towards  either  pole. 
Between  hit  0®  and  60®,  the  difierence  is  not 
less  than  16®  of  Fahrenhdt — In  the  same  hemi- 
sphere and  under  the  same  Latitude,  the  annual 
heat  diminishes  rapidly  firom  west  to  east,  in  the 
interior   of  continents,   while  it   follows   the 
inverse  course  in  countries  near  the  sea  coast 
Between  the  two  continents  in  the  same  hemi- 
sphere,--between  the  dimates  of  the  east  and 
those  of  the  west — an  opposition  or  contrast 
exists,  resulting  doubtiess  from  the  oppoeing 


influences  of  cofUineni(df  and  Uquid  or  dieqfhanous 
masses.  The  influence  now  alluded  to,  is  still 
more  dearly  marked,  in  the  distribution  of  heat 
through  the  seasons.  In  America  the  summers 
are  burning,  the  winters  rigorous,  and  the  inter- 
mediate seasons  very  variable,  compared  with 
thoee  in  Asia  and  Europe;  and  this  contrast 
holds  also  for  Europe  and  Asia.  The  isochimenal 
lines  from  west  to  east,  in  Europe  and  Asia, 
assimilate  countries  apart  by  9®  or  10®  of  lati- 
tude; and  in  the  opposite  way,  the  isolheral 
lines,  bring  together,  localities  separated  geogra- 
phically by  at  least  ten  degrees  of  latitude- 
Such  being  the  state  of  inquiry  as  to  Climaiohggy 
and  the  mode  in  which  alone  it  can  be  conducted, 
— this  article  closes.  But  there  are  other  two 
important  inquiries,  viz. :  L  As  to  the  distribu- 
tion of  Climates  as  they  exist ;  and,  IL  Aa  to 
Climates  as  they  have  been. 

CllMSUea,  PresaU  Dittrlbutiom  of.  The 
force  prindpally  determining  the  distribution  of 
dimates  over  the  surface  of  the  globe  is,  of 
course,  the  obvious  geographkal  one.  Geogra- 
phical dimate  ought,  indeed,  to  be  considered 
the  ^eiitts,  whilst  varieties  under  it  are  mere 
species,  Eadi  hemisphere  may  unquestionably 
be  divided  into  vast  cones,  that  in  the  main  have 
a  certain  homogendty  in  this  respect    The  cir 

127 


cnmstances  modifying  the  effect  of  soUr  rodia- 
tioD,  however  numerous,  have  after  all  only  a 
restricted  action ;  they  give  rise  to  local  dissimi- 
larities, individualizing^  so  to  speak,  each  special 
region,  and  affecting  the  regularity  -with  which 
the  solar  Influence  diffuses  itself  from  equator  to 
pole:    nevertheless,  observations  show  that  for 
eveiy  ten  degrees  of  augmenting  latitude,  there 
are  on  the  whole  diminishing  mearM,  both  of  sum- 
mer and  winter  heat     Placing  one*s  self  in  the 
oentre  of  such  a  geographical  zone,  and  neglect- 
ing the  divei^ences  arising  out  of  mere  locality, 
one  cannot  fail  to  discern  the  action  of  grand 
oosmical  and  climatological  influences, — for  in- 
stance, the  same  types  of  vegetation  and  animal 
lillB,  and  the  same  conditions  of  health  or  nek- 
ness  as  regards  Man.    Under  the  line  and  near 
the  pole,  Uiese  phenomena  reach  their  maximum 
of  contrast:    at  an  equal  distance  from  these 
extreme  points,  the  effects  alluded  to  balance 
and  sustain  each  other — each  passing  into  its  op- 
posite and  vice  verwu   It  is  thus,  not  unauthorized 
by  nature,  that  a  distribution,  now  very  old,  is 
still  received,  viz.,  that  the  globe  can  be  parcelled 
out  into  Region*  of  Cold  CUmateSy  Regions  of  Hot 
Climates,  and  Tetiy[>erate  or  Intermediate  Regions. 
Of  these  three,  we  shall  speak  in  some  detail ; 
merely  noting  at  outset  two  definite  facts  or 
laws  respecting  irregularity  of  climate,  or  their 
difference  in  spbcxks.  .   Fint,  This  series  of 
hot,  temperate,  and  cM  climates,  which  one  finds 
on  passing  fVom  Equator  to  Vole,  is  reproduced 
in  every  ge(^aphical  region,  in  connection  with 
variation  of  altitude  or  elevation  above  the  level 
of  the  sea.      Mountains    like  the  Himalaya, 
Chimborazo,  Lebanon,  St  Bernard,  &c.,  pre- 
sent these  different  climates,  superimposed,  like 
the  storeys  of  an  old  Edinburgh  bouse :  nay,  the 
effect  of  elevation  has  been  computed ;  and  in 
the  main  it  may  be  said  that  an  elevation  of  two 
hnndred  feet,  deteriorates  a  climate,  as  much  as 
a  displacement  of  the  locality  would  do,  from 
equator  to  pole,  of  one  degree  of  Latitude.  There 
are  thus  cUmateric  zones  o/"  altitudb,  as  well  as 
cUmateric  zones  of  latitudb  ;  nor  are  the  former 
less  difiicult  to  define  exactly  than  the  latter, 
depending  as  they  do  on  soil,  vegetation,  expo- 
aore,  &c    Nevertheless,  general  la.ws  exist   (See 
those  graphic  maps  by  Humboldt,  Berghaus,  and 
Jo}m3Um,')^Secondlg.  Within  each  of  these  zones 
there  are  two  seoondaiy  divisions,  depending  on 
the  number  and  extent  of  the  vicissitudes  of  the 
atmosphere.      (1.)  Regions  in  the  neighbour- 
hood of  large  masses  of  water,  those  namely 
on  the  sea-coast,  or  which  are  bathed  by  lai^ 
Rivers,  enjoy  an  abnosphere  comparatively  free 
from  great  changes ;  i.  e.,  its  temperature  varies 
comparatively  little,  from  morning   till    even- 
ing, from  day  to  day,  from  month  to  month. 
On  this  account — ^mainly  because  of  the  neigh- 
bourhood of  the  sea — the  equatorial  zone  from 
0^  to  15®  laty  has  a  mean  temperature  no 
higher  than  80^,  except  in  the  case  of  exceptional 
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localities  like  Senegal.  For  the  same 
planta  may  be  cultivated  on  the  coasts  of  En^od 
and  Ireland,  that  cannot  be  found  in  the  interior 
of  continents  of  much  lower  Latitudes.  The 
lines  of  corresponding  vegetation,  delineated  oa 
the  fine  maps  already  referred  to,  afford  abm- 
dant  illustration  of  the  truth  now  ^wken  oC 
All  such  regions  are  peculiarly  favourable  to 
horticulture;  even  when  the  heats  of  sammer 
are  scarcely  adequate  to  ripen  the  fruit,  the  cold 
is  not  intense  enough  to  kill  the  tree  in  winter. 
(2.)  In  contrast  with  the  forE>going  are  coMti- 
nental  climates;  distinguished  by  the  raultiplkaty 
and  extent  of  thdr  meteorological  variations. 
Just  because  they  Sijk  far  from  the  equalizing 
influence  of  the  ocean,  differences  of  temperature, 
of  the  moisture  of  the  air,  of  barometric  pre99ure» 
are  strongly  marked,  between  morning  and  night, 
from  day  to  day,  and  month  to  month.  These 
continental  climates,  for  instance,  our  Canadian 
one,  have,  not  unduly,  been  termed  exceuhe 
climates,  or  rather  climaUs  of  excesses. — ^We 
shall  now  cliaracterize  in  as  few  words  as  pos- 
sible, the  three  regular  geographical  climates. 

(1.)  Hot  or  Torrid  Clmates, — ^The  sphere  of 
this  class  of  climates  extends  firom  the  Equator 
to  30^  or  85®  of  north  and  south  latitude.  It 
comprehends  nearly  the  whole  of  Africa ;  all  that 
great  division  of  Asia  lying  to  the  south  of  n 
parallel  ftom  Syrm  to  Tonquin,  and  passing 
through  Lahore  and  Boutan ;  and  the  lai^  pop> 
tion  of  America,  between  California  and  the 
southern  boundary  of  La  Plata,  llie  perpendi- 
cular radiation  of  the  sun,  accumulates,  in  equa- 
torial climates,  the  maximum  of  heat ;  the  mem 
of  the  year  in  the  shade  ranging  from  80®  to  85% 
while  that  of  summer  reaches  90®.  The  tropical 
regions  of  the  old  world  are  considerably  wanner 
than  those  of  the  new ;  and  in  either  case  the 
heat  diminishes  as  latitude  increases,  \'ery  slowlj 
indeed  compared  with  its  rate  of  diminution  in 
the  temperate  zones.  Transitions  of  tempem- 
ture  during  the  day  are  rare  aim  under  the 
torrid  zone,  and  of  slight  comparative  amount, 
seldom  surpassing  from  11®  to  16®;  the  fre- 
quency and  extent  of  these,  are  less  in  the  new 
than  in  the  old  world ;  near  the  sea,  than  more 
inland ;  and  generally  in  westerly  than  in  easterly 
regions.  In  no  part  of  the  world  is  the  diminu- 
tion of  heat  through  elevation,  more  felt  than 
in  the  equatorial  mountains ;  and  it  is  not  with- 
out astonishment  that  an  European  finds  himself 
passing  in  a  few  hours  from  burning  plains 
covered  with  the  banana  and  the  cocoa,  to  sterQe 
regions  buried  under  perpetual  snows.  Speaking 
generally,  the  heat  of  the  equinoctial  plains  keeps 
between  65®  and  100®;  but  between  day  and 
night  their  temperature  sometimes  varies  by  86**, 
owing  to  the  intensity  of  terrestrial  ra^ation 
under  skies  so  exquisitely  serene.  Barometric 
oscillations  are  much  better  marked  in  the 
tropics  than  in  our  temperate  zones.  The  periods 
of  the  diurnal  oscillation  are  ih.  18m.  and  9A. 
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lOA.  28m.  P.1C, 
maximum  of  the 
of  afteraoon  being 
Between  the 
of  arid  haats,  the  inter- 
diadnguiBhed  l^  extreme 
Autmnn  and  spring, 
roMmUei  in  tbdr  meteoro- 
legfeal  TSMtilitj,  the  equinoctial  perioda  of  all 
tliajr  arc  of  Teiy  short  dnmtion. 
tiial  inflnmce  the  torrid 
ila  climate:  vie,  the  Umd 
tlie  mooeoone.  tlie  tradfr-irinds. 
of  theAntiUeB,  the  toraadoeB  of 
and  the  tjpboooe  of  the  Eastern 
This  is  not  the  place  to 
Iha  cflecta  of  these  trofnc  dUnates  on 
life. 
<S.)  Frigid  or  Arctie  CSaotei;— Them  climates 


ia  the 


66%  to  the  pde,  and  comprehend, 
Dcnmaik,  Sweden,  Norwaj,  Fin- 
Middle  Rossia,  Siberia,  Lap. 
leeiaBd,  Gnadand,  Kamtschatka,  Spitz- 
Ac  The  coldest  point  in  the  globe— 
yet  dslenBiBed  in  tlie  soothem  lMinisphere~< 
tlMBorth — at  about  ten  degrees  from  the 
MKth  of  Bihfing's  Straits,  and  about  east 
170^.  Tlie  temperstme  of  this  pohxt 
=r_l(^;  that  of  the  pole  is  about -f8^  Be- 
64^  and  TS"*  the  mean  tempera- 
is  -f- 8^;  that  of  automn  aboat 
+!•*;  ttat  of  winter —22®;  and  that  of  smn- 
4-SC*:  TCsnlta  cakuhOsd  by  Foster,  from 
Mrvatioas  of  Boss,  FhmkUn,  Panj, 
la  diese  Himatia,  spring  announces 
'  bj  thfa  and  flakj  snow-storms,  followed  by 
aad  bj  westeriy  and  southemly 
Sooo  after,  the  ios  hn&»  up,  and  masses 
it  detach  dMOMslTes  from  the  coasts;  winds 
tear  than  away,  and  a  debacib  takes 
tha  Bidst  of  dsnee  Tapoun  that  darken 
The  tempentnn  rises  from  May 
••  Jaly,  darii^  which  perwd  there  are  few  storms. 

does  not  orerpass  this  date. 
IftiMBiB  tsmpcBatursis  only  36^  and  its  extreme 

60®;  the  canses  which  enfeeble 
of  summer,  being  the  obliquity 
aolar  raTSb  tlie  coldness  of  the  winds  blow- 
tha  polc^  and  incessant  evapoiation. 
the  BOBth  of  August,  afts  some  lain, 
fen ;  the  thermometer  descends 
hi  November  the  aocunndations  of 
again  oppose  an  insur- 
obetade  to  naTigatioo.  Then  begins 
▼cry  rigorous  without  doubt, 
have  usually  painted 
Between  latitudes  70^  and  78® 
taaipentiire  of  the  year  is  not  lower 
-j- 17^  and  + 19®,  although  the 
ef  cold  icnchfn  —  70®.  Theee  terrible 
meUtkk  JumMry  aod  February,  an  epoch 
««iU  the  polar  winter  ia  at  its  dq>th;  then 
SHrjM  aid  land,  iVOiritretchei  fer  and  wide; 
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g^beialTiqwnr  disengages  itself  and  mingleB  with 
the  air ;  the  son,  conoesled  below  the  horizon, 
reveals  his  existence  by  a  mere  twilight  whoee 
calorific  eifect  is  ml  The  Aurora,  by  its  magical 
illumination,  somewhat  supplies,  indeed,  the  place 
of  our  lumfaiaiy;  but  its  brilliancy,  unaccom- 
panied by  heat,  in  no  wise  mitigates  the  sharp- 
ness of  the  winter.  Diurnal  variations  of  the 
thermometer  in  these  hyperborean  climates  do 
not  amount  to  much ;  but  the  annual  variations 
are  very  great  The  changes  of  the  barometer 
are  quite  in  contrast  with  those  affecting  this 
instrument  near  the  equator:  beyond  h^tude 
60®,  the  periodical  variations  disappear ;  while 
the  general  variations  augment  with  the  latitude. 
WiUi  the  excq>tion  of  the  Aurora,  there  are  no 
traces  of  electric  phenomena  in  Ugh  latitudes. 
Winds  blow  there  usually  ficom  north-east  or 
south-west,  suddenly  veering  from  the  one  point 
to  its  oppoeit&  In  some  localities,  espedally 
Spitzbeigen,  the  southern  winds  are  colder  in 
winter  than  the  northern  ones.  By  the  impul- 
sion which  the  winds  communicate  to  the  air, 
they  increasetheaensatioDof  cold— rapidly  renew- 
ing the  air  in  contact  with  our  bodim ;  and  by 
thrir  irregularities,  they  frequently  produoe  tem- 
pests that  spread  widely  around.  Bain  is,  of 
course,  comparatively  litUe  known  in  the  drcum- 
polar  zone;  it  falls  in  tlie  form  of  snow  or  hail, 
highly  crystalline  in  winter,  somewhat  softened 
and  moistened  in  spring.  The  hail  of  such 
regions  is  simply  frozen  rain;  and  is  not  due  to 
electric  action,  nor  accompanied  by  electric 
phenomena.  The  general  character  of  polar 
climates  is  necessarily  determined  by  the  dura- 
tion and  intensity  of  their  winter.  Beginning 
in  October,  it  may  be  said  to  prolong  itself  into 
May;  ao  that  the  other  seasons  run  through 
their  course  in  a  few  weeks :  here  summer  is 
neutralized  by  nocturnal  fiosts  and  the  lowness 
of  its  thermometric  mean ;  spring  and  autumn, 
remarkable  fn  a  humidity  that  augments  the 
persistent  coldneto  of  the  air.  Under  the  gladal 
zone,  vegetation  can  scarcely  be  said  to  exist 
Everything  in  the  animal  and  vegetable  worid 
presents  a  doll,  feeble,  and  monotonous  aspect 

(8.)  TenqMrateor  Intermediate  CUmatet.—Tbsae 
fortunate  dunates  range  from  80®  or  86®  to  55® 
north  and  south  latitude.  Almost  the  whole  of 
Europe  with  its  islands  belongs  to  them ;  in  Asia 
they  embrace  the  feir  and  vast  countries,  stretch- 
ing from  the  Euxine  and  the  Mediterranean,  to 
the  empire  of  Japan  and  the  great  ocean  on  the 
south  and  east;  Uie  southern  part  of  Africa  is  un- 
der their  influence ;  and  in  America  they  indode 
California,  ports  of  Mexico  and  Canada,  the 
United  States,  Chili,  and  Patagonia.  The  lead- 
ing characteristics  of  the  temperate  zone  are 
these.  1.  The  seasons  are  well  marked;  oold 
and  heat  alternate  annuaUy,  each  reaching  its 
apogee,  through  a  gradual  trandtion  horn  the 
other.  Meteorological  observations  made  in 
26  stations,  in  the  temperate  sone^  differing 
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in  height  and  ezposuie,  flnnish  as  th«  amraal 
mean  temperatnre  of  winter,  26°;  of  aomnier, 
68'';  of  apringf  62°;  and  of  antnmn,  58°. 
2.  Although  distinct,  Ihe  seasons  are  yery  raxi- 
able ;  while  within  equatorial  and  ctrcumpdlar 
rsgions,  they  are  distinguished  by  a  remaifcable 
stability  or  evenness  of  temperature.  8.  Those 
oscillations  of  temperature  which  are  little  per- 
ceptible from  one  day  to  another,  in  the  other 
asones,  are  strongly  felt  in  temperate  climates 
from  morning  to  evening,  ftom  week  to  week, 
montii  to  month,  and  season  to  season.  It  is  a 
rare  thing  that  the  thermometer  remains  at  the 
same  degree  Ibr  five  or  rix  days  at  a  time: 
within  that  interval  it  may  indicate  vicissitudes 
of  18°,  27°,  or  even  86°;  the  scale  of  the  entire 
variations  is  not  less  than  64°  or  even  72°,  while 
at  the  equator,  thermometric  changes  do  not 
exceed  14°  or  16°.  The  annual  periods  of  chief 
versatility  occur  about  the  equinoxes.  Near  the 
vernal  equinox,  the  mass  of  the  atmosphere  is 
a^tated  by  gales  blowing  from  all  parts  of  the 
horizon,  while  both  thermometer  and  barometer 
undergo  sudden  changes.  The  eariy  portion 
of  spring  thus  partidpates  in  the  qualities  of 
winter.  Summer  has  three  phases :  the  Jirtt, 
cold  as  the  spring;  the  seoondy  distinguished  by 
a  sustained  devation  of  temperature  and  dryness 
and  purity  of  the  sky ;  the  third  generally  bringing 
with  it  dectric  disturbances,  and  leading  in  the 
autumnal  equinox,  marked  like  its  predecessor 
by  alternations  of  calm  and  storm,  rain,  fbgs, 
and  dew.  In  winter  the  atmosphere  becomes 
steady  and  serene;  rains  succeed  and  alter- 
nate with  snow ;  the  sun  is  low  in  the  slcy,  and 
the  nights  are  long. — Such  the  features  of  the 
centre  of  the  temperate  zones;  towards  either 
extremity,  they  merge,  of  course,  ^nearer  to  the 
'climates  of  the  equatoxial  or  polar  regions.  It  is 
in  this  zone  that  the  influence  of  beaUly  is 
the  most  sensible.  According  to  the  exposure 
of  a  place-according  as  masses  of  monntdns 
shelter  it — according  to  the  ndghbourhood  of 
lakes,  morasses,  or  sandy  plaina—its  climate 
may  be  infinitely  diversifi»l ;  it  may  ofier  con- 
ditions totally  (Ufierent  from  those  of  surrounding 
localities,  and  rather  analogous  to  what  is  found 
in  countries  more  southern  or  northerly. 

CUmateSf  Ancient  The  cUmates  of  various 
places  of  the  earth  were,  at  one  time,  quite  differ- 
ent from  what  they  now  are, — probably  of  the 
whole  earth.  For  instance,  in  coal  fidds  in  arc- 
tic regions,  we  have  relics  of  what  ore  now  purdy 
tropiod  plants.  It  is  ideariy  enough  indicate 
by  geological  research,  that  throughout  those 
immense  pre-historic,  or  rather,  pre-Adamitic 
periods,  there  has  been  a  succession  of  varying 
climates  over  the  greater  part  of  the  terre^rial 
globe;  and  that  the  main  feature  of  this  change 
has  been  a  diminution  of  heat,  dnce  early  geolo- 
gical epodis.  Various  causes  have  been  aadgned 
for  this  remarkable  change,  to  examine  which 
fully,  does  not  Ixiong  to  a  vofamie  entering  so 
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slightiy  Into  geological  and  oomogonic  diieio< 
non.  It  is  necessary,  however,  to  allude  to  flicBL 
— 1.  The  gradual  alteration  or  dlsTTodbKiofi  of  the 
dimates  of  the  earth,  has  been  attributed  to  Am 
gradual  cooling  of  the  earth,  or  to  the  leoosBiaD 
of  what  is  called  the  central  molten  part  cf  tihe 
earth^s  mass.  It  Is  not  proved,  howvrer,  tiial 
there  is  any  sach  central  molten  mass,  or  tiiat 
there  has  been  this  gradual  cooling.  Ffayaicd 
consideratioiis  are  fkr  from  sostalmng  m^  so 
hypothesis:  further,  it  is  not  oonsiflient  with 
certain  astronomical  phenomena,  viz.,  the  pre- 
cession of  the  equinoxes:  ndtfaer  is  it  estab- 
lidied  that,  from  old  epochs,  there  has  ben 
iu>y*  general,  grxukud  degradation  of  dimala 
— 2.  The  hypothesis  has  been  started,  that  the 
axis  of  the  earth's  rotation  may  have  altered;— 
the  present  polar  regions  having  been,  thnnigh 
efiisct  of  such  alteration,  fbnnerly  equatorial 
ones,  and  vtbe  MTM.  This  hypothesis  is  not  only 
gratuitous,  but  inconsistentwitii  eveij  known  law. 
The  axis  ofihs  eartKt  rotation  ha$  never  dUated. 
— 8.  An  explanation  of  a  different  kind  has  been 
proposed  by  Sk  Charles  LyelL  He  attribnles 
dimate  mainly  to  the  distiibntion  of  land  and 
water  over  the  enrfiice  of  the  earth.  And,  oooe 
continents  and  oceans  have  often  interehanged 
places,  he  concdves  that  regions,  now  areiie^ 
may,  on  this  ground,  have  been  torrid.  The 
cause  is  a  vera  oouso,  but  not  a  et^ieieHt  one. 
It  involves  the  frdlacy  of  explaining  diflferencei 
of  genera^  by  the  causes  of  diflferenoe  of  tpedeL 
No  conceivable  distribution  of  land  and  water 
could  so  far  abrogate  the  effidency  of  tiie  Sun  as 
to  render  posdble,  tropical  ]dants  in  MdviOss 
Idand.— The  difficulties  involved  hi  the  pvoUen 
are  great,  and  certainly  they  are  not  ovenome 
as  yet. 

ClMiJa.  Respecting  the  formation  and  eon- 
stitntion  at  Clouds,  much  still  remains  to  be 
investigated.  In  regard  of  ooostitntion,  the  Fog 
and  ClSudare  identiod :  nor  do  they  differ  in  any- 
thing save  this ;  theFc^isaCZsttdrsstingontlis 
sur&oe  of  the  earth,  while  the  Cbmd  is  a  /b^ 
floating  in  the  Atmosphere.  Intending  to  advert 
especially  to  Inquiries  concerning  the  ongin  of 
these  nni^fe  wgxmrt,  under  artide  Foo,  we  ahaD 
merdy  state  here,  that  the  foimation  in  qnestaon 
Is  essentially  distingnisliedfrom  that  of  Dbw,  by 
the  drcumstanoe  liat  whUe  Dew  fidls  or  Is  pA- 
djdtated,  because  the  smihoe  on  which  it  fldls  is 
colder  than  the  Atmosphere,  Fogs  rise  and  are 
difflued,  because  the  suxAoes  from  which  they  rise 
are  VKtrmer  than  the  atmosphere.  The  HonniBtion 
or  source  of  the  former  Is  the  aqueous  atmospbers 
itsdf;  the  source  of  the  latter  the  moistors  in  the 
ground. — The  etrudtire  of  the  fiartideB  or 
molecules  of  fog  and  dond  has  been  pretty  ckeely 
examined ;  and  the  prevalent  opinion  la  that  thev 
are  not  solid  drops,  but  tUn  veddes  or  alr-beDs, 
of  the  diaracter  of  soap-bubUes ;  the  coDafiasfif 
whidi  yidds  rain.  The  diameter  of  these  veddei 
varies  general^  with  the  monthly  tempentore; 
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of  about  -0006  of  an  inch 
iBJiamiw  of  about  'OOIS  in 
':  tba ▼arlartnn,  liowerer,  ionotreigiilar, 
riaiBAiim  feenu  to  oecor  in 
ooostltiition  of  the  partides 
■nght  promin  a  ■olotioo  of  Uie  poading 
why  tiny  float  and  even  ascend;  nor 
been  imting  that  they  may  be 
vitfa  aeme  light  gas,  idfter  the  manner  of 
Clwwiinil  analjae  bae^aproved  an 
hypeliMKS :  and  there  is  no  need  of  them ; 
OH  the  apiilieatiflK  of  known  eaoses  to  the  qneo- 
dificnUy  win  he  iband  veiy  nearly  to 
.    Inthejfinifplace,  thereloeityofthe 
ef  each  a  verioolar  paitidei  through  the  air, 
be  very  great;  just  becanse,  owing  to  the 
tenaity  of  the  aqoeoos  envelope,  the 
gnrity  of  the  particle  can  acanely  be 
y  greats  than  that  of  air.    Secakd^y 
tfaafBMM  motionleiH,  is  often  reany>W- 
It  JBHBt  be  nooUected  that  the  moment 
into  contact  with  diy  afar,  they 
diMppear;  ao  that  to  a  descending 
a  chaojge  as  the  fhUowing  may  fre- 
V — its  lower  part  may  eoirtinnaUy  be 
whife  the  upper  is  being  oontinaaUy 
by  the  addition  of  new  veaicleB.    And, 
aft   atmospheric  Ibroe  exists^  directly 
to  tile  £dl  of  doiidSy  vis.,  ascewrfwy 
Dflsiqg  fine  weather  tlie  vesicle  ftUs 
than  that  of  the  ordi- 
.  which  therefore  draws  it 
with  it    On  tids  acooont  emmdi 
elevnted  at  midday  than  in  the  mom- 
evening,  on  the  oontraiy,  as  the 
weeher  the  doiids  descend  and 
whan  thej  reach  tlie  wBimer  region  of  the 
tliat  remaifcable  transpar- 
flf  the  aky  which  often  fidlowB  even  a  dondy 
HoDaootal  cnmnts  also  oppose  the  fUl  c^ 
— Refenipg  again,  as  to  the  g&meriM  of 
to  aitide  Foo,  we  shaH  proceed 
of  the  Natnal  Histoiy  of 


(L.)  CZpmA^  Fanm  ^— A  classififstinn  of 
neoBidiqg  to  tlicir  chief  forms,  was  flnt 
by  tlie  neteoielogiet  Howard ;  and  the 
be  flsmb  retains  ita  plM&    He  distingoished 
into  thiee  main  forms,  the  ctfTM, 
and  tfaa  sCrates;   to  w^ich  he 
snbdivisiona — the  arro^ctimuluB, 
tmmuh  ifi'iifai  and  nmim.     The 
(Cte  snijr'a  ea^a  UtW)  is  composed  of  thin 
Che  aseociarinn  of  which  resembles 
abmsh,  at  other  times  masses  of  wooUy 
ri  m^n^  tHeodat  nst-worlc.     The  pre- 
€i  the  cirrus  eonsCitutes  the  maeierei 
lbs  ewmmkti  or  gffp»"***  dood  (the  sailor's 
\)  appeara  as  a  laige  massive  hemis- 
flo    a    horizontal   base.      Such 
citen  piled  on  each  other,  forming 

gafgBaam  ckwds  that  sometimes 

jn  *ifcg  haosoUf  and  present  the  aspect 
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of  kcmote  gigantic  moontains  crowned  with  snow. 
The  stratiu  is  a  horizontal  band,  forming  gener- 
ally at  sunset  and  disappearing  at  sunrise. 
Howard^s  snbdivisions  explain  thnmelves;  nor 
is  any  remark  necessary  here,  except  that  the 
cmudo'Stratus  often  assumes  at  the  horizon  a 
black  or  bhdsh  tint;  then  psssing  into  the  nandw 
or  ndn-doud.  The  mnibtu  is  distinguished  by 
its  unifonn  gtay  tint  and  its  fringed  edges;  tlw 
doods  of  wl:dch  it  is  composed,  are  mingled  so  as 
to  be  indistingnishablB.  Of  these  various  shapes 
of  douds,  the  cwnis  and  the  oumnbu  are  in  all 
respects  the  most  striking  and  important.  Af^ 
a  period  of  continued  foir  weather,  when  Ae 
barometer  begins  to  fisn  slowly,  cirri  are  seen  to 
appear,  sometimes  under  the  form  of  slender  fila- 
ments, and  on  other  occadons,  as  psiaUd  bands 
arranged  in  obedience  to  some  cause  yet  unknown, 
from  SonUi  to  North,  or  firom  South-west  to 
North-east  Of  aU  douds  the  drri  are  the  most 
devated,  they  are  so  high,  that  fbom  the  summits 
of  the  loftiest  moontains  their  appearance  is  the 
same  as  when  we  look  at  them  flnim  the  plains. 
Saha  and  parheHa  are  formed  among  the  drri 
exdusivdy ;  nor,  if  they  are  eramined  carefiiny 
by  aid  of  a  blackened  mirror,  does  one  almost  ever 
iiril  to  find  amongst  them,  distinct  traces  of  halos. 
But  as  these  phenomena  are  due  to  the  lefnctiDn 
of  light  by  fimzen  partides,  it  would  thersfore 
seem  likdy  that  drri  are  tfaemsdves  composed 
of  snowy  flskes,  floating  in  the  atmosphere  at  a 
great  hdght  The  appearance  of  these  doods 
fteqoently  precedes  a  change  of  weather.  In 
summer,  they  announce  rain;  in  winter,  firost  or 
snow.  Even  when  the  vane  is  turned  towards 
the  North,  the  drri  are  often  carried  along  by 
South  or  South-west  winds,  which  soon  descend 
and  are  folt  at  the  snrfaoa  On  the  oocnnrence 
of  that  descent,  the  drri  become  more  and  more 
dense,  beeanse  the  air  is  molster;  they  then  pass 
into  the  dno-stratns,  and  in  a  diort  time  rain  is 
prsdpitated.  These  same  drcumstances  sometimes 
determine  the  formation  of  a  light  and  wholly 
vesicular  drro-cnmulus.  This  is  the  doud  which 
on  passing  before  the  sun  or  moon,  causes  these 
hindnaries  to  be  surrounded  by  eorofus.  The 
cirro-cumulus  foietdls  heat  While  the  foregoing 
douds  are  the  produce  in  our  northern  zones  of 
the  South  wind,  the  Cumubu  owes  its  existence 
to  ascending  currents :  its  devation  is  not  neariy 
so  great  as  that  of  the  drrus.  CuamU  are 
diaraeteristicof  the  finest  days  of  summer;  they 
appear  in  the  horizon  shortly  after  the  sun  lu» 
risen;  their  number  and  size  increase  tiU  the  hour 
of  greatest  heat;  after  whidi  they  diminish ;  and 
in  the  evening,  the  sky  is  again  serene.  They 
are  formed  as  already  hinted  when  ascending 
corrents  draw  the  vapours  into  the  higher  regions 
of  the  atmosphere ;  regions  in  which  the  odd  air 
is  rapidly  saturated.  If  the  current  increases  in 
force,  the  vapours  and  douds  become  more 
devated ;  and  as  they  penetrate  in  this  way  into 
colder  and  colder  regions,  it  occurs  that  the  sky 
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— alihongh  fine  in  the  morning— becomes  qoite 
cboded  by  twelye  o*clock.  Sftuseare  lias  en- 
desvoDied  to  aooount  fiir  their  rounded  form  by 
this  mode  of  formation :  it  ie  ondonbted  that  when 
one  liqtud  traTerees  another,  the  former  most, 
becanae  of  the  reaction  of  the  ambient  medium 
and  the  mutual  reeUtanoe  of  its  parts,  take  on 
a  cylindrical  form  with  a  circular  section,  or  one 
composed  of  arcs  of  circles.  Altbongfa  cmnuU 
gmenlly  disappear  in  the  evening,  they  some- 
times  do  not  In  the  latter  case,  they  become,  on 
the  contraxy,  more  numerous,  thdr  borders  are 
less  brilliant,  their  tint  deeper,  and  they  pass  into 
the  eumtUo'ttraius,  especially  if  a  stratum  of 
ctfTitf  happens  to  exist  bdow  them.  This  arises, 
because  ^e  higher  and  middle  regions  of  the  aur 
are  near  the  point  of  saturation;  and  rains  and 
storms  may  then  be  expected. — See  Bair  and 
Htobombtrt. 

(2.)  Chuds^DhtHllrtitionandg 
of, — ^It  were  needless  to  endeavour  to  present  any 
general  view  of  the  distribution  of  clouds  over 
the  whole  sur&ce  of  the  Earth,  inasmuch  as  the 
deamess  or  doudiness  of  the  sky  is  ao  laigdy 
influenced  in  every  particular  case  by  the  nature 
of  the  soil-^its  power  of  absorption  and  rotation, 
its  dryness  or  humidity.    One  grand  foct,  how- 
ever, must  be  adverted  to.    Around  the  equator, 
and  stretching  a  fow  degrees  on  eadi  dde  of  it, 
there  is  a  vast  doud^ring^  not  precisdy  stead&st, 
but  passing  sometimes  to  the  north,  sometimes  to 
the  south--lalways  existing,  however,  and  nearly 
permanent  as  to  its  breadth.    Almost  all  good 
voyagers  have  noticed  it     The  following  ex- 
tract frcan.  a  log-book,  by  an  American  Captain, 
describes  it  as,  graphicaUy  as  any.    On  entering 
the  paralld  4*^  l^orth  Lat,  Captidn   Smdair 
writes: — *'  This  is  certainly  one  of  the  most  un- 
pleasant regions  in  our  globe.    A  dense,  dose 
atmosphere,  except  for  a  few  hours  after  a  thun- 
der-storm, during  which  time  torrents  of  rain 
fdl,  when  the  air  became  a  little  refreshed;  but 
a  hot  glaring  sun  soon  heats  it  again,  and,  but 
for  your  awxidngs,  and  the  little  air  put  in  circu- 
lation  by  the  continued  flapping  of  the  ship's 
sails,  it  would  be  almost  insuflbrable.   No  person 
who  has  not  crossed  this  region  can  form  an 
adequate  idea  of  its  unpleasant  effects.    You  fed 
a  degree   of    lassitude   unconquerable,   which 
nothing  can  dispel    After  crossing  the  liue  I 
found  that  I  had  now  surmounted  aU  difficulties, 
and  that  the  breeze  continued  to  freshen  and 
draw  round  to  S.S.E.,  bringmg  with  it  a  dear 
sky  and  most  heavenly  temperature— renovating 
and  refitdiing  beyond  description.      Nothmg 
was  now  to  be  seen  but  cheerful  countenances, 
exchanged,  as  if  by  enchantment,  for  that  deepy 
sluggishness  which  had  borne  us  all  down  for  tlw 
last  two  weeks."    The  ring-cloud  is  coincident 
with  the  region  or  zone  of  Equatorial  Calms ;  and 
somethuig  of  the  same  sort  distingubhes  the 
calm-cones  of  the  tropics  of  Cancer  and  Capricorn. 
Nor  is  it  difficult  to  detect  the  physical  cause  of 
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thatcoooection.  ThevapouiBthatasoeiidini 
masses,  under  the  direct  heat  of  the  Sun,  fhm  the 
surface  of  the  Earth  in  the  Equatorial  rq^ioeK, 
condense  into  douds  in  the  Tx^apa  atmospheric 
strata;  and,  as  they  are  not  swept  a%ay  by 
winds,  they  hang  over  that  bdt  of  calma^  and 
shield  the  Earth  bdow  it  EvaporatloD  is  tins 
to  a  huge  extent  stopped,  the  Earth's  sorfaoe 
protected  firom  the  torrid  beams  of  the  Son,  and 
the  Equatorial  aone  rendered  habitable.  Preci- 
pitation, too,  becomes  not  only  possible,  bat 
plentifU ;  and  underneath  that  dond  belt,  w« 
have  the  Equatorial  Bauia.  IVom  6^  South  Lat 
to  15^  North  Lat,  the  beneficial  action  of  this 
doud  bdt  prevails;  and  its  existence  finther 
vastly  modifies  the  meteorological  habitodes  of 
the  more  northern  and  more  southem  aooes. 
But  for  the  efl^icts  of  these  drdes  of  calms,  we 
should  have  had  a  really  torrid  or  burat-iip 
equatorial  aone  on  the  one  hand,  and  in  the  tem- 
plate regions  perpetual  predpitatlon  -or  ndoa. 
Over  all  the  Earth,  too,  w«  can  trace  efifecta  of 
the  douds;  not  so  strikhig,  perhaps,  but  altoge- 
ther similar.  To  view  them  as  the  mere  sources 
of  rain  were  wholly  inadequate.  They  act  stiD 
more  remaricably  in  tempering  the  solar  heat, 
and  diecking  nocturnal  radiation.  A  few  ciood- 
less  days  in  summer,  suffice  to  inform  us  how  in- 
supportable, an3rwhere  out  of  the  Pdar  drdes, 
were  the  direct  heat  of  the  Sun ;  and,  even  in 
summer,  perpetusl  nocturnal  radiation,  under  an 
undouded  sky,  would  diange  and  deteriorate  all 
our  dimates.  Absence  of  doud  in  it,  and  of 
course  radiation  unchecked,  is  <me  of  those  many 
considerations  which  induce  us  to  suspect  that 
our  satdlite,  the  Moon,  has  not  yet  readied  thoae 
physical  conditions  which  are  consistent  with  the 
presence  of  oiganic  life. 

(8.)  CUmds^  Ekctriabf  Q^_The  question  con- 
ceniing  the  Electridty  of  Clouds,  as  wdl  as  that 
conoenoing  the  general  Electricity  of  the  Atmo- 
sphere, is  still  under  keen  debate.    Of  the  con- 
fficting  opinions  of  Lam^  Beoquerd,  and  Peltier, 
wo'shall  here  give  those  of  Beoquerd ;  "^^"^'"g 
to  refer  pretty  fully  to  the  researcbea  of  Pdtler 
under  article  Foo.    When  the  sky  is  not  dear, 
the  electrometer  sometimes  indicates  the  presence 
of  podtive  Electridty  in  the  AtmospheKf  aoma- 
times  that  of  negative ;  nay,  if  these  in>licati0Pa 
be  obtained  by  means  of  a  kite,  it  is  found  that 
the  dectridty  manifiBsted,  fk«quentiy  changes  its 
diaracter,  as  the  kite  passes  from  one  doud  to 
another.     For  instance,  Pdtier  tells  us  that  at 
one  time,  by  means  of  a  kite,  he  found  the  atmo- 
sphere potUioe^  through  the  first  zone  of  60 
yards ;  above  tiiat,  of  the  thidmess  of  25  yardd, 
lay  a  negative  zone;  while  beyond  that  space,  jiom- 
ftoe  indications  reappeared.    It  may  be  taken  as 
universally  true,  indeed,  that  the  douds  are  in 
an  dectric  state,  only  of  less  tension,  than  when 
storms  are  the  consequence.    And,  because  of 
this  dectric  state,  they  are  variously  afiected  by 
the  mountain  masses  that  rise  up  amidst  them. 
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l^tfni  cran,  in  iH  pfobabilitj,  must  be  reftrred 

tlie  Andes  by  Bonsrin- 
parwitic  ckadi  of  immenfle  extent 
tiienisdreB,  ao  strongly  to  the  middle 
of  those  Tut  traidiytic  domes,  that  the 
^rtHlcoald  BoC  separate  them,— %htniog  darting 
feam  tida  maas  off  Taponn,  and  rain,  ndxed  with 
1^  pouiiDg  down  from  them  on  the  plains  be- 
low.   Let  OS  reflect,  however,  on  the  caoses  of 
dectric  states.     (1.)  Thejxwdtee 
of  doads  can  be  explained  withoot 
fiOrsiltj.   If  a  dond  is  fcnned  amidst  a  tranquil 
aaimiilifie,  hi  its  natmal  or  positive  electric 
state;  It ia  dear  that  the  same  condition  of  deo- 
tridljwill  diaiacterize  each  of  these  vesicular 
l^ahaha, — the  aqueous  envelope  of  whidi  mnst  be 
legpilwl  as  a  good  conductor.    When  the  deo- 
tMtf  Is  ftdile,  and  the  vesides  considerably 
■otihmg  remaikable  will  follow,  and  the 
wfll  not  pass  into  the  condition  of  a  stonn- 
;  it  will  merdy  appear  somewhat  more 
fcdi^ly  dimilkd  than  the  sonoimding  air,  be- 
lt ii  a  better  conductor.    I^  however,  the 
ia  dense,  and  its  globules  doee  on  eadi 
.,  ft  may  be  rogarded  as  a  oon^Mtioitf  con- 
dl  the  dectridty  of  its  interior,  will, 
to  the  laws  of  dectric  distribntion,  col- 
Haslf  en  the  chnd's  smrfiMe,  where  it  will  be 
by  the  premaie  of  the  ambient  sir.    A 
tfaas  fonned,  ought  maniftstly  to 
dectridty  as  the  whole  mass  of 
ftuwiilieil  iti  verides ;  lo  that,  however 
tin  geoHal  atmospheric  tension  at  the 
it  is  easy  to  see  that,  as  the  dood  oocopies 
the  dectridty  at  its  smfaoe  may 
tension,  and  be  prepared  to 
in  the  stnpendooa  action  of  a  thmider- 
Cloadi  ftamed  in  the  otdinaiy  state  of 
therefore  be  positively  dec- 
and  wQI  continne  so  if  they  remain  at 
Driven  onwards  by  the  wind,  they  lose 
daring  their  oomse,  and  cease  to  be 
(2.)  It  is  not  80  easy  to  appre- 
tihs  origin  ef  the  negative  dectridty  of 
The  most  probable  cause  is  this: — 
directly  from  the  groond,  there  Clouds 
the  ae^iw  electricity  of  the 
It  is  well  known,  lor  instance,  that  the 
ial  arisiog  at  cascades  is  neffotivefy 
.,  as  in  the  same  way,  the  spny  at  the 
Now  Sauasare  proved,  by 
that  nusts  rising  from  the 
givepredsdy  the  same  faidl- 
amd  ha  condnded,  genoaUy,  that  all 
on  tlw  {Robe's  surface  cany  up  a 
or  lew     nf  the  negative  dedridty 

Farfh  wrnaffy f " '   Itisnotimpro- 

tlnc  doods  become  diaiged  negatively 

torsadwiCioa.  TheEarth 

becomes  positivdy 

ti^mfiifBtkmww^f^agfioey€imd£faAetKmfjiy 

jH0tivd|y;  and  there  is  no  reason  to 

dcNMiy  of  powerful  positive 
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tension,  may  not  act  similarly  by  distant  ac- 
tion on  another  doud,  dther  feebly  dectrified 
or  not  dectrified  at  all,  and  in  communication 
with  the  Earth.  The  positive  dectridty  of  the 
latter  doud  would,  in  such  a  case,  be  driven  off 
into  the  earth,  and  a  negative  charge  developed 
in  that  portion  of  it  nearest  the  former.  Should 
communication  with  the  Earth  now  be  cut  off, 
this  doud  would  continue  in  a  negative  state. 
The  same  kind  of  action,  might  bring  about  simi- 
lar results,  as  follows : — ^The  Earth  dways  ex- 
ercising a  negative  influence,  and  the  Atmosphere 
a  podtive  influence,  on  Clouds,  any  one  of  there 
floating  near  the  Earth  must  be  mudi  more  ne- 
gativdy  indined  in  its  upper  than  in  its  inferior 
portions ;  but  an  increase  of  temperature  might 
dissipate  its  lower  strata,  and  in  this  case  a 
doud  dectrified  purely  negativdy  would  remain. 
— ^From  this  mode  of  the  formation,  alike  of  posi- 
tive and  negative  douds,  it  may  be  inferred,  as 
a  geaerd  oondusion,  that  the  condensation  of 
yapouiB  IB  dwajTs  accompanied  by  an  evolution 
of  dectridty,  and  that  rain  should,  in  all  cases, 
manii^t  signs  of  it.  (8.)  Storm-douds  are  found 
at  aXL  ekvaiiont.  Bodes  forming  the  culminating 
points  of  the  loftiest  mountains  frequentiy  bear 
marks  of  fusion  and  vitrification  that  can  only  be 
attributed  to  lightning.  On  one  of  the  rocky 
pinnades  of  Toluca,  whidi  project  15,000  feet 
above  the  levd  of  the  sea,  Humboldt  records  that 
he  noticed  such  effects ;  and  Arago  informs  us, 
that  clouds  of  high  tendon  have  been  discovered, 
26,650  feet  above  the  low  lands  of  the  temperate 
zone.  It  is  dear  that  they  attain  the  hi^^best 
devations,  since  dectric  indications  so  fl^quentiy 
appear  among  the  ctrri,  which,  as  we  have  seen, 
essentially  bdoog  to  the  regions  of  perpetud 
snow.  Generally  speaking,  however,  these 
douds  are  comparativdy  low ;  the  situation  from 
which  thunder  proceeds,  sinking  to  the  distance 
of  5,000,  or  even  8,000  feet,  from  the  plam.  See 
Thdhder-btorm. 

(4.)  Cioudiy  Colour  of. — The  varied  and  eva- 
nescent colouring  of  the  douds — depending  on 
the  relation  between  light  and  those  vesides — 
has  not  yet  been  fuUy  expldned  or  even 
doedy  investigated.  A  few  tpeaai  remarks 
must  suffice  here.  It  is  pretty  evident  that  in 
aU  ordinary  drcuinstanoes  the  red  nys  pass 
through  those  vesides  with  greatest  fiidlity,  and 
therefore  in  greatest  abundance.  Hence  the  facts, 
that  when  the  dr  is  filled  with  such  molecules, 
the  part  of  the  sky  bdow  the  sun  is  usually  of  a 
reddish  hue — and  that  after  sunset  the  region  of 
twilight  is  of  a  deep  carmine  cdour.  In  winter 
in  our  latitudes,  this  redness  often  prevails 
throughout  the  whole  day ;  and  in  summer,  when 
drri  are  floating  about,  the  same  occurs  aeverd 
boon  bdore  the  culmination  of  the  sun.  When, 
on  the  contrary,  the  sky,  during  day,  is  deep  blue, 
the  twilight  presents  a  gorgeous  ydlow,  or  gol- 
den tint  The  red  colouring  of  the  douds  is 
connected  with  a  phenomenon  often  seen  in  moun- 
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.tainous  regionfl,  called  the  rofle-tint  of  the  Alpe. 
This  occurs  chiefly  when  eunudi  or  etrro-ciimub' 
acB  floating  in  the  west :  the  bare  snrfaces  of  the 
rocks  then  resemble  masses  of  incandescent  iroiL 
The  canse  is,  that  reflected  red  rays  are  reaching  the 
eye  in  greatest  number,  and  these  red  rays  strike 
on  the  rocks  from  which  they  are  reflected, 
after  passing  through  the  atmosphere.  See 
WiATHEB. — ^Peltier  wonld  hare  us  believe  that 
clouds  charged  with  negative  electricity  prefer 
tlM  shades  of  slate-gray ;  while  white,  red,  and 
orange  coloured  ckrads  are  positively  electrified^- 
positions  which  as  3'et  are  certainly  not  estab- 
lished. But  the  whole  sul^ject  remains  in  a  crude 
state. — ^The  reader  is  referred  to  instructive  papers 
by  Professor  J.  D.  Forbes,  in  the  London  and 
Edinburgh  Philotophical  Journal 

CoBttp'dmm*  A  contrivance  employed  in  the 
construction  of  bridges.  It  consists  merely  in 
a  double  row  of  piles  filled  up  between  with  sand 
and  earth,  and  sunounding  the  place  where  the 
piers  are  to  be  built  It  is  intended  to  prevent 
the  disturbance  of  the  work  by  the  water. 

€«kesliMu  All  perceptible  bodies  are  sup- 
posed to  be  made  up  of  a  very  large  number  of 
smaller  bodies  or  atoms,  placed  side  by  side.  It 
is  evident,  however,  at  first  sig^t,  that  though 
this  supposition  accounts  finr  a  body*s  mere  exis- 
tence, it  does  not  account fbrthe  various  phenomena 
resulting  when  force  is  applied  to  it  Suppose  a 
piece  of  stone,  of  irregular  shape,  composed  of  a 
very  large  number  of  these  atoms;  when  the 
force  of  gravity  acts  upon  them,  those  not  at  the 
ground,  or  vertically  above  the  particles  at  the 
ground,  would  fiill,  if  the  stone  were  made  up  of 
a  mere  aggregation  of  particles.  Take  a  handful 
of  sand  and  attempt  to  shape  it  like  the  stone. 
It  is  found  to  be  impossible.  Yet  in  this  case, 
we  have  the  atoms  present  as  before,  and  they 
are  placed  near  one  another  as  before.  Moisten 
the  sand  with  some  water,  and  the  body  may  now 
be  moulded.  Why?  Gravity  will  not  now 
disintegrate  the  mass.  For  what  reason? — 
Wherever  no  motion  is  produced,  and  when  a 
certain  force  acts  upon  a  body,  one  conclusion 
is  inentable,  that  a  force  equal  in  amount  to  the 
first,  must  be  acting  on  the  body  in  the  opposite 
direction.  Gravity  produces  no  eOfect  in  this  case, 
and  there  must  therefore  be  a  force  acting  opposite 
to  gravity,  holding  up  the  particles  of  the  body. 
If  we  apply  a  set  of  fi>roes  equal  to  those  of 
gravity  in  the  case  of  the  dry  sand,  and  in  the 
contrary  direction,  we  shall  find  that  there  is 
a  similar  equilibrium ;  and  we  infer  from  this  a 
farce  equal  to  gravity,  and  in  the  Une  of  its  direc- 
tion. Sinular  forces  will  be  found  acting  hi 
every. direction,  and  they  may  bear  any  reL&on, 
aocofding  as  tiie  body  difi^  to  the  force  of 
gravity.  If  the  body  be  at  any  part  broader 
than  its  base,  then  the  forces  we  speak  of  must  be 
more  powerfol  than  Gravily.  It  follows  then  that 
we  have  in  certain  bodies,  forces  bmding  theur  oon- 
i»tituent  particles  one  to  another,  preventing  separ- 
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ation,  and  redsting  separating  foioea  applied  hi 
any  direction.  I^bese  forces  an  termed  forces  of 
cohetion, — ^In  the  case  of  whidi  we  have  spoken, 
these  forces  acted  between  two  difoent  bodioL 
In  that  case  their  specific  name  is  chAsmoh.  See 
Adbb&ioii.  It  is  a  kind  of  cobesioB.  We  have 
no  physical  ground  for  suppoahig  any  diflhifuca 
in  origin  or  nature,  between  tiM  two  kinds  «f 
forces.  Cohesionj  when  employed  as  a  spedBc 
name,  is  taken  to  signify  the  force  vdiidi  hfaids 
the  particlca  of  the  same  substance,  one  to  the 
other.  Thus,  in  the  case  of  the  etone,  the  forces 
which  reast  its  dishit^gration,  acting  between  tbe 
same  kind  of  particles,  are  termed  c^esive  foroes. 
— Therearethreeprindpalconditions,  nnderidiiGh 
bodies  are  foond  to  exist  These  are  the  solid, 
liquid,  and  gaseous.  These  states  depend  upon 
the  relative  aau)untB  of  the  force  of  cohesion  and 
the  force  of  heat.  The  latter  acts  as  a  pcfwcr 
repelling  the  particles  of  matter,  one  from  the 
other.  When,  therefore,  this  force  beooBwe 
greater  in  any  case  than  the  cohesive  fomtf  the 
body  in  question  melts,  and  then  volatiUaea. 
In  the  solid  state,  the  excess  of  the  cohesive  over 
the  repulsive  forces,  is  sufficient  to  counterfaalanee 
strains  tending  to  disintegrate  the  body,  in  the 
liquid  state,  the  cohesive  and  lepulave  are  oai»> 
sidered  equal;  and  hence  the  force  of  gmvity 
is  unbalanced,  and  liquids  always  smk  to  tba 
lowest  poasihle  leveL  In  the  case  of  gaaee  again, 
the  force  of  heat  is  supposed  to  be  greater  thaon 
that  of  cohesum,  and  tiie  partides  of  the  body 
fly  off,  separating  from  one  another  with  oon- 
sideraUe  repulsive  force. — About  the  natmns 
of  the  cohesive  force,  and  the  naode  of  its  cpesa- 
tion,  nothfflg  at  all  positive  is  known.  One 
thing  only  appears,  that  it  acts  at  inaenable  &- 
tances,  and  produces  no  effiKt  in  the  mi^oiity  ef 
eases,  until  the  particles  upon  which  it  ads, 
are  brought  witldn  sudi  distances.  ProbaUy 
there  is  a  positive  repulsive  force  acting  before 
this,  to  whidi,  when  its  results  are  most  evideDt, 
we  give  the  name  of  Elasticity.  The  whole 
subject  is  involved  in  much  obscoii^.  See 
Stbbkgth  of  Mateiiial& 

Oold  is  merely  (he  absence  or  negation  vi 
heat  Disputes  were  for  a  long  time  prevalent 
as  to  which  had  a  real  existence,  cold  or  heat|  if 
not  iMrhaps  both.  The  acceptance  of  tiie  tkieorv, 
that  heat  is  not  matter,  finally  set  the  qoestion 
at  rest 

CellliHiiHeM,  Line  nf.  A  very  l^qwrtam 
technical  term,  connected  with  the  use  of  Ibaton- 
ments,  in  Practical  Aatnoomy  and  Geodesy.  In 
the  field  of  view  of  a  Tdescope,  there  is  gemnfly 
a  system  of  spider  threads,  placed, 
or  meant  to  be  placed,  exaotiy  in 
the  focus  of  the  dbdeet-j^bMs  and 
eye~jnecei  Viewed  through  the 
e3re-pieoe,  they  prcoent  an  appear- 
ance like  that  anneiced,  vlz.^  a  1 
central  vertical  Bne,  ▲>,  with  an  equal 
her  of  othen  equidiatant  from  each  other,  en 
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oentnl  horizoDUl  oo6^  c  ow 

exactly  in  the  vertical  mddU 

tiM  inatmmeDt  is  aaid 

;  aiid,  in  the  Mine  way, 

flmUZs  or  axis  of  the 

is  Mid  to  beoorrect 

Bat  M  neither  the 

b  ever  pedect,  there 

one  aims  at  the  last 

nrastbe 

obtarratioiL    See  Cobbbo- 


noss.  The  direction  and  amonnt  of  this  emit 
are  best  detected  Inr  tlie  use  of  the  sabsidiaiy  in- 
Btnunents  named  Uoluiiaxob& 

ColUaiatmre*  Vertical  and  EorwmtdL  Bah- 
sidiaiy  telescopes,  by  whose  aid,  the  vertical  and 
horizontal  colUmation  errors  of  great  Astrono- 
mical Instnunents,  are  now  universally  deter- 
mined. Their  nature  and  importance  wiU  appear 
by  aid  of  the  annexed  cat,  which  gives  a  side 
view  of  the  interior  of  the  transit  room  in  the 
Observatory  of  Glasgow.    T^  central  figure  is 
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ciide  of  Ertd,  already  de- 

ot^  of  the  subeidiaiy 

c  D,  is  to  asBure  that  its  great 

lUi  ■MihaHjaiMl  hwnniitaffy ^m*'^*"****^ 

I  twu  tilcatfipca  of  wiw^dftTabte 

en  the  tops  of  adjaoeot 

line.  li  will  be  seen  that 


9oee,  and  that  the  main  telescope 

Snppoae^  in  the  iint  plaoe, 

emmd  or  lifted  up;  each 

i  tfaan  sea  fimm  its  eye-piece,  not 

STitaB  of  spider  threads,  bat  also 

r  diaphmgm  in  the  Ibcas  of  the 

Is  wma3Atiify  easy  in  soeh  a  case  to 

fnii  horiaootal  ooIHmation, 

a  B ;  for  if  its  diaphragm 

with  the  diaphragm 

made  in  its  wires,  oi^t 

|pa  ao  fdBmatft  cnor,  to  disturb  that 

If  tbe  eoinddeocB  does  not  hold 

Hi-nvoiBtaoo,  there  is  error  in  the 

diiyliiagm  of  AB ;  and  it  must  be 

Urn  apprapdato  screws,  until  it  shall 

lis  place  in  nfaenoe  to  the 

^Oi^lnbothpoaitiona.    Exactly  in 

tba  dia^Dagm  of  o  d  may  be 

fipnmri^''^,  and  the  central 

ar  thnada  of  the  two  diaphragms 

m^a^hHm  oootBCt,  the  main  telescope 

^  the  <iliaaM»ar  looks  through  it,  in 

■  tbt  two  diaplmgDM  ^  ^0  coDima- 

dofvn  A  By  the  central  vertical 

li  IfBOTpiT  niBy  be  found  either 


to  ooiacide  with  the  central  vertical  whie  of  a  b, 
or  tobe  at  a  certain  distance,  let  us  My,  toest  of  it 
If^  on  taming  the  telescope  round,  so  that  it  looks 
down  c  i>,  its  central  thread  be  found,  in  the  former 
case,  coincident  with  the  central  thread  of  c  n,  or, 
in  the  latter  case,  at  the  same  distance,  east  of  it, 
there  is  no  eiror  of  vertical  collimation.  But  if 
these  conditions  are  not  fulfilled,  an  error  exists, 
and  must  be  either  corrected  mechanically  by  the 
screws  or  measured  and  allowed  for.  The  Hori- 
zontal Collimation  enor  of  telescopemay,  by  aid  of 
these  subsidiary  ones,  be  also  corrected ;  althouf^ 
this  requires  a  reversal  of  the  main  Instrument,  by 
the  aidof  thelifting  machine.— To  the  Collimators, 
delicate  Leveb  are  attached,  so  that  their  devia- 
tion from  absolute  horizontality  can  readily  be  de- 
tected. These  Collimators  also  enable  the  observer 
to  dispense  with  the  old  and  inconvenient  arrange- 
ment of  a  remote  inmiiMni  mark.  Captain  Kater' 
was  one  of  the  earliest  to  propose  the  use  of  Col- 
limators. One  of  his  devices  was,  a  vertical  one 
— or  a  Small  telescope  kept  vertical,  by  resting, 
on  a  float  in  mercuiy.  This  is  now  dispensed 
with,  chiefly  through  the  extensive  use  of  two 
horizontal  Collimators,  and  of  Bohnenberger^s 
method  of  fixing  the  nadir  point  by  reflection. 
See  CiBGLB. 

C*ll«di*a«  A  solution  of  the  recentiy  dis* 
covered  substance,  gun  cotton,  in  ether,  is  so 
named.  It  is  easily  prepared,  by  immersing  a 
gftater  or  less  quantity,  according  to  the  vis- 
cidity of  the  required  solution,  of  common  gun 
cotton  in  a  mixture  of  one  part  of  alcohol  and 
two  of  sulphuric  ether.     From  four  to  twelve 
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grains  of  eotton  to  the  ounce  of  this  mxxtatei^ 
give  snffldent  range  of  viscidity  for  most  pur- 
poses. Collodion  has  chiefly,  hitherto,  been  used 
in  Medidne  and  Snigeiy,  and  in  Photography. 
It  forms  an  excellent  covering  and  protection  for 
wonnds,  more  especially  for  parts  from  which  the 
aUn  has  been  removed.  It  is  in  use  in  the  dis- 
secting-room as  a  protection,  in  the  case  of 
puictured  or  woond^  hands,  fi:om  the  vims  of 
the  pntrifying  body.  It  also  acts  well  in  allay- 
ing pain  in  certain  kinds  of  burns  and  scalds,  and 
is  useful  as  a  styptic  in  airesting  bleeding.  In 
an  these  cases  it  acts,  by  the  rapid  evapmvtion 
of  the  solvent,  leaving  a  continuous  coating  of 
ootton  as  a  thin  but  air-tight  covering,  more 
closdy  and  gentiy  applied  than  could  be  effected 
by  almost  any  other  means.  Its  photographic 
uses  are  described  under  the  head  of — 

€«IMItoM  I««lMd*  The  iodide  of  silver, 
as  is  now  well  known,  possesses  the  remarkable 
property  of  behig  rapidly  decomposed  by  Ugfat, 
and,  when  arranged  as  a  surface  on  which  the 
image  in  the  camera  obscnra  is  thrown,  becomes 
the  most  valuable  of  all  photographic  agents. 
According  to  the  method  invented  by  Daguerre, 
and  known  by  his  name,  the  iodide  pf  silver  is 
formed  at  once  9a  a  thin  dry  film  on  the  suiftoe 
of  a  silver  plate,  by  its  exposure  to  the  vapour 
of  iodine.  On  account  of  the  expense  of  silver 
plates,  the  veiy  perishable  and  delicate  nature  of 
the  picture,  and  the  objectionable  glare  of  the 
metal,  it  becomes  desirable  to  dbtain  the  sensitive 
coating  on  some  other  than  a  metallic  surftoe. 
This  Mr.  Talbot  and  others  have  admirably 
accomplished  on  paper  in  the  Calotype,  for  an 
account  of  which  the  reader  is  referred  to  the 
article  Calottpb.  There  is,  however,  much  dif- 
ficulty in  getting  paper  snffidentiy  unifonn  in  its 
texture  to  produce  negatives  perfect  enough,  from 
which  to  print  the  pictures  by  the  second  piiart  of 
the  process.  For  this  reason  Sir  John  Herscbel, 
several  yesis  ago,  tried  to  spread  the  coating  of 
iodide  of  sQver  on  glass,  but  his  success  was  only 
very  limited,  on  account  of  the  difficulty  of  get- 
ting a  suitable  medium  wherewith  to  attach  the 
coating  to  the  glass,  so  as  to  enaUe  it  to  be  sub- 
jected to  the  prooesBos  of  devebpment  and  fixing. 
This  was  subsequentiy  done,  with  great  success, 
by  the  use  of  the  albumen  of  eggs,  and  the  re- 
sults were  most  admirable.  Certain  nitRmi^imt 
of  manipulation  prevented  the  albumen  process 
from  becoming  very  general,  mote  particularly 
as  the  substitutton  of  collodion  in  its  stead  at 
ODce  offered  greater  facilities— frdiities,  indeed, 
so  great  and  important,  as  to  constitute  the  basis 
for  an  extension  of  the  photngraphio  art  to  a  de- 
gree fonner^  unthought  o£ 

The  purpose  of  this,  neoessarfly  short,  article 
will  be  best  served  by  first  indicating  a  simple 
and  cflfective  mode  of  proparing  the  collodion — 
then  of  lodisfaig  it — subsequentiy  relating  the 
steps  of  executing  the  plate,  devdoping  the  pic- 
ture, and  fixing;  after  which,  some  of  the  causes 
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whidi  have  been  found,  by  the  writer,  to  be  ifce 
most  common  sources  of  fkilnn  in  this  Mkt/bb 
though  sunple  operation,  wiU  be  detailed.  To 
prqMue  the  cotton,  take  of  strong  sulphuric  add 
60  parts,  by  measure,  of  nitric  add,  80  parts,  of 
ftaming  nitric  add,  16  parts.  Mix  together,  and 
immerse  in  it  12  grains  of  Swedish  fflter  paper, 
or  of  fine  cotton,  to  every  measured  quarter  of  an 
ounce  of  sulphuric  add  in  the  mixture.  ADov 
the  p^MT  or  ootton  to  remain  in  the  add  twenty 
minutes;  then  remove  the  cotton  or  paper  fey 
means  of  a  glass  rod,  and  wash  well  in  fiva  or 
six  waters  tiU  all  add  taste  is  removed;  dry  it 
in  a  heat  little  raised  above  that  of  the  air.  ^  Oare 
is  to  be  taken  that  the  fbmes  flrom  the  acids  be 
avoided  by  the  operator,  as  they  irritate  the  longs. 
— Let  now  one  measure  of  alcohol  be  mixed  wftfa 
five  of  sulphuric  ether,  and  add  to  eadi  ounce  four 
grains  of  tiie  prepared  ootton  or  paper,  whidi,  if  it 
has  been  properiy  treated,  ought  to  dissolve  eosa- 
pletdy  in  a  few  minutes.  It  is  now  to  be  iodised  as 
follows : — ^A  saturated  solution  of  iodide  of  potas 
dnm,  in  alcohol,  is  to  be  made  and  filtered,  and 
added  to  the  coUodion  in  the  proportioo  of  two 
fluid  drachms  to  each  ounce  of  the  edUodion. 
The  mixture  may  be  used  immediatdy;  or,  what 
is  perhaps  preferable,  it  may  be  allowed  to  stand 
for  a  day,  to  enid)le  the  sediment  to  subside;  but 
it  should  not  be  foigotten  that,  day  by  day,  it 
loses  somewhat  of  its  sensitiveness,  and  that,  in 
the  course  of  two  or  three  weeks,  it  beoomea 
nearly  nselees.— Supposing  now  that  the  glasa 
phktes  have  been  cut  to  the  siae  of  the  reeesa 
in  the  camera  slide,  they  are  to  be  rubbed 
over  with  and  allowed  to  soak  in  a 
of  one  part  of  nitric  add  and  six  of 
and  afterwards  wdl  washed  in  plain  .*...», 
and  dried  with  two  or  three  suoeosive  Uts  of 
cotton,  or  still  better,  of  linen  ckth,  until,  wImd 
wdl  breathed  on,  they  show  no  s^^  of  streaks  or 
marks.  The  dust  having  bem  Uown  than  llie 
surfece  of  the  glass,  the  oomer  b  to  be  hdd  be- 
tween the  finger  and  thumb  of  the  left  hand, 
while  the  right  holds  the  bottie  and  ponn  freely 
on  the  upper  levd  surfkoe  a  sufficient  quantity  of 
the  iodised  collodion.  The  plate  is  to  be  gently 
indined  firom  side  to  dde,  till  the  whde  surfeoe  ia 
covered,  affcer  which  all  that  wHl  run  off  is  to  ba 
poured  back  from  one  comer  into  the  bottle^ 
taking  care  immediatdy  to  vaiy  the  dirsotioQ  of 
the  vertical  lines  on  the  plate,  to  prevent  tiia 
ridgy  streaks  whidi  are  apt  to  happen  from  tba 
running  cdlodion.  f^om  tlie  veiy  volatile  nature 
of  the  ether,  this  process  of  coating  the  plata 
ought  not  to  occupy  mora  than  a  few  seconds. 

A  few  seconds  mora  having  dapsed,  to  alknr 
of  the  partial  drying  of  the  film  of  exqnisitdy-lliia 
iodised  paper,  which  has  thus  been  spread  on  tfaa 
plate,  it  is  now  to  be  immersed  in  the  silver  bath. 
For  this  part  of  the  processes,  as  wdl  as  thoaa 
which  follow  the  exposure  in  the  camera,  dark- 
neas-  except  the  somewhat  distant  U^  of  a 
shigle  candle— is  neoessaiy.    The  sUver  bath  ia 
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cf  tkA  atven^tii  of  thirty  fftaoB  of 
nitiate  of  lihrer,  to  m  onnoeof  water 
bring  pnftnbl0)iy  as  modi  of  Uio 
as  to  fin  a  gntta  perdia  or 
,  aooiewliat  bigger  than  the 
Id  ft  depHi  of  an  caghth  of  an  inch.  One 
of  tba  fiate  is  made  to  leat  on  the  bottom 
tnqr  ftt  ona  and,  wfaOe  the  other  edge  rests 
ft  BBftll  gottft  pardift  hook  held  in  the  hand, 
ia  tiHOy  aleadily  and  wHbont  stopping  or  hesi- 
aDowad  to  descend  on  the  soifiMe  of  the 
otallon  in  the  bath,  where  it  is  to  be  left 
half  ft  sdnnto,  when  it  is  to  be  steadily  lifted 
toilaedga  ftgam  fiir  afew  seoondSi  to  allow 
tta  atapofftkion  of  the  ether ;  after  which  it 
down  §at  another  half  minnte  or 
this  npeated  till  the  ooating  of  iodide  of 
fial,  and  pcdecdy  fiee  ftom  all 
laildmgi.  It  is  now  to  be  lifted 
Ite  bath,  the  dropa  of  silTer  sohition  hang- 
iftg  Id  tka  borte  wiped  away  by  blotthig-paper, 
and  Ik  is  ready  far  the  camera  slide.  The  time 
«f  cft|wame  will  depend  en  the  strength  of  the 
4^ht,  and  Oft  Oe  exposed  apertore,  and  the  length 

Sxpoienoe  alone  can  eni&le 

tojadgeof  tUsi  periods  of  fhmi  one 

to  ttw  or  ten  minntoa  being  reqjuired  for 


of  tlie  plate^  when  removed  fhnn 

shows  no  appearance  of  a  picture;  only 

lednetion  of  the  iodide  to  the  sUte 

sShrar  has  taken  plaoe,  and  this  mvst 

oontinoad,  by  the  application  of  what 

tfaadevdopiftgorredQdngaoliitioo.  Two 

«f  cryatalliaed  |iyio-gallic  add,  dissolved 

nnee  of  wnter  and  ten  drops  of  the  sQver 

added  bcfoa  nsfaig — Ihrms  an  excellent 

It  ia  to  be  poored  on,  and,  by  a  mo- 

tfoB  of  tha  plat%  qnickly  spread  over  tlierar&ce, 

fihnediateiy,  the  highest  lights  of 

pietna  wHl  appear  as  daik  maiks,  and  gra- 

parti  will  show  themsdves. 

Ihey  ««  judged  to  have  sufficiently  come 

he  plato  is  to  be  heU  under  a  stream  of 

and  veB  wadied,  after  which  it  may  be 

to  the  Bght  and  fixed,  by  pouring  over  it 

of  ^anide  of  poCasdum,  of  the  strength 

to  an  ounce  of  water.    This 

the  nnrednced  coating  of  iodide 

only  the  pore  diver  forming 

oftkepietare.    The  pkte  is  then  to  be 

and  thoroijighly  washed  in  a  stream  of 

to  dry,  and  afterwards  protected 

It  a  varaJsh,  composed  of  amber 

ift  chlusidbtm,  or  a  aatuxated  solntkm  of 

to  TMq*t^'*-    Another  devdoping 

is  *■■■!>"— 4  of  dgfat  grains  of  sulphate 

■  liltilnif  m  an  onnoe  of  water,  and  two 

sf  aitde  add  ftdded,  and  half  a  dradim  of 

addpaad  halfftdiftdunof  aloohd.    The 

ito  <f  Ika  aeacie  acid  and  the  alcohol  bdng 

ckW/tosnabia  the  fron  aohition  to  flow  fMly 

9m  Iht  «»fc—  of  tJie  plfttei  and  thus  to  pre> 
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vent  nneqiisl  actions  giving  rise  to  stoins,  a 
greater  quantity  can  be  added  according  to  the 
necessities  of  the  case. 

If  it  isieqnired  that  these  pictures  should  be 
intense  enough  to  print  fh>in — tliat  is,  if  the 
lights  must  be  suffidentiy  opaque  to  proteet  a 
piece  of  sendtive  paper  placed  behind  them  ftom 
the  light,  to  as  to  give  a  print  of  the  picture — 
the  exposure  in  the  camera  must  be  considerably 
prolonged;  also,  it  is  generally  necessary  to 
thicken  the  depodts  on  the  plate,  which  may  be 
done  by  first  making  a  thoroughly  saturated 
solution  of  conodve  sublimate  in  strong  muriatic 
acid,  mixing  it  with  seven  times  its  bulk  of 
water,  and  pouring  it  over  the  plate  while  still 
moist  after  the  washing  from  the  cyanide  solu- 
tion, allowing  the  corrosive  sublimate  to  remain 
on  it  till  a  dtod  whitenees  spreads  over  the  lij^ts, 
then  washing  under  a  very  gentie  and  small 
stresm  of  water  made  to  spread  over  the  surftoe. 
Great  care  is  now  necessary,  as  the  film  is  ren- 
dered exceedingly  tender  and  liable  to  be  torn. 
When  it  is  thoroughly  wadied,  a  solution  of  five 
groins  of  iodide  of  potasdmh  to  an  ounce  of 
water,  is  to  be  poured  out  in  sufficient  quantity 
to  cover  it,  or  a  saturated  solution  of  hydrooul- 
phuret  of  ammonia,  which  greatiy  increases  the 
opadty  of  the  film,  and  in  the  Ugh  lights  ren- 
ders it  perfectiy  blad^,  so  as  to  answer  the  pur- 
poses of  a  negative  in  printing.  It  is  now  to  be 
carefully  wadied,  dri^  and  varnished,  before 
bdng  used  for  printing.  The  process  of  printing 
is  the  same  as  detailed  in  the  artide  Galottpb. 
The  usual  causes  of  fidlure  in  the  Collodion  pro- 
cess are  as  follow : — Imperfectly  deaned  glasses ; 
hurrying  the  plate  out  of  the  silver  bath  before 
the  greasy -looking  marks  have  disappeared; 
want  of  speed  and  completeness  hi  spreading  on 
the  devdopmg  solution ;  allowing  the  diver  sdu- 
tion,  which  luu  run  down  and  accumulated  on 
the  lower  edge  of  the  plato  during  the  exposoie 
in  the  camera,  to  run  back  on  the  plate  before 
the  devdopmg  sdotion  has  spread  over  it,  thus 
preventing  the  equable  development  If  the 
collodion  be  pure  end  moderatdy  new — ^the  silver 
bath  slighUy  add,  by  the  addition  of  a  frsction 
of  a  drop  of  nitric  add,  rather  than  alkaline — 
this  beai^iftil  process  is  most  certain  in  ito  re- 
sults. 

CftlMna.  This  artide  is  set  apart  fbr  oon- 
dderstion  of  one  of  the  most  obscure  and  per- 
plexing subjecte  in  theoretical  or  speculative 
Optics,  viz.,  the  eohur  of  natural  bodiet.  But 
two  remarks  require,  for  tiie  sake  of  distindness, 
to  be  premised^ — (1.)  Deoompoeition  of  the 
solsr  ray  by  reftiction,  shows  the  white  beam 
resdved  into  seven  diflerent  simple  beams  or 
primary  odours,  vis.:  the  violet,  indigo^  (Aie, 
^reea,  ye2i»w,  onmgey  and  red  rays.  The  reader 
will  find  all  pnqposed  analyses  of  the  solar 
beam,  discussed  under  SpBcniuic.  Further, 
l^hi  and  eohur  have  fbr  thdr  effident  esnsa 
the  vibrations  more  or  less  fireqoent— although 
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olwayi  inoonoaivably.  rapid— of  an  extseoMly 
subtle  and  extremely  elaadcfloid  or  ether;  an  ether 
whose  density  is  evanescent,  and  its  elasticity 
infinitely  great  The  different  prismatic  col- 
ours, r^;arded  apart,  result  from  undolatioos  of 
the  ethereal  fluid,  of  di£forent  Imfftia.  And 
colours  are  simple  or  composite,  according  as 
they  originate  in  the  superposition  of  identical 
or  different  undulatory  movements.  Compare 
LioBT  and  Uhddlations.  —  (2.)  A  distinc- 
tion must  be  made  among  what  we  term  the 
colours  of  external  objects :  the  phenomena  of 
permanent  coburs  which  form  the  sulject  of  this 
artide,  must  not  be  confounded  with  colours  that 
are  accidental  axid  variable.  Of  the  latter  dass  of 
colours,  there  are  three  chief  sources,  viz.,  refrac- 
tion and  dupenion,  as  In  the  case  of  the  rain- 
bow, the  spectrum,  cut  diamond,  &c.;  dijrac- 
iuMf  which  bestows  on  the  feathera  of  birds  their 
exquisite  shades,  on  the  sgate  its  brilliant  reflec- 
tion, and  extracts  from  finely  striated  surfaces 
their  magnificent  net-woric ;  and  iiUer/erence,  to 
which  are  owing,  in  an  infinite  variety  of  ordi- 
naiy  circumstances,  the  production  of  the  colours 
of  ikm  platet,  (CDmpare  these  artides.)  The 
permaneiU  colour  of  a  body,  on  the  other  hand, 
seems  to  belong  to  the  body  itself  It  is 
wholly  independent  of  its  shape,  and  appears  as 
inseparable  from  its  nature,  as  its  density  or  any 
other  eeaential  physical  attribute. — The  doctrine 
set  forth  by  Newton  regarding  the  cause  of  the 
colour  of  natural  bodies,  is  extremdy  artificial 
and  defective.  He  considered  it  a  case  of  what 
is  now  called  uUer/erence;  ranging  it  under  the 
category  of  thm  platet  (^.v.) :  a  theoxy  which, 
unda*  lil  its  phases,  as  daboratdy  developed  by 
M.  Biot,  has  received  a  mastedy  refutation  at 
the  hands  of  Sir  David  Brewster.  This  latter 
philosopher,  however,  infiuenced  probsbly  by  his 
early  partialities  towards  the  now  almost  aban- 
doned doctrine  of  eoMMion,  (see  Light)  i^peared 
inclined  to  refbr  the  phenomena  in  question  to 
abBorption,  the  designation  of  a  department  of 
optics  which  Sir  Da^'s  long  and  fruitful  laboura 
have  marvellously  eniidied.  The  notion  that  a6- 
wrption  is  the  cause  of  the  permanent  colour  of 
bodies  is  still  the  common  one;  and,  m  extemo,  it 
is  as  fbllows : — ^*  A  ray  of  light,  which  we  have 
seen,  is  rather  a  ikeqfqfr<^  fidling  upon  a  body, 
— that  body,  because  of  its  inherent  qualities, 
takes  in,  or  aUorifi,  a  portion  of  the  sheal^  and 
sends  away  or  reflects  the  rest  of  it.  But  as  the 
reflected  portion  alone  meets  the  eye,  and  as  that 
portion  must  be  coloured,  the  eye  attributes  to 
the  body  the  colour  appertaining  to  that  reflected 
portion."  Since  this  proposed  explanation  as- 
sumes an  occult  cause  or  power,  on  the  part  of 
each  body,  to  accept  a  part  of  the  inddent  sheaf 
of  rays,  and  to  r^ect  or  reflect  the  other  part, — 
it  is  dear  that  no  supporter  of  it,  is  entitled  to 
oljeet  to  any  other  explanation,  on  the  mere 
ground  that  peculiar  and  yet  not-understood 
action  on  the  part  of  the  ooUmred  body,  is 
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assumed  in  it  likawiseb — ^The  inh{eot  em  be 
rightly  entered  QD,  in  one  way  only.  IstkeSgit 
%Meh  gwu  va  tie  sauatum  qf  ik$  cdUnnr  |f 
hodm^  BEFLBCTBD  uoHT  ?  And  as  all  suCmss 
reflect  light  in  so  far,  can  we  tq^araU  ikt  %Al 
th^r^kctj  from  the  Sght  which  ntduoegfu  to  mg 
thatthiBy arc  of  9uch and tueh a oohurt  Untfl 
these  and  sin^ar  questions  are  definitely  an- 
swered, the  doctrine  of  absorption  can  only  be 
held  as  a  re-statement,  in  difficult  words^  of  the 
ftusbf  that  natural  bodies  are  coloured.  The 
dassic  memoir  on  one  portion  of  this  inqoiiy  win 
^ways  be  that  one  of  the  remariEable  C&ated. 
Having  shown  first,  that  all  bodies  have,  in  a 
certain  sense,  the  property  of  mimua,  ha  proves 
that  their  minor-action  has  nothing  whafesver 
to  do,  in  producing  the  sensation  of  colour  whidi 
any  body  transndts.  Whatever  the  natore  of 
the  suifi!ice^  the  tmqpet  produced  by  it,  and 
which  are'due  to  reflection,  have  no  aiour  .*  or  if 
a  shade  of  colour  tinges  these  images,  that  is 
owing  entirely  to  the  immediate  pnndmity  of 
the  coloured  body,— just  as,  in  a  room  with 
green  hangings,  the  complexion  is  affected.  Tbn 
light  to  wUdi  colour  is  owing,  (Ersted  oonaden 
due  to,  what  he  termed  a  deoompoeing  reflectifln 
— something  quite  different  fh>m  anything  de- 
pending on  more  or  less  imperfect  mirror-actioo. 
We  are  conducted  onward  an  important  stem  ^7 
the  researches  of  Benedict  Prevost  Thising^- 
ous  inquirer  appeare  to  establish,  by  no  recon- 
dite process,  that  the  phenomena  of  the  colour 
of  bodies  is  not  due  to  any  r^kction  of  light,  but 
to  a  radiation^  so  to  speak,  on  the  part  of  the 
bodies  themsdves :  in  other  words,  a  substance 
on  which  light  fella,  does  not  accept  one  part  of 
the  sheai^  and  r^t  the  rest;  it  reflects  the 
whde  according  to  its  ability,  but  the  incidenoB 
of  the  ray  originates  a  power  in  the  body  itself 
to  become  tlie  source  and  centre  of  peculiar  and 
therefore  coloured  undulations.  Bfgnlar  zefleo- 
tion  could  not  produce,  in  regard  to  colour,  any 
phenomenon  not  analogous  to  the  echo  in  aound, 
which  is  heard  only  at  a  determinate  point 
But  besides  the  edio,  there  is  a  retowianoe  of  the 
body  itsdf,  which  is  thrown  into  vibration  by 
communication  of  motion— a  reeonnance  heard 
on  all  sides  of  it  The  permanent  ookNns  of 
bodies  are,  according  to  Prevost,  the  result  of  a 
banmont  retonnance.  Ndther  Prevost  nor  (Er- 
sted, hoirever,  was  able  to  bestow  on  these  opinioiis 
that  definiteness  in  which  all  satisfactoiy  inquiry 
should  terminate.  Numeri  omnia  rcgunL  This 
was  reserved  for  Arago.  Partly  by  himsd^paxtly 
by  our  own  cdebrated  physictet,  the  laws  of  the 
polaritaUon  qf  light  (see  Poxjuozatioji)  had  long 
been  establidied;  and  especially  that  eseential 
difl«rence  pointed  out,  between  Ughl  poUariMcd  h§ 
BEFLRCTioir  aud  U^  poUuiztd  iff  RsnucnoH. 
Now  Arago  had  for  aome  time  lecognixed,  that 
between  light  arisu^g  frxmi  incandescent  solids^ 
and  from  gases,  there  is  a  wide  separation. 
Light  reaching  us  ficom  incandescent  aoUds  la 
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pobriad  bjr  rtfratHam,  pfttring  that  it  enuuutas 

•tnU  of  the  solid  bodj ; 

ai  alL    On  this  gnmid,  Ango 
tiie  ootrectoflss  of  Sir 
tint  tlio  ligiit  of  the 
siB  oil^iHtBi  ia  •  briDleiit  gaaeons  photosphere : 

of  his  polarisoope  lias  erolved 

coDosniing  the  oiigiii 

bodisa.    If  a  ahsaf  of 

A  pdBshed  whits  snrfiMe,  the 

sends  to  the  eje,  light 

cnnditiona.    liooked  at 

aa^^  the  U|^  eoass  as  if  from 

finn  oiy  otiMT  point,  the  white 

if  dJspswsdi    Now  what  is 

white ]|g^?    Is  it  part 

heaas,  farokeB  into  lAtMrv  hj  the 

of  aaall  tR^gnlar  icAeatiDg  points  on 

of  the  ^adjj  or  is  its  origin  diilereDt? 

the  naia  point  to  be  asoertained  wsa 

that  dnU  white  fig^t  come  from  the 

*  ftvB  ooma  interior  portion  of  the 

body  ?    Now,  wlm  tlwse  two  ft^  are 

bf  Ifas  pokiiseope,  th^  are  found  to 

poiariied, — tlie  Ibrmer  polarized 

the  latter  by  r^frae^tmy  and  there- 

from  the  itUmrior  iff  the 

M^.    Bat  what  is  the  origin  of  this 

of  fight?     Is  it  portion  of  the 

Bsy,  wbii'lii  after  peneirstlug  to  a  cer- 

wilkfai  the  mass  of  the  bod  j,  then 

fm.   t^m  A  htum  tmohtttd  OT  Mnflratttl 

thtthoigiUefff    The  latter  is  the  fret ; 

flnsi  donoostiates  it.    On  fflimiinat* 

of  wMte  or  opal  gian,  by  a  beam 

lie  ibond  that  the 

to  his  poiarisoope 

A^tfomtapkmt,    The  light, 

DHBaxss  »TffTO  ooioued  bodies 

of  tbe  i|^  that  frlls  upon  tlMn,  but 

lately  reported  by 

of  Visana,  eonfirms  these  oon- 

ef  Ai^o.    By  aid  of  the  dicfarosoopie 

\  Botaenhart  separsted  the  two 

body— the  one  arising  from  ordi- 

tbe  otlMT  being  doe  to  ookrar— 

ia  ahnya  polttiaed  in  the  plane 

of  the  lay ;  the  coioored  image 

to  it    Botaenhart, 

antic^Mrted  by  Axago,  infos 

(1.)  The  white  Uc^t 

bodies  w  r^fecttd  WHrni. 

light  that  readiee  as  from 

bodies  does  not  oome  from  their  soifroes, 


The  aeoDBd  of  these  pnposi- 

h^d  besn  pnrioMly  astabiished  by  Ango. 

nsa«irf>d^  tbw  aatisfiMlorily  established, 

h  o^ns  to  iftrif*!"   wiietlier  and  how  frr 

tinr^  la  hmubl  within  the  nnge  of  any 

^di»Moipttdlhevie»of  llgfai?    Protectedl^ 
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a  certain  reservation,  we  shall  endeavonr  to 
express  the  anurant  of  this  i^parent  ooincideno& 
TbB  tme  anthor  of  the  modon  theory  of  coloon 
is  that  great  and  oompreblBOsiye  genius — ^Eoler. 
It  may  be  summarily  ezpreesed  as  follows. 
Since  it  is  certain  that  any  noise  will  make  the 
chords  of  a  harpsidiord  vibrate  and  emit  a  dear 
note;  so  the  same  thing  may  occur  with  refer- 
ence to  the  ottjeots  of  sight.  Coloured  ot^eots 
are  like  the  strings  of  a  harpsichord,  and  their 
different  ooloors  resemble  those  sounds,  some- 
times ^rooe,  sometimes  aeuU.  The  light  to 
which  bodies  are  exposed  is  analogous  to  an 
external  sound  aflfecting  a  harp ;  and  exactly  as 
this  sound  acts  upon  the  strings  of  the  harp 
the  light  of  an  fllummated  tx)dy  may  be  sup- 
posed to  act  on  the  Inminiferous  medium  vnthm 
another  body,  and  cause  il  to  send  forth  iU  own, 
or  ptcuUar  vtbratum.  As  already  confessed,  an 
occnlt  or  not  underBtood  cause  is  presumed  by 
this  explanation,  viz.:  that  the  luminiferoos 
ether  within  diffixent  bodies  is  in  various  condi- 
tions of  tension,— conditions  that  render  it  most 
susceptible  of  a  special  kind  of  vibration  within 
eadi  separate  body.  But  the  force  of  the  objec- 
tion holds  against  every  theony  of  natural  colour ; 
and  this  one  has  the  advantage  of  quadrating 
with  the  exacter  inquiries  of  (Ersted,  Prevost, 
and  Arago.  Still  further :  while  Ughi  falls  on  a 
body  and  puts  its  ethereal  molecules,  or  rather 
the  ethereal  medium  within  it,  into  vibration, 
the  incident  ray  likewise  is  subjected  to  a  sort 
of  reaction  on  the  part  of  the  bo4y  which  mani- 
fests itself  under  sfaigular  modiflcatians.  The 
primitive  ray  even  when  white,  is  not  (»ily,  as  if 
metamorphosed  into  a  coloured  ray;  but  this 
coioored  ray  becomes  dtBoantinaout — streaked  by 
dark  tendr,  at  the  points  of  its  maximum  and 
minimnm  intensities.  The  frets  of  this  singu- 
lar change  were  brought  to  lig^t  chiefly  by 
Shr  David  Brewster,  and  will  be  noticed  at 
length  under  Fbaubkhofsb's  Linbs.  But 
it  il  to  M.  Ermann  and  Baron  von  Wrede  that 
we  owe  the  explanation  of  these,  and  their  easy 
deduction  from  the  foregoing  theory  of  cokynrs. 
The  student  who  would  go  to  the  root  of  thia  sub- 
ject is  especially  referred  to  a  paper  by  the  latter 
emment  inquirer,  reproduced  in  Taylor' $  Sdent^ 
Memoirs,  fle  will  find  there  how  all  those  dark 
bands,  every  shade  of  oolour,  and  the  most  com- 
plete trsnsparency  or  opacity,  may  be  supposed 
to  spring  from  one  sooroe^a  spedal  description 
of  mierjirenoe,  or  of  retardation  undergone  by 
certain  series  of  the  undulatkms,  propagated  by 
bodies,  wiien  they  originate  the  i^pearanoes  of 
which  we  have  now  b^  treating. 

Caiaia,  AociMDrrAL  on  Subjsctivb.  An 
extensive  dass  of  relations  in  wliich  the  observer 
stands  to  the  phenomena  of  colour,  because  of 
peculiarities  in,  or  re-actkm  o^  the  visual  organ. 
On  several  of  these,  remariu  will  be  fSaod 
under  DALTomsM,  Eys,  Ibbadiatiost.  At 
present  we  shall  notaoe  the  fihcoomena  of  aod- 
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dental  oolonn  properly  so  called,  or  those  purely 
8al:r)ective  sensations  of  colour,  which  the  contem- 
plation of  actoally  coloured  bodies  often  brings 
along  with  it  There  are  two  chief  classes  of 
these.  (1.)  Sen$ations  followiko  on  the  »Uady 
eorUempiatian  of  coloured  olffecta.  Place  a  coloured 
object  on  a  black  ground,  and  look  at  it  atten- 
tively. Its  colour  soon  begins  to  fade  gradually. 
Then  turn  tbe  e}*e  suddenly  to  a  sheet  of  white 
paper :  immediately  an  image  of  the  obrject  will 
appear,  of  the  cohir  complementary  to  that  of  the 
original  objecL  In  other  words  the  oontempla^ 
tion  of  a  rei  object  will  give  rise  to  a  green 
image;  a  white  object  has  a  black  image;  a 
yelhio  or  Hue  one,  a  violet  or  orange  image ;  and 
vice  verea.  All  such  images  remain  visible  for 
some  time;  both  tbdr  inten^ty  and  duration 
depending  on  the  length  of  time  during  which 
the  eye  was  fixed  on  the  object  itself.  The 
exact  laws  of  the  phenomenon  are  as  follow : — 
As  soon  as  the  retina  ceases  to  be  excited  directly 
by  the  coloured  object,  there  occurs— :;&<st,  the 
persistence  for  a  very  short  time,  of  the  primitive 
impression ;  secondly,  the  apparition  of  the  acci- 
dental image;  and  thirdly,  successive  appear- 
ances and  disappearances,  more  or  less  numerous, 
of  the  accidental  image ;  and,  in  certain  cases, 
alternating  apparitions  of  the  primitive  impres- 
sion and  of  the  accidental  image.  (2.)  The 
second  class  of  accidental  or  subjective  colours 
may  be  termed  the  timiuUaneout  class.  Tbe  ap- 
pearances just  referred  to  consist  of  images  tuo- 
ceedmg  the  oontemplation  of  coloured  objects; 
but  experience  proves  that,  even  during  that  con- 
templation, there  is  another  curious  order  of 
phenomena,  also  manifesting  complementary 
colours.  It  was  remarked  by  Bufl^n,  for  in- 
stance, that  if  one  looks  long  on  a  coloured  object 
placed  on  a  white  ground,  colours  rapidly  de- 
velop themsdves  around  the  edges  of  the  object, 
of  the  same  sbade  as  the  aoddenlal  image  already 
spoken  o£  Rumford  showed,  too,  that  if  a  sha- 
dow is  produced  within  cobured  light,  the  colour 
of  the  shadow  b  complementary  to  that  of  the 
light ;  that  is  to  say,  if  a  sheet  of  paper  be  illu- 
minated by  a  green  light,  a  body  illuminated  by 
white  light,  and  interposed  between  the  paper 
and  the  source  of  the  green  light,  will  cast  on  the 
paper  a  red  shadow.  Other  curious  similar 
phenomena  have  been  noticed  by  various  ob- 
servers. The  general  law  of  these  simultaneous 
subjective  colours  is  as  follows : — When  we  look, 
directly  or  indirectly,  at  a  coloured  space,  there 
is  developed  around  the  edges  of  that  space  a 
considerable  breadth  of  the  complementary  oobur, 
of  greater  or  less  intensity;  which  intensity,  how- 
ever, gradually  diminishes  as  its  distance  ftom 
the  object  diminishes.  (Black  and  white,  in  all 
these  cases,  rank  as  complementary  colours.) 
And  if  two  cobured  spaces  or  ol>jeet8  are  near 
each  other,  they  seem  to  have  arectjiroca/  actum; 
regard  being  had  to  the  size  and  brightness  of 
each.    Minute  details  may  thus  be  summed  up : 


At  a  distance  fkom  the  edge  of  the  oolonred  ob- 
ject we  find— :/?rge,  a  slight  prolongation  of  the 
actual  impres^on;  eeeondiy,  beyond  this  pro- 
longation, extending  to  a  considerable  distasee, 
the  development  of  the  accidental  cobor;  and 
thirdly^  in  certain  circumstances,  beyond  the 
space  occupied  by  the  acddental  colour,  a  new 
development  of  the  actual  colour  of  the  object. 
— ^The  explanation  generally  adopted,  r^ganfing 
the  first  class  of  phenomena,  is  thai  of  M. 
Scherfi^.  It  presumes  that  the  oontinned  aotkn 
of  rays  of  a  certain  colour,  on  the  retina,  enibddeB 
its  sensibility  to  these  rays ;  so  that,  on  the  eye 
being  directed  to  a  white  surface,  the  part  of  tiie 
retina  afibcted,  receives  an  impression  from  the 
other  rays  only,  or  from  the  compbmentaiy  part 
of  the  white  beam.  M.  Plateau,  in  an  exceed- 
ingly interesting  memoir,  has  attempted  to  refer 
both  dasses  to  the  same  physblogiod  principle. 
According  to  him,  the  iwrsufenoe  of  the  primS^ve 
impression,  as  wdl  as  the  aoddenitU  eokmn  of 
ihejlret  ckas,  oonstitnte  the  tranntion  of  a  por- 
tion of  the  retina  from  an  exdted  to  its  noarmal 
state,  the  transition  being  considered  in  refonnoe 
to  the  time  required  to  accomplish  it;  wfails 
irradiaiion,  and  accidental  colours  of  the  eeeond 
daee,  constitute  or  marie  the  same  transitioii,  as 
taking  place  in  tpaoe — ^the  transition  between  tise 
actually  exdted  portion  of  the  retina  and  that 
which  is  in  repose. 

Colours,  Cong>lementary»  —  If  two  eoloon 
make  up  white  when  they  are  mixed,  the  cue  is 
said  to  be  eonyilemeiUary  to  the.  other.  Black 
and  white,  light  and  darimess,  are  also  held  as 
mutually  complementaiy. 

C«l«ailMi  IfoacM.  A  southern  constella- 
tion,—one  of  those  named  in  modem  timea  It 
has  no  stars  above  the  third  magnitude. 

€7«1nica*  Two  great  drdes  of  the  Sphere, 
or  rather,  two  pairs  of  semidrdes.  If  a  great 
drde  be  supposed  to  pass  through  the  pole  of 
the  Earth  and  the  pob  of  the-Ediptie,  it  will 
pass  also  through  the  pomts  at  wliidi  the  Sun 
has  the  greatest  North  and  South  Dedinatioa: 
the  iialves  of  this  great  drde— the  one  ptataog 
through  the  tropic  of  Cancer,  the  other  throngjh 
the  tropic  of  Capricorn — are  the  Solttitial  Oekmt$, 
The  other  great  drde  passes  through  the  eqni- 
noctial  points ;  and  Us  hahet  are  the  equino^ial 
cdures. 

Ceasm  Bctvsdeca  (Hair  ofBereme^  a  oosi- 
stdlation  in  the  northern  beroi^here.  It  ia  not 
one  of  the  more  andent,  poesessing  no  large  stan. 
Tydio  first  gave  it  a  distinct  place  in  the  sky. 

OeoaMaail^iu.     See  Psbkutatioxs  and 

PSOBABIUTIES. 

€}— i»«tiwi»    See  Hbat. 

Cmcis.  An  extraordinary  dasB  of  oosmleal 
meteors,  some  of  whidi  are  at  present  oonneoted 
with  our  planetary  system ;  the  greater  nomber 
beuig  known  to  us  only  because  they  Uavmse 
that  portion  of  space  within  which  our  system 
lies.    A  Comet,  as  it  usually  ai^iean,  oonsista 
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oTa 


atmosphcn  or  ojImuAv^ 


environed  bj 
and  st- 
nebnlofity  or   UtiL 
,  oAea  tfarongii  an  im- 
TIm  BodsiM  or  the  Aaot^  <tf  the 
Botvittatnoding  its  aspect  of  oompantive 
Is  lEtMif  altogether  nebaloas;  for  the 
diMil|iBtiei  erory  trace  of  a  solid  mass, 
of  small  Stan,  which  even  a  chwd 
oliacund,  hava  been  seen  through 
of  ift.    The  shapes  of  these  singaUr 
do  not,  however,  sAways  conform  to  the 
tjpa.     At  tiflies  they  eppear   with 
in  aome  cases  there  is  no  tail  pn>- 
eo  caUed,  only  the  nndeos  is  not  quite 
plaeed  witidn  the  dievelnre ;  and 
they  present  a  mere  neboloeity, 
cfanodeos.    It  is  nnneosssary  to 
stWMgly  these  bodiee  are  contrasted 
the  cfganiaed  planets  of  onr  ^rstem.    Kei- 
is  k  astnniihmg  that  their  nnwonted  aspects 
apparition,  caused   tliem    to 
itaries,  the  place  ctpoiienU, 
diiajpaffwl  all  soch  ddnsions; 
concerning  the  physiod 
of  CoBsets  oontinnes  unknown,  we 
reoQgniaed  their  subjection  to  cer- 
d  d(2oit0  Iaws  of  the  Universe ; 
them,  berides,  as  instruments 
ns  to  attack  suooessfiilly  certsin 
problenis  tliat  could  not  be 
We  shall  arrange  what 
to  0^  ia  detsil  vegardiqg  Comets  under 


0'')CmtgU,Motim9,P€riod»^tmdNMmbenqf, 
is  now  tharooghly  fstablishcd  that,  erratic 

bodies  appear,  they  are^ 
I— in  tlie  ndghbonriiood  of  our 
Sfslem,  st  least — governed  by  that  same 
of  gmitatiaB  which  controls  the  planets 
around  the  Son.  Newton*s 
a  body  obeying  this  law 
in  an  dUpse  of  whatever 
r,  or  in  any  oCher  conic  section--doubt- 
in  the  ndnd  of  his  devoted  Ibl- 
Dr.  HsUcy,  that  d  priori  suspicion,  which 
amoQS  prediction,  that  the  Comet, 
Usname^  would  be  found  to  re- 
the  Son,  in  an  ellipM^  in  a  period 
7S  «r  7S  yamu  Apart  from  his  conviction  of 
of  that  pihKiple  of  Order,  which  his 
clier  had  detected  amid 
and  the  still  greater,  poidUet 
ef  planetary  motions,  Halley  would 
to  infer^even  from  the 
of  earlier  records  with 
ha  saw — that  the  capricious 
his  own  iiMpeotion,and  tiiose  which 
rvers,  were  one  and  the 
ha  would  sot  have  hazarded 
AsfRptey  thal^  aftv  tiie  lapse  of  another  76 
«  7i  ymn,  lUi  Coaaet  wmUd  return.  The 
jmm  »J^*  this  body  tpg^Bnd  to  Halley  and 
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his  contemporaries  was  16S2.    Flamsteed  con- 
Joined  to  his  other  eminent  services,  that  of  care- 
fbQy  determining  the  Comet's  places;  and  it 
was  the  remarlo^e  correspondence  of  paraboUe 
elements,  as  afforded  by  these  places,  with  the 
similar  elements  of  the  meteon  that  distinguished 
the  years  1681  and  1607,  which  led  Halley  to 
the  condnsion  that  **  the  Comets  of  those  three 
years— vis.,  1631, 1607,  and  1682— are  one  and 
tlie  same  Comet,  that  had  made  three  revolutions 
in  its  elliptical  orbit*'    Taking  certain  disturbing 
effects,  on  the  part  of  the  planet  Jupiter,  into  ac- 
count, he  concluded  that  the  Comet's  next  return 
to  its  perihdion  might  be  delayed  untO  the  be- 
ginning of  1769 ;   and,  in  advising  the  astro- 
nomen  of  that  day  carefoUy  to  look  for  such  re- 
appearance^ he  expressed  a  hope,  which  cer- 
tainly has  not  been  disappointed,  that,  in  event 
of  its  return,  posterity  would  not  refuse  to  ac- 
knowledge that  its  periodidty  had  first  beaa 
discovered  by  an  Englishman.     As   the  year 
1769  approached,  astronomers  became  more  and 
more  alive  to  the  consummate  importance  of 
Halley's  prediction;  and  those  very  laborious 
computations,  rendered  necessary  by  the  compa- 
rativdy  advanced  state  of  physical  astronomy, 
were  undertaken  and  brought  to  a  brilliant  con- 
dnsion by  the  celebrated  Clairaut,  assisted  by 
Lalande  and  Madame  Lepaute.    The  nature  of 
the  indispensable   computations  will   be   best 
understood,  with  the  orbit  of  the  Comet  before 
ns.    This  is  represented  in  the  annexed  diagram. 
The  contrast  between  this 
oometio    orbiti    and    the 
paths  of  the  planets,  need 
scarody   be  pointed   out 
The  paths  of  the  latter  are 
fiur  apart  from  each  other; 
and,  notwithstanding  thehr 
eooentridties,    they   never 
internet;  nor  do  the  bo- 
dies moving  in  them,  come 
at  any  time  very  near  each 
other:  hence,  the  redprocal 
influences  of  these  orbs  are 
oomparativdy  small — ^im- 
pressing only  slight  changes 
on  the  shapes  at  thdr  or- 
bits, or  thdr  periods.    But 
the  path  of  Halley*s  Comet 
is  siuh  that,  in  the  course 
of  a  revdution,  it  may, 
through  great  proximity  to 
some  planet  or  pUnets,  be 
sedoudy  aifected  as  to  its 
course  and  period;  so  that 
an  exact  fwtimato  of  the 
planetary  perturbationa,  ia 
essential  to  any  Just  deter- 


A.  Orut  of  Earth. 
R  Orbit  of  Jnplter. 
a  OrtiUof8stam. 


Fig  I. 

D.  Orbit  of  Ursncft 

E.  Orbit  of  Neptune 

F.  Orbit  Of  BsJley'tf  Comet 
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minatioii  of  the  date  of  its  Tetorn.  In  ClainmC's 
timfii  nnftntimately,  these  pertmhatioiis  oould  not 
be  minatelj  estimated,  since  the  masses  of  Jupiter 
and  Saturn  were  not  exactly  known,  nor  had 
Uranus  or  Neptune  been  discovered.  Clairaut 
did  not  pretend  to  an  ultimate  ezactitode ;  for, 
when  hazarding  his  first  statement— that  the 
Comet  should  be  found  at  its  perihelion  on  Idth 
April,  1759 — he  confessed  th^  he  might  be  in 
error  a  full  month.  The  Comei  came  to  iiiptri- 
Aefibn  on  12^  March,  This  approximation  was 
wonderful  enough ;  more  than  adequate  to  establidi 
the  reality  of  the  sway  of  gravitation  over  these 
wandering  meteors.  But  when  another  period  of 
75  years  had  completed  its  course,  Sdenoe  had  to 
reach  still  greater  triumphs.  Bailey's  Comet 
reappeaxed  at  the  cloee  of  1835.  The  masses  of 
Satam  and  Jupiter  were  now  determined,  and 
the  influence  of  Uranus  oould  be  taken  into  ac- 
count. The  investigation  was  of  course  renewed. 
It  was  best  performed  by  Roeenbeiger  of  HaUe ; 
and  the  occnmDce  agreed  with  the  prediction, 
within  ./Siw  <iSay<— surely  a  trifling  discrepancy 
considering  tlie  long  period  of  that  mist's  revolu- 
tion! Since  then,  Neptune  has  been  revealed;  and 
when  this  comet  again  returns,  it  is  not  likely 
that  the  enor  of  calculation  may  exceed  as  many 
hours!  It  is  indeed  a  matter  of  no  slight  grati- 
fication to  the  Human  Intellect,  that  amid  all 
external  obstructions,  and  its  proper  imperibc- 
tions,  it  can  yet  ascend  so  dosely  to  the  seat  of 
Nature's  most  intricate  laws!  The  actual 
dimensions  of  the  orbit  of  Halley's  C(imet,  as  de- 
termined by  the  late  Hermann  Westphalen,  are  as 
follow: — 


Least  distaaoe  from  the  Son, 

Greatest  distance, 

MiOor  axis  of  Orbit,      , 

Minor  azis  of  Orbit,      , 


M,90Q,000  miles. 
8,870,800,000    — 
8,428,900,000     — 
828,900,000    — 


As  shown  in  the  diagram,  this  comet  recedes  firom 


Fig.  3. 


Ju  Orbit  of  Ji 
C  Comet  of 
B.  comet  of  7 
U  Comet  of 


E.  OiMtofMars, 

F.  OxUt  of  the  Earth. 
O.  BaUey's  Comet. 
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the  sun  to  a  distance  considerably  exeeediiig  ibm 
of  Neptune.  At  the  remote  parta  of  its  erint  it 
is  always  fiff  lemoved  from  the  plane  of  Ae 
Ediptic  on  the  South  Side ;  and,  alone  tit  all 
known  periotHodl  comets,  the  direction  of  ita 
motion  is  in  the  contrary  direction  to  that  of  tlie 
planetary  syetem,  or  against  the  order  cf  the 
Sifftu.  We  have  purposely  dwelt  at  some  length 
on  the  Histoiy  of  the  Comet  of  Halley :  wkSkt, 
standing  as  a  type  of  the  habitudes  of  aU  CosneCa, 
it  holds  a  position  intennediate  between  a 
her  of  Comets  of  shorter  period,  and  those 
periods  are  so  long,  that  rational  doutvt  may  be 
expressed  whether  they  are  really  connected  with 
our  system  or  not  The  snl^joined  diagram 
presents  the  position  of  the  orbits  of  other 
viz.,  the  Comet  of  8*8  yean,  or  the  Gcmetef 
Endce  $  Biela's  Comet,  or  that  of  6J  yean ;  and 
Faye's  Comet,  whose  period  is  7^  yean.  Be- 
sides these  we  have  the  Comet  of  De  Yico^  with 
a  period  of  5^  years ;  tiie  Comet  of  Bionen^ 
with  a  period  dightly  laiger;  the  Comet  of 
D' Arrest,  whose  period  is  scarcely  6}  yean ;  as 
well  as  six  others,  the  probable  penods  of  ter 
of  which  are  withhi  six  years, — those  of  the  otiier 
two,  bdng  twdve  or  JifHm,  Four  Cometa  $n 
known,  with  probable  periods  owresponding  to 
that  of  Halley's;  and  the  fbUowing  resoka  of 
computation  may  perhaps  be  aooepted  as  wide 
appxoximatioos,  viz. : — 

Taanofths 

CooMi**  appMnnee. 

A  ■  VVf  •••  «••  •••  • 

XlOVy         •••  •••  •••  • 

AMI/ f       •••  ••■  ••■  • 

1811  (the  great  comet  oQ, 
1811  (Beoond  comet  of),    . 
1829  (ftrarth  oomet  oO,     . 
I8S6  (sreat  comet  oQi 
1840  (iburth  oomet  <»),     . 

x099f       •■•  •••  •««  B 

18i6  (De  VIco'8),    ...       . 


7,8S(  yearn 

8,000  ~ 

1,714  — 

8,06iS  — 

878  — 

8,444  ~ 

4^386  ~ 

844  — 

108,OiM)  _ 

2,720  — 


Then  is  one  other  Comet,  apparently  periodical, 
of  too  important  a  chancter  to  permit  na  to 
omit  notice  of  it  One  of  the  greatest  meteon 
of  this  sort,  mentioned  in  histoiy,  appeared  in 
the  middle  of  1262 ;  and  has  been  spoken  of  by 
all  historians  in  terms  of  wonder  and  astonisJi- 
ment.  In  16^  a  prodigy  of  the  same  charac- 
ter, and  with  similar  dements — in  as  fiv  as  wide 
observatiotts  enable  us  to  Judge — ^nead  tenor 
alike  over  Europe  and  Asia.  Considerable 
probability  exists  that  it  had  appeared  several 
times  previously,  after  similar  intervris.  Some 
modem  inquirers,  especially  Mr.  Hind,  have  oe> 
cupied  themselves  earnestly  with  the  quostioii  of 
its  oii>it;  and  the  latter  Astronomer,  after  great 
research  and  pains,  has  ventured  to  say  that  be- 
tween 1866  and  1860  we  may  look  for  its 
return— Its  mean  period  being  about  800  yean. 
If  this  prediction  be  verified,  it  wiB  be  otdy 
second  in  uiterest  to  what  befel  in  the  case  of  Dr. 
Halley. — Of  course  it  must  not  be  imagined  tlial 
the  larger  periods  mentioned  above,  an  deter- 
mined with  absolute  accuracy ;  nay,  it  is  even  on* 
likely  that  the  greater  numbor  of  these  bodiea 
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■r  syatem,  hsTvie-entaiiigorbits  at  alL 
pnbabiv,  their  paths  are  bypeibolic; 

merely  beat  axtMind 
ttttnwtioQ  they  have  cnconntered, 
tibros^   the  oomiical  spaces. 
thai  veaUjr  move  in  Ellipses,  and 
itapect  may  be  said  to  bdong  to 
not  imptobably  also   oosmkal 
paibe  have  been  oonverted  into 
by  tfw  toflnenee  of  the  Son  and  the 
liBSDeD*!  CoDMttf  Ibr  instance,  from 
CRStic  meteor,  was  thos  obliged  tar 
to  TCrroive  through  a  short  ellipsis ; 
of  Jupiter  again  threw 
It  is  rendered  still 
probable  that  the  Comets  do  not  properly 
to  oar  planctaiy  scheme,  by  the  fiict  that 
not  sab§ect  to  any  of  &»  oonstitoent 
For  instance,  fhey  are  not 
to  the  pfame,  in  the  neighbomfaood  of 
tlM  ptaastaiy  orbits  are  aU  foond;   ie., 
places  hi  the  sky  Itave  no  connection  with 
their  motions  are  as  fieqaently 
aa  dtnet ;  and,  aa  we  have  seen,  the 
of  their  oititaeanaes  them  to  intersect 
if  an  the  Rgohtf  attendants  on  onr 
>We  eaa  ftna  no  concq)tion  of  their  nnm- 
Fwibalalltji  alone  is  the  ground  of  any 
en  the  qiMatton ;  and  certainly  we  csn- 
the  iufaiui  fimit,  lower  than  many 
The  BMihnod  is  that  they  are  connt- 
themselTes;  and  most  be  regarded 
Orn^  the  interstellar  qiMuxs,  where 
that  an  at  present  utterly 


^—We 
y«t  B  a  fwidttam  to  define  the  phyncal 
They  fiimish,  and  probably 
in  this  pobit  of  view,  the  great- 
to  cmloaity.    But  a  few  remarks 
safrlyadrmrtmedon. — /ini;  the  relation 
Cnmrts  to  Ligkt  cannot  be  oonsidered 
by  tfia  ohaerratiQDS  of  Arago.    Testing 
bjthem  |yy  means  ^  liis  ^oZor- 
that  it  is  pokrized  by  re- 
concluded  that  they  are  not 
bat  that—like  the  pUnets  hi  this 
by  refiecting  solar  light 
fid  out  ahow  ooodusiTely  that  aU  the 
from  Comets  is  polarized  by  reflec- 
It  can  acaroely  be  denied  that  what 
Halley's  Comet  m  1885, 
a  sbnog  probability  that  these  bodies 
tedty  of  evolving  a  prcper  light 
Farther  obaerration  is  needfol  for 
of  tfali  d^cateqoestion.— iSBOoa<2l^: 
tkB  molecniar  eoostitntion,  or  inte- 
of  Comets,  it  cannot  be  pre- 
to  be  distingnished  by  much  cohenim, 
ca  the  jurt'"'—  of  aodi  a  body  be  sop- 
to  le  Add  together  bj  cflbet  of  thdr  mutual 
Ar  IM*^  would  not  really  amount  to 
Jnxtapoaitka  in  spacer 
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We  must  look,  therefore,  at  each  individual 
oometic  molecole,  in  the  light  of  an  independent 
prqjectile,  desoibiog  its  own  orbit  around  the 
Sun.  This  extreme  looseness  of  texture  was 
strikingly  manifested  by  tiie  recent  separation  of 
BieU*s  Comet  into  two  distinct  bodies  or  nudd, 
revolving  around  each  other;  and  it  is  peihaps 
the  cause  of  another  peculiarity  of  these  bodies — 
viz.,  their  remariuble  contraction  in  size  when 
they  reach  perihelion.  If  a  number  of  bodies 
describe  parabolas  or  very  eccentric  ellipses,  hav- 
ing the  same  axes,  and  around  the  same  central 
orb  in  their  common  focus,  the  intervals  separat- 
ing them  win  be  minima  at  the  perihelion ;  in 
other  words,  the  parabolas  will  nearly  touch  or 
osculate  each  other  at  that  region ;  and  the  mole- 
cules will  again  mutually  recede  as  the  group 
depsits  finm  the  Sun.  Comprestiotiy  therefore, 
at  perihelion,  and  ea^xmrion  afterwards,  are 
among  the  mechanical  necessities  of  such  a  sys- 
tem. It  scarcely  requires  to  be  stated  that  the 
deruify  of  Comets  is  quite  trifling.  Although 
they  have  passed  quite  near  to  the  smaller  bodies 
of  our  planetary  system,  they  have  never  im- 
pressed any  palpable  or  measurable  ;)erfitr&a<Mm. 
But,  Tfttrefly— Notwithstanding  the  amount  of 
light  thus  thrown  on  such  molecular  expansions 
and  contractions,  the  whole  subject  of  the  tails  of 
these  bodies  is  enveloped  in  mystery.  These  ex- 
traordinary appendages  are  perhaps  often  hollow, 
and  symptoms  of  rotatory  motion  around  their 
longer  axes  have  been  detected  ;  still,  why  is  it 
that  they  are  always  directed  right  away  from 
the  Sun ;  and  what  conceivable  force  can  retain 
their  more  distant  portions  in  any  orbit,  when  at 
perihelion,  they  are  bmndished  around  our 
Luminary  with  a  velocity  so  unparalleled  ?  It 
is  useless  at  present  to  waste  time  in  conjecture 
on  a  subject,  demanding,  beyond  everything,  the 
attention  of  the  precise  obsoirer.  One  remark- 
ablecontribution  to  positive  knowledge  must,  how- 
ever, be  mentioned — viz.,  Bessel^s  memoir  on  the 
phenomena,  attending  what  seemed  the  process  of 
the  formation  of  thetaO  of  Halley's  Cometin  1835. 
Thisdistingpiished  person  had  rareopportunities  to 
notice  these  phenomena ;  and  they  led  him  to  the 
conviction  that  our  central  ori>  develops  a 
Polarity^  or  exercises  a  Polar  Force  over  these 
difliise  meteors.  What  that  polar  force  is,  re- 
mains of  course  unknown:  but,  conddering  it 
akin  to  Magnetiam^  it  will  readily  be  seen  that 
it  renden  comprehensible  the  disturbance  of  the 
Comet's  form,  its  position  towards  the  Sun,  and 
the  feet  that  the  motions  of  the  body  are  not 
disturbed  by  the  development  of  the  tail.  The 
whole  of  the  memoir  in  question  is  worthy  of 
more  attention  than  it  has  hitherto  received. 

(8.)  ConyUiy  ae  Tnttrumentt  qf  Diaoovery, — 
These  bodies,  we  have  said,  are  yet  likely  to  lead 
in,  brilliant  courses,  of  otherwise  inaccessible  disco- 
very. For  instance,  ifthe  speculation,  just  slluded 
to,  shall  turn  out  well  founded,  they  reveal  a  new 
character  of  the  Sun.  or  at  all  events  greatly 
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extend  onr  knowledge  of  that  portion  of  his 
efflcieocy  to  which  we  owe  all  the  magnetic  phe- 
nomena of  the  Earth.    In  the  next  place,  wan- 
dering, as  Comets  do,  through  all  portions  of  the 
interplanetaiy  spaces,  they  must  doiibtless  unfold, 
in  fdtnre  times,  the  contents  of  these  spaces; — a 
train  of  discovery  ^at  may  be  .deemed  already 
inangnrated  by  the  more  than  presaipption,  ob- 
tain^  from  the  retardation  of  Encke's  Comet,  in 
favour  of  the  opinion  that  a  resitting  medium 
exists.    And  lastly,  they  stand  to  us  as  speci- 
mens— the   most  palpable  we  can  obtain— of 
those  other  curious   formations,  such   as   the 
Zodiacal  Light,  which  belong  to  our  planetary 
scheme  as  indefeasibly  as  the  Planets  themselves. 
What  is  already  established,  has,  of  course,  dis- 
pelled all  delusions  as  to  the  effects  of  the  shocks 
of  Comets  in  producing  geological  catastrophes 
in  the  Earth.    Their  feeble  or  rather  inappre- 
ciable density,  deprives  them  of  the  power  to 
produce  any  dynamical  effects;   although  it  is 
possible  that  cdUsion — as  it  has  been  termed^by 
introducing  extraneous  substances  into  our  ter- 
restrial atmosphere,  might  influence  the  fates 
of  the  oiganic  races,  to  whose   development 
and  welfare  that  Atmoqthere  Is  aa  essential 
ministrant 

C«iiimeiunnible«  Two  quantities  of  the 
same  kind,  or  two  numbers,  are  said  to  be  com- 
mensurable when  a  third  quantity  or  number  is 
contained  in  each  acertain  number  of  times.  In  rea- 
soning r^arding  incommeneurabkif  we  require  to 
show  that,  what  we  expect  regarding  them,  holds 
good,  almost  perfectly,  with  regard  to  two  com- 
mensurables  on  each  side  of  them ;  and  approxi- 
mates more  and  more  nearly  to  the  complete  ex- 
pression of  the  truth,  the  nearer  these  dose  in  on 
the  incommensurable  in  question. 

C«Mpsws.  Consists  fundamentally  of  a  mag- 
netized needle  turning  freely.  As  this  turns 
towards  a  position,  constant  within  certain  limits, 
wherever  it  may  be,  it  is  evidently  possible,  by 
means  of  it  to  ascertain  definitely  the  duections 
and  changes  of  direction  of  any  motion,  refer- 
ring their  lines  to  this  constant  direction.  It  is 
supposed  commonly  to  have  been  invented  about 
1802,  by  Flavio  Gioja.  It  was  certainly  known 
tn  some  parts  of  Europe  before  1180.  {EnqfcL 
Metrcp.)  Its  use  to  railors,  who  must  lose  all 
the  ordhiary  marics  of  direction,  is  abundantly 
plain. 

Pcini*  of  the  Compote  are  the  thirty-two 
principal  points  of  division  on  the  rim  of  the 
tircular  ou:d  below  the  horizontal  plane  in  which 
the  needle  is  permitted  to  move  freely.  They  are 
tailed  otherwise  Rhumbs.  They  are  marked  at 
the  extremities  of  equal  arcs  of  the  circumference, 
and  refer,  according  as  they  are  nearer  one  or 
other,  to  the  two  chief  lines  North  (towards 
the  pole  star,  or  North  point  of  horizon,)  and 
fiouth,  and  East  and  West,  (to  the  right  and 
left  as  we  look  towards  the  North).  They  are 
as  follows : — 
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Xocth. 

N.byE. 

N.N.E. 

N.E.b7N. 

K.E. 

K.E.byB. 

E.NE. 


E.bT8. 

E.&E. 

&E.  by  £. 

&E 

S.E.  bv  SL 

S.6.E. 

S-byE. 


Soatli. 

abyW. 

8&W. 

SLW.bja 

8.W. 

8.W.bvW. 

W.S.W. 

W.byB. 


W.  bvlCi 

N.w.bjir. 

N.W. 

y.W.lyH. 

li  .xii.W. 
N.  by  W. 


llie  student  may  readily  construct  the  dide  and 
mariL  the  points  in  order.  Each  division  contains 
**jO  of  the  drcumferenoe,  or  represents  1 1*'  16  of 
angular  space.  Each  is  further  subdivided  into 
quarters 

CompasSj  Marmer^s, — ^The  common  ooostme- 
tion  is  of  extreme  simplicity.  ,  There  is  mevdy  a 
circular  box  containing  a  paper  card,  on  whkh 
the  points  of  the  compass  are  marked,  above  the 
middle  of  which  a  magnetic  needle  is  set,  fioe  to 
rotate  round  its  centre.  It  turns  always  neor^ 
to  the  north,  (see  Magkbtish  and  Yabiatios,) 
and  the  amount  of  deviation  is  pretty  accurately 
estimable. 

As  in  all  other  instruments  of  extreme  impor- 
tance, this  idea  has  been  so  elaborated  that  the 
chances  and  limits  of  error,  fh)m  defective  aos- 
pension  and  the  like,  are  excessively  slight. 
The  most  important  irregularity  that  is  yet 
beyond  the  complete  control  of  practical  men, 
arises  from  the  effect  of  the  iron  and  magnetizable 
matter  present  in  ships.  Many  vessels  are  now, 
of  course,  entirely  constructed  of  iron.  In  the 
various  positions  of  the  ship,  they  beootne 
magnets,  acting  conjointly  with  the  earth  on 
the  needle,  and  exerting  greater  or  less  deviating 
effect,  as  the  direction  of  their  action  coincidea 
more  or  less  closely  with  the  constant  direction 
of  terrestrial  magnestism.  See  Compooxiok  ov 
Forces. 

Azimuth  Compass  has  the  circumUBrence  of  the 
card  more  accurately  subdivided  into  exact 
degrees,  minutes,  and  seconds,  and  to  the  box  is 
fitted  an  index  with  two  sights — that  is,  upright 
pieces  of  brass  set  diametrically  opposite  one 
another,  with  slits  down  the  middle,  through 
which  the  sun  or  a  star  may  be  viewed.  The 
position  into  which  the  index  of  sights  must  be 
turned  to  see  it,  wiU  evidently  indicate  on  the 
card  the  azimuth  of  the  star.  As  in  all  similar 
instruments,  telescopes  accurately  axjyusted  are 
used  instead  of  sights  when  the  obsennfttion  Ss  to 
be  exact.  The  use  of  the  instrument  is  diiefly 
to  note  the  actual  magnetic  azimuth,  ftom  which 
— as  we  know  the  azimuth  calculated  from  the 
north  and  south  line,  we  find  the  variaXitm  oi  the 
needle,  with  the  amount  of  its  changes  of  varia- 
tion. 

CompoM,  l^ertatlMi  of*  is  the  toif^  by 
which  the  compass  is  deflected  from  the  mag- 
netic north  by  the  action  of  the  iron  in  a  ship. — 
The  large  quantity  of  iron  now  used  in  the  oon- 
struction  and  equipment  of  steamers,  iron  svling 
vessels,  and  sometimes  of  wooden  sdling  vcsaefa, 
produces  a  deviation  of  the  compass  ttom  the 
magnetic  north,  which  inteiforea  seriously  with 
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of  mch  spends.  We  shall 
Lplmiii  the  cansea,  the  laws,  tnd  the 
fior  oorrecting  the  deviation 
An  iroo,  as  regards  magnetinii, 
to  between  the  two  extreme  states,  denominated 
^•nft  inm^  end  «*  herd  inxL**     Soft  iron  is  iron 

instantly  magnetie  bj  induction 

to  tike  fnHaenee  of  any  magnetized 

Uutently  kaes  its  magnetism  when 

Its  magnetiAn  is 
Hard  iron  is 
in  onUnaiy  circamstances, 
by  induction,  ind  which,  when 
retains  its  magnetism  when  the 
body  ia  renxrred.    Its  magnetism  b 
magnetism. — Neither  ex- 
netme,  bat  much  of  the  Iron  In 
afl  weeeele  epfieoecLes  each  extreme.    Hnch  is  in 

atate,  the  magnetism  of  which 

*  aobpermanent,"  or  "  retentive." 

magnetized,  retains  its 

writh  little  loss  for  a  long  time,  unless 

to  blofws  or  strains,  changing  its  mag- 

alowiy  and  gradually  when  exposed  to  a 

,  as  fiir  instance,  when  the  vcasol 

latitude. — In  investigating 

of  iron  on  the  comi>aaB,  it  is  oonveni- 

in  the  tint  instance,  that  all  the 

w  *'  soft,**  and  then  make  allow- 

ftrenoe  of  the  supposition  from 

We  aliall  fint  consider  the  effect  of 

magnetism  of  hard  iron  on  the 

m  idhall  suppose  the  ship  to  le- 

eflects  of  heeling  not  having 

y  intcstigatod  to  be  capable  of 

of  satisfiuiorfly  here.— A  piece  of 

megnetiaed,  in  other  words,  a  magnet, 

in  any  poaitian  in  a  ship,  attracto  thenorth 

the  cBifnpesi,  in  a  direction  in  the  ship 

■oC  altar  as  tlie  ship  swings  round. 

of  sDcii  magnets,  fai  other  words,  all 

woa  of  the  ship  ads  similarly,  and  gives 

a  tin^  rssoltaat,  attracting  the  north 

dke  cumpeas  in  a  direction  in  the  ship, 

fees  not  diange  as  the  ship  is  swung 

Whan  this  lesnltant  is  ui  the  direction  of 

it  prtMlnoes  no  deviation.  As 

s«ii!^g«,  tlw  needle  follows  the  resultant, 

deiialiaa,  or  rather  the  sine  of  its  deviation, 

as  the  eioe  of  the  horizontal  angle 

the  needle  nod  the  resultant — In  what 

W9  abMB  tappose  the  deviation  to  be  so 

tiat  the  Moe  of  the  deviation  varies  as  the 


X  sin  ang^  between 


Hot,  force  of  hard  iron 
Hor.  force  of  earth 

resultant  and  needle. — ^Calling  the  horizontal 
ibroe  of  the  hard  iron  r,  and  resolving  it  into 
two, — ^viz.,  p  directed  towards  the  ship's  head, 
Q  to  the  starboard  side;  and  calling  the  horizon- 
tal force  of  the  earth  h,  and  the  angle  which  the 
ship's  head  is  to  the  east  of  the  deviated  needle 
f ,  it  will  easily  be  seen  that  the  deviation  prcH 
duoed  by  the  hard  iron  is  proportional  to 

-*in{:'-l-~(Jos{'. 

H  *      '     H  * 

The  eflbct  of  the  soft  iron  is  less  simplc^In 
estimating  it  we  make  the  supposition,  which 
is  not  far  fh>m  the  truth,  that  induced  magnet- 
ism is  proportional  to  the  inducing  force,  and 
that  therefore  the  eSbet  of  any  number  of  induc- 
ing causes  is  the  sura  of  the  separate  effects.  The 
ordinary  cause  in  this  case  is  the  earth's  mag- 
netism acting  in  the  line  of  the  dip ;  which  in- 
ducing ibroe  we  may  resolve  into  its  two  com- 
ponents, the  vertical  and  horizontal  forces,  and 
consider  their  effects  separately. — The  vertical 
force  hsduces  in  the  soft  iron  a  magnetic  state' 
which  does  not  change  as  the  ship  swings,  and 
tlierefore  produces  a  deviation  following  the  same 
law  as  that  caused  by  the  hard  iron.  The  devia- 
tion so  produced,  is  therefore  directly  propor- 
tional to  the  vertical  force,  and  being  as  before 
inversely  proportional  to  the  horizontal  force,  it 
varies  as  the  ratio  of  the  vertical  to  the  hori- 
zontal force,  i.  e.,  it  is  proportional  to  the  tan- 
gent of  the  dip.  Calling  the  dip  ^,  and  treating 
this  force  as  we  treated  the  permanent  magne- 
tism, we  may  represent  the  deviation  caused  by 
the  inducing  force  of  the  vertical  part  of  the 
earth's  magnetism  by  the  formula 

B'tan^sin^-f-c'tan^oos^'. 

Combining  the  two,  we  get  for  the  deviation 
caused  by  the  permanent  magnetism,  and  the 
vertical  part  of  the  induced  magnetism 

f^B'ton^-f  1  jam   f  -f- 


fctan4-j-^  \  cosf. 


The  efitBCt  of  the  horizontal  force  is  most  clearly 
seen  by  considering  its  eflects  on  masses  of  iron  of 
tft^  tlie  deviation  produced  by  |  a  simple  shape, — viz.,  thin  iron  rods  placed  hori- 
_____  r  iUmcs,  is  the  sum  of  the  devia-  zontally.  When  such  a  rod  is  at  right  angles 
tkir  wvmid  prtMlooe  septatd^y.  This  sim-  to  the  magnetic  meridian,  it  is  not  magnetic.  In 
Cte  pg%MBm^  nad  in  suiBdentiy  correct  in  i  any  other  position,  ite  south  end  attracts  the 
in  which  alone  great  nicety  is  pee-  |  north  end  of  the  needle;  its  north  end  repels  it 
which  opposes  the  deviation  or   Such  a  rod  placed  in  the  line  of  the  keel,  and 

dther  before  or  abaft  the  compass,  will  produce 
no  deviation  when  the  ship's  hi»d  is  either  N.  or 
S.,  because  though  it  attracts  the  needle,  it  does 
so  in  the  direction  in  which  the  needle  is  polnt- 
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ing;  BO  it  wOl  prodaoe  no  derlatkm  when  the 
ship's  head  is  £.  or  W.,  becaoae  the  xx)d  is  then 
not  magnetic    When  the  ship's  head  is  N.E.  or 
S.W.,  it  prodaces  a  maximum  easterly  devia- 
tion ;  when  N.W.  or  S.E.,  a  maximum  westerly. 
It  therefore  causes  a  deviation  proportional  to 
the  sme  of  2  ('.    Here  the  fcHt»  prodndng  the 
deviation,  and  the  force  overcome  in  prodadng, 
are  both  the  horizontal  force  of  the  earth's  mag- 
netism.   The  deviation  prodnced,  is  therefore 
independent  of  this  force,  and  may  be  repre- 
sented by  D  ■  sin  2  {[',  where  d  depends  solely  on 
the  distribution  of  the  soft  iron  in  the  ship.    A 
similar  bar  placed  athwartship,  either  to  the  star- 
board or  port  side  of  the  compass,  will  produce 
a  deviation  —  d  sin  2  (';  so  a  horizontal  thin 
rod,  whose  direction  passes  throngh  the  compass, 
and  makes  an  angle  of  45°  with  the  line  of  the 
ked,  will  cause  a  deviation  B  cos  2  {' ;  and  two 
similar  bars  similarly  placed,  whoee  direction 
passes  through  the  centre  of  the  compass,  but 
which  are  at  right  angles  to  each  other,  will 
counteract  each  other's  efifects. — ^There  is  a  re- 
markable arrangement  of  such  bars,  which  re- 
mains to  be  mentioned, — ^viz.,  two  horizontal 
rods,  at  right  angles  to  each  other,  in  the  same 
plane  with  the  compass,  tangents  at  one  end  to 
a  circle  concentric  with  the  compass.     If  these 
rods  both  lie  to  the  right  firom  the  respective 
points  of  contact  (looking  firom  the  centre  of  the 
compass),  they  produce  a  constant  easterly  devia- 
tion; if  both  to  the  left,  a  constant  westerly 
deviation.    This  deviation  may  be  represented 
by  a  constant  term  a,  which  will  be  positive  in 
the  first  case,  negative  in  the  second. — ^These 
arrangements  combined  will  therefore  produce  a 
deviation 

A  +  D  sin  2  {'  +  B  cos  2  {['. 

It  may  be  shown  that,  whatever  be  the  arrange- 
ment of  the  soft  iron,  the  deviation  produced  will 
fullow  the  same  law,  and  be  expressed  by  the 
same  formula. — ^The  whole  deviation  produced 
by  the  hard  and  soft  iron  may  therefore  be  ex- 
pressed by 


3  =  A  + 


(•■ 


tan^  + 


tan  ^  +  ~  )  cos  ^  , 


+    D.8fal2t'    +    BCOS2^' 

ani!  this  formula  (which  may  be  written)  )  =  a 
^  B  sin  ^'  +  0  COS  ?['  +  D  sin  2  ('  +  b  cos 
2  ^'  win  be  found  in  all  cases  to  represent  the 
de\'iation  with  sufficient  accuracy. — ^We  will  now 
return  upon  our  steps  by  considering  the  causes 
and  efifects  of  the  terms  separately,  a  ex- 
presses a  constant  deviation  whatever  be  the 
direction  of  the  ship's  head.  It  caimot  arise  firom 
^)ermanent  magnetism.    It  may  arise  from  the 
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induced  magnetism  of  soft  in»  tmaged  kk 

the  way  described  above,  and  will  in  fiict  eziat 

whenever  any  elongated  horizontal  maaa  of  boa 

is  placed  near  the  level  of  the  oompass,  with  its 

ends  at  unequal  distances  tmm  the  oompasa. 

Thus  it  has  been  observed  to  have  a  mnridftmble 

value  in  gunboats,  in  which  a  gun  carnage  and 

the  fly-wheel  of  the  pomp  are  placed  in  sacfa 

position  relative  to  the  oompass;  but  it  msy  also 

have  an  apparent,  not  a  real  value,  caused  by  an 

index  error  in  the  oompass  on  board,  fitxn  an 

error  of  the  shore  compass  from  oompariaon  with 

which  the  deviaticm  is  deduced,  or  tkom  any 

mistake  as  to  the  amount  of  variation  when  the 

deviation  is  deduced  from  the  observationa  of 

heavenly  bodies  at  sea.    In  ordinaxy  cases  tbe 

value  of  A  is  so  small,  that,  for  the  purposes  of 

navigation,  it  may  be  safely  neglected,    d  and  k 

cannot  arise  fhim  permanent  magnetism,  \mt 

only  from  the  magnetism  of  soft  iron.     PodtiTC 

values  of  d  fhnn  such  masses  before  or  abaft  the 

compass— negative  values  from  such  masses  on 

the  starboard  or  port  side — values  of  b  fit)^ 

masses  of  soft  iron  in  the  intermediate  *«»gW 

As  might  be  expected,  tiie  value  of  e  is  genenlly 

very  miaD,  and  it  may  always  be  saf^y  m^lectcd. 

D  varies  from.  1°  or  2®  in  wooden  steamers  to  5° 

or  6^  hi  iron  steamers.    By  theory  it  ought  naC» 

and  in  practice  it  is  found  not  to  change  its  valne 

in  a  change  of  latitude.    This  part  of  the  devia- 

tion,  hsa  been  called  by  Mr.  Ahy  the  qnadrantal 

deviation,  and  it  is  convenient  so  to  disdnguMi 

it    It  is  almost  always  positive,  showing  thai  It 

arises  from  masses  of  iron  before  and  abaft  the 

compass,  and  indicating  that  it  may  be  oomcted 

by  a  bar  of  soft  iron,  or  an  elongated  box  of  Iran 

chain,  placed  athwvtship  on  the  staiboard  or 

port  side  of  the  needle. — ^The  remaining  terms 

are  by  for  the  most  important,  and  the  most 

difficult  to  deal  with.    This  part  of  the  devia- 


tion has  been  termed  the  polar-magnet 
tion  by  Mr.  Aixy,  but  is  more  conveoientiy  termed 
the  "semicircular*'  deviation,  as  it  consista  of  two 
parts,  one  caused  by  the  permanent  magnettan 
of  the  hard  iron,  which  is  more  strictly  polar 
magnetism,  the  other  by  the  induced  magnetiim 
of  tiie  soft  iron.  These  two  parts  change,  but  in 
diiforent  proportions,  with  a  change  of  magnetic 
latitude.  The  first  varies  inversely  as  the  hori- 
zontal force.  The  second  varies  as  the  tangent 
of  the  dip. — ^Their  changes  in  difierent  magnetk 
latitades  may  be  thus  described ; — At  a  magnetic 
pole  of  the  earth,  when  the  dip  ia  90^,  and  the 
horizontal  force  zero,  each  part  becomes  infinite. 
This  indicates  that  there  is  then  no  directive 
force.  For  some  distance  from  the  magnetic 
pole  the  two  parts  change  nearly  at  the  same  rate* 
and  therefore  the  whole  varies  neariy  as  the  tan- 
gent of  the  dip.  But  as  we  approach  the  mag- 
netic equator,  the  part  which  arises  from  tlie 
soft  iron  diminishes  the  most  rapidly.  It  bocomes 
zero  at  the  equator;  and  in  south  magnetic  lati- 
tudes has  the  same  value  as  in 


liU 


vith  the 
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lnKtudcB,  but  ^  oppodtB  tigtL 
mnam  from  Uw  hud  iron  does 
at  the  magnetie  equator,  but 
at  tliat  line,  neaily  coind- 
magnetlr  aqnator,  at  -winch  the 
ia  a  mazuninn,  and  in  sonth 
it  has  the  same  sign,  and 
the  aama  Talne,  as  in  northern. — If  oor 
Irjpathflrfa,  that  all  tha  inm  b  perfectly  liard  or 
parfbcdy  soft,  were  strictlj  tnie,  it  wooJd  be  pos- 
bj  obaerratioos  mads  in  any  two  magnetic 
to  detcnmne  the  values  of  the  two  parts 
But  in  tMA  this  is  unpossible.  The 
retiiive  magnetism  causes  the 
So  the  magnetism  of  a  ship  to  depend 
only  oa  the  place  at  which  the  sliip  is,  bat 
the  placeB  hi  wfakh  she  has  been'&r  some 
dija  or  weda;  her  magnetism  being 
hi  ancar  oi  its  theoretical  amoonts,  to  an 
which  there  appear  to  be  no  means  of 
, — It  appears  to  have  been  establiahed 
Dr.  Seoresby,  that  a  diange  takes  place  in  a 
iroD  Tessd,  even  without  achange 
latitude;  bat  it  seems  probable,  that, 
a  aboit  tinie,  and  a  few  voyages,  no  further 
of  aay  importance  takes  place  without 
ci  magiiKic  latitude; — ^We  shall  now 
a  few  wofds  as  to  the  phenomena  observed  in 
pavta  of  the  same  ship,  and  the  methods 
wUcfa  have  been  proposed.  In 
in  north  magnetic  latitndes  the  north 
<d  tl»  compass  is  attracted  towards,  and 
the  afa4>'8  head.  This  arises  from  the 
of  iron  befere  and  bebw  the  com- 
As  tlia  upper  end  of  ewry  vertical  mass  of 
attiacta,  and  the  lower  end  repels  the  north 
of  the  needle,  the  ftmnd,  the  lower  end  of 
b  generally  befixB  the  standard  compass, 
y  i«— S"&ji*»  the  attraction,  and  acts  as 
An  iron  stem  post  b  still  more 
and  frequently  more  than  counteracts 
of  alltlieironinfttntof  it,  causing  the 
of  the  compass  to  luUow  the  stem  of 
In  such  a  case  we  may  generally  find 
in  the  sliip,  bcftm  the  sleni-post,  where 
r  deviation  b  aero.  But  placing 
in  soefa  a  portion  b  of  less  advan- 
m%ht  be  snppoaed,  as  a  change  would 
take  place  on  a  change  of  hu^tnde. — 
be  tltf  amonnt  of  the  semidrcalar  devi- 
it  BMir  be  easily  coneeted  at  any  given  time 
|lae^  flkber  by  a  bar  of  aoft  iron,  as  proposed 
by  CapcT  Flinders,  or  by  a  magnet,  or 
piupoeed  more  recently  by  the 
BoyaL  The  methods  of 
are  too  well  known  to 
These  corrections  may 
the  vessel  does  not  change  her 
fayfyA.  materially,  as  in  the  case  of 
ports  in  the  United  King- 

io  Eorope,  or  plying  between  Eng- 

^^  fhm  United  States,  but  are  worse  than 
iji^    I  laiiirl  changes  her  magnetic 
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ladtode  considerably,  more  especially  when  from 
a  northern  she  goes  to  a  southern  latitude.  In 
fact,  whenever  'the  semicircular  devUtion  is 
reduced  to  zero  by  the  addition  of  either  soft  iron 
or  a  magnet,  it  can  only  be  by  the  induced  mag- 
netism of  the  soft  iron  (indoding  the  soft  iron 
corrector  if  applied),  compensating  the  perman- 
ent magnetism  of  the  hwrd  iron  (indoding  the 
correcting  magnets  if  applied). — ^The  consequence 
is,  that,  in  a  ship,  whose  compass  has  been  so 
corrected,  going  to  an  equal  south  magnetic  lati- 
tude^ the  induced  magnetism  of  the  soft  iron 
changing  its  sign,  doubles  instead  of  compensat- 
ing the  magnetism  of  the  hard  iron.  The  danger 
of  aU  such  corrections  b  so  well  understood  in 
the  Boyal  Navy,  that  no  such  correctors  are  ever 
made  use  of  in  her  Majesty^s  ships,  but  they  still 
continue  to  be  made  use  of  in  the  mercantile 
navy,  not  only  in  vesseb  pl3ring  between  different 
ports  nearly  in  the  same  magnetic  latitude,  but 
even  in  vesseb  going  to  southern  latitudes-  As 
an  instance  of  the  inefficacy  and  danger  of  such 
corrections,  it  may  be  mentioned  that  the  Fiery 
Gross  iron  steamer  had  her  binnade  compasses 
corrected  by  magnets  in  England,  and  in  lati- 
tude 29-58  S.,  longitude  60*39  £.,  had  a  devia- 
tion of  86^. — ^How  then  are  the  deviations  to 
be  corrected  ?  By  fixing  a  compass,  to  be 
called  the  standard  compass,  in  a  place  in  the 
ship  as  fax  removed  as  possible  from  the  dbturb- 
ing  influence  of  the  ship^s  iron,  directing  the 
sliip's  course  by  this,  and  using  the  binnade 
ooropasB  merdy  as  a  guide  to  the  man  at  the 
hdm.  It  has  been  proposed  to  fix  such  a  com- 
pass at  the  mast-head,  fitting  the  mast-head  with 
brass  work  instead  of  iron  work;  and  it  b  said 
that  a  compass  may  be  so  fixed,  and  then  ob- 
served without  inconvenience;  and  that  when 
so  fixed,  the  deviations  are  insensible.  Thb 
method  was  successfhlly  adopted  in  the  **  Royal 
Charter,**  as  described  by  Dr.  Scoresby.  If  not 
fidopted,  or  not  snooessful,  the  method  adopted 
in'  the  Boyal  Navy  b  to  be  preferred.  An  azi- 
muth compass  b  fixed  at  a  convenient  place  so 
hi^  above  the  dedc  that  bearings  can  be  taken 
over  the  ship's  bulwarks.  Then  the  ship's  head 
should  be  placed  on  a  number  of  compass  points, 
as  nearly  equidistant  as  posdble,  and  the  devia- 
tions on  each  point  obeen^ed  dther  by  compari- 
son with  a  compass,  or  by  the  bearing  of  a  dis- 
tant terrestrial  object,  or  of  a  heavenly  body. 
The  methods  of  doing  thb  are  well  known,  and 
are  described  in  a  pamphlet  publbhed  by  the 
Admiralty,  under  the  title,  Practical  Bule»  for 
oioertamiag  or  appljfmff  the  Denation  of  the  Com- 
pos* caused  by  the  Iron  in  a  Sh^.  From  theae 
observations  a  table  of  compass-courses  and  cor- 
responding correct  magnetio-conrses  may  be 
formed,  by  which  (making  a  simple  interpolation 
if  necessary),  from  any  compass-course,  the  cor- 
responding correct  magnetio-oooise  may  be  found, 
or,  conversely,  from  a  correct  magnetic-course, 
the  corresponding  oompass-conzae.— Thb  b  suf- 
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ficicnt  for  ordinary  purposes.  When  greater 
accuracy  u  required,  then  we  have  the  two  pro- 
blems to  solve, — viz.,  firsts  from  deviations  ob- 
served on  a  few  points  to  compute  the  deviation 
on  the  intermediate  points;  and,  second^  from 
deviations  observed  on  a  large  number  of  points 
to  compute  the  most  probable  value  of  the  devia- 
tions on  each  point.  These  may  be  solved  mathe- 
matically by  computing  the  oo-efficients  a  d  c  d 
B  from  the  observations,  by  the  method  of  least 
squares ;  and  when  the  observations  are  made  on 
equidistant  points,  the  calculations  are  very 
simple.  The  method  of  doing  this  is  given  in  a 
'*  Supplement"  to  the  "  Practical  Rules,"  by 
Archibald  Smith,  Esq.,  published  by  the  Admi- 
ralty. Another  method,  which  is  the  moat  con- 
venient in  ordinary  cases,  is  the  graphic  method, 
proposed  in  diflfisrent  shapes,  by  Mr.  J.  R.  Napier 
of  Glasgow,  and  Captain  Ryder,  R.K. — In  this 
method  a  straight  central  line  of  convenient 
length — say  18  inches— divided  into  860  equal 
parts,  represents  the  margin  of  the  compass-card 
cut  at  the  north  part,  and  straightened  and  ex- 
tended in  the  following  way : — 


N. 


E. 


S. 


W. 


N. 


Through  any  compass-course  taken  on  this  line, 
and  the  corresponding  correct  magnetic-course, 
two  straight  lines  are  drawn  intersecting  in  a 
[Mint  above  the  central  line  if  the  deviation  be 
east,  below  if  west — Through  every  compass- 
course,  on  which  the  deviation  has  be^  observed, 
lines  parallel  to  the  first  set  are  drawn,  and 
through  every  corresponding  correct  magnetic- 
course,  lines  parallel  to  the  second,  giving  a 
point  of  intersection  for  each  observation.  T^en 
a  curve  is  drawn,  called  the  curve  of  devia- 
tions, passing  as  nearly  as  possible  through  all 
the  points  of  intersection.  We  have  then  the 
following  easily  applied  solution  of  the  two  fol- 
lowing problems : — 

Pboblbm  I.  From  a  compass-course  to  find 
the  corresponding  correct  magnetic-course. 

Ride. — On  the  central  line  take  the  compass- 
course.  Move  parallel  to  the  first  set  of  lines 
till  you  reach  the  curve,  then  parallel  to  the 
second  set  of  lines  till  yon  get  ba<i  to  the  central 
line.  The  point  in  the  central  line,  at  which  you 
arrive,  is  the  correct  magnetic-course  required. 

Problem  II.  From  a  given  correct  msg^ 
netic-ouurse  to  find  the  corresponding  compass- 
oourae. 

ichU. — On  the  central  line  take  a  given  cor- 
rect magnetic-course,  move  in  a  direction  par- 
allel to  the  second  set  of  lines  tQl  you  arrive  at  the 
curve,  and  then  move  in  a  direction  parallel  to 
the  first  set  of  lines  till  you  get  back  to  the 
central  line.  The  point  on  the  central  line  at 
which  you  arrive  is  the  compass-course  required. 
In  Mr.  Kapier*s  plan,  both  sets  of  lines  make  an 
angle  of  60°  with  the  central  line,  and  with 
eadi  other,  so  that  the  lines  form  a  set  of  equi- 
lateral triangles,  and  the  scale  on  each  line  is  the 
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same  as  the  scale  on  the  central  line. — 1 
method  is  described  with  diagrams  in  the  "  Sup- 
plement" to  the  "  Practical  Rules"  above  mo- 
tioned, and  is  also  published  separately  by  the 
Admiralty,  under  the  title,  A  Graphic  MeAod 
of  Correcting  the  Deviation  of  a  ShSp*9  Cotnpas^ 
In  Captain  Ryder's  plan,  the  central  Ium  is  tlia 
diagonal  of  a  square,  the  other  lines  make  anglea 
of  45°  with  it,  and  are  at  right  angles  to  eadi 
other,  and  to  the  sides  of  the  square,  whi<^  sideB 
are  divided  mto  860°.     The  top  and  boCtoiii 
representing  correct  magnedc-coones,  the  sidea 
compass-courses.  —  By  this  method  the  oorrecA 
magnetic-course  corresponding  to  a  given  oom- 
pass  course,  or  the  compass-course  cwrespondi- 
ing  to  a  given  correct  magnetic-coarBe  is  foond 
as  if  by  a  table  of  double  entry.    A  descriptioo 
of  this   method,  with  a  diagram,   has    been 
published  by  the  Admiralty,  as  a  supplement  to 
the  "  Practical  Rules."    the  two  methods,  k 
will  be  seen,  are  the  same  in  principle.     Mr. 
Napier's  will  pertiape  be  found  more  conveuieBt 
in  construction  by  the  expert.  Captain  Ryder*8 
more  simple  in  use  by  the  inexpert — When  the 
deviation  is  corrected  either  by  a  table  or  bj  the 
graphic  method,  it  must  be  remembered  that  the 
same  table  or  the  same  curve  can  only  be  need 
so  long  as  the  ship  remains  in  the  same  ma^ 
netic  latitude,  and  so  long  as  there  is  no  material 
change  in  the  arrangement  or  condition  of  the 
iron  of  the  ship.      Whenever  an^  eoruideraih 
change  m  the  magnetic  latitude  of  the  M^  tela* 
place,  a  fresh  table  ehould  be  computed^  and  a 
fresh  curve  amsirvcted  from  fr-esh  ohservatiotm^ 
It  should  be  mentioned,  that  plans  liave  been 
proposed  for  correcting  the  semicircolar  part  of 
the  deviation  by  adjustible  magnets,  which  can 
be  readjusted  on  a  cliange  m  the  deviation; 
but  it  seems  doubtful  how  far  it  is  prudent  id 
entrust  such  delicate  manipulation  to  wnskiHed 
hands.     Since  the  first  edition  of  this  work,  the 
journal  of  Dr.  Scoresby's  voyage  to  Australia 
hi  the  **  Royal  Cbai^r "  has  been  published. 
This  voyage  was  undertaken  with  the  object 
of  observing  the    change  in   the   magnetiam 
of  an  iron  ship  proceeding   from   a   northern 
to  a  southern  magnetic  latitude.    The  result 
showed  a  change  in  the  compasses  corrected  by 
flxti  magnets  of  about  one  point  on  the  arrival 
of  the  ship  in  Australia,  and  of  two  points  on  its 
retmn,  and  a  consequent  failure  oi  this  mode  of 
correction,  indicating  a  laiige  change  in  the  suh- 
permanent   magnetism.      The  change  did   not 
indicate  the  existence  of  any  large  amount  of 
transient  induced  magnetism. 

Conapenaatlon.  A  method  adopted  ui  niany 
cases  to  neutralize  errors  of  which  we  cannot  get 
rid.  Thus,  if  we  wish  to  obtain  a  residual  phe- 
nomenon, free  from  some  slight  efiect  of  irregu- 
larity, we  introduce  an  opposite  irregularity  of 
nearly  equal  amount  I'he  compensation  b*- 
lance  of  a  watch,  and  the  methods  adopted  tar 
preventing  the  deviation  of  the  ship's  compass 
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are  betntSAd  in- 

ttoknbly  complete, 

paitiall J  ao  as  yet    The 

pendnlmn  ilIiiatrateB  the  principle 


In  Afitkmelic^  ib»  oomple- 
«ff  «  immber  Is  the  difierenoe  between  it 
tks  power  «f  10  immedistely  above  it:  thus, 
47S  Is  ibe  wapiemept  of  627.    In  Geometry, 

of  an  angle  is  the  ezceeeof  a 


i4   F< 


€f  Metiom  tmd  Fonw.— The  very 

macliaiiksl    and   physical   problem 

above,  is  equivalent  to 

s — If  a  Body  in  Motion  becomea  8iil]||ected 

to  a  eecond  moCkn;  or,  if,  to  the  Foroe 

the  Inst  motion,  there  be  saperadded 

ve  on  the  Bod^,  a  aeoond  Foroe,  naturally 

Motion  ~  what  will  be  the 

Motka  of  tbe  Body?    Or  what  the  Single 

In  obedimee  to  whidi,  it  may  be  supposed 

?— L  The  fixmal  reply  ia  this:— 1.  With 

to  ks  tooHon  of  Tbavslation.     If  a 

2   body,  disposed  by  any  force 

^   to  move  through  the  space 

A  B,  along  the  Une  ▲  B,  in  a 

given  time,  dumld  alio  be 

/^^•^'  /      snfajecfed  to  the  operation  of 

foroe,    tending    to 

*        csnae  it  move  in  the  same 

ttvDBi^  Ifae  spaos  a  o,  along  the  line  a  o  it 

t  in  that  spedfled  tfane  through 

A  s— HM  diagomai  of  the  paraUeloffram 
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.enABaadACjSsitsisdea.  Andsnpposing 
Iht  bod|y  A  sob^ected  toUfw  Ibnes,  lying  in  diffin*- 
fin  spaee,  it  will  move,  in  the  unit  of 
tivoagh  tlie  diagonal  of  the/Mira^ 
by  tlnee  tines  representing,  in 
d  ODoant,  the  three  ekmentaiy  forces. 
sfipKcatioB  of  this  ftmdamentid  theo- 
'  of  Foroes  acting  at  a  point  may  be 
their  inftnnce  represented  by  a 
mot  vtna,  any  Sin|^e  Force 
the  RemJtmU  of  any  number 
idcmentaiyFonea;  and  resofeed  into 
S.  To  the  caae  of  Motion  of  Bota- 
Motion  of  Rotation,  a 
Technically,  thia  part 
pBvblem  consists  in  the  Cbsiponfioa 
.  The  nature  of  the  eolu- 
be  BBiieffSfnod  i>y  a  aingle  illustration, 
M  a  body,  a  (sse  pteoeding  figure),  rotatee 
anNmd  an  axis  whose  direction 
fe  A  Cp  and  with  a  veiocs^  represented  by  the  Une 
A  c;  ^id  if  It  be  struck  anew  by  a  force,  that  of 
itorir  wiaii  caosa  it  to  rotate  sJto  finm  west  to 
Mrt,anaarf«iaads  whose  direction  is  ab;  and 
wMsiebcftfRimseDtedbytheHneAB;  then 
h  sfl  mctaaBr  nuae  flvm  west  to  esst,  around 
^igeetkmiB  the  diagonal  a  z,  and 
tMtinttfxt  by  A  z.  In  the  same 
Mog  in  diARnt  planes,  and 
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whether  in  the  same  or  in  cpposUe  ways,  may  be 
oo0ipowidSo(2,  and  of  conrsereeolyedat  will,  precisely 
as  with  Motions  of  TranslatUm,^-!!,  The  inquiry^ 
ss  to  the  grounds  on  which  the  principle  just  enun- 
ciated reposes — the  proposition  usually  termed 
the  Parallelogram  of  Forces — has  been  a  fovonr- 
ite  and  fertile  one,  with  persons  occupying  them- 
selves concerning  the  Philosophy  of  the  Sciences. 
We  have  no  room  for  controversy ;  and  shall 
merely  record  our  conviction,  that  the  principle 
formally  expressed  by  the  Parallelogram  of 
Forces  is  not  resolvable  into  any  simpler  one ;  and 
that  the  propoeition  itself  is  therefore  not  deduc- 
iMIs,  in  the  strict  sense  of  the  term.  It  is  an 
Axiomy  commended  by  universal  experience, 
that,  ^  a  moving  body  he  impreued  with  a  new 
motion^  or  acted  on  by  a  new  force,  U  ia  not 
thereby  kmderedjrom  obeying  to  ihej\iu,  aKke  in 
quantiiy  and  direetion,  thefirti  motion  to  which  we 
ham  mgfpoted  it  eubfected.  For  instance,  whether 
a  ship  is  at  rest  or  sailing  smoothly,  all  interior 
motions — actions,  let  us  say,  on  its  deck — take 
place  indi6ferently,  and  with  the  same  precise 
resulta  Now,  the  Parallelogram  of  Foroes  is 
nothing  more  than  the  technical  nde^  to  which 
this  principle  gives  rise.  It  will  be  found,  on 
exact  analysts,  that  every  efibrt  to  deduce  the 
principle  a  priori,  whether  geometrically,  or  by 
aid  of  the  algorithm  of  Functions,  involves  some 
assertion  folly  equivalent  to  the  truth  pretended 
to  be  demonstrated. 

C*Hpressl¥illtT.  Bodies  are  supposed  to 
be  constituted  of  small  indivisible  atoms,  exist- 
ing at  certain  distances  from  each  other,  but  kept 
together  by  attractive  forces  within  the  body,  as 
solids;  orbyooerdveforcesfiomwithont,  as  liquids 
or  gases.  In  all  cases,  except  in  the  case  of  these 
indivisible  atoms  themselves,  bodies  are  supposed 
to  be  made  up  of  a  number  of  these  puticles. 
AH  esses  whidi  come  practicslly  under  our  ob- 
servation are  included  under  this  statement,  for 
whether  or  not  these  atoms  exist  at  all,  they 
have  never  been  found  as  magnitudes  recogniz- 
able by  our  finest  senses,  assisted  by  our  most 
perfect  instruments.  Every  body,  then,  is  com- 
posed of  atoms  at  certain  dbtances  from  one 
another. 

From  this  statement  we  are  naturally  led  to 
inquue  if  these  distances  can  be  augmented  (see 
ExPARSioii)  or  dimmished.  That  property  of 
bodies,  in  accordance  with  which  they  can  be 
diminished  is  called  their  compreseibiUty, 

The  compressibility  of  difierent  bodies  is  dif- 
ferent. The  relative  compressibility  of  various  bo- 
dies is  readily  tabulated,  according  to  the  degree 
of  compression  obtained  by  the  application  of  a 
given  force.  One  thing,  however,  must  beobserved 
carefully.  The  compressibilities  must  be  measured 
at  one  unifonn  temperature.  There  is  no  pro- 
perty of  bodies  more  readily  and  completely  altered 
than  this  is,  by  the  influence  of  heat  Thus  water 
at  212°  becomes  steam,  and  is  then  compressed 
according  to  the  gaseous  laws,  in  the  invene 
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propoTtion  of  the   pressuns    applied,    becom- 
ing ^  leas  by  fhe  addition  of  one  atmoBpliere  of 
pressnie,    while   water    itself  scarce   becomes 
Tij^ifT^  less,  as  we  shall  immediately  see.    A 
heated  solid  generally  takes  np  much  more  space 
than  a  cold  one ;  and  hence  the  body  exists  with  its 
particles  at  greater  distances  one  from  the  other 
in  the  first  case  than  in  the  second.    lii  this  case 
also  they  are  generally  more  compressible  by 
outward  force.    The  extraction  of  heat,  indeed, 
without  the  application  of  outward  force,  pro- 
duces in  almost  every  case,  a  degree  of  compres- 
Kion  and  vice  vena.     Compresuon,  in  almost 
every  instance,  is   accompanied   by  evolution 
of  heat    The  degree  of  compression,  at  given 
temperatures,  varies  in  solids,  according  to  their 
other   physical   properties.     A   like  variation 
obtains   for   liqoids.      They   were    originally 
thought  indeed  to  be  incompressible.    The  cele- 
brated experiment  of  the  Florentine  Academi- 
cians, in  which  they  applied  very  great  force 
to  a  ball  of  thick  gold  filled  with  water,  in  order 
to  compress  the  water,  and  found  themselves 
only  able  to  make  it  ooze  through  the  metallic 
surface,  was  held  to  be  conclusive  upon  the 
point.    But  this  was  very  soon  doubted.    What 
it  did,  in  fact,  prove,  was,  that  it  requires  a  less 
force  to  drive  water  through  the  pores  of  gold 
than  it  does  to  compress  its  bulk.    It  has  been 
questioned  whether  it  even  established  this,  or 
whether  the  percolation  of  water  was  not  due 
rather  to  cracks  and  fissures  in  the  gold  than  to 
the  severe  pressure  to  which  it  was  submitted ; 
fissuree  so  small,  as  not  to  be  vimble  to  the  ex- 
perimenter.   Even  accepting  the  other  conclu- 
sion, we  are  not  forced  to  believe  water  and 
other  fiuids   incompressible.      In  foot  we  see 
that  the  diminution  of  heat  does  compress  them, 
and  knowing  as  we  now  know,  the  identity  of 
the  nature  of  heat  and  mechanical  action,  this 
would  be  8ufi[icient  to  prove  that  they  are  com- 
pressible in  certain  circumstances.    But  without 
falling  back  on  this  resource,  experiments  made 
more  carefully  than  the  Florentine  one,  have 
shown  very  clearly  that  liquids  are  compressible. 
Water,  for  example,  has  been  compressed  by  the 
addition  of  a  pressure  of  15  lbs.  per  square  inch  to 
the  atmospheric  pressure  (addition  of  one  atmos- 
phere of  pressure)  to  lose  Txy^o^th  of  its  bulk. 
It  loses  by  the  addition  of  two  atmospheres  pro- 
portionally more  and  so  on.    This  law  holds, 
within  the  limits  under  which  we  can  safely  ex- 
periment    We  cannot  procure  pressures  of  a 
thousand    atmospheres,    or    construct    vessels 
capable  of  withstanding  them.    Pressures  of  800 
atmospheres  have  been  applied.     Other  liquids 
follow  the  same  law,  each  having  a  different 
coefficient  of  compression  for  the  increase  of 
an  atmosphere  in  pressure.— >With  gases  the  case 
is  difierent     The  bulk  of  gases  increases  or 
diminishes  in  exactly  inverse  proportions  to  the 
pressures.    Thos,  if  we  add  a  pressure  of  one 
atmosphere  to  a  gas,  it  will  be  reduced  to  one- 
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half  of  its  original  bulk,  if  a  preswire  of  four  at- 
mospheres, to  one-fifth,  and  so  on.  ThiB  law 
holds  for  all  gases  within  certain  limits.  Under 
violent  pressures  gases  evince  a  fgodeoey  to  as- 
sume the  liquid  form.  When  they  leaeh  pm- 
sures  near  those  at  which  they  actually  paaa  from 
the  gaseous  state,  the  foregoing  law  beoHnes  verr 
little  reliable.  In  some  inwtancfw  sndi  paaaage  to 
fluidity  is  the  result  of  pressure  oompaiativdy 
slight;  with  others  again,  it  has  not  been  fbond 
possible  to  procure  any  indication  of  an  appvoadb 
to  it,  by  our  highest  available  prcseiiros.  Thos 
the  foUowing  gases  are  condensed  into  fiqaiids  at 
the  pressures  noted : — 

OASIS. 

SnlpburooB  Add  Gas, 9  atmo^iiiena. 

Cyanogen, 3  „ 

Ammonia,.. ff  „ 

Sulphnretted  Hydrogen, 16  ,, 

MurlatlcAcld,. .S4  „ 

Carbonie  Add,. ...JW  „ 

NltrooB  Oxide,. .44  „ 

I^  however,  we  keep  in  mind,  in  the  case  of 
each  gas,  its  point  of  transformation ;  we  may 
safely  apply  the  gaseous  law  above  stated  to  tJH 
pressures  sensibly  bwer. 

€•■€&▼«.  A  surfue  is  said  to  be  coneatt 
where  lines,  drawn  from  point  to  point  in  it,  foil 
between  the  sorfooe  and  the  spectator ;  and  com- 
vex,  where  the  surface  comes  between  the  spec- 
tator and  these  lines.  By  dianging  our  podtioQ 
one  surface  may  thus  become  to  us  soooessively 
concave  and  convex.  They  are  merely  relative 
terms.    See  Lehs  and  Mirbob. 

Concord,  in  Music.  For  an  explanatioo  of 
the  meaning  of  this,  and  of  the  drcumstanoeB  in 
which  it  obtains,  see  Hakmonigs:  for  an  ex- 
planation of  the  theory,  see  Aoouanos. 

Goadenacr«  Blectrlc.  The  uae  of  this 
highly  valuable  instrument  is  so  fiv  indicated  by 
its  name.  The  immediate  result  which  Is  oon- 
templated  in  every  proper  employment  of  the 
condenser,  is  the  condensation  of  electric  charges ; 
or,  in  other  terms,  the  increase  of  electric  teosioiL 
It  may  be  added,  that  the  final  lesolts  mosft 
generally  aimed  at,  in  the  emplojrment  of  the 
instrument,  are  electroscopic  and  decteometric 
determinations,  in  regard  to  yery  fod>le  chargM 
or  sources  of  dectridty.  And  it  is,  indeed, 
the  extreme  importance  of  such  determinatioiis 
that  renders  the  condenser  so  valuable  as  an  in- 
strument of  research.  Suppose,  in  iUustratSon  of 
these  remarks,  that  a  charge  has  been  distributed 
over  such  an  extent  of  suifooe  that  its  existence 
cannot  be  detected  by  the  employment  of  any 
dmple  dectroscope,  such  as  the  dectric  pendo- 
lum.  For  determining  the  existence  and  the 
species  of  a  charge  so  difiused,  the  only  known 
method  is  to  accumulate  the  charge,  or  some' 
part  of  it,  upon  a  much  smaller  extent  of  soxfiMe 
than  it  originally  occupies.  This  aceumiilation 
is  the  work  of  the  condenser.  Then,  by  a  simide 
change  in  the  conditions  of  the  apparatna,  we 
detail  the  aocnmulated  chaige  from  the  ot^ginel 
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it  act  on  the  dectraseope.    In 

cmniiidBr  a  much  more  im- 

Uian  tlie  preoeding.    Every  electric 

ft  are  aeqnamted,  itincapable 

d  viiiliiug  eleetiiaty  beyond  a  oertain  tensioii, 

tttdi  dipenda  upon  the  naftafe  of  the  eomce.    If 

tie  Bmiiam  tftmnn,  then,  irtiich  comspoads  to 

aiy  particolar  eoaree  be  ytrj  fed>le,  the  statical 

tkliidlijr  ewrbhied  by  the  sooFDe  can  be  detected 
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of  aocnmnlation,  ae  in  the 
Tha  inatrament  and  the  proccai  of 
the  aame  in  both  caaee.  The 
a  €Mt  upon  the  eomioe,  as  iifKm 
feebly  dectrified. 
indicate  to  some  extent  the  im- 
of  the  condnnBer  in 
They  indicate  also 
that  aa  fcr  aaelMtroeai|iic  parpoees  are  concerned, 
Ike  woriL  of  the  mndwMwr  la  just  to  increase  a 
prea  dsariBeni  a  gEeater  or  kea  proportion  ao- 
oQidiBg  to  the  power  of  the  instniment  Consider 
In  vtei  irmf  these  important  resolts  are 

essentially  of 


plataa  in  the  ftnn  of  discs  with  plane  and 
One  of  the  discs  is  Ibnned  of 
The  other  two  axe  condnctora. 
la  the  mHjuMwrn^  fignre  there  is  a  lepresentation  of 

the  condenser  hi  the  form  in 
A  which  it  is  most  commonly 

jl  employed.      The  insalating 

^  U  *^  pisiedoes  not  appear  in  the 

^^V^^*^^  iignre,  its  place  being  sup- 

|£ed  by  thin  shells  of  non- 

condaeting'  varnish,    which 

have  been  painted  upon  the 

sarfiMes   of  the   conducting 

plates.    Aa  appears  from  the 

itgnre^  tlie  upper  disc  is  fiir- 

nhfaed   with    an   insulating 

handle^    and   the    lower   is 

cannffttinn  with  a  gold  leaf  dec- 

The  woffciag  of  the  apparatus  is 

The  upper  disc  is  placed  upon 

The  fermiBr,  wluch  is  called  the 

is  then  made  to  communicate 

widle  the  latter,  or  the  condena- 

,  is  pot  in  eonununicatton  with  the  ground. 

iBspeeitiun  the  given  charge  is  placed  in 

A  conducting  path  has 
hat  opened  up  fiir  it  into  the  ground ; 
%  Is  Bosft  Important  to  observe  that  the  two 
wideh  fimit  the  intemiption  in  this  path 
and  voy  near  to  each  other. 
ft  bin  these  Tlivtiiiiirfe"^^  that  the  power  of  the 
oRgmatesL    Bytiiediaporition  above- 
te  oondenser  la  chaiged.    An  instant 
k  generally  saiBciflnt  ibr  tlie  completion 
bafgei     To  manifest  the  charges  aocu- 
hi  the  plates^  we  suppress  the  communi- 
ctween  the  eoodeosing  pUte  and  the 
«Kf  that  between  the  reeeivfaig  pUOe  and 
ThB  dbdi  mn  then  sepsrated,  and 
%M  Mb  Smad  Ip  be  duDKod,  the  upper 


with  the  electricity  of  the  source,  and  the  lower 
with  the  opposite  electricity.  In  a  good  oondenser 
the  intensities  of  the  chaiges  on  the  two  discs 
dJfier  very  slightly  from  each  other,  and  are  much 
greater  than  that  of  the  original  charge,  so  much 
greater,  indeed,  that  they  may  give  powerful  efFects 
with  the  electroscope  even  when  the  original 
charge  gives  none.  That  there  is  a  considerable 
accumulation  of  electricity  in  the  discs  is  a  fact 
diat  may  be  directly  proved  by  experiment ;  but 
we  may  easily  account  for  this  accumulation 
from  known  and  simple  principles.  The  electri- 
city of  the  source  is  difftieed,  first  of  all,  over  the 
surfeoe  of  the  receiving  plate.  It  then  acts  by 
induction  upon  the  condensing  plate  through  the 
thin  shell  of  nonconducting  matter  that  sepa- 
rates them.  The  latter  plate,  being  in  commu- 
nication with  the  ground,  receives  therefore  an 
opposite  charge  of  electricity.  This  charge  re- 
acts inductively  upon  that  of  the  receiving  plate, 
and  disgmsee  a  certain  proportion  of  it,  so  that  an 
additional  quantity  of  electricity  flows  into  the 
receiving  plate  from  the  source.  This  additional 
charge  increases  the  induced  charge  upon  the 
conducting  plate,  and  the  latter  charge  reacts 
therefore  more  powerfiilly  upon  the  receiving 
plate.  It  is  an  essential  part  of  the  theory  of  the 
oondenser,  that  this  process  goes  on,  until  the  free 
charge  in  the  receiving  plate  is  equal  to  that 
which  it  would  have  obtained  in  the  absence  of 
the  condensing  plate.  We  are  now  in  a  condi- 
tion to  give  a  mathematical  statement  of  the 
theoiy  of  the  instrument  Let  p  and  q  be  the 
total  accumulated  charges  in  the  receiving  and 
condensing  plates  respectively.  The  circum- 
stances of  the  charges  p  and  q  are  different. 
The  chaige  Q  is  entirely  disguised,  so  that  if  the 
condenshig  plate  be  touched  by  a  conductor  it 
parts  with  none  of  its  electricity.  On  the  other 
hand,  the  charge  p  consists  of  a  disguised  portion 
and  a  free  portion.  But  the  same  principle  may 
be  applied  to  both  charges,  and  it  is  this— that 
the  total  charge  induced  in  either  plate  has  a 
constant  proportion  to  the  total  inducing  charge 
in  the  other  plate.  This  principle  is  founded  on 
experiment,  and  must  be  acknowledged  as  at 
least  closely  approximating  to  the  truth.  If, 
therefore,  q  be  equal  to  m  p,  the  dlsTuised  part 
of  p  will  be  equal  to  m  q  or  to  m*p,  for  the 
disguised  part  of  p  is  the  total  charge  in- 
du^  by  Q,  and  must  be,  by  the  above  principle, 
in  the  same  proportion  to  q  as  q  is  to  p. 
The  disguised  part  of  the  charge  p  being  then 
M*p,  the  free  charge  upon  the  receiving  plate 
must  be  p — ^m^p  or  (1 — ^m«)  p  ;  and,  by  a  prin- 
ciple already  stated,  this  is  Uie  total  char^  that 
the  receiving  plate  would  have  obtained  from  the 
source  in  the  absence  of  the  condensing  plate.  If 
M  be  veiy  nearly  equal  to  1,  which  it  is  in  a 
delicate  oondenser,  it  is  evident  that  the  con- 
densed charge  p  is  excessively  great,  compared 
with  the  free  chaige  or  the  natural  charge 
(1— M*)  P.  In  general,  the  ratio  of  the  former 
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cbaige  to  the  latter,  or  the  finaction -,  Is 

very  properly  talcaD  u  tbe  meamire  of  the  coo- 
deiuiog  power  of  the  instroment  With  regard 
to  the  charge  q,  which  ia  aixmmnlated  in  the 
condenaiiig  plate,  it  la  equal  to  m  p ;  and,  aince 
M  differs  very  slightly  from  onity,  this  dharge 
difiers  yery  little  from  p.  This  fact  excuses  the 
dispoaition  represented  in  the  figure,  in  which  the 
dectrosoope  is  connected  with  the  condensing 
rather  than  the  receiving  plate.  The  disposition 
is  required  for  oonvenience  of  manipulation,  and 
it  is  made,  as  we  see,  at  little  or  no  sacrifice  of 
sensibUity  in  the  instrument  After  these  re- 
marks, it  iB  evident  that  the  best  condenser  is 
that  in  which  m  most  nearly  equals  1 ;  in  other 
terms,  it  is  that  in  which  q  nearly  equals  p,  or 
in  which  the  charge  induced  in  the  one  disc  is 
most  neariy  equal  to  the  total  inducing  charge  in 
the  other  dLsc.  The  entire  question  as  to  the 
efficiency  of  the  condenser  may  therelbre  be  re- 
duced to  this:  Wliat  are  the  circumstances  which 
affect  the  value  of  m,  and  how  do  they  a^t  it  ? 
There  are  three  elements  upon  which  m  chiefly 
depends — the  diameters  of  the  discs,  the  thickness 
of  the  insulating  plate,  and  the  matter  of  which 
the  latter  plate  ia  composed.  When  the  dia- 
meters of  the  discs  are  increased,  and  when  the 
thickness  of  the  insulating  plate  is  diminished,  m 
approximates  to  1 ;  but  tiiere  are  practical  limits 
to  this  approximation.  The  discs  cannot  be 
properly  handled,  nor  even  properly  fitted  to 
each  other's  surfaces,  when  their  diameters  are 
too  great  PracticaUy,  the  most  convenient 
magnitude  of  the  diameters  is  between  six  inches 
and  a  foot  Again,  when  the  thickness  of  the 
insulating  plate  is  too  fkr  diminished,  a  disdiarge 
between  the  discs  may  have  place  through  the 
plate.  With  delicate  instruments,  such  as  that 
represented  in  the  figure,  which  are  emplo]^  for 
the  examination  of  very  feeble  charges,  the 
thickness  of  the  insulating  shells  of  varnish  on 
the  surfaces  of  the  discs  is  sometimes  diminished 
to  less  than  ^^^  of  an  inch.  The  value  of  m  in 
such  a  case  must  diS&c  fh>m  1  by  an  excessively 
small  quantity.  The  third  element  which  was 
mentioned  as  affecting  the  value  of  m  is  the 
matter  of  the  insulat^g  plate.  It  is  proved, 
by  Faraday's  discoveries  in  Induction,  that  plates 
of  air,  glass,  gum-lac,  and  sulphur,  though  of 
equal  thicknesses,  would  have  different  effects  as 
insulating  plates  in  the  condenser.  The  value  of 
H  increases,  in  fact  from  each  kind  of  matter  to 
the  following  in  the  above  series.  The  principal 
reason,  however,  for  the  employment  of  gum-lac 
rather  than  the  more  easily  obtained  medium  of 
air,  is  the  greater  power  of  the  former  in  resisting 
discharge  through  its  substance  s  power  that 
renders  the  gum- lac  safely  redudble  to  a  very 
small  thickness  when  it  is  employed  as  the  insu- 
lating medium.  Before  leaving  the  Theory  of 
the  Instrument,  we  should  observe  that  the  value 
of  M  can  be  easily  determined  for  any  particular 
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condenser.  When  the  condenaer  has 
charged  and  msulated,  and  the  pUtes  have  been 
separated,  the  total  charges,  p  and  q  on  die  disoa, 
may  be  estimated  by  the  Proof  E^lane  «nd  the 
Torsion  Balance.  The  ratio  of  Q  to  p  is  v,  and 
from  this  we  easily  find  the  ooodensing  pover 

.  Another  method  is,  to  fsttmate  first  the 

1— M« 


free  diaige  upon  the  receiving  plate,  and  then, 
after  ha^g  touched  the  laoeiving  plate  with 
the  finger,  to  estimate  the  free  charge  iqioii  tlis 
condensing  plate.    The  ratio  of  the  latterohaige 
to  the  former  is  the  same  as  that  of  q  ta  p,  and 
therefore  equal  to  m.    Tliis  useAil  and  beaatiftil 
instrument  appears  to  have  been  inventBd  b^ 
^pinus.    It  was  afterwards  improved  by  Tolta^ 
and  applied  by  him  in  his  delicate  resewdtea  ia 
electricity.    Since  the  time  of  Volta,  the  con- 
denser has  been  constantly  In  the  hands  of  ex- 
perimental  philosophers,  and  has  cootribatad  in 
a  great  degree  to  the  progress  of  electric 
As  might  be  expected,  the  Instroment  has 
through  a  great   variety  of  forms, 
these,  there  is  one  that  deserves  to  be 
dally  nodoed — ^Pedet's  double  condenaer.     This 
instrument  contains  a  singular  addition  to  the 
common  condenser — a  third  conduc^g  plate^ 
which  is  varnished  upon  both  fiuses,  and  placed 
between  the  receiving  and  condensing  platea.    A 
charge  ia  first  induced  in  the  middle  plate,  ac- 
cording to  the  common  method.    The  receiving 
plate  is  then  removed,  and  a  charge  la  indooed 
in  the  condensing  plate,  whidi,  by  its  wiactlan, 
disguises  the  greater  part  of  the  diaigewdiidi 
induces  It    The  receiving  plate  is  replaced,  wod 
the  process  is  repeated.    The  condensing  plate  ia 
dia^ged  finally  with  the  result  of  a  double  con- 
densation*   This  form  of  the  instrument  is  verv 
delicate,  bnt  its  indicationa  are  very  uncertain, 
so  much  so,  indeed,  that  some  have  spoken  of 
the  instrument  aa  utterly  usdess.   The  figoze,  as 
we  have  said,  represents  the  most  common  fibnn 
of  the  instrument,  as  well  as  the  earlleet.     In 
illustiatton  of  the  services  that  have  been  ren- 
dered to  sdenoe  by  the  condenser,  we  may  refer 
to  Volta's  detection  of  the  electric  charges  at 
the  poles  of  the  Pile,  and  to  PouHlet'a  beaotifid 
investigations  on  the  evolution  of  electricity  in 
combustion  and  evaporation. 

Ctendoclion  In  Heat.  Bodies  do  not  trans- 
mit heat  with  the  same  nqiidity.  This  can  be 
very  readily  established  by  holding  pieces  of 
sted  wire  and  hardwood  socoessivdy  in  the  fiie 
for  a  few  minutes,  when  the  first  will  become  too 
hot  for  the  fingers,  while  no  difierence  of  tempe- 
rature in  the  wood  will  be  noticeable.  The  heat 
felt  will  be  due  merely  to  radiation  from  the  ^re. 
In  the  same  way  we  may  mdt  a  glass  rod  ia  the 
fire  or  before  a  bbwpipe ;  whQe  the  heat  is  con- 
ducted so  n^idly  through  a  sUver  wire  that  it 
cannot  be  held  long  in  the  fingers.  There  ia, 
then,  a  difierence  of  conducting  power  in  bodies; 
and  those  which  conduct  well,  are  termed  good 
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■teal  wlm— HmI  pah 
ia  cnndurtion,  is  mppoied  to  piSB  from 
to  aBothcr,  wbicfa  toodies  it    We 
AoHld  coEpect,  therafiMne,  to  find  some  sort  of  rda- 
the  dflority  of  A  body  tnd  the  fonn  of 
, — aiidtheooiidoctingpoiver. 
indimfiont  of  such  rebUioa  tn  already 
. — tbft  mttibodB  emplojed  to  test  the  ood- 

eeoTarioaa.  Thus, 
boOiog  water  into  a  vessel, 
ol  wfaldi  were  holes  filled  with  mer- 
loto which thflnnoBietere  dipped;  and  then 
tha  liflB  of  the  thermometen.    He  also 
of  levenl  metals  with  wax,  and 
the  rapidity  with  which  the  melting 
ppogvCHed,  aod  the  hei|sht  on  the  bar  to  which 
ia  a  gh«i  time.    These  methods  were, 
ntber  capable  of  indicating  the  place 
body  in  a  list  of  eonducton,  thu  of  asoer- 
ite  azaot  praportioos  of  their  oondacting 
Despnu's  experiments  were  conducted 
of  the  matter  to  be  exa- 
aD  coated  with  the  sameyaniish,  so  as 
sinUlaiif.     Along  the  prisms,  at 
inlcrrals,  Ikoles  were  cat,  and  mereoiy, 

dipped,  ponred  into 

then  sCrani^y  heated  at  one 

alternating  and  varying 

at  each  point  came 

being  kept  still  applied)  a 

The  renge  of  tempera- 

in  difierentsobetances  gave,  aooord- 

the  theoretical  principles  wrought  out  by 

a  ncasnre  of  the  conducting  power.   An 

of  tike  wwilts  obtained  will  be  given  by 

pat  with  a  copper  bar  heated  by  the  flame 

\  argtad  lanpi    The  nnmben  represent  the 

above  the  tempeFatore  of  the  room  in 

le  oxperimentwas  perfonned,  noted  by 


«hMO>l. 


Mh 
6tb 


at  which  Despretz  arrived  from 
anasibUows: — 


Tin J(H 

Lead .180 

Ibrble...........  284 

PoiTfitein ...........  12*3 

Fin  day.........  114 


three  latter  substances,  however,  cannot 
he  experimented  on,  and  the  results  given 
m  best,  donbtAO.    It  dessves  notice  that  a 
law,  that  the  more  expansible  and  fiisible 
fwnrtnct  woot,  appean  to  be  indicated. — 
of  conduction  is  veiy  frequently 
in  etdinaiy  U&,  when  we  touch  dif- 
at  the  same  temperature;  which, 
;  <fifin  ftns  that  of  the  fingen.  Snppoee 
ef  wood  and  of  iroov  both  colder  than  the 
t»  he  toocbed— tha  one  by  the  one  hand, 
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and  the  other  by  the  other.  The  hand  placed  on 
the  iron  will  feel  the  cold  much  more  than  the 
other,  because  the  iron,  conducting  heat  mora 
rapidly,  tends  more  rapidly  to  bring  down  the 
temperature  of  a  body  in  contact  with  it,  to  what 
it  has  itself.  This  explains  why  it  is  very  diffi- 
cult to  light  a  fire  in  a  massive  metallic  grate, 
and  so  easy  to  do  so  in  a  fire-place  surrounded 
with  bricks.  The  former  conducts  the  heat  away 
too  rapidly — more  so  than  the  kindling  mattere 
can  supply  it ;  and  the  latter  scarce  at  all  dissir 
pates  Uie  heat 

There  are  many  points  of  view  in  which  this 
difibrence  of  conducting  power  may  be  made 
economically  important  Thus,  vessiels  of  glass 
and  earthenware  ought  to  be  made  as  thin  as  pos- 
sible where  they  are  likely  to  be  exposed  to  end- 
den  variations  of  beat  and  cold.  Testrtubes,  for 
example,  must  be  of  veiy  thin  glass  at  those 
points  where  the  heat  is  applied;  if  not,  the 
outer  glass  contracts  or  expands  by  heat;  while, 
from  the  bad  conducting  power,  the  inner  part 
retains  its  heat,  and  therefore  its  extension. 
This  is  the  cause  of  very  frequent  breakage,  in 
ordinary  household  ware.  So  again,  in  ice-houses, 
the  w^  should  be  built  double — enclosing 
within,  an  round,  a  space  of  air  which  conducts 
very  weakly,  and  which  will,  in  consequence, 
impede  the  transmission  of  heat  from  without  to 
the  ice.  Here  the  CoNVEOtioN  (q.v,)  by  which 
apparent  conduction  through  air  is  produced  is 
not  possible,  because  there  is  not  provided  a  con- 
stant supply  of  new  aur.  The  same  plan  is  adopted 
in  some  wine-coolers,  in  which  it  is  desirable  to 
keep  the  temperature  considerably  below  that  of 
the  surrounding  air. 

The  conducting  power  at  Kquid$  is  much  less 
considerable  than  that  of  solida  Woods  hold  a 
sort  of  intermediate  poeition  between  the  earths 
and  the  liquids,  probably  because  there  is  a  mix- 
ture of  both  in  their  composition.  Their  con- 
ducting power  seems  to  vary  fitom  about  2}  to 
4  times  that  of  water.  Charcoal  is  very  remark- 
ably nonconducting,  probably  trom  the  amount 
of  watery  vapour  and  of  air  which  it  condenses 
within  its  mass.  Liquids  were  not,  for  some  time^ 
imagined  to  conduct  at  aO.  They  do  indeed 
transmit  heat,  but  it  was  thought  that  the  prin- 
ciple of  coHvedum  fully  accounted  for  all  that 
they  accomplish  in  this  way.  Experiments,  how- 
ever, were  instituted,  and,  although  no  very  re- 
liable numerical  results  have  been  attained,  it 
has  been  found  that,  taking  the  ccnductibility 
of  gold  as  1000,  that  of  water  may  be  represented 
by  9  or  10.  Comparative  tables  of  their  con- 
ducting power  have  not  been  prepared  to  any 
considerable  extent  Dr.  Thomas  Thomson 
gives  the  following  proportions : — 

Water,  condncthig  power  1      7 

linseed  oi],       .  1*111  >Eqaslnihnnea 

M  ercorx,  —  -S    3 

Water,  conducting  power  1      7 

Unseed  oil,        —  1 -065  f  Equal  wefghta 

liercoxy,  —  48   3 
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BrewBter^B  very  interesdng  experiments  upon 
oondnctibility,  upon  optical  principles,  are  too 
complicated  for  Insertion  here.  Titay  will  be 
found  in  his  Edinburgh  Cjfdopteduif  and  in  the 
FbUotophActd  TranMoclioru  for  1810. 

Otues  are  still  worse  conductors  than  liquids. 
Their  conducting  power  is,  in  Act,  quite  insen- 
able.  Doubtless,  a  room  very  rapidly  gets 
heated,  but  it  is  not  so  much  by  the  conduction, 
as  by  the  radiation  of  heat.  Gases  do,  to  a  oer- 
tiun  extent,  unquestionably  conduct,  as  all 
bodies  must ;  but  their  transmission  of  heat  is 
chiefly  due  to  convection.  Its  existence  can  be 
readily  proved  by  holding  the  hand  above  and 
below  a  flame,  at  equal  distances  from  it  There 
is  a  constant  upwaid  cuirent  of  heated  air,  which 
makes  it  impossible  to  keep  it  in  the  one  posi- 
tion; while  in  the  other,  tiiough  the  source  of 
heat  is  exacUy  the  same,  and  the  distance  also, 
the  heat  received  by  the  hand  is  quite  incon- 
siderable. The  existence  of  some  air  in  his 
vacuum,  probably  accounts — on  this  prindple 
of  convection — for  Pictet*s  observation,  that  a 
bar,  heated  at  the  middle  in  vacuum,  heats  more 
rapidly  upward  than  downward.  So  for  this  air, 
indeed,  must  have  eadsted  in  the  vacuum,  be- 
cause in  the  pores  of  every  body  a  oertun  amount 
of  it  is  confined,  which,  on  being  liberated,  would 
expand  out,  giving  a  very  rare  atmosphere,  yet 
capable  of  producing  sensible  effect. 

A  very  remarkable  consequence  of  the  small 
conducting  power  of  gases  is,  its  eflfoct  upon  the 
warmth  of  clothing.  In  the  pores  of  clothing 
materials  there  is  always  a  certain  amount — 
often  enormously  disproportionate  in  volume 
to  the  other  matter  of  which  they  consist 
— of  air  imprisoned.  In  some  kinds  of  cloth- 
ing this  air  is  held  with  'considerable  force- 
in  most  not  But  by  such,  the  temperature  of 
the  body  is  not  readily  allowed  to  sink  for  below 
the  average.  The  heat  whidi  the  cold  outer 
masses  tend  to  take  from  it  traverses  veiy  slowly 
the  layer  of  air  intervening,  which  is  not  per- 
mitted to  change.  The  na^ed  body  is,  indeed, 
also  surrounded  by  such  a  layer,  but  the  warm 
air  is  allowed  to  pass  off,  and  be  constantiy 
supplied  by  new  air,  requiring  fresh  supplies. 
Thus  the  process  of  convection  soon  cools  us. 
Clothing  generally  is  quite  capable  of  preventing 
this,  and  the  greater  the  proportion  of  the  air  to 
the  other  material,  the  warmer  is  the  clothing. 
Thus,  Rumford  found  that  a  thermometer  cools 
through  186°  when  embedded  in  the  foUowing 
substances,  as  follows: — 


Air  in  ..M. ........  £76 

Cotton  W00L....IOM 

Baw  Silk. aS8S 

Eider  Down.....ia06 


nneLtnt.......I0S3 

Sheep*BWooI..J118 
Beaver's  FQr...l296 
Hue's  Fur......l81ff 


This  represents  merely  the  time  taken  when 
the  embedding  substance  was  not  manufoctured. 
Some  of  these,  as  we  know,  admit  of  closer  tex- 
toie  in  manofoctoring— some  of  looser.    In  the 
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latter  case  the  warmth  is  increased — in  the 
former  diminished.  It  was  thought  at  fint  pro- 
bable that  these  difoenoes  might  be  occaaoned 
by  the  different  natures  of  the  silk,  and  lint,  and 
wool,  &C. ;  but  it  was  found  that  the  effect  inoeaaed 
when  there  was  less  compresston,  and  mon  air 
consequentiy,  permitted,  and  diminished  on  com- 
pression. Ra^tion  has  some  effect  undoubtedly 
in  producing  this  diffsrence  of  warmth  in  dotfaing; 
but  the  foregoing  is  the  diief  cause  of  it  The 
same  prind^e  explains  tiie  power  of  snow  to 
protect  y^^tion.  It  also  is  very  porous,  and 
filled  like  fleece  with  air.  Conduction  ftom 
the  cold  upper  air  and  sky  down  to  the  snow- 
covered  earth  is  therefore  very  di£Bcult,  while 
there  comes  up  from  the  heart  of  the  worid 
to  the  cold  snrfoce  an  unchilled  supply  of  genial 
warmth. 

M.  de  Senarmont  has  recentiy  published  a  re- 
markable series  of  experiments  on  the  conduction 
of  heat  in  crystalline  bodies.    Perf^  cxyaUls 
are  usually  so  small,  that  this  had  been  thon^^ 
impracticable.    He  employed  ciystalline  plates 
cut  frx>m  the  crystal,  according  to  certain  rda- 
tions  with  the  optical  axis,  and  passed  tfaroq^ 
them  a  silver  wire  heated,  and  kept  ataconstant 
heat,  by  conduction  from  a  fire  at  a  distance 
He  notes  the  passage  of  the  heat  across  the  plate, 
by  covering  the  plate  witiiathin  coating  of  wax, 
which  melts  as  tiie  heat  advances.    At  any  time 
there  will  be  formed  isothermal  curves  round  the 
centre  of  heat;  that  is,  curves  along  whose  bor- 
ders the  heat  is  equaL    If  these  be  drdes,  the 
crystal  wOl  have  conducted  heat  uniformly-  in 
all  directions ;  if  figures  of  other  forms,  not  so. 
The  outline  of  these  isothermal  curves  will«  at 
any  moment,  be  the  border  of  the  wax  which 
divides  the  melted  and  unmelted  portions.    £in- 
plojring   many  very  delicate   mechanical   and 
theoretical  refinements,  M.  Senarmont  arrived  at 
the  following  results  :•— 

1.  In  crystals  of  the  regular  system  the  con- 
ductibility  is  equal  in  all  directions,  and  the 
isothermal  snrfkoes  are  therefore  spheres.  It 
ought  to  be  noticed  that,  instead  of  a  plsfe,  a 
soSd  crystal  is  here  spoken  o£ 

2.  In  the  right  prismatic  system,  with  square 
base,  the  conductibility  takes  a  maximum  or 
minimum  value  in  the  direction  parallel  to  the 
axis  of  the  figure;  it  is  equal  in  all  directioitt 
perpendicular  to  this  axis,  and  the  isotliennal 
surfaces  are  ellipaoids  of  ravxdution  roond  the 
symmetrical  axis. 

8.  In  crystals  of  the  rfaombohedral  system,  or 
that  of  the  right  rhomboidal  or  rectangular 
prism,  the  conductibility  has  three  values— « 
maximum,  a  mean,  and  a  minimum » follow- 
ing three  rectangular  directiona,  always  paralld 
to  the  axis  of  the  crystal,  and  the  isotheRnal 
surfoces  are  ellipeoids,  whose  three  unequal  axes 
coindde  with  the  axes  of  symmetry. 

4.  In  the  sjnrtem  of  tlie  oblique  fectaogolar 
prism,  the  condactihilily  takes  three  diflferaot 
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aft  nfgtA  ugtes.  The  fint »  panSel  to 
*»  qyitollQgraphfe  tzla,  sod  the  seoond  and 
tbiitl  bdBg  oonnectiiKi  aiypazcntlj  with  no  axis 
flf  ijBnnetzy,  depend  on  the  special  natnre  of  each 
iiiiviilaai  cryataL  The  laothermal  surfaces  are 
Iheicfejte  filiiMiniif^  with  three  unequal  axes,  only 
mm  of  winch  ia  pRvionsly  determmed  hi  posi- 


It  is  only  aeedfld  to  state  these  laws  to  show 
the  Tcrjr  dose  analogies  whidi  sohsist 
the  propagatioD  of  heat  and  of  light 


•f  Klecfrtdtr.  A  few  re- 
npoD  this  solgect,  in  the  article 
en  Elbctvicitt.  In  the  present  article,  we  may 
ealar  Into  aoaie  of  the  more  important  details. 
Ouwlncticn,  acoordSng  to  the  common  use  of  the 
not  the  tnq^ferenoe  of  electricity 
Int «  perticiilar  mode  of  transference. 
in  heif  Ibar  pretty  distinct  wxyn  in 
fine  flettikiij  ia  tnunfetred  through  space. 
ai«,  eondaction,  disruptive  discharge,  elec^ 
tnlytic  disthaigBi  and  convection.  The  last  of 
B  BodsB  hears  the  same  relation  to  the  oondnc- 
of  dutoltUj ,  that  the  convection  of  heat 
s  to  the  condnction  of  heat  We  have  a 
geod  example  of  oonreetion  in  tlie  case  of  an  dec- 
tfiftad  nMelnrtor,  imnlsted  fai  air  which  oontain- 
fiaadng  pnitides  of  dust  The  partides  are  ats 
tacBed  to  the  body,  then  deetiified  by  dischaige 
ereoataet,  then  rspdled,  taking  with  them  apor- 
tionof  theoriigind  chaige.  By  the  continuance 
ef  the  eetion,  the  cfaaige  may  he  dissipated  in  a 
vtrjr  ntk  tinNL  This  instance  illustrates  the 
fifcenee  betwen  convection  and  conduction. 
Wsiiihily  b  tiaiiafaiied  effectivdy  in  both  wa}^; 
bat  in  euufectiuu,  the  charge  is  transferred  by 
elBlifiary  upon  a  moving  body,  iHuHe 
I  tiM  deetrkity  is  transfened  through 
mnttaB.  CkNnmon  conduction  is  &- 
InitlMr  ftom  dectrolytic  disdiarge  by 
the  lioenftil  agency  of  the  chemicd  forces  in  the 
latter,  an  agency  that  affects  the  entire  character 
tf  tfai  deOik  pbenomena.  With  regard,  finally, 
ID  diniipd%e  ^adiaige,  it  ia  true  t£it,  from  the 

of  disdiarge  in  this  foim,  to 
fenns  of  conduction,  we  can 
ly  a  series  of  cases  difibring 
fildsfroB  eedi  other;  yet  the  common  pbeno- 
of  diarapdve  discharge  are  so  very  distinct 
of  eondoction,  that  the  two  modes  of 
are  justly  described,  in  general,  un- 
beads.  Ihe  dreumstances  that  af- 
ds  condnction  of  dectridty  are  various. 
the  moot  evident  is  the  spedfic 
power  of  bodicBi  When  two  insu** 
charged  with  oppodte  dectrid- 
tiei  and  i*^'—^'*H  by  a  rod  that  touches  both, 
tkt  leaak  dapcnda  upon  the  ^>edes  of  matter  of 
vUehthamdcoiMMs.  With  one  kind  <tf  matter 
tbi  diaigei  remain  oo  the  original  snrfeoes,  with 
'  kind  they  onita  tfarongh  the  rod,  and  are 
^  Ib  wholeor  pttfc    We  say,  tiierefore, 
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^t  one  rod  has  a  greater  conducting  power  than 
another.    With  limitations  to  be  aftowards  men- 
tioned, it  is  found  that  the  degree  of  conducting 
power  is  constant  for  the  same  kind  of  matter 
We  therefore  speak  of  the  spedfic  conducting 
powers  of  bodies.    There  are  sudi  clear  distinc- 
tions among  the  various  kinds  of  matter  in  regard 
to  this  property,  that  bodies  have  been  arranged 
in  tables  in  the  order  of  their  condudbility.    At 
the  bottom  of  such  a  table,  or  among  the  best  in- 
sulators, are  glass,  silk,  wax,  gutta  perdia,  sul- 
phur, spermaceti,  oil  of  turpentine,  &c.    The 
metals  have  been  alwajrs  recognized  as  the  best 
conductors.    The  liquids,  with  the  exception  of 
the  oUs,  are  good  conducton.    The  latter  feet 
explains  the  conducting  powers  of  many  bodies. 
The  presence  of  moisture  in  the  pores  or  upon 
the  suifeoe  of  a  nonconductor,  will  give  it  a 
greater  or  less  degree  of  conducting  power. 
Without  entering  ferther  into  this  pomt,  we  may 
observe,  that  the  various  bodies,  natural  and  arti- 
fidal,  take  sudi  a  wide  range  in  regard  to  spedfic 
condudbility,  that  it  is  oonunon  to  speak  of  some 
bodies  as  pesfect  oonductorB,  and  of  othen  as  per- 
fect insulators.    Faraday,  however,  has  hazarded 
the  propodtion,  that  all  bodies,  from  the  metala 
to  gum-lac  and  the  gases,  conduct  electricity  in 
the  same  manner,  though  in  veiy  different  de- 
grees.   We  have  not  space  here  to  show  how 
powerfully  this  propodtion  is  supported  by  expe- 
riment   Another  drcumstance  that  affBcts  con- 
duction is,  the  temperature  of  bodies.     Well- 
dried  glass,  at  common  temperatures,  is  one  of  the 
best  insulators;  as  its  temperature  increases,  it 
zeodves  acontinually  increasingcooductive  power, 
unto,  at  a  red  heat,  it  conducts  very  wdL   Simi- 
lar eiSfects  have  been  observed  with  other  non- 
conducting bodies,  solid  and  liquid.    Tempera- 
ture affects  also  the  conducting  powers  d  the 
metals.    But  it  is  remarkable  that  the  eflfect  in 
this  case  is  contraiy  to  that  observed  in  the  case 
of  bad  conductors ;  as  the  temperature  of  a  metal 
increases,  the  oondncting  power  diminishes.    An- 
other drcumstance  that  affBcts  conduction,  is  the 
phydcal  state  of  bodies,  as  liquid  or  solid.    It 
has  been  long  known  that,  while  water  is  a  good 
conductor,  ice  is  a  veiy  good  insulator.    A  globe 
of  ice  has  been,  indeed,  successfully  employed  in 
the  electric  machine,  instead  of  the  common  cylin- 
der or  pUte  of  glass.    It  has  been  stated  fur- 
ther by  Faraday,  as  a  very  general  law,  that 
bodies  assume  a  oimducting  power  during  Hque- 
fection,  whkh  they  lose  during  oongdation.  The 
connection  between  this  law  and  that  of  the  influ- 
ence of  temperature  last  mentioned  can  hardly  be 
doubted.    Among  the  drcometanoes  that  afibct 
conduction,  we  should  not  omit  to  notice  the  di- 
mensions of  the  conductor  and  tiie  intenaty  of 
the  charge.    The  former  drcumstance  will  be 
taken  up  more  properly  in  the  article  on  Cus- 
BBHTS ;  the  latter  may  be  thus  briefly  illustrated. 
Tlie  same  body  may  act  in  a  Ydtaicdrcuit  as  a 
good  oonductor,  and  in  a  Thenno-electric  drcuit 
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W  a  palwt  insulator;  flie  reason  being  tiiis,  fhat 
the  intensity  of  the  electricity  evolved  in  the 
fonner  case  is  much  greater  than  that  in  the 
latter.  For  further  information  npon  the  sub- 
ject of  conduction,  see  Gcrrbnts.  We  have 
now  to  refer  to  the  theoiy  of  conduction.  In 
the  older  theoretical  speculations  npon  electri- 
city, conduction  was  r^^^  *>  the  mere  pas- 
sage of  the  electric  fluid  or  fluids ;  and  the  only 
agency  ascribed  to  the  conductor  was,  that  of 
a^rdlng  a  passage  to  the  electricity  with  more 
or  less  facility.  An  important  addition  was  made 
to  the  theory  of  conduction  by  Delarive.  He 
compared  a  continuous  conductor  to  a  series  of 
indefinitely  small  conductors  placed  in  a  line  and 
insulated  from  each  other.  If  two  oppositely 
chaiged  bodies  were  put  in  contact  with  the  ex- 
tremities of  this  line,  the  first  eflfect  would  be  a 
system  of  inductive  actions,  by  which  every  one 
of  the  small  conductors  would  be  electrified  posi- 
tively (m  the  one  side  and  negatively  on  the  other. 
The  Umitmg  case  of  these  inductive  actions  would 
be  a  system  of  dischaiges  between  contiguous 
conductors,  and  this  would  constitute  the  conduc- 
tion of  electricity  through  the  whole  series  of 
small  bodies.  This  view  of  conduction  is  evi- 
dently to  a  great  extent  hypothetical;  and  yet  its 
importance  cannot  be  questioned.  Its  value  con- 
sists princi{>&lly  in  this,  that  it  explains  the  elec- 
tric properties  and  actions  of  masses  by  the  as- 
sumption of  molecular  properties  and  actions  of 
the  same  kind.  Faraday's  Theoiy  qf  Condudum 
might  now  be  noticed,  but  it  may  be  taken  up 
mnch  more  eatis&ctorily  in  the  article  on  In Duo- 
noir.  Certain  general  relations  of  the  subject 
will  be  found  also  nnder  ELvoTBicrrr. 

Crnmm*  A  solid,  whose  base  and  every  section 
parallel  to  it  is  a  circle — more  generally — any 
curve  retuming  into  itself  ~and  which  termi- 
nates in  a  point  called  the  apex.  The  line 
from  the  apex  to  the  centre  of  the  base  is 
called  the  axit;  the  Aei^Al  is  the  perpendicu- 
lar on  the  base  ftmn  the  apex.  The  ordinary 
right  eons  has  a  circular  baae,  to  which  (he 
axis  is  perpendicular;  the  obUque  cone  has 
the  axis  inclined  to  the  plane  of  the  base. 
A  truncated  cone  is  the  lower  half  of  a  cone 
cut  by  a  plane  parslld  to  the  base.  The 
oone  is  in  fact  a  species  of  pyramid  with  an 
infinite  number  of  infinitely  small  sides.  The 
pyramid  and  cone  depend  on  the  same  principles, 
and  the  same  rules  apply  to  them.  The  convex 
surface  of  the  right  cone  is  equal  to  half  the 
product  of  the  drcomference  of  tlie  base  by  the 
side  of  the  cone—the  side  bemg  a  line  drawn 
fbom  the  apex  to  any  point  of  the  dreumiiBrenoe 
of  the  base.  The  solid  content  of  the  cons,  like 
that  of  the  pyramid,  is  one-third  of  that  of  a 
cylindrical  solid  of  the  same  base  and  height, 
Le,  one-third  of  the  product  of  the  base  by  the 
height  The  volume  of  a  truncated  oone  is 
equal  to  the  product  of  half  the  sum  of  its 
parallel   ends   by  the   peipendicclar  distance 
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between  them.  Its  convex  surfiioe  is  equal  to 
the  product  of  half  the  snm  of  the  drcomference 
of  its  ends,  by  its  side. 

C«Bgelatl«at  Ijise  cf  Pcrpeiwd.    Sea 

Snow. 

€«BgelaSi«B  —  Rcc«lBilmi.     (See  ICB.) 
The  subject  now  referred  to  has  recently  aasamed 
an  importance  that,  until  recently,  did  not  be- 
long to  it    We  shall  discuss  its  peculiaritlea 
and  physical  bearings  in  detail  under  artide  Icb  ; 
but  it  is  needful  that  a  few  general  lemarka 
be  made  here.— Congelation  is  the  prooeaa  by 
which  liquids  pass  into  the  solid  state,  whether 
through  effect  of  pressure  or  of  the  lowering  of 
their  temperature     The  latter  cause  was,  until 
recently,  held  as  the  chief  cause  of  oongdatioa, 
and  the  temperature  of  freezing  water  was  takaa 
therefore  as  an  absolute  point  of  temperature. 
But  it  is  now  very  apparent  that  tempera- 
ture is  only  one  element    Gases  can  be  pressed 
into  the  liquid  form,  and  liquids  into  the  solid 
form,  by  a  combination  of  the  two  powera,-— 
pressure  and  the  lowering  of  temperature.    In- 
teresting relations  between  pressure  and  tena- 
perature,  in  nierenoe  to  the  fieeatng  of  water, 
were  first  brought  out  by  Mr.  James  Thomson, 
C.E.,  Belfest     (See  Iob.) — Furthermore,    in 
reference  to  temperature  alone,  the  existence  of 
singular  anomalies  has  long  been  known,  and 
remained  as  a  great  puzzle ;  for  instance,  liquida 
often  r^hsed  to  solidify  at  the  can<Miical  tempe- 
rature.   Faraday  has  recently  givai  f(Mth  some 
striking  views  on  this  wholesubject : — ^*  In  all  uni- 
form bodies  possessing  cohesion,  u  e.,  being  either 
in  the  solid  or  the  liquid  state,  partides  which 
are  surrounded  by  other  particles  having  the  Uka 
state  with  themsdves,  tend  to  preserve  that  state 
even  though  subject  to  variations  of  temperatore, 
dther  of  devation  or  depression,  which,  if  the 
partides  were  not  so  surrounded  would  canes 
them  instantly  to  change  their  condition.    As 
water  is  the  substance  in  which  regelation  oocnra, 
we  will  illustrate  the  prindple  by  the  phenomena 
which  it  presmts.    Water  may  be  cooled  many 
degrees  bdow  82®  Fahr.,  and  yet  retain  its  Uqnid 
state  for,  as  for  as  we  know,  any  length  of  time 
without  solidification ;  yet,  introduce  a  piece  of 
the  same  chemical  substance,  ioe,  at  a  higher 
temperature,  and  the  cold  water  freezes  and 
becomes  warm.    It  b  certainly  not  the  change 
of  temperature  which  causes  the  freezing,  for  the 
ice  introduced  is  warmer  than  the  water.    We 
assume  that  it  is  the  difiference  in  the  condiOon 
of  cohesion  existing  on  the  different  ddes  of  the 
changing  partfeles  which  sets  them  free  and 
causes  &e  change.     The  odd  water  partides 
would  willingly,  as  to  temperature,  have  solidi- 
fied without  the  ice,  but  were  held  fluid  by  the 
cohesion  with  them  of  other  like  fluid  particles 
on  all  sides.    In  the  other  direction,  Denny's 
experiments  have  tanght  us  that  the  cohesion 
amongst  the  partides  of  water  is  so  great,  that  it 
will  support  a  column  of  the  fluid  foor  or  mora 
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fcH  U^  mkea  there  is  no  other  power  to  ms- 1 
tab  it;  or  wiU  eense  it  to  resut  oooTenkm  into 
the  ttate  of  Tapoor  aft  tompenrtnrw  ao  mnch 
Ugher  than  ita  ordinaiy  boiling,  or  condensing 
poiatt  that  ezplonoa  wOl  oecur  when  the  conti- , 
■otj,  aad  thorcfbra  the  oohesioo,  ia  destroyed. 
The  water  asaj  be  exalted  to  the  temperature 
ef  270*^  Fahr^  at  the  oidinanr  presenre  of  the  j 
aaad  remain  aa  water;  bat  the  intro-  ' 
of  the  emalliwt  particle  of  air  or  steam 
it  at  oooe  to  bant  into  vapoar,  and  at 
iosa  ita  tanperatnra  COla.— This  ability 
water  has  to  retain  by  coliesion  its  liquid 
lefiaslng  to  niidify  when  below  the  freezing 
or  to  become  yapoar  when  above  tlie  boil- 
point,  it  haa  in  common  with  many  other 


fc  Two  whole  nnmbers,  a  and 
kt  are  said  tt>  be  eongmoas  to  each  other,  with 
aspect  to  the  modttlus  ai,  when  the  difieience 
«*^^  ia  difisahle  without  remainder  by  m.  The 
of  coQgruity  Is  in  itself  so  dementary 
that  it  has  attrscted  the  notice  of 
from  the  recy  infancy  of  the 
of  nambcn.  Many  important  proposi- 
i  that  tlieory  are  mere  statements  of  coo- 
in  f>ti«i*>  cases — such  as  Format's 
aad  Sir  John  Wilson's.  But  the  sutrject 
into  new  importance  since  the  poblica- 
tioB  of  Gauss's  Ditquidtitmet  ArithmetictBf  a  work 
in  wliich  many  or^nal  results  of  an  interesting 
ami  Talnabfe  kind  were  obtained  by  a  thorough 
otsrij  of  relatioos  of  ooogmity.  Gauss  proposed 
a  new  ttfrK^t'y^,  which  is  very  likely  to  prevail 
naiveraaily :  Im  writes  a  Cotiffruemse,  or  a  stato- 
cfcoogralty,  between  a  and  6,  in  a  manner 
iQ«r  to  an  equation  between  a  and  6,  only 
with  throe  iiocs  instead  of  the  two  =s.  An  im- 
advantage  derived  from  the  notation  is, 
it  icouBda  us  of  the  dose  analogiee  which 
in  fiact  between  congmences  and  equations, 
na  to  submit  coogmenoes  to  many 
operatJoos  with  the  greatest  ease^ 
any  danger  of  oonfuaion.  After 
mathemaiirians  have  been  occupied 
with  das  tnhjKt,  especially  Poinsot,  Gallois,  and 
They  have  found  the  properties  of  ctm- 
to  be  of  (he  utmoet  value  in  the  higher 
rf  algthm  and  of  the  theory  of  numbers. 
Tslnable  result  obtained  from  tlie 
of  ooogmenoes  nndonbtedly  is,  that  by 
TJM  laaaas  the  theory  of  numbers  has  been  saved 
frwm  the  fepioach  and  inoonvenience  of  an  utter 
ty  of  parts.  A  large  part  of  the 
ambers  might  now  be  thrown  into  a 
aa  systematic  and  as  closely  reasoned  as  the 
of  eqoatioos,  and  in  many  poinU  bearing 
iblanee  to  it.  The  best  connected 
of  the  sobiect  will  be  found  in  Serrets^ 
J^ibn  Aywjsars,  where  three  chapters (28, 24, 
H)  arv  demwd  to  iL  Tlie  £nglish  student  of 
1^  bit^ko' Alg^bn  would  do  well  to  master  this 
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€#■!•  Socliraa*  Four  carves  ibnned  by 
sections  of  the  right  circular  cone  made  by  a 
plane  in  difRBrent  directions.  If  the  plane  cut- 
ting the  cone  be  parallel  to  the  base  the  curve 
will  be  a  drde.  If  it  cut  it  slant  across,  cutting 
the  two  sides,  the  curve  will  be  an  dlipse.  If  it 
be  pandld  to  the  side  of  the  cone  it  wiU  be  a 
panbola,  and  any  other  section  will  be  a  hyper- 
bola, if  it  be  indined  to  the  axis  at  a  lees  angle 
than  the  aide  of  the  cone.  If  two  cones  were 
set  one  on  the  top  of  the  other,  so  that  the  one 
is  just  a  continuation  of  the  other  through  the 
apex,  a  plane  which  by  section  would  make  a 
hyperbda  woold  cut  the  second  cone  as  wdl  as 
the  first,  though  none  of  the  other  planes  would. 
There  are  thus  two  equal  branches  of  the  hyper- 
bola bdonging  to  the  two  cones  respectivdy. 

Other  methods  of  describing  the  conic  see- 
tioos  on  a  plane  are  frequently  given.  From 
that  already  spedlied  the  name  comes.  The 
drde  is  described  by  a  compass.  The  method 
of  describing  the  dlipse,  parabola,  and  hyper- 
bola, is  mentioned  dsewbere.  The  general 
equation  which  represents  all  of  the  conic 
sections  is  y>  =  mx  -|-  nx*  ^- ,  in  which, 
for  the  parabola  n  ^  o,  for  the  dlipse  m  = 

andn^ —  ^,  for  the  drde  m =2  a;  n:= 

a  a* 

—  1,  (b  and  a  being  equal),  and  for  the  hyper- 

2b«  b« 

bola  m  = and  n  =  — .  See  Ellifsb,  Ht- 

a  a« 

PBRBOLA,  Parabola. 

CMOa«cttwn«  When  two  or  more  bodies  ore 
seen  very  nearly  at  the  same  point  of  the  sky, 
we  say  that  they  are  in  conjunction.  Conjunctions 
an  geooenirie  or  heSocentricy  t.e.  we  do  see  the  bo- 
dies together  or  nearly  so,  in  the  former  case ;  and  in 
the  latter  we  tootctf  see  them  so  if  we  observed  from 
the  sun.  It  li  alwajrs  necessary  to  remember  that 
our  observations  at  the  surface  of  the  earth  require 
to  be  reduced  to  what  they  would  be  at  the 
centre.  This  is  cnstomary  in  order  to  secure  a 
method  of  marking  the  exact  times  of  conjunc- 
tion, and  that  every  obeerver  may  make  his 
obsecrvations,  at  once  useftil  to  every  other.  The 
conjunctions  most  frequently  mentioned  are  of 
the  planets  and  sun.  When  the  sun  and  a 
plsnet  are  in  the  same  direction  from  us,  they 
are  in  conjunction.  The  terms  tri/erjor  and 
wptrwr  conjunction  refer  to  this.  Some  of  the 
pUmetary  orbits  are  within  the  earth's  orbit. 
These  are  called  infirwr  planets,  such  as  Mer- 
cury and  Venns.  Now  they  will  dearly  be  in 
conjunction  with  the  sun  twice:  Ist.  When 
they  are  between  us  and  the  sun ;  and  2d.  When 
the  sun  comes  between  us  and  them.  The 
former  is  said  to  be  ii^erhr  conjuneiion^  the 
latter  tuperior  eon/fmctUm.  The  n^erinr  planets, 
whose  orbits  He  entirdy  without  that  of  the  earth, 
such  as  Jupiter,  never  come  between  us  and  the 
sun,  and  therefore  there  \b  no  inferior  eot^tmetion 
with  them.    When,  however,  we  come  between 
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tfaflm  and  the  tan,  tbey  an  «id  to  be  in  cppori- 
fumtotheson. — Grand  oonjtmctitflliKnaa^totia 
thoee  where  several  itan  or  planeto  were  fotmd  to- 
gether, or  near  one  another.  Thus,  on  March  17th, 
1725,  Mercoiy,  Venoa,  Man,  and  Jupiter,  were  all 
to  be  seen  by  the  same  telescope  at  the  same  tune, 
without  altering  its  direction.  The  Chinese 
hirtory  reccnds  a  grand  ooi^nnction,  in  the  reign , 
of  the  Emperor  Tehuen-hin  (2514-2486  B.C.), 
of  five  of  the  planets.  Astronomers  calculate 
that  such  a  ooi\junction  actually  took  place  in 
2461  B.O.,  when  Saturn,  Jupiter,  Mars,  Mercuiy, 
and  the  Moon,  were  within  14°  of  one  another. 
The  moon  could,  however,  scarce  be  mistaken 
for  a  planet,  and  in  all  likdihood  the  grand  con- 
junction is  merely  a  coi^unction  of  three  or  four 
planets,  of  much  more  recent  date,  magnified  into 
five  for  the  gloiy  of  the  Celesdal  Empire. 

€«nM«ctiBg  ll«4.  A  rod  in  a  machine 
intended  to  tranafor  motion  tnm  the  place  of  its 
generation  to  a  point  where  it  is  required.  It 
is  attached  to  one  point  which  moves  direcdy, 
and  to  another  point  intended  to  move.  The 
motion  of  the  former,  is  by  it  communicated  to 
the  latter.  There  are  different  forms  of  it,  ac- 
cording to  the  kind  of  motion  originally  produced 
and  the  kind  which  may  be  required  in  the  point 
to  which  it  is  £E»tened.  See  WiUWa  Princ^ 
ofMeehamtm. 

CoMttld.  A  solid  fOhned  by  the  revolution  of 
a  conic  section  round  its  axis.  The  sphere, 
the  paraboloid,  the  ellipsoid,  and  the  hyperbo- 
loid,  are  the  yarioos  conoids. 

C«inervail«K    •€   F«ree.      See   Article 

FOBOB. 

0«aeicllattoB*  The  first  appearance  of  the 
cdestial  vault  gives  ns  no  idea  of  order  or  uni- 
formity. The  stare  seemed  strewed  up  and 
down;  and  we  should  not  expect,  therefore,  in 
this  irregularity  to  find  them  keep  their  relative 
positions.  They  do  so,  however — ^with  a  few  ex- 
ceptions (planets)— and  hence  the  vault,  night 
after  night,  presents  the  same  i^)pearance  to  the 
spectator.  This  makes  it  possible  for  the  ob- 
server to  watch  all  the  phenomena  of  any  one 
star.  If  the  stan  were  visible  in  the  day-time, 
he  might  follow  it  round  and  round  its  circuit 
But  the  sun  bbts  out  the  stars  in  the  morning, 
and  the  night  restores  them  to  the  sky.  AU  this 
time  the  stars  have  been  moving,  and  are,  there- 
fore, not  found  in  the  same  place  in  which  he  left 
them  in  the  morning.  How,  then,  shall  he  re- 
discover his  lost  star?  In  this  difficulty,  be  has 
recourse  to  the  grouping  of  the  stars.  He  notices 
three  or  four  which  have  a  peculiar  configuration 
— ^which  stand  at  certain  distances — and  which 
appear  with  certain  lustres.  These  are  difierent 
in  their  total  appearance,  book  any  other  equal 
number  in  the  sky.  He  recognizes  the  group 
then  at  night,  and  each  star  by  its  individual 
position  in  the  group.  This  grouping,  arbitrary 
for  each  observer,  would  be  sufficient,  if  he  could 
remember  it  distinctly,  and  if  he  oonfined  his  ob- 
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servatioos  entirely  to  himseit  Bat  lie  wiahM 
to  communicate  what  he  obeenrea,  and  to  ex- 
change communications.  In  order  thai  he  nuy 
do  so,  awif^^irm  system  of  grouping  la  adopted, 
and  this  system  Is  also  intended  to  aaost  the 
memory.  Unfortunately,  tiiis  last  end  has  beei> 
very  inadequately  attdned.  The  groups  an 
calied  GossTBiXATiORB. — ThA  By§taBk  of  group- 
ing universally  employed  bases  principally  i^en 
the  Grecian  mythology.  Flguiea  of  men  and 
of  beasts  are  supposed  to  be  outlined  in  the 
sky  by  various  groups  of  stars,  and  mjrtholo- 
gical  names  are  asBigned  to  them.  The  stan 
in  each  constellation  are  named  by  the  lettn 
of  the  Greek  alphabet  (c,  0,  yr  ^)»  hi  the 
order  of  their  brilliancy,  and  when  there  an 
more  Stan  than  there  are  letters,  the  ordinaiy 
numerals  follow  in  succession.  The  divition  ef 
the  stars  into  constellations  la  very  ancieot  It 
is  mentioned  in  Job,  and  m  Hesiod  and  Honer. 
Aratus  made  a  formal  arrangement;  but  the  fint 
generally  received  was  that  of  Ptolemy,  in  wUeh 
the  heavens,  vitibk  to  hm^  were  divided  into  4S 
constellations — 12  in  the  zodiac,  21  hi  the  nortk- 
em,  and  15  in  the  southern  hemJHphere ;  HevdiBt 
added  12  new  consteOations,  Halley  8,  Bayer  12, 
La  Gaille  16,  and  diffisrent  other  astraoomBO  U 
more.  The  complete  number  h  thus  107.  Hm 
following  is  a  list  of  the  conatellationa; — 

C0M8TELLATI0N8  OF  FTOLEXT. 

Northern. 

L  Una  Minor  (the  Little  Bear), 
i.  Una  Maior  fthe  Great  Bear). 

8.  Draco  (the  Dngoo). 
4.  Cephens. 

&  Bootee  (the  Ox  Drirer). 

6l  (Jorona  Borealis  (the  Northern  Crown). 

7.  Hercolea. 

a  Lyra  (the  Lyre). 

9.  QrgnnB  (the  Swan), 
la  CaiBlopeta. 

IL  Penena 

11  Anilaa  (the  (Charioteer). 

ISL  OphinchuB  (the  Serpent  Bearer). 

14.  Serpens  (the  Serpent). 

15.  Sagitta  (the  Arrow). 

16L  AqiiilaandAntlnou8(theEas^eandAntinoa9 

17.  Delphlnus  (the  Dolphin). 

18.  Eqnnleoe  (the  Little  Hotm). 

19.  Penma 
3Ql  Anoromeda. 

81.  Triangoliu  (the  Triangle). 

ZODIACAL  GON8TELLATI02I& 

99.  Aries  (the  Ram). 
98.  Taurus  (the  Bull). 
94.  Gemini  (the  Twins). 

25.  Cancer  (the  Crab). 

26.  Leo  (the  Lion). 

27.  Virgo  (the  Virgin). 
9&  Ubra  (the  Balance). 
29.  Scorpio  (the  Scorpion). 
80.  SagittariuB  (the  Archer). 

8L  (^pricomuB  (the  Qoat-homed). 
89.  Aquariua  (the  Water  Carrier). 
88.  Places  (the  Fiahes). 

SOUTHERN  C0NSTBLLAT10X& 

84.  CetoB  (the  Whale). 

85.  Orion. 
90-  Erldanna 

37.  Lepns  (the  Hare). 
88.  Canls  (the  Dog). 
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41.  BTdca. 

A  Gk«ier(lteOobtoO. 

^k  Oanr«i(tteCnm). 

4&.  OeDtm^Owtnu). 
«aL  Ijopu  (tte  Wolf). 

«.  Aim  (ItM  Altu). 

47.  OorBM  AHttBlia  (Um  SonthMii  Crown) 
4B.  rUrtBAwtn^  (ttw  BoutlMni  fUi). 

MODERH  00N8mJ«ATIQZI& 

L  AMtaMM 

1.  Maoutea. 

C  AUBrtwaaa  Chan  (tba  Qlnflb). 
4.  OoiM  JkKmkM  (Beraniee^t  Hair). 

7.  TteUsnl 

&  llelrax. 

&  adUeSkl^  Shield. 

la  TteSextntofUmla. 

I1.Th»LtttlaTHugto. 

iX  Lao  mnar  (tha  JUmmt  Uon). 

n.  sotrraERN  oonstellations. 

Added  tr  Balky. 

LCbmteCttaDora). 

IGtataa^Oak. 

t.Graft(tbaCraiia). 
4.  Tbenoenlx. 

&  ^mt  (IIm  PBaf6odc)« 

C  tla  Indian  Bbd. 

7.  XoKa  (the  Bae). 

HThaChanWww 

m.  SOimiKBK  OOK8TELLATION8. 

Added  by  Bayer. 

LThaladlaa. 

XtlwGraaa 

X  ThePbonlx. 

llbeBee. 

1  The  SunUiein  THanste. 

4  llieBiidorPanidiK. 

7.n«FteeoelL 

&  ThaToQean. 

ftlhelCalaHydn. 

MTheDotadOL 

IL  Ite  Flytec  VUh. 

ItlteChaBMlaoa. 

MNTIHKBN  OON9rELLATIOK3l 

Added  hyUCaOla. 

1  Ibe  Bodiitarli  Worltibopk 

1  The  Chcnieil  FarnaecL 

1  The  AaovnoBkal  Clock. 

CIVaBhonbQidalKet 

llheGfavingTooL 
4  1haPatate?iEaaa 

T.T1iaOoamaaa 

&T1«  Octant. 

la.  Tba  tqnara  and  Bntoi 
a  The  Tdaaeope. 

lA  Iba  Fabolooa  Uaontaln 

U  The  Onat  and  Little  Ckmd. 

mififAnmro  modebh  constellations. 

Added  at  dURsrait  timea. 
IheBilndear. 
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*na  flBeptn  of  Brandatfhofs. 

nanAtfTi  TateKaye: 

IhaBaDeon. 
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Tbtra  an  seraral  maps  of  tbe  stan,  in  whidi 
the  oonstellatloiu  arensaally  traced  out  as  on  the 
celeatial  globe.  Flameteed^aCeleBtiiilAtlaa,  Lon- 
don, 1729,  and  Bode's,  Berlin,  1806,  are  the  beat 
There  am  aeveral  exoeUent  mape  pablished  by  the 
Society  for  the  Di£nraion  of  UseAil  Knowledge. — 
The  arrangement  of  the  conatellationa  aa  they 
atand  is  not  veiy  natnnL  It  is  still,  however, 
employed  for  the  purposes  of  reference— -and  as  the 
pofait  of  first  importance  in  such  matters  is  the 
unilbnnity  of  the  standard,  it  is  not  necessary  to 
disturb  it  The  Chinese  and  Japanese,  indeed,  de- 
part from  this  unifinrmity,  but  theur  astronomy  haa 
not  yet  been  veiy  extensively  introduced  into  Eu- 
rope.— In  ooosequence,  however,  of  the  slight 
esteem  in  whioh  our  system  ofcoDstellating  the  stars 
has  been  held,  various  attempts,  sufficiently  amus- 
ing, have  been  made  to  change  it  Some  jdoua 
astronomers,  grievously  scandalized  at  the  employ- 
ment of  the  names  of  fabulous  divinities  by  Chris- 
tian men,  gave  a  spiritual  sense,  where  it  was 
possible — making  Aries  stand  finr  the  ram  that 
was  substituted  in  the  room  (^Isaao — and  others, 
as  the  venerable  Bede^  finding  this  method  rather 
unsatasfiictory,  cut  the  knot,  and  placed  the  twelve 
Apostles  triumphantly  in  the  twelve  zodiacal 
aigns.  This  reformation  was  carried  over  the 
whole  of  the  constellations,  and  all  the  profane 
of  the  old  times  were  swept  away. — ^Weigelius 
of  Jena  adopted  another  plan.  He  taught  heraldry 
by  the  stars,  substituting  for  the  old  oonsteUationa 
the  arms  of  the  various  princes  of  Europe,  and 
the  insignia  of  the  difiiarent  crafts.  Thus  UrM 
Mijor,  being  a  quadruped,  became  the  Elephant  in 
the  Danish  arms;  and  the  Pleiades  were  metamor- 
phosed into  an  Abacus,  which  he  would  have  to 
be  the  symbol  of  menchants.  Those  divisions 
have  passed  away,  and  the  reign  of  Orion  and 
Bootes  still  endures. 

G«Bv«eti«m.  That  property  of  lk]uids  or 
gases  by  which,  when  in  a  free  state,  constant 
motion  is  secured  to  them,  throu^  diangea  of 
temperature.  The  term  is  employed  chiely  in 
omnection  with  the  theory  of  dew.  When  a 
windy  night  arises,  the  deposition  is  said  to  be 
prevented  by  convection.  This  is  not  properly 
convection,  but  from  its  eflecta  being  analogous, 
it  is  so  termed.  The  air  as  it  cools  is  carried 
away  and  replaced  by  fresh  air  coming  from  or 
passing  to  thorn  quarters  of  the  earth  where  the 
sun  is  yet  shining.  When  a  mountain  inter- 
venes, too,  the  hotter  air  above  intermingles 
with  the  cooler  air  below,  by  force  of  the  current, 
and  is  carried  over,  so  intermingled.  Again, 
the  cooling  of  air,  and  the  deposition  of  dew 
upon  liiU  tops  is  prevented  by  convection.  Be- 
fore there  can  be  an  approach  to  such  a  deposi- 
tion, the  temperature  must  become  very  low, 
from  the  lowness  of  the  dew  point  upon  hill  tope. 
When  it  becomes  so,  the  air  is  considerably 
heavier  than  that,  in  lower  strata,  ftrther  re- 
moved from  the  actual,  irregular  surface  of  the 
earth.  It  commences,  therdbre,  to  slip  down 
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the  hin  side,  and  thus  lighter  air  comes  to  take 
its  place,  is  again  cooled,  and  again  creeps  down 
before  depositing  any  or  much  dew.  The  heat 
which  these  sucoessiYe  strata  give  to  the  earth 
prevents  its  cooling  so  rapidly,  and  they 
themselves,  on  whose  cooling  the  dew  de- 
pends, are  thus  carried  avay  before  they  can 
cool.  It  is  only  at  the  plane  smrfiEMse  of 
the  earth,  or  in  valleys,  where  they  cannot 
take  place,  that  dew  is  plentifully  formed. — 
Convection  again  assists  the  formation  of  dew 
by  carrying  np  the  air  from  which  part  of  its 
vapours  has  just  been  condensed,  and  which  so 
becomes  light  by  the  disengagement  of  the  latent 
heat  of  its  vapour.  Air  not  so  heated  and  with 
all  its  vapour  fiills  down,  and  the  process  recom- 
mences. The  difference  between  this  and  the 
last  case  is,  that  the  dew  is  formed  here  before 
the  air  is  allowed  to  move.  Liquids  are  generally 
heated  by  convection — ^when  heat  is  applied  from 
below.  Thus  water,  held  nearly  vertical  and 
boiled  in  a  test  tube,  to  the  bottom  of  which  a 
spirit  lamp  is  applied,  scarce  at  all  conducts  the 
heat.  If,  therefore,  the  weight  of  hot  and  cold 
water  were  the  same,  the  layers  below  might  be 
at  a  very  liigh  temperature  and  those  abiove  in 
their  ordinary  condition.  But  the  heated  water 
being  lighter,  ascends,  and  lets  cold  water  down 
to  the  heated  place,  which  in  its  turn  reascends, 
and  so  oontinnes  the  process.  Some  liquids, 
such  as  mercury,  are  not  bad  conductors,  but  in 
the  great  migority  of  instances  it  would  be  very 
difficult  to  heat  liquids  thoroughly  but  for  the 
property  of  convection.  It  is  witi^  the  utmost 
difficulty  that  any  conduction  is  detected  in 
water.  If  we  place  a  lamp  in  a  vessel  which 
floats  in  water,  the  vessel  itself  freely  conducting 
heat,  the  layers  below  will  be  long  before  they 
take  a  heat  sensible  to  the  thermometer,  and 
even  then  the  heat  seems  conducted  down  along 
the  side  of  the  glass,  or  other  containing  vessel, 
rather  than  through  the  water. 

CmKrer^enu  When  a  series  of  magnitudes  is 
such  that,  by  taking  the  sum  of  as  great  a  num- 
ber of  them  as  we  choose,  we  do  not  arrive  at  a 
result  above  a  certain  finite  quantity,  the  series 
is  said  to  be  convergent  The  name  originates 
in  the  fact  that  the  terms  of  such  a  series  must 
successively  decrease,  the  second  being  less  than 
the  first,  the  third  than  the  second,  and  so  on. 
— The  same  term  is  applied  in  physics  to  the 
lines  of  rays  wliich,  originating  at  difil^rent 
points,  go  on  constantly  approaching  one  another, 
so  that  if  they  be  lengUiened  out  sufficiently  they 
will  meet  at  a  point    See  Leks  and  Mibbob. 

€«MTez«   See  Cokcavb. 

C;«-or«liBiitea.  The  method  of  co-ordinates 
is  due  to  Des  Cartes,  and  is  perhaps  his  most 
valuable  contribution  to  mathematical  science. 
It  first  enabled  us  to  indicate  qtuUUy  by  the 
ordinary  signs  of  quaniity,  and  to  compare  dif- 
ferent qualities  quite  as  accurately  as  we  had 
beeo  wont  to  compaie  qaaotitles.    We  can  only 
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give  a  very  meagre  outline  of  it    Suppose  that 

we  have  a  curve,  such  as  bib^ bg  upon  a 

plane  surface,  on  whose  plane  two  lines  at  right 
angles  to  one  another,  X  X'  and  T  T',  aro 
drawn.    Then  the  position  of  any  point  in  tho 
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plane  will  be  quite  determined  if  we  know  its 
distance  fit>m  the  lines  Y  Y'  and  X  X'.   Thus,  if 
we  know  the  distance  of  a  point  from  the  line 
X  X',  we  will  evidently  cut  off  a  line  O  K  equal 
to  that  distance,  and  through  it  draw  a  line 
parallel  to  X  X'.     Any  point  in  this  line  will 
answer  the  conditions  of  the  question,  for  may 
such  point  will  be  at  the  specified  perpendicular 
distance  from  X  X'.    Again,  if  we  know  the  dia> 
tanoe  from  Y^  a  similar  line  through  a^,  C^a, 
being  equal  to  that  distance)  will  contain  all  tiie 
points  that  can  answer  to  the  conditions.    Since 
then  the  point  specified  must  l>e  in  each  of  those 
two  lines,  it  can  only  be  in  that  point  where  tiie 
two  lines  meet    But  it  will  be  said,  are  tbere 
not  two  lines  each  of  which  may  be  the  locoa 
of  points  at  given  distances  from  XX',  Y  Y'? 
(the  aax8  of  co-ordinates.)    Thus  may  there  not 
be  four  points,   the  four  marked  b^  in    thm 
figure,  each  answering  to  the  specification  folly  ? 
According  to  geometrical  principles  undoubtedly 
yesy  but  the  algebraical  extension  of  this  meilMMl 
enables  us  to  specify  which  of  these  four  posable 
points  we  mean  in  any  case.    This  introdnoes  na 
to  the  first  glimpse  of  an  «timation  of  quality. 
If  the  measurement  of  the  distance  from  the  line 
Y  Y'  is  to  proceed  along  X'  X  from  0  towax^ 
the  right,  the  distance  is  considered  as  positrve 
and  marked  by  a  quantity  representing  its 
lute  amount,  with  the  sign  -|-.  Similariy,  if  we 
to  measure  from  0,  along  O  X'  towards  the  left, 
we  should  indicate  it  by  prefiadng  the  ngn  — ., 
to  the  absolute  quantity  representuig  its  leD^;th. 
And  again,  if  we  are  to  measure  the  distanoe 
from  X  X',  upwards  from  0  along  Y  Y',  we  siiould 
have  4~y*  *°^  ^  ^^  ^^  opposite  direction, 
—  y.     Suppose  then  tliat  we  have  x  aD<i   y 
both  positive,  we  should  ha^'e  the  point  mariced 
1.    If  we  have  -|-  y  and  —  x,  the  point  marked 

2;  — X  and  — y,  the  point  mariced  8;  y 

and  -j-  c,  the  point  marked  4 ;  supposing  always 
that  Oai  represents  x,  and  O  K  represents  y.— — 
The  axes,  or  lines  of  reference,  need  not  be  at 
right  an^es  but  oblique  in  any  way  to 
other,  and  in  that  case  the  diatanoe  would 
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It  1»  crtfaiwfted,  not  by  tlie  pttpendknlaiB 

paiot  upon  the  lines  of  the  axes,  Imt 

by  ^  kngtfas  of  lines  fnm  the  given  point 

t»  the  one  axis  and  interested  against 

When  wo  hnve  the  position  of  a 

vifth  rvpeet  to  may  given  axes,  and  the 

of  a  new  set  of  axes,  with  regard  to 

tihs  ahl  MMS,— "g^ven,  it  is  plain  that  methods 

Ibr  detannining  the  position  of 

with  raspeet  to  this  new  set    The 

which  proposes  this   is  that  of  the 

of   co-onUnates.      The  various 

wludi  oiabls  ns  to  solve  it  are  given 

cnrerf  wock  on  analytical  geometiy. — The 

wiB    be  able  to  comprehend  what   is 

by  aa  egwrtaoa  to  a  curve  from  this. 

fiset,   an  algebraical  formula  which 

tha  valoe  of  y  in  terms  of  the  value  of 

ly  valae  whatever  be  given  to  z, 

vatne  will  be  found  for  y,  and 

wiD  be  a  point  in  the  curve  found. 

that  Oat  is  given  as  a  value  of 

eqiaatioo,  and  that  by  solving  the 

we  find  Sf  bf  to  be  the  value  of  y,  then 

of  Ihs  eorre  which  corresponds  to  those 

win  be  vary  readily  fixmd  by  drawing 

a|ht  psoUd  to  O  T,  and  making  it  equal  to  y, 

Hm  point  bt  will  be  a  point  in 

Sappose  now  that  for  the  successive 

OBt»  Oa,,  OS4,  Oa^,  Os,.  of  x  there  be 

ooncsponding  values  a^  bf ,  as  bgi  a4  b^, 

at  h^  ac  1%  fer  y,  the  pomts  b,,  bg,  b4,  b,, 

b^  win  be  poims  of  the  curve.    If  the  number 

of  ihs  vidaes  of  Oa  thus  tsksn  be  almost  infinite, 

between  two  successive 

a,  baeona  indefinitely  small,  those  between 

re  poiats  b,  wiD  beoome  so  likewise, 

them  we  shall  obtain  a  polygonal 

ibling  the  curve  which 

The  nearer  these  points 

aans  to  aas  another,  the  doaer  the  resemblance. 

It  wfB  bs  quite  manifest  that  in  this  way  a 

of  all  fuaUiiet  of  Uie  curve  may 

the  origiaal  equation-     'When  it  has 

to  Its  highest  point,  we  shall  get  the  great- 

isaibis  Tslne  of  y  to  match.    When  it  cuts 

ias  of  the  axis,  y  will  be  equal  to  o;  when 

IMrsnTJ  to  the  axh  of  x,  two  very  near 

y,  y%  win  be  equal;  when  the  curve 

medirection  there  will  be  no  value 

of  X  beyond  a  given  point — when 

an  two  vaiaes  cfyldroneofx,as  Sibf 

carve  has  retunied  upon  itself, 

every  quality  of  the  curve 

in  the  equation,  through  the 

to  oo-ordinates.— What  are 

of  three  dimensioos  are  three 

sf  which  is  perpendicular  to  the 

ef  Um  otber  two — ^in  rectangular  oo-ordi- 

la  ebliqaa  co-ordinates,  the  three  Imes 

aBflhnsaot  hi  COS  plane.    By  means  of 

wa  can  r^^  carves  which  are 

the  lines  throu|^ 
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which  we  make  reference  being  parallel  to  the 
axes  as  before.  The  methods  df  transformation 
of  co-ordinates  of  three  dimensions  are  a  little 
more  complicated  than  those  where  there  are 
only  two.  The  three  ordinates  are  usually 
marked  x,  y,  z,  the  signs  -|~  '^^  —  being  pre- 
fixed according  as  the  reference  is  to  the  one  or 
other  half  of  the  complete  axis.  With  merely 
X,  y,  z  specified  without  regard  to  sign,  there 
could  be  2",  (2*  in  the  last  instance)  or  8 
pouits,  answering  to  the  specification. — The 
method  of  co-ordinates  is  much  used  for  re- 
solving forces  in  mechanics  and  for  finding  the 
value  of  the  resultant  of  a  number  of  them. 
Each  force  is  resolved  into  three  others,  one 
along  each  axis  of  co-ordinates,  and  the  alge- 
braical sum  of  all  these  components  for  each 
axis  is  taken,  the  resulting  tiiree  being  com- 
pounded into  one  force,  which  is  the  complete 
resultant  Where  all  the  forces  are  in  one 
plane,  we  employ  co-ordinates  of  two  dimensions. 

Coperntcnn  System.  The  correct  descrip- 
tion of  the  general  character  of  the  planetary 
motions  is  termed  the  Copemican  System;'  for 
the  sufficient  reason  that  the  planetary  character 
of  the  Earth  was  first  discovered  by  the  immortal 
Copernicus.  It  is  often  difficult,  when  one  ob- 
serves a  change  of  direction  in  external  bodies, 
to  dissever  their  real  from  their  apparent  motion 
— the  latter  arising  from  change  of  place  on  the 
observer's  part  The  planets,  for  instance,  seem 
to  pass  through  various  and  irregular  courses  in 
the  sky.  How  much  of  this  apparent  change  of 
place  is  real? — how  much  owing  to  change  of 
place  on  our  part  ?  The  ancient  world  conceived 
the  Earth  stable,  and  thereforoe  accounted  all 
apparent  external  motion  to  be  real:  hence  the 
complexity  of  their  Astronomies.  Copeniicus 
determined  otherwise.  He  asserted  that  the 
rotation  of  the  Earth  on  an  axis,  explains  the 
apparent  diurnal  revolution  of  the  entire  celestial 
vault ;  and,  bythe  still  more  venturous  proposi- 
tion, that  the  Earth  is  a  planet,  revolving  annu- 
ally in  an  orbit  around  the  Sun,  he  removed  all 
primary  difficulties  ih>m  Astronomy.  His  views, 
however,  were  hypotheticaL  He  could  not  de- 
monstrate the  fact,  either  of  the  annual  reoofntion 
or  of  the  Earth's  rotation.  The  former  was  not 
exhibited  as  a  fad  until  Bradley  discovered  the 
AherraiMn  qf  lAght;  and  the  demonstration  of 
the  latter,  as  a  fact,  we  owe  quite  recently  to  the 
Frenchman,  Foocaidt  (Compare  Earth,  rota/toii 
of?)  It  is  quite  an  error  to  suppose  that  the  Coper- 
nican  Theory,  or  anything  akin  to  it,  had  been 
foreshadowed  by  the  Greiek,  Philolaus.  The 
only  real  anticipation  was  by  Aristarcfans  of 
Samos,  whose  writings  Copernicus  did  not  know. 
For  details,  see  Soij^b  System. 

Caraasu    See  Crowns. 

Coraaa  Aastralia  (ihe  Southern  Crown). 
A  constellation  of  the  southern  hemisphere.  It 
contains  no  very  bright  stars. 

Cavam  Bavasdle  (th$  Northern  Orawn), 
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Its  oompanion  oonstellatioii  in  the  nortliem 
hemisphere.  Neither  does  it  contain  any  above 
the  third  magnitade. 

€4MV«Msiilar  TheMj.    See  Molbculib. 

ConrectloBa.  What  is  termed  the  Theory 
of  Correctioru,  has  come  to  be  of  vital  importance 
in  all  the  exact  sdenoes  depending  on  the  use  of 
instmments  and  measurements.  An  iostniment, 
however  skilfolly  made,  cannot  pretend  to  the 
attribute  of  absolate  exactness ;  but  as  the  highest 
exactness  is  required,  the  modem  observer  is, 
therefore,  never  satisfied  with  the  best  instmment 
with  which  art  can  famish  him.  On  receiving  it, 
it  is  his  first  dntj to  suppose  that  it  is  aHwrong,  in 
every  part.  And  his  next  is,  by  careftilly  com- 
paring it  either  with  another  instmment  already 
tested,  or  with  certain  known  unchangmg  fects 
in  Nature,  to  detect  (he  nature  and  amowU  of  iU 
errors.  These  obtamed,  the  observer  corrects^  or 
allows  for  them,  in  every  individual  observation; 
and  only,  after  efibcting  these  coRRscnoMs,  does 
he  consider  his  act  of  observation  complete. — It 
would  be  imposnble  within  our  space  to  survey  in 
detail  a  subject  so  extensive  as  this.  Suffice  it  to 
advert  to  a  few  leading  points.  I.  An  instmment 
may  be  faulty  in  jMwfion  merely.  For  iostance,  the 
Transit  telescope'  of  the  Astronomer  may  not  be 
quite  in  the  melnMan;  its  axis  may  not  be  perfectly 
Uvtl;  and  its  central  vertical  wire  may  not  be  in 
the  optical  axis  of  the  tabe,  ie.,  it  may  be  out  in 
colUnuUion,  Each  of  these  errors  must  afikt  every 
observation ;  so  that  as  they  cannot  be  entirely  re- 
moved mechanically,  their  amount  must  be  mea- 
sured, and  their  efiect  on  the  observed  transit  of 
every  star,  corrtct/edfir.  It  is  the  same  with  all 
other  instmments.  II.  Again,  the  strwstwre  of 
the  instrument  may  be  such,  that  no  one  part  of 
it,  taken  by  itaelf,  can  be  made  absolutely  exact 
For  instance,  to  subserve  the  purposes  of  an  astro- 
nomical circle,  the  drde  used  should  be  a  perfect 
circle,  and  its  pivots  absolute  cylinders.  The 
if^^chanidan  cannot  realize  such  a  requisition-^ 
such  perfecdon  being,  for  the  most  part,  ideai; 
but  his  art  is,  to  contrive  the  instmment  so,  that 
ift  virtue  qf  its  structure,  the  various  errors  of 
its  separate  parts  oon^pensaie  each  other.  This 
is  the  secret  of  the  only  possible  mechamcal 
GORBBCnoN.  III.  Errors  of  constmction  will 
remain  however,  wluch  cannot  be  compen- 
sated. And  these,  the  observer  must  ascer- 
tain and  correct  for.  Of  such  sort,  for  ex- 
ample, are  the  fiilse  zero  point  of  a  thermo- 
meter, or  inequalities  of  the  bore  of  its  tube.  It 
is  astonishing  how  far  solidtude  and  skill  may  go 
to  effect  correction,  for  even  complex  and  appa- 
rently unmanageable  mechanical  errors.  For  in- 
stance, that  most  faulty  meridian  circle  at  the 
Cape  of  Good  Hope — a  circle  in  which  literally 
no  part  was  right — became,  in  the  hands  of  the 
late  Mr.  Henderson,  the  means  of  first  detecting 
the  parallax  of  a  Fixed  Star.  Nevertheless  it 
needed  the  rare  skill  of  that  eminent  Scottish 
observer — one  of  the  foremost  in  Europe — to  deal 
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with  the  oomporadvely  intractable  case.   To  i 
his  instrument  above  such  defiacts,  is  tiM  iDdecf 
the  great  mechanician. 

Cttrrctofl^M  cf  Vmwm.    See  Fobcb. 

C*«1^Im.  The  theory  of  coapIeB,  tntrodoced 
by  Pohisot,  is  now  universally  accepted  bj  wriften 
on  mechanics.  We  shall  require,  thenCoR^  to 
show  what  it  is,  and  what  it  means. 

When  two  parallel  forces  act  at  the  extiemitks 
of  a  rigid  rod,  if  their  directions  be  the  aaaei 
they  may  be  replaced  according  to  the  tfaeoiy  cf 
paxalld  forces,  by  a  force  equal  to  their  snm  and 
in  a  line  parallel  to  their  lines  of  acdon,  acting  at 
a  point  fietewsfi  them.  When  they  act  in  epposite 
directions,  they  may  be  replaced  by  one  equal  to 
their  difference,  acting  in  a  line  parallel  to  tfadr 
lines  of  action,  in  the  direction  of  the  greatflet, 
but  beyond  the  points  where  they  are  qtplied. 
The  nearer  the  two  forces,  in  this  latter  case,  are 
to  eqnality,  the  ikrther  does  the  point  of  appltca- 
tioo  of  the  resoltant  move  outwards.  Wlien  they 
become  eqoal,  the  resoltant  beoomee  sera,  and 
the  point  of  application  of  the  reaoltaat  is  placed 
at  an  infinite  distance  firom  the  pdnta  of  appli- 
cation of  the  original  forces.  We  ha;ve,  there- 
fore, in  this  UmiSng  case,  a  zero  force,  with  an 
infinite  lever  arm  for  the  resultant,  that  is,  the 
result  that  we  obtain  indicates  nothing  but  that 
we  must  seek  for  some  otlier  method  to  arrive  at 
one.  In  foot,  what  action  will  such  a  pair  of  fonts 
exert?  ManifosUy,  they  will  turn  the  rigid  rod 
round.  Suppose,  for  example,  two  ropes  attadied 
to  the  bows  and  stem  of  a  ship,  and  inSM  in  op- 
podte  but  parallel  dhections  with  equal  atn^gth. 
The  ship  will  not  move  fbrward  in  tiie  one  way 
or  in  the  other.  The  rdation  in  which  it  stands 
to  the  two  directi<ms  is  quite  the  same  over  tlie 
whole.  The  relation  in  which  the  middle  point 
stands  to  them  is  perfectly  so.  A  p<nnt  nearer 
the  bows  will  be  influenced  rather  by  the  neaicst 
force,  and  a  similar  pdnt  near  the  stem  by  that 
opposite  whidi  is  nearest  it  There  will  tfans  be 
a  rotation  of  the  system  round  the  middle  point 
or  pivot,  all  the  other  pofaits  moving  in  drdes 
about  it  The  effect  cf  a  couple,  thereibre,  is  to 
produce  roUaian. — ^A  couple,  then,  prodndqg 
essentially  rotation  cannot  be  replaoed  by  one 
force  (or  by  any  number  of  forces  whidi  may  be 
replaced  by  one),  whidi  produces  trandaAmm 
When  we  have,  therefore,  to  oondder  the  motiooa 
which  a  set  of  forces  impress  on  a  body,  or  the 
conditions  of  its  equilibrium  when  they  are  ap- 
plied to  it,  we  ha^*e  to  keep  these  two  things  per- 
fectly distinct  We  obUin  thus,  through  the 
Theray  of  Couples,  this  answer  in  those  caaes : — 
The  motions  resulting  will  be  sadi  a  motion  of 
translation,  along  with  such  another  motion  of 
rotation;  or  sudi  an  expressbn  for  the  total 
force  indudng  translation,  and  sodi  another  for 
that  inducing  rotation  must  be  eadi  equal  to  aoo, 
in  order  that  there  may  be  equiHbriom.— VHierB 
there  is  left  in  a  system  a  force  and  a  couple,  if 
the  force  be  not  perpendicttlar  in  its  lineof  aetioa 
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lite fla»  in  nUch  tike  ftmnoftlMooiqttoan 
It  may  be  convaniflDk  to  ndnoe  H  to  two 
Dinivcr,  aetiiig  st  one  point    It  is 
in  9BJ  case  nhan  a  ooople  and  a 
in  ito  plane  are   Ibnnd,  to  rednoe 
to  ft  rin^  couple  or  to  a  single  Ibtoe. 
dkB  mndtiiig  fijroeiiintbe  pUmeof  the 
the  ndncdon  to  a  single  fttoe  is  idways 
nd,  HMrafan^  sinoe  a  ftroe  and  a 
ineoorertible,  tliey  cannot  be  ledooed 
tiaf^  ooopleu— TIm  line  which  jdns  the 
pointo  of  apfificatifln  of  the  panUel  forces  hi  a 
ie  called  the  fawr  am  of  the  conpleu 
is  called  the  momaU  m  the  prodnet  of  the 
distance  between  the  two  lines  of 
i,    The  aids  is  a  line  drawn 
to  tlie  plane  of  the  couple,  and 
I  magnitnde  to  the  momeoL     It 
whsn  tiw  aids  be  placed,  as  re- 
ef the  coaple,  for  any  ooople  hi 
plane,  and  having  the  same  moment  as 
,  is  eqinvalsnt  to  it.    Henoe  two  parallel 
tf  «i|aAl  length  leprasml  equivalent  conplesi 
if  in  opposito  dJiwlimsi  destroy  one  another. 
ii  aiways  ved  instead  of  the  coaple. 
w%  wish  to  aeoertain  the  coi^oint  efitet  of 
ve  tnat  the  two  asoes  as  we  woold 
with  lliie  mknnodf  that  we  can 
either  axis  parallel  to  itaeli; 
ft  nsoltant  axis,  whose  length  re- 
ef the  resultant  ooople^  and 
perpendicnlar  to  its  plane. — ^The 
wpistions  of  eqnilibciom  which 
tkat  the  resultant  coo^  must  in.  that 
be  aeni.  are  ^vcn  under  EQUiUBBiuif.— An 
of  the  two   propositions  ftmdi^ 
in  the  Hmmj  of  Goupke  that  we  have 
the  student  peifaapsi  heeping 
Ae  iwniusitMst  of  the  parsDelogram  of 
^  fiseover  fcr  himself— win  beftyundin 
«  Qmn  dt  Mtamiqtie,  tdL  L,  Ptrotti 


See  PoLTHoiBi. 

tCamnsB.  When  tiis  sky  is  covered 

^^X  ciondBi  we  often  see  a  coloured  drde 

red  pndoniinateB^  surrounding  the  moon 

diameter  comprising  only  a  few 

Al  othtf  tunes  seversl  concentric  rings 

ssparstM  by  intervals  in  whidi 

:  these  are  Crovat  or  ComttB* 

is  not  cnmplehi  unless  there  are 

of  concentric  circles.    The  drde 

tiM  nan  ia  of  a  deep  bine;  the  second 

iswUte;  and  the  thnd  red,  which  teimi- 

theintseries.    In  the  second  series  the 

flf  coloan  is  purple,  blne^  gnen,  pale 

The  cause  of  the  phenamena 


See  also  Ajitbsua. 
A  word  signifying  a  cairier 
It  is  Cbe  name  of  a  very  pretty  little 
iOMiintive  of  the  prindpleiof  evapora- 
Is  giv«n  in  the  figure.  Itoonsiits 
^  A  tnbe  witli  two  bulbs,  B  and  a    In 
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constructing  the  instrument,  one  of  the  bulbs,  as 
c,  is  at  first  open,  and  l^  it  water  is  pound 
faito  the  vessel  till  the  other  bulb  stands  about 
one-third  AilL    This  water  is  then  boiled,  and 
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the  whole  instrument  fills  r^)idly  with  stesm. 
When  all  the  air  is  expelled  by  the  steam,  and 
only  a  dear  Jet  of  steam  issues  from  the  orifice, 
it  &  dosed  by  the  blowi^pe,  and  the  tube  thus 
hermetically  sealed.  The  instrument  is  then 
allowed  to  cool  down  with  its  end  b  down- 
wards. The  water  gradually  flows  bade  to  it, 
and  a  very  small  qaanH^  of  vapour  of  water  is 
left  in  the  rest  of  the  instrument  If  now  o  be 
sononnded  with  any  firaezing  mixture^  or  in  any 
way  be  sutsJected  to  a  degree  of  local  cold  bdow 
82^  Fahr.,  the  water  m  the  bulb  b  will  veiy 
soon  flneeie,  and  it  is  this  pfaenometton  which 
the  instrument  is  intended  to  efifect 

The  phenomflnon  is  explained  thus.    Every 
quantity  of  water  ^ves  off  vapour,  and  if  it 
pass  into  a  spsce  where  the  temperature  is  k^t 
at  a  certain  pdnt,  and  be  not  allowed  to  pass  off 
fipom  that  space  and  dissipate,  there  will  be  a 
certain  amount  of  vapour  and  no  more  given  off. 
This  amount   increases  with   the  increase  of 
temperature.     Now  suppose   the   temperature 
suddenly  bwered.    The  space  can  no  longer 
hold  so  much  vapour,  and  tl^e  superabundant 
quantity  will  be  condensed.    Now  there  is  a 
certain  amount  of  heat  latent  in  every  quantity 
of  vapour,  and  when  condensation  takes  place 
this  heat  is  liberated.     See  Heat,  Latent. 
The  temperature  of  the  space  where  condensa- 
tion has  ooconed  will  therefore — ^the  moment 
after  all  the  vapour  superabundant  has  been 
condensed  be  raised  so  that  it  is  capable  of 
receiving  more  vapour  which  the  water  will 
hnmediatdy  give  off    If  the  cold  be  applied 
again,  the  Vapour  will  be  recondeosed,  new  beat 
given  ofil^  new  vapour  formed  and  again  con- 
densed.   In  the  ayophorus  this  process  goes  on, 
when  a  fireezing  mixtore,  or  any  m^od  of 
supplying  local  cold,  is  applied  to  the  bnlb  c. 
The  vapour  in  o  is  condensed.    This  condensa- 
tion liberates  heat,  giving  aq>adty  in  c  for  more 
vigour,  supplied  immediately  from  b,  and  re- 
condeosed by  the  continued  application  of  odd. 
That  the  condeosatlon  of  vapour  then,  liberates 
heat,  is  the  prindple  illustrated,  next  to  the 
theoiy  of  states  of  saturation  <^  vapour,  cor- 
responding to  temperature,  in  the  bulb  c.    The 
condensed  vapour  does  give  off  heat,  because  in 
being  formed  it  takes  in  latent  heat    Thus  to 
send  off  vapour  at  any  temperature  from  water, 
we  must  use  much  more  heat  than  in  raising 
the  water  to  the  same  temperature,  without  per- 
mitting vapour.    A  quantUy  of  heat  not  sensible 
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to  tbe  thermometer  ia  enential  to  the  ezistenod 
of  a  body  ia  a  yaporons  state.  When,  there- 
fore, the  bulb,  G,  saddenly  raued  in  tempera- 
ture by  the  oondensation  of  vapour  into  water, 
demands  to  obtain  more  vapomr  from  the  water 
in  o,  the  heat  fbr  this  new  vapomr  most  be 
obtained.  It  is  got  ttom  the  water  in  b,  and 
the  process  goes  on  so  nq)idly  in  ordinary  cases 
that  the  air  without  is  not  able  to  supply  heat 
as  rapidly  to  b,  and  the  water  inside,  as  it  thus 
loses  it.  The  temperature  is  thus  gradually 
lowered,  and  ioe  is  formed. — ^The  principle  of 
the  cryophoms  explains  many  of  the  most  in- 
teresting phenomena  of  meteon>l<^.  We  shall 
see  that  tiie  formation  of  dew,  and  fogs,  and 
mists,  is  reiy  closely  connected  with  it.  The 
rapid  formation  of  the  ice,  and  the  quantity 
formed  in  a  given  time,  may  be  taken  as  rough 
measures  of  the  power  of  the  freezing  mixtures  of 
which  we  treat.  The  phenomenon  is  in  any  case 
interesting,  and  it  is  easily  shown  not  at  all  to 
depend  upon  actual  conduction  or  radiation  of 
cold  (or  inverse  radiation  of  heat),  by  placing  a 
little  water  quite  near  the  cryophorus — ^whieh  is 
not  afiected  almost  at  all  sensibly  to  the  ther- 
mometer by  this  conduction  or  radiation. 

€«be.  A  solid  with  six  faces,  each  of  which 
is  a  square,  each  square  being  therefore  parallel 
to  the  one  opposite  it  It  is  a  frequent  form 
for  ciystals.  Those  that  assume  it  are  not 
doubly  refhictive  along  any  line  of  ray.  It  was 
a  cdebrated  problem  in  the  ancient  geometry  to 
find  a  cube  which  shall  be  double  of  a  given  one. 
In  fact  it  was  required  to  find  a  cube  root  of  2 
by  geometry.  Modem  researdies  have  shown 
that  this,  along  with  the  two  other  cdebrated 
problems  of  the  trisection  of  an  angle  and  the 
quadrature  of  a  circle,  cannot  be  solved  by  pure 
geometry.  In  arithmetic,  the  cube  of  a  number 
is  the  inroduct  obtained  by  multiplying  it  three 
times  by  itself;  thus,  5X^X5  =  125. 
Conversely  the  cube  root  is  such  a  number  as 
when  muUiplied  3  times  by  itself  will  produce 
the  given  number.  Thus  5  is  the  cube  root  of 
126,  and  125  the  cube  of  5.    See  Boon. 

CalmlnatloB  of  a  iUar: — the  moment  at 
which  the  star  passes  the  meridian,  and  is  there- 
fore highest  in  its  diurnal  revolution.  The 
culminating  point  of  a  great  drde  is  that  where 
it  intersects  the  meridian. 

Capola.  A  hollow  spherical  body  in  fhe 
shape  of  a  reversed  cup,  which  surmounts  a  ciicu- 
lar  edifice.  It  is  the  same  as  the  dome,  only 
that  the  former  name  applies  more  generally  to 
the  inner,  and  the  latter  to  the  outer  surface. 
See  Dome. 

Cnrreats,  iitiia4Mph«ric.     See  WmDS. 

CnrreBts,  Electric.  Reserving  a  more  de- 
tailed exposition  of  the  subject  of  currents  for 
theartideon  Electrodymahics,  we  may  give 
here  a  brief  introduction  to  the  subject,  and  add 
a  fow  statements  in  regard  to  the  laws  and  the 
nature  of  currents,  that  could  not  so  properly  be 
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made  in  the  artide  referred  to.  We  have  the 
example  of  an  instantaneous  current  in  the  dis- 
charge of  the  Leyden  Phial  or  Battery,  or  other 
similar  arrangement  Aoooiding  to  the  oommon 
form  of  the  experiment  of  discharge,  no  efiect  is 
observed  except  at  that  part  of  the  drcoit  where 
the  discharging  rod  is  separated  from  tiie  ooat^ 
ing,  or  more  generally  where  the  conducting 
circuit  between  the  coatings  is  interrupted,  so  as 
to  give  rise  to  a  spark  or  other  phenomeoa  of 
disruptive  dischaige.  But  we  know  that  the 
conducting  part  of  the  circuit,  is  also  in  a  pecu- 
liar dectric  state  at  the  instant  of  dischaiipe;  a 
state  essentially  distinct  both  from  the  natoral 
condition  of  the  body,  and  from  the  condition  of 
mere  chaige  or  dectric  tension.  In  these  drcom- 
stances,  when  the  opposite  dectridties  are— 
according  to  the  common  modes  of  tttHwrnrnt — 
moving  through  the  circuit,  uniting,  and  mutn- 
ally  neutralizing  each  other,  the  dicuit  is  said  to 
be  traveraed  by  an  dectric  current  To  derive 
from  this  illustration  an  instance  of  the  more 
oommon  and  important  kind  of  current — that  is, 
the  continuous— we  have  only  to  sagipOK  that  one 
of  the  coatings  of  the  Phial  is  connected  with  a 
continual  source  of  dectridty,  while  the  other 
coating  is  uninsulated,  or  connected  with  a 
source  of  oppodte  dectridty.  In  these  ciicom- 
stances  the  dischaige  condition  will  be  'T'irtiinfd 
in  the  dreuit  that  unites  the  coatings;  new 
diaxges  bdng  supplied  as  thoee  formerly  evolved 
are  neutralized :  in  other  terms,  the  drcoit  will 
be  tiaverBed  by  a  continuous  current  The  di»- 
charge  of  tiie  Leyden  Phial  has  been  employed 
in  illustntion,  for  the  purpose  of  oonnectiag  ia 
a  ample  way  the  subject  of  currents  with  that 
of  statical  dectridty.  But  the  most  common 
type  of  the  current  in  connection  with  its  aocDnoe 
is  the  Galvanic  Battery,  or  the  simple  Galvanic 
Curde.  Two  plates,  one  of  zinc  the  other  of 
copper,  are  putially  immereed  near  each  other 
ifi  dilute  sulphuric  add ;  and  thdr  unsubmarged 
parts  are  connected  by  a  wire.  It  is  found  £at 
the  wire  is  traversed  by  a  current,  as  if  the 
copper  plate  were  a  source  of  podtive  dectridty, 
and  the  zinc  of  negative.  It  is  important  to 
remember  that  the  direction  which  is  conventkm- 
ally  ascribed  by  sdentific  men  to  the  current,  is 
in  the  above  instance  fh>m  the  copper  to  the 
zinc,  through  the  wire.  In  general,  what  is 
called  the  direction  of  the  current  is  the  directioa 
in  which  the  podtive  dectridty  appears  to  naove 
in  the  dreuit  Having  obtained  a  simple  type 
of  the  current,  we  may  condder  some  of  its 
efi^cts,  confining  oorsdves  to  those  by  which 
the  current  itsdf  is  most  dearly  roanifosted, 
and  by  the  observation  of  which  it  is  usually 
detected  and  measured.  One  of  the  earlie»t 
known  actions  of  dectridty  in  motion  is  the 
calorific,  of  which  we  have  an  instance  in  the 
incandescence  of  a  fine  wire  by  the  discharge  of 
a  Leyden  Battery  through  it  Similar  efiecta, 
risiog  in  intensity  to  the  fusion  and  brilliant 


164 


CUR 

cf  netaffie  circaitB,  are  prodnoed  by 
cmnre&ts  oC   sufficieut  power.     Jn 
tbe  tempermlnre  of  a  dradt  is  raised  by 
of    electricity  through  it      This 
infloence  upon  the  circuit   has  been 
sercnd  ways  for  the  measiuenient 
In  DdariTe*s  JSAeomsfer,  or 
fat  ezamplei  which  was  tlie 
of  this  kind,  the  cur- 
its  power  approximatdy 
by  the  tempomy  extension  of  a 
wire  fbnning  part  of  the  drcoit; 
being  doe  to  a  rise  of  temperature. 
and  more  sensible  instrument,  the 
laiamiB  the  bolb  of  an  air-thomo- 
tbe  efieet  obeenred  is  the  expansion 
the  air  by  tlie  heat  commnnicated  to  it  from 

of  this  kind  were  to  a 
far  the  purpose  of  measure* 
Iftws  had  been  deCennined,  by 
the  intensi^  of  tlw  current  is  conneoted 
the  qiaaatity  of  heat  erolTed  by  it  in  the 
tiioii^  we  DOW  have  this  know- 
la^ge  thraiigh  the  recent  disooreries  of  Mr.  Joole^ 

to  are  of  little  or  no 

with  tliose  to  be  afterwards  men- 

of  eObets  of  electricity  in 

ty  be  genenlly  termed  the  eletiro- 

A  dicnit  that  is  tiavereed  by  a 

to  exert  oertain   magneto- 

npon  magnets 

bodies  in  its  neighbourhood.    The 

«f  these  aetioos,  and  more  especially  of  the 

determined  with  great 
tiicy  licve  given  to  phyrical 
of  its  most  valuable  instraments, 
<2^TaBse  Multiplier.    See  GALVAHOMBTBit. 
of  eftcts  of  the  cmrent  are 
When  oertain  liquids  (brm  part 
they  are   chemically  deoom- 
tiie  ehnwpts  are  set  fieie,  in  the 
at  thoee  parts  of  the  liquid  where 
and  leaves  it    By  the  labouxs 
others,  and  espedally  by  the 
of  Faraday,  the  laws  of  this 
have  been  veiy  luOy  investi- 
tiMy  have  supplied  a  rfaeometrie 
fa  Us  Volta-Electreaieter,  that  leaves 
to  be  dtsiied  in  regsrd  to  the  measme- 
which  have  a  oertain  intensity:. 
on  die  eflbcts  of  electricity 
for  our  present  purpose; 
is   %o  give  some  indications,  however 
as  to  the  several  ways  in  which  the 
ef  cuiients  is  usuid^  detected  and 
imated.     Having  oonsfaiered 
we  may  now  look  with  equal 
to  the  aaanes.      A  current  may  be 
geoeni  by  the  dischaige  of  statical 
ifaiiiiiij  by  wiiatever  means  excited.    But  the 

of  current  are  derived 

which  OToive  statical  electricity  of 

In  the  present  state 
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of  sdence,  the  most  valuable  souioe  and  that 
most   commonly  employed   in   experiment   is 
chemical  action,  exemplified   in  the  oommon 
forms  of  the  Galvanic  Battery.    Heat  is  also  an 
important  source  when  peculiarly  distributed  in 
heterogeneous  mi^llic  dicuits,  as  will  be  shown 
under  Thebmo-Elegtbicitt.  A  third  souree  of 
currents  is  found  in  the  magnetic  foiroes,  com- 
bined with  oertain  movements  of  the  conducting 
drcttit  in  the  field  of  force.    The  evolution  of 
electricity  in  this  way  is  well  exemplified 
Farada3r*s  magneto-electric  machme.  Thei 
and  e&cts  df  electricity  will  fall  under  our 
special  consideration  in  other  places,  so  that  we 
need  not  dwell  upon  them  farther  at  present 
An'  essential  character  of  the  current  is  tiie  con- 
stancy of  its  powers  at  all  parts  of  ihQ  circuit 
Urns,  it  has  been  long  known  that  all  equal 
lengths  of  the  circuit,  when  acdng  upon  similar 
magnets  in  similar  positions  and  at  the  same 
distances,  produoe  equal  deviations.    A  similar 
law  holds  in  regard  to  dectro-diemical  decom- 
positkms.    If  seversl  processes  of  deoompositian 
go  on  at  difibrent  parts  of  the  circuit,  the  power 
expended  ii  the  same  for  each ;  so  that,  if  the 
compounds  be  the  same,  the  quantities  of  the 
elements  evolved  in  the  several  processes  are 
equaL     The  truth  of  the  general   law  has 
appeared  to  be  more  than  quest&ooable  in  regard 
to  tbe  calorific  power  of  the  current,  as  we  shall 
see  afterwards;  but  the  law  as  it  stands  is 
hi|^y  important    The  laws  of  the  Intensity  of 
Currents  have  been  investigated  with  much  dili- 
gence and  success.    Sir  H.  Davy  was  the  first 
to  attempt  the  investigation;  and  besides  obtain- 
ing other  important  results,  he  laid  down  these 
two  laws,  that  the  intensity  of  a  galvanic  cur- 
rent varies  inversely  as  the  length  of  the  drcoit, 
and  directly  as  its  sectbn,  supposing  the  source 
to  be  of  constant  energy.    These  laws  have  been 
extended,  since  his  time^  to  liquid  circuits,  and 
to  Thermo-electric  eumnts.    PouiUet  discovered 
that  the  fint  law,  as  stated  by  Davy,  required 
an  experimental  correction ;  and  the  correction 
when  made,  gave  this  beantifU  result,  that  the 
PileitsdfafibiBts  the  Intensity  of  the  current,  not 
merdy  by  its  action  as  a  source,  but  also  by  an 
action  as  part  of  the  entire  drcoit  in  transmitting 
the  electricity,  and  that  the  latter  action  is  intro- 
duced into  Davy's  law  by  attributing  to  the  PQe 
a  constant  eflective  length  for  sll  conditions  of 
the  rest  of  the  circuit    The  importance  of  the 
laws  of  intendty  may  be  inferred  from  this  con- 
sideration, that  they  indicate  some  of  the  oondi- 
tioos  whkdi  are  essential  to  the  development  of 
currents,  and   to   their  devdopment   with  a 
greater  or  less  power.    Closdy  connected  with 
tUssul^JeetisthatofCottdnctibility.  The  specific 
conducting  powers  of  the  metals  have  been  very 
diligently  investigated  by  several  philoeophers, 
and  aooording  to  various  methods.    Paseing  by 
the  older  methods  of  Davy,  Pooillet,  and  others, 
we  may  mention  one  suggested  by  Faraday. 
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When  oondncton  move  in  a  oertain  way  in  the 
neighbourhood  of  magnets,  they  are  traverBed 
by  electric  cnrrmts,  and  it  appears  that  the 
intensity  of  the  cairents  varies  directly  as  the 
conducting  power  of  the  moving  body,  if  other 
things  are  equal.  By  employing  dierefore  a 
constant  magnetio  arrangement,  and  causing 
different  conductors  to  move  sunilarly  in  the 
field  of  foroe,  we  would  only  have  to  measure 
the  currents  in  order  to  obtain  the  specific  con- 
ducting powers.  This  method  has  confirmed  the 
results  previously  obtained  by  laborious  and 
unsatisfactoiy  experiment  Copper,  gold,  and 
silver  are  the  best  conductors,  bdng  as  688, 600, 
and  466.  Lead  is  only  as  62,  mercury  between 
10  and  20.  Pouillet  has  endeavoured  to  esti- 
mate the  conducting  powers  of  liquids,  and  to 
compare  them  with  those  of  the  metals.  For 
the  conducting  power  of  the  saturated  solution 
of  sulphate  of  copper,  the  most  powerftd  liquid 
that  he  examined,  he  found  a  value  only  a 
twelve  millionth  part  of  that  of  gold.  We 
obtain  fitom  tliis  example  a  good  idea  of  the 
width  of  range  taken  by  bodies,  in  regard  to 
Gonductibility:  for  the  liquid  here  compared  with 
gold,  is  an  excellent  eonductor  compared  with 
other  bodies  usually  consigned  to  the  class  of 
conductors. 

CamntSfOecaiilc.  SeeOcBANandTmEB. 

Cnmitvrc.  Literslly  the  amount  or  degree 
of  the  bending  ot  any  mathematical  curve.  The 
general  prindple  of  the  treatment  of  all  questions 
of  curvature  is  easQy  explained-  The  direction 
of  a  straight  line  is  determined  when  two  points 
in  the  line  are  determined.  Through  any  two 
contiguous  or  dementary  points  in  any  curve, 
a  straight  line,  and  only  one  straight  line,  can 
be  drawn.  That  straight  line  is  the  tangent;  or 
the  straight  line  which  of  all  others,  most  nearly 
coincides  with  the  curve  at  the  point  or  points 
through  which  it  is  drawn.  The  position  and 
magnitude  of  a  drde  again  is  determined  by 
the  position  of  any  three  points  in  its  drcum- 
ferenoe:  through  &ree  eontiguoue  points  in  any 
curve,  therefore,  a  circle  may  be  supposed  to  be 
described.  And  as  the  tangent  indicates  the 
direction,  this  circle — ^named  the  osculating  or 
Equicurve  Circle — ^indicates  or  measures  the  bald- 
ing, or  curvature  of  the  curve  at  the  said  point 
The  finest  mathematical  theory  of  curvature  yet 
given  is  that  of  Lagrange,  and  it  rests  on  the 
foregoing  view.  The  curvature  of  any  Line  is 
technically^  umgU^  or  double.  If  the  line  is  in  one 
plane,  its  curvature  is  single ;  if  on  the  other  hand 
it  is  a  twisting  Ihie  in  space,  it  is  termed  a 
curve  of  douMe  enrvofiirs.  The  theory  of  all 
such  curves  is  complete ;  although  it  cannot  be 
said  not  to  be  cumbrous.    See  Quatebsiov. 

CymmmwmeMt*  An  instrument  invented  by 
Saussure  for  measuring  the  intensity  of  the  blue  of 
the  sky.  Imagine  a  band  of  rectangles,  of  which 
the  first  is  of  the  deepest  cobalt  Uue,  whilst 
the  last  is  almost  white;  the  intermediate  rect- 
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angles  presenting  an  imaginable  shades  between 
these  extremes,  fiy  oompaiing  this  scale  with 
the  sky,  it  is  easy  to  detect  witii  which  rectao^ 
the  shade  of  the  sky  corresponds ;  and  the  num- 
ber attached  to  that  rectangle  ^rill  indicate  the 
d^ee  of  blue.  By  an  ingenious  process,  SaiB- 
sure  obtained^y-oneshades  regulariy  graduated, 
between  white  and  black :  so  that  the  scale  of 
this  Cyanometer  comprises  fifty-three  degrees, 
corresponding  to  combinations  of  white  and  desp 
blue,  in  definite  proportions.  The  instrument, 
simple  as  it  is,  ftilly  answers  its  purposes. 

Cycle.   A  name  applied  to  an  interval  of 
time,  after  the  passing  of  which  oertain  pheno- 
mena, chiefly  astronomical,  recur  in  the  same 
order  and  with  the  same  drcumatanoes  as  dming 
its  oontinuanoe.  No  phenomenon  in  the  imivene 
will  in  all  likelihood  ever  again  reoor  identi- 
cally.    All  is  in  unceaidng  mutatno — do  star 
that  has  once  been  in  any  place  in  the  iniSnIta 
space  will,  for  ever,  rstum  to  it,  cr  any  dood 
d[y  that  has  once  shaded  the  earth  irill  ever 
renew  itself!     But  this  does  not  prevent  the 
succession  of  circumstancea  needy  afanilar,  in 
cycles  of  nearfy  constant  length.    Thus  thoq^ 
the  length  of  the  year  changes  by  infinitesimal 
amounts,  wb  can  take  a  cei^dn  approximatioQ 
to  it,  as  quite  near  enough  fiir  all  purposes,  and 
we  can  be  sure  that  after  it  passes,  the  sun  win 
pass  through  a  series  of  positions,  which  to  ns 
appear  the  same  or  practicaUy  so,  as  during  the 
cycle*  of  the  year.    It  would  be  impoaoble  in 
this  article  to  name  and  give  an  account  of  aU 
the  astronomical  cycles  within  which  pheoomena 
recur.    The  year 'and  the  month,  as  the  moat 
important  of  them,  witt  be  noticed  daewliere. 
The  word  cyde  is  applied  in  a  somewhat  nanower 
meaning  than  that  whidi  we  have  explained, 
and  which  properly  belongs  to  it    The  year  and 
the  month  depend  on  the  recuirence  of  one 
astronomical  phenomena,  whidi  again  does  noi 
depend  on  the   recurrence  of  several   others. 
There  are  spedal  phenonMoa  such  as  edipaea, 
whose  recurrence  is  the  result  of  peculiar  om- 
Junctions  of  phenomena,  and  the  name  cjde  la 
properiy  appUed  where  these  phenomena  are 
themselves  recurring  hi  the  interval  finom  ihtar 
commencement,  together,  to  their  recommeooe- 
ment    We  shaU  explain  some  of  tliem  here  in 
order.    And  firstp— the  methods  by  which  the 
commencement  of  the  year  and  the  day  are 
adjusted.    By  fiur  the  moat  important  adjust- 
ment wiiidi  we  have  in  this  r^iard  are  Ibmid 
detailed  in  the  artides  Bi88eztilb  and  Calek* 
DAB.    The  first  we  shaU  spedfy  hen  is  what  Is 
called  the  folar  cycfe,  or  cyde  of  Sundays. 
This  is  diiefly  of  dironolQgical  interest    Were 
our  year  compoeed  of  an  exact  number  of  weeks, 
as  52  weeks,  we  diould  have  a  *«auA»nt  recnr- 
rence  of  days  in  the  same.order,  and  if  Smday 
were  the  first  day  of  the  year,  it  would  be  the 
first  day  of  the  year  for  ever  after.    But  tbe 
year  is  made  up  of  62  weeks  and  a  di^.    He 
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0*3bB  ny  otbcr  day  of  the  week  as  weD) 
badLwtd  a  day  cveiy  year.  The  fint  of 
la  en  a  Sunday,  aoppoae— then  that  of 
wfSH  be  Monday,  of  next— Tuesday, 
ae  osi.    In  this  way  wa  ahoold  oome  back  to 

yeaiB,  and  go  throngh  the 

of  cbaagea..    Bvt  the  caJcolatioo  is 

Svppoae  the  fint  year  to  be 

18M.     Tten  next  year  (1855)  will  oom- 

a  Manday,  this  beginoingi  sappoee^  on 

KcjEi  year   (1856)   oommences  on 

V  bat  H  Qontains  62  weeks  and  2  days. 

azt  year  win  commence  not  on 

bat  on  Thuzsday.     This  vpsets 

the  cyde  ef  seven  yean  which  we  had 

We  oome  back  to  a  year  commencing 

' — 1860,  bat  we  do  not  go  thzongh 

daya,  taking  aU  hot  Wednesday  as  com- 

ef  the  jea&    The  year  1860  has 

two  odd  dajs,  and  the  next,  1861,  oom- 

ooTaasday.   We  will  go  on.    So  then — 

Thandaff  Friday — tlien  (omitting 

tartb  day,  Satoxday)  Sunday,  with  still 

in  the  order.     Monday,  Tuesday, 

Tbnnday,  Friday,  Saturday, 

Monday,  omit  Tuesday,  Wednesday, 

FMday,    Saturday,    omit   Sunday, 

\  Tmadajf  Wednesday,  Thnnday,  omit 

Each  of  these  cydee  of 

be  oompkle  but  tu  this 

of  avefy  terth  day  in  the  soccesdon 

days.    AS  tbeee  omissions  go  in 

etioa    fhp  podiing  forward  of  the 

day  by  one  additional  day.    Thers 

evciy  fi>or  ysarL    In  seven  of 

periods  there  will  be  seven  of 

tibe  year  wffl  thafcliwe  be  seven  days 

poabed  fbrward  aa  to  its  oommeno- 

daf •     Han  thercftm  at  the  end  of  thb 

W9  wiB  get  back  to  the  same  day  of  the 

the  oanuasnciqg  day,  with  the  same 

to  saeoeed  it  Ibr  another  period 

faar-year  periods.    In  28  years 

win  be  a  eonatant  recurrence  of 

ef  days  of  commencement  of  the 

r  ISbi,  1856,  1856,  1857,  the 

are  Sunday,  Monday,  Toes- 

and  ao  on  for  the  snooeeding 

aeriee  bqsfais  again  at  1882, 

wiB  00  OB  for  28  years  exactly  the  same. 

period  af  38  yean  is  called  the  iSbto*  CJyoIs. 

Im  ^iitl^k,  ia  which  the  Julian  year  alone 

the  nediod  was  perfect    But 

to   ffaa    Gregorian  correction — (see 

1700, 1800, 1900,  are 

tfaoagh  divisible  Vy  ^  oor  any 

of  V-^-*^^  iriiidi  is  not  itself  also 

hr  4.     Heoee  at  1900  the  cyde  is 

„day  twodaya  behind  that  of  next 

A~£a  Mtfsadiky.  The  yeer  1901  should 
w^^^igv  fa  tf'dsr  that  the  cyde  might 
Ja^^^^  1900  ia  not,  though  the 
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end  of  one  of  the  periods  of  four,  one  which  has 
two  odd  days,  but  only  one.  Henoe  Tuesday 
will  be  the  oommeDdng  day  of  1901,  and  so  it 
goes  on.  But  as  Wednesday  was  the  commenc- 
ing day  of  1888  (1901—26)  the  comparison 
between  the  28  years  just  then  passed  and  the 
next  28  would  be  all  at  fault,  and  would,  if 
followed,  put  us  a  day  too  far  forward  in  our 
reckoning  until  the  next  date  of  disturbance. 
The  series  of  days  will  require  then  to  be 
changed  for  1901  and  the  succeeding  years,  and 
will  go  on  so  changed  until  the  next  interrup- 
tioik  Usually  these  interruptions  will  recur 
every  100th  year,  but  2000  is  a  leap  year,  and 
the  cyde  of  days  marked  in  1900  will  go  on 
unintexrupted  for  200  years  in  consequence, 
requiring  new  diange  at  2100,  then  requiring 
still  another  change  at  2200,  and  so  on.  It  wiU 
be  useful  to  give  for  this  century  the  days  of 
commencement : — 1800,  Tuesday ;  1801,  Thurs- 
day; 1802,  Friday;  1808,  Saturday;  1804, 
Sunday;  1805,  Tuesday;  1806,  Wednesday; 
1807,  Thursday;  1808,  Friday;  1809,  Tues- 
day; 1810,  Monday;  1811,  Tuesday;  1812, 
Wednesday;  1813,  Friday;  1814,  Saturday; 
1816,  Sunday;  1816,  Monday;  1817,  Wednes- 
day; 1818,  Thursday;  1819,  Friday;  1820, 
Saturday;  1821,  Monday;  1822,  Tuesday;  1823, 
Wednesday;  1824,  Thursday;  1826,  Saturday; 
1826,  Sunday;  1827,  Monday.— If  to  each  of 
these  numben  we  add  28,  or  56,  or  84,  we  vrill 
get  the  series  of  yean  for  which  the  commencing 
day  is  the  same,  and  also  the  commencement  of 
a  like  cyde.  Thus  1806  -4-  28  =  1834,  has 
Wednesday  for  its  first  day  (as  1806  has).  So 
also  1806  -f-  66  =  1862,  and  so  also  1806  4-  84 
=  1890.  When  we  add  still  higher  multiples 
of  28,  Le,  112,  140,  &c,  we  get  1806-fll2= 
1918,  and  here  we  would  be  led  a  day  too  for  for- 
ward. Tneeday  therefore  is  the  day  for  this,  and 
so  Tuesday  is  the  commencing  day  of  1918  -f- 
any  multiple  of  28,  as  long  as  this  does  not  readi 
2l00.'^C^o/IndicUon,  A  period,  (quite  arbi- 
traiy,)  of  16  years,  originated  by  the  issuing  of 
a  tribute  edict  by  the  Roman  emperore  ever^^ 
fifteen  yean.  It  is  of  fkequent  occurrence  in  old 
history,  chiefly  eodesiasticaL  The  position  of 
any  year  in  the  cjrcle  of  indiction  may  be  found  by 

addhig  8  and  dividing  by  15.    Thus  1865  -f-  8 

18  1« 

=.128  rv,  and  therefore  this  is  the  13th  year 

of  such  a  C3rd&  If  we  take  812  fiom  the  year 
given  and  divide  by  16,  thus  1855  —  812  = 

1543  18  1^ 

-r^  =  102  |g,   the   remainder    18   indicates 

tlie  year  of  such  a  cyde  as  before,  and  the 
quotient  102  gives  the  number  of  the  cydes 
past  We  are  therefore  living  in  the  13th  year 
of  the  103d  cyde  of  indiction.  The  year  818 
is  taken  as  the  firet  year  of  the  first  cyde — 
the  orighi  of  this  chronological  period. — ^There  is 
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a  period  or  cycle— called  varioosly  the  Sothlae 
period — the  Canicolar  year — ^the  AjmoB  Magniis 
or  Aimiis  yagus,  which  merely  requirea  nodoe. 
It  was  used    among   the  EgyptUma.      Their 
original  practice  was  to  liave  12  months  of  80 
days  eadi,    intercalating   5  days,  as   a   full 
eqniralent  for  the  year.    They  very  soon  found 
tiM  length  of  the  year  to  be  865}  days.    Bat 
the  priests  attached  mystic  importance  to  the 
dates  of  their  recurring  festlvalsi  fixed  according 
to  the  old  method,  and  would  not  introdnce  the 
fonrtb  day.    Hence,  while  the  people  adopted  a 
year  measured  by  the  recurrence  of  what  is 
called  the  heliacal  rising  of  Sirips,  the  priests 
instituted  the  Sothiac  period  of  866  X  ^  ywrs, 
within  which  It  is  evident  that  the  error  of  ^ 
of  a  day,  constantly  accumulating,  would  amount 
to  a  complete  year  of  865  days,  whidi  would 
then  be  considered  as  non-existent,  so  that,  thus 
the  1461st  year  commenced  with  an  agreement 
between  the  sacred  and  popular  year.     It  is 
probable  that  the  institution  did  not  last  orer 
one  complete  cycle.     Had  it  done  so,  it  could 
not  have  fiuled  to  be  noticed  that  1460  years 
would  not  serve  for  such  a  period,  because  ^ 
of  a  day  is  not  the  amount  of  annual  error,  but 
1508  years  rather. — ^The  next  periods  of  impor- 
tance are  connected  with  the  ai^ustment  of  the 
moon*s  motion  with  that  of  the  sun,  and  in  con- 
sequence— as  on  their  relaUve  positions  edipses 
depend,  also  with  the  calculation  and  prediction 
of  edipses. — The  first  is  the  Metonic  cyde  of 
235  lunations,  introduced  by  Meton,  who  lived 
in  Athens  about  482  B.a    A  lunation  is  the 
period  from  full  moon  to  full  moon,  or  from  new 
moon  to  new  moon.    The  period  of  285  lunations 
of  29*58059  days  eadi  gives  6939*69  days.    Now 
19  years  of  865^  days  each  give  6989*75  days. 
Hence  the  recurrence  of  new  moons,  at  the  same 
parts  of  a  cyde  of  19  years,  if  the  Julian  method 
of  reckoning  the  year  were  adopted,  would  be 
pretty  accurate.    Each  cyde  then  would  indeed 
be  a  fidling  back  of  -06  of  a  day  in  the  occnr- 
renoe  of  new  moon,  but  this  would  not  amount 
to  a  whole  day  until  above  800  years.     Hence, 
tabulating  as  in  the  solar  cyde  the  dates  of  new 
and  full  moons  for  19  years,  we  should  have 
the  same  dates  on  which  they  would  recur  during 
each  year  removed  ftom  the  former  by  any 
multiple  of  19  years.    Thus  given  the  dates  of 
all  the  new  and  full  moons  in  1854,  we  would 
have  the  same  dates  for  1878,  1892,  ft&    There 
would  be  slight  disturbance,  however,  always  to 
be  allowed  for,  caused  in  this  arrangement,  by 
the  fact  that  there  is  not  a  year  of  865^  days, 
but  three  years  of  865  and  four  of  866.    This 
might  produce  an  error  of  nearly  a  day  dther 
way.     Still  the  cyde  was  very  useful     The 
Gregorian  reformation  of  the  calendar  has  yet 
further,  however,  deranged  it,  so  much  so  indeed 
as  to  render  new  tables  necessary,  as  in  the  solar 
cycle,  for  every  time  that  the  interruption  comes. 
— The  Metonic  cyde  of  235  lunations  contains 
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also  256*021  iMxfiea/  months,  Hiat  fa,  moaOm 
whidi  are  measured  by  the  Interval  betwMu  the 
moon*s  oriiital  interaections  of  the  ediptlb  At 
the  reoommencement  of  a  Metonic  cycie^  thcr^ 
fore,  the  moon  ia  very  near  the  same  poatioa 
relative  to  her  node,  as  she  was  at  the  bfgininiqg 
of  it  In  '021  of  a  nodical  montli  she  wilt  be 
aocuratdy  at  the  same  pofait  Now,  edipeea, 
both  of  sun  and  moon,  depend,  as  we  shaD  see 
(Eclipses)  upon  the  new  and  IhH  hkwo,  and 
on  the  position  of  the  moon  in  her  noda  When 
the  new  moon  is  at  her  node  there  is  m  solar 
edipee ;  when  the  full  moon  Is  so  a  hour  od6 
Hence  in  the  successive  Metonic  cvdes  the 
eclipses  will  run  at  the  interval  d  "021  ef  a 
nodical  month  from  identical  dates;  thai  is, 
however,  '021  X  27-212  days,  rather  mwc  than 
half  a  day.  Hence  the  Metonic  cyde  w3l  aot 
serve  very  well  as  a  cyde  of  eclipses,  bat  wll 
veiy  wdl  for  marking  the  corrections  pointed 
out  to  suit  the  Julian  and  Gregorian  Calcodan, 
as  a  cyde  of  lunations. — ^This  cyde  of  19  yean, 
or  235  lunations,  is  used  for  finding  Eastar, 
being  there  called  the  cyde  of  the  G€Um 
Numier,  It  is  also  called  the  hmar  Cjfde,  Tbis 
latter  term  one  readily  understands ;  the  Jbnaer 
originates  in  the  sanctity  attributed  to  the  chwdi 
festivals,  the  dates  of  which  the  ancient  dmdi 
constanUy  fixed  by  periods  ef  new  moon.  The 
methods  of  calculating  Easter  Day  w3I  be  fomid 
in  chronological  treatises. — ^Tbe  next  cyde  wUdi 
was  oonstncted  as  an  Improvement  upos  the 
Metonic,  was  the  Col^ppie,  due  to  Cal^pos,  a 
disdple  of  Plato,  who  flourished  about  830  b-c. 
He  found  the  errorB  of  the  Metonic  cyde  veiy 
manifiest  in  observing  an  edipee  near  the  time  of 
the  death  of  Alexander  the  Great  He  menlj 
made  a  cyde  of  four  times  as  mudi  length  as 
that  of  Meton,  all  but  1  day.  His  cyde  eon- 
tained  76  years  all  but  1  day  therafon^  and  it 
contiuned  still  more  near  approximatfan  tttan 
Meton*s  to  an  exact  coincidence  of  lunations  wad 
nodes.  There  were  in  h  venr  nearly  t40  Ivna- 
tions,  1020  nodical  months,  and  1016  sidereal 
months.  It  had  the  faults  of  the  Metonic 
cycle,  less  exaggerated  than  hi&  He  eon- 
menced  calculating  his  cyde  firon  the  new 
moon  immediatdy  following  the  summer  ad* 
stice  of  880  b.c.  Meton*s  cyde  commenced  on 
the  15th  July  of  the  year  482.~The  beet 
period  for  the  calculation  of  edipees  whidi 
has  come  to  be  very  well  known  is  the 
^'Saros,"  a  period  of  Chaldean  origin.  TUs 
period  consists  of  228  lunations.  In  that 
period  there  are  241*029  sidereal  months,  eo  tfial 
the  moon  at  the  end  of  H  b  very  nearly  in  Ilia 
same  podtion  in  the  sky  as  she  was  at  the  eonn- 
mencement.  There  are  also  288*992  anomafisde 
months,  so  that  she  is  very  nearly  in  the  same 
position  in  her  own  orbit  also.  There  are  berides 
241*999  nodical  months,  so  that  she  is  very 
nearly  in  the  same  position  rcgardmg  the  ediptic, 
having  gone  fon^'anl  by  -001  of  a  nodical  month, 
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day.     Nov  tlie  ooeorrenoe  of 
the  podtioii  of  the  moon 
and  hflr  ooojuiietioii  with  or 
tD  €he  ami.      Hera  then,  rappoaing 
b«  in  oppcKitioii  or  ooqjanctioD,  and  at  her 
tt  ttfee  commcpccaicnt  of  a  mtob,  she  will 

or    opposition   again  and 
(havfag  paaeed  it  aboat 
at  the  end  of  the  earoe. 
tliii  period  all  edipaes  win  wj  nearly 
dnoDologicanj,  howerer,  thia  is  not 
to  the  Metonic  or  Calippic  periods  as  not 
the  dataa  off  cdlpaes  at  once;  bat  it  is  far 
aocnnta,  an  giving  the  time  of  their  occor- 
Tbe  223  lonatiooB  make  up  6586*82128 
ar  18  jtm  of  865  da^  each,  16  days, 
40  miniites,  38  seconds.     It  has  no 
period  of  eommenoemeat,  so  that  if  we 
to  ooaiDcnce  it  in  one  year  we  may  have 
'  ia  another  ibor  leap  years  in  the  18.    In 
case  the  saroa  consists  of  18  years, 
day>i  7  booni,  40  minutes,  38  seconds,  and 
the  same  with  1  day  added  to  it 
or^giBal  Chaldean  period  is  6585^  days, 
wondetfully  aocorate,  being  only  in 
bj  19  minntes  22  seconds,  and  they  were 
to  treble  the  period  in  order  to  get  at  the 
Bonber  of  days.    This  method  secnred 
tbe  ending  of  each  saros  in  the  same 
of  dM  day  as  the  beginning  of  it,  a  point  of 
iasportanoe,  as  far  as  its  use  in  predicting 
lilLS  all  suidi  periods,  whi(£ 
itconing  phenomenon  coincide  with 
the  jaras  does  not  completely  answer 
The  little  diAs«nces  of  neariy  40 
in  each  Saros  aeenmulates,  and  carries 
out  of  the  position  where  edipses  may 
partial  edipses  fbr  total,  and 
the  partial  ones.     The 
well  be  used,  therafore,  as  a  means 
_  ftr  lemored  firom  dor 

In  tlie  aana  there  are  generally  about 
of  which  29  are  lunar,  and  41  are 
In  asma  part  of  the  earth.    In 
of  a  year  the  number  of  edipses 
may  be  as  many  as  seven  and  as  few 
8aa  Artide  Ecums— The  Ptiichal 
b  an  wclasiastical  one,  exactly  like  the 
la  priaripla    There  the  even  disturbance 
oae  day  per  week  is  not  permitted  by  the 
of  leap  year.    Here  the  rognlar 
of  Eastev  on  the  aame  day  of  the 
19  yean,  cannot  take  place  on  the 
dary  of  tlie  wedc,  because  the  commence- 
of  tha  year  doea  not     The  two  cycles  of 
d  28  yw*  do  not  coincide,  Just  9»  the  two 
ef  7  and  4  year*.    Tbe  same  principle 
peucuwd  thdr  coinddeBoe  in  a  laiger 
by  nndliplyiBg  them  together,  does  so 
alsa    Hence  19  X  28,  or  632  is  the  period 
whiefa  the  recnrrence  of  Easter  on  the 
day  of  tte  yen*-— ibr  all  the  successive 
^^  cf  tlHt  period  takes  plaoe.-'The 
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Jafiiaa  C^b  is  a  contrivance  on  the  very  same 
prindple,  introdnced  by  Joseph  Scallger,  to  make 
the  cyde  of  indiction  and  tbe  sobtr  and  ktnar 
cydes,  coincide.  It  is  merdy  28  X  19  X  15 
yean,  or  7980  yean.  Its  commencement  was 
fixed  at  4713  B.C.  Hence  by  sabtracting  the 
number  of  any  year  b.c.  from  4714,  or  adding 
that  of  any  year  yet  reached  a.  d.  to  4713,  we 
will  get  the  year  of  the  Julian  period.  By 
dividing  this  by  28  we  get  the  year  of  a 
standard  ao2ar  cyde,  in  the  remainder  by  15 
that  of  tiMfiotion,  and  by  19  that  of  a  standard 
Amor  cycle. 

Cyciald.  A  curve  thus  described.  Take  a 
drde  and  mark  on  it  one  point  Roll  this  circle 
along  a  straight  line  in  any  plane,  and  observe 
the  various  points  successivdy  covered  by  the 
nutfked  one  on  the  drde.  The  curve  so  traced 
will  be  a  qfdoid.  Galileo  was  the  first  to 
remark  it  in  1616.  Its  equations  are  x  =  a  («i — 
sin.  «)  and  y =a  versin,  «r,  where  a  is  the  radius 
and  «  the  angle  between  the  radios  to  the  point, 
(x,  y,)  and  the  radius  to  the  point  where  the 
generating  drde  touches  the  constant  straight 
lin&  They  may  also  be  put  in  these  two  other 
forms: — 

y  =  venfa  ?L+±^i^j^=Z!) 
a  a 

dy  1 

-di=«*^2*^ 

CJyliader.  A  solid  tenninated  by  three  sur- 
fi^es,  one  of  which  is  convex  and  continuous — 
being  in  the  cylinder  proper,  circular— the  other 
two  paralld.  A  right  cylinder  is  one  in  which 
the  line  Joining  the  centres  of  the  limiting  circles 
is  perpcxidicnUir  to  their  plane.  Every  other 
cylinder  is  oblique.  A  right  cylinder,  in  the 
confined  sense  we  have  indioited,  may 
be  ooncdved  as  described  by  a  rect- 
angle revolving  round  one  of  its  sides 
as  in  the  figure,  and  an  oblique  one 
may  be  formed  by  cutting  a  right  cy- 
linder slant  across.  The  mere  philo- 
sophical definition  of  a  cylinder  as 
indnding  all  possible  ones,  would  be 
that  an  infinite  number  of  infinitdy 
thin  planes,  bounded  by  curves  of  the  same  size 
and  diaracter,  returning  into  themsdves,  ara  laid 
one  above  the  other,  the  cylinder  bdng  the  com- 
plete outline  of  the  solid  so  formed.  The  line 
between  the  centres  is  the  axis  of  the  cylinder, 
and  the  two  paralld  sides  are  the  bases.  The 
heigfat  ia  the  perpendicular  distance  between  the 
bases.  The  content  of  the  cylinder  is  the  product 
of  the  heigfat  by  the  area  of  dther  basa  The 
convex  suriace  is  equal  to  the  product  of  the 
drcomferenoe  of  the  base  by  the  length.  Similar 
cylinden  are  those  with  similar  bases,  having 
their  axes  indined  similarly,  and  their  proportion 
to  the  linear  dimensbns  o(  the  bases  the  same. 
The  oblique  cylinder  with  elliptic  ends  is 
times  called  a  cylmdroid. 
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The  beantiftd  department 
of  photographic  art  which  is  so  designated,  de- 
rives its  name  from  its  invenfcoTi  Dagaerre,  who, 
along  with  another  indefatigahle  FteiK^  experi- 
mentalist, Niepoe,  after  long  continued  researches, 
eaooeeded  in  perfecting  its  difiiarent  processes, 
and  published  them  to  the  world  in  Joly,  1889. 
A  short  rationale  of  the  art  will  first  be  giren, 
and  afterwards  a  description  of  the  difilsrent  stq>s 
necessary  for  the  production  of  a  Daguenean 
pictore.    A  suifaoe  of  pure  silver  is  caused  to 
combine  with  iodme,  and  in  the  more  recently 
improved  methods  also  with  bromine,  whereby 
a  film  of  ioduret  and  bromuret  of  silver  is  pro- 
duced which  is  exquisitely  sensitive  to  Ugfat,  in 
such  a  way  that  if  exposed  even  for  a  single 
second  to  a  feeble  daylight  an  incipient  cha^ 
is  produced  in  it,  which  though  not  obvious  by 
mere  inspection,  yet  becomes  evident  by  the 
facility  which  it  has  acquired  of  condensing 
vapours,  particularly  that  of  metallic  mercury, 
on  its  suifiace.    If  tiie  plate  be  long  exposed  to 
light,  a  change  on  the  surface  becomes  ap- 
parent without  any  development  by  mercurial 
vapours,  though  Uiis  requires  a  much  longer 
time,  at  least  1000  times  greater  than  that  which 
Is  necessary  to  determine  the  first  aflinity  for 
mercuiy.    J^  instead  of  the  plate  having  been 
exposed  to  difiused  light,  it  be  put  in  the  field  of 
the  camera  obscura,  the  image  impresses  the 
magical  change  on  the  difilarent  parts  of  the  sur- 
face, to  an  extent  proportionate  to  the  intensity 
of  the  light  (to  speak  simply),  and  thus  a  latent 
image  of  the  picture  is  produced,  which  is  after- 
wards brought  out  by  expoeuro  to  mercurial 
vapour,  which,  by  adhering  to  the  parts  acted 
on  by  the  light,  gives  them  a  white  appearance, 
while  the  parts  on  which  the  light  has  not  acted 
remain  of  the  original  dark  aspect  of  the  policed 
silver.    The  sensitive  bromo-iodoret  of  silver  is 
now  removed  from  the  plate  by  a  weak  solution 
of  hyposulphite  of  soda  in  water,  after  which  it 
is  washed,  and  is  no  longer  sensitive  to  light   It 
is  then  protected  and  strengthened  in  its  appear- 
ance by  boiling  on  its  snrftoe  a  solution  of  chlo- 
ride of  gold.    Afterwards  it  is  carefully  covered 
by  glass,  and  protected  ftom  the  contact  of  air 
and  damp.    Even  vrith  all  precautions,  it  is  to 
be  regretted  that,  owing  to  the  extromely  oxidiz- 
able  nature  of  mercuiy  and  silver,  the  brilliant 
aspect  of  these  beautifol  phantoms  after  a  time 
bc^ns  to  fade ;  and,  except  in  the  case  of  their 
h^ag  hermetiodly  sealed  in  cases  of  glass,  there 
is  reason  to  believe  that  in  comparatively  few 
rears  most  of  them  will  perish. — As  to  the  prac- 
tical operations  of  the  Daguerreotypist,  space  com- 
pels us  to  be  brief     The  silverized  tablets  of 
copper  are  to  be  had  of  the  shops.    They  must 
be  again  polished  immediatdy  before  being  ex- 
posed to  the  iodine.    Olive  dl  and  finely  pow- 
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dared  pumioe  are  first  rubbed  on  by  ciicolar 
strokes  of  a  dossil  of  fine  cotton  wooL  The  wool 
is  again  and  again  renewed,  till  the  whole  of  the 
oil  and  pumioe  are  removed,  aft«r  which  the  sur- 
face is  wetted  by  a  piece  of  cotton  dipped  in  one 
part  of  nitric  add  to  fourteen  of  water,  which  is 
afterwards  wiped  off  by  dean  cotton,  and  fine 
pumice  reapplied.  It  may  then  be  finished  by 
circular  movements  or  strokes,  as  they  are  called, 
on  a  piece  of  vdvet,  till  afine  Uadt  pdish  cooms 
over  the  whole  surfiitoe.  It  ia  now  placed  in  the 
iodine  box,  of  which  a  rqnesentatioa  is  annexed, 
into  which  a  small  quantity  of  iodine  has  been 
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put,  and  Is  allowed  to  remain  tOl  tha  aorfiMse 
is  of  a  pale  yellow  colour  when  examined  in  a 
feeble  light.  It  may  now  be  placed  in  tlie 
camera,  but  it  can  previously  be  rendered  much 
more  sensitive  by  exposure  to  the  vapour  of 
bromine,  rising  fi^m  a  small  quan^ty  of  bromide 
of  lime  placed  in  a  box  similar  to' the  iodine  box, 
till  it  is  of  a  rose  cdour;  after  whidi  It  is  to  be 
exposed  in  the  camera  for  a  period  varying  from 
a  fraction  of  a  second  to  a  few  minutes,  the  time 
depending  only  on  the  sensitiveness  of  the  surface 
and  the  strength  of  the  light  This,  experience 
only  can  teach.  The  image  is  now  to  be  deve- 
loped, by  placing  the  plate  in  the  mercurial  box, 
at  a  hdght  of  a  few  inches  from  a  small  metallie 
pan  of  mercury,  in  which  is  placed  a  thermome- 
ter, the  plate  being  inclined  at  an  angle  of  46^ 
to  the  rising  vapour.  A  spirit  lamp  ia  pUoed 
under  the  pan,  and  the  temperature  raised  ao  as 
not  to  exceed  167*^  Fahr.  The  devdqmMDt  of 
the  image  is  to  be  watched  by  the  light  of  a 
candle  held  near  the  small  window  in  the  side  of 
the  mercurial  box,  while  the  eye  is  placed  at  the 
other.  The  plate  is  then  to  be  removed  from  the 
box,  and  whQe  still  In  the  dark  room  it  is  to  be 
phwed  lor  a  moment  mider  water,  and  then 
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to  and  fio  in  a  solalion  of  hyposolpliite 
cf  mia,  tin  the  7«Uow  odiovr  Is  lemoved,  and  then 
Id  *  gMitle  rtnm  of  water,  the 


blown  ftom  tlie  suzflioe  if  an j 
in  diying  they  should  kave 
Tha  plata  ii  aow  to  be  held  by  a  smaD 
fair  of  Ffaeen,  and  oovend  by  a  eolation  of  gold, 
■ait  by  fiaaolTlBg  torn  gnlns  of  chloride  gold 
la  i|||a  oMWBi  of  water,  and  eUteen  grains  of 
hjl— T|ihilii  of  soda  in  two  oonoee  <?  water, 
llbc  the  two  anImifliiSi  gmdnally  shaking  them 
Tbis  liqaid  keeps  weU,  and,  as  abore 
ia  poorcd  in  laffident  qoantl^  to  cover 
whidi  ia  then  held  over  a  qurit  lamp  tin 
i  pndooed,  and  a  oooslderable  portion  is 
after  which  the  remainder  is  to  be 
and  the  plate  qol^y  washed  and  dried, 
be  denied  that  tfaoogh  the  Dagoerreo- 


and  delicacy  of  detafl  is 
of  all  the  photo- 
yet  It  Is  the  most  difficnlt  of 
So  madi  is  tills  the  case,  and  so 
it  to  got  tlie  plates  sufficiently  dear 
that  it  is  scarcely  a  pro- 
The  metallic  j^ars  of  the 
tlm  Ihrid  knk  whidi  they  fteqoendy 
also  o^ectiona  ftom  whkh  the  10- 
if  the  arts  dsKribad  ander  the  heads  Calo- 
id  Coujooum  aia  ftee^  and,  as  already 
at,  tlMn  is  naacai  to  beUeva  that  the 
a  pasdaeed  aas  1ms  liable  to  decay, 
also  be  aaaa  easily  obtained  of  a  laiger 
ba  flMoipnlated  in  the  fields  fixr  the 
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production  of  out-door  views  fiu  more  easily 
than  the  plates  of  the  Daguerreotype  process.  It 
ought  p^liaps  to  be  stated,  as  an  important 
point  in  manipulation,  and  also  as  curious  in 
itself,  that  a  momentaiy  exposure  of  a  plate  to 
bromine  vapour  which  has,  after  bdng  made 
sensitive,  been  exposed  in  the  camera,  completely 
efiaoes  the  impression,  so  that  no  image  would 
be  developed  were  it  submitted  to  mercurial 
vapour;  sod  that  the  same  action  of  the  bromine 
renders  the  smftoe  again  sensitive.  80  that  it 
is  unnecessary  to  dean  the  plate,  if  before 
developing  we  suspect  the  picture  to  be  imper- 
fect All  that  is  necessary  Ib  to  submit  it  for  a 
little  to  bromine,  and  slip  it  into  the  slide  of  the 
camera  again  to  be  ezpoeed. — ^It  is  also  worthy 
of  notice  that  it  is  in  connection  with  the 
Daguerreo^rpe  process  that  the  most  successful 
attempts  have  been  made  to  procure,  directly  by 
photography,  pictures  in  thdr  natural  coloun, 
an  adilevement  which,  oould  it  be  accomplished, 
would  leave  litUe  to  be  desired  in  this  beantifia 
art,  vriiidi  has  already  done  so  much  for  the 
instruction  and  ddlght  of  mankind  and  for  the 
g^cty  of  its  iUustrious  disooversr. 

Daltaniaas.  A  name  given  to  that  uiper- 
ftet  sensatkm  or  appreciation  of  odours  with 
which  many  persons  are  afflicted :  it  is  derived 
from  the  name  of  the  great  diemist  Dalton,  who 
had  the  inflnnlty  in  excess.  The  imperfection 
is  a  singular  one :  the  form  of  objects  is  readily 
discerned  and  judged  of;  nay,  the  eye  is  sen- 
sible to  the  smallest  amount  of  light :  but  the 
sensitive  or  perceptive  apparatus  Is  apathetic  to 
oertahi  tints;  and  dther  the  former  does  not 
transmit  notice  of  them  to  the  brsin,  or  the 
latter  cannot  judge  of  the  transmitted  intimadon. 
Seebedc  dosdy  investigated  the  infirmity.  He 
divided  Daltonlans  mto  two  dasses, — the  Jbni 
composed  of  persons  who  are  deceived  n^er 
with  rogard  to  shades  of  colour,  than  as  to  dif- 
ferent odours ;  who  ooof ound,  for  instance,  dear 
orsnge  with  purs  ydlow,  lilac  with  bluish-gray, 
ftc,  &a :  the  uamdy  of  those  who  really  do  not 
know  many  distinct  odours,  having  for  the  most 
part  an  extremdy  feeble  appreciation  of  the  less 
refrangible  rays  of  the  spectrum,  or  of  the  rays 
near  tlie  red  end.  Two  general  condusions  are 
drawn  by  Se^beck  fkom  a  large  series  of  observa- 
tions. 1.  Daltonism  never  afiects  the  ydlow  rays: 
every  eye,  however  imperfect  otherwise,  distin- 
guishes yeDow.  2.  The  sensations  of  complemen- 
tary ooloors,  are  inseparable;  so  that  the  eye  is 
sensible  or  insensible  to  both  at  once :  for  instance 
the  eye  that  perceives  6Aie,  will  also  perodve 
oras!^;  the  eye  that  cannot  distinguish  red 
win  not  be  able  to  distmguish  preea,  &c.,  &c. 
There  is  a  fiur  greater  number  of  DaUoiwmi 
than  is  generaDy  supposed ;  mors  among  males 
than  among  females :  the  defect  is  also  here- 
ditaiy.  Dr.  George  Wilson  of  Edinbuigh  not 
un^risdy  asks  wbSher  it  may  not  often  blind 
raUway  guards  to  the  character  of  those  oohured 
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mgnab  which  it  so  much  behoves  tliat  they 
interpret  aright?  B7  a  vefy  aimple  means 
Daltonians  may  be  made  aware  of  their  enor, 
Tiz.,  by  the  use  of  colonred  glasses.  If,  for 
instance,  one's  eye  confounds  green  with  red, 
ft  is  enough  to  use  a  red  glass,  and  the  difiet^ 
enoe  of  the  colours  will,  to  his  great  astonish- 
ment, be  peroeived  hi  an  instant.  See  memoirs 
by  Seebeck,  Wartmann,  Szokalski,  and  Dr. 
George  Wilson. 

Dalton'ii  liswt — ^that  two  gases  placed  be- 
side each  other  in  a  given  space,  expand  towards 
each  other,  ultimately,  as  toward  vacuum.  Thus, 
for  example,  if  carbonic  add  and  common  air  be 
put  faito  one  vessel,  the  carbonic  add  will  spread 
after  a  time  through  the  whole  vessd  as  though 
air  were  not  present  at  all ;  and  the  air  will,  in 
its  turn,  expand  as  if  there  were  no  carbonic  add. 
The  pressure  upon  any  part  of  the  vessel  will  be 
the  sum  of  the  pressures  of  the  expanded  portions. 
Thus,  if  a  of  the  vessel  be  filled  at  first  with  the 
add,  and  b  with  the  air,  the  volume  of  each  will 
bec(mie  a  -|-  b,  and  according  to  Mamotte's  law, 

a 
the  pressure  of  the  first  will  be  -rT'hof  what  it 

b 
was,  and  of  the  second  — —r 

a-|- D 

Suppose  p  and  p'  the  two  pressures  on  eadi 

square  inch,  then  the  ultimate  pressure  will  be 

*P"r  PP,    If  the  two  gases  have  originally 
a-)-b 

ap  +  bp' 
the  same  pressure  p,  ■  ^  1  u — will  become  equal 

to  p.  That  is,  the  pressure  on  the  sides  of  a 
Tessd,  acted  on  by  a  given  internal  pressure,  is 
not  altered  by  the  mixture  within  it  of  two  gases, 
originally  of  the  same  elastidty. — Dalton's  law 
does  not  require  that  the  mixture  of  gases,  and 
the  completion  c€  the  process,  should  be  instan- 
taneous. In  fiict,  it  never  is.  If,  for  example, 
carbonic  add  at  atmospheric  pressure  be  endosed 
in  a  vessd  with  a  plaster  of  Paris  lid,  put  over 
water,  and  a  small  hole  be  bored  in  the  lid,  the 
water  will  rise  until  it  nearly  fills  the  vessel  If 
the  operation  of  Dalton's  law  were  instantaneous, 
there  could  be  no  such  rising,  the  carbonic  add 
would  immediatdy  disappear  almost  entirdy  into 
the  air,  and  the  air  would  "take  its  place ;  but  the 
pressure  would  be  constant,  and  equal  to  that  of 
the  atmosphere  upon  the  outside  water.  In  point 
of  fkct,  some  hours  would  elapse  before  the  level 
had  sunk  to  its  original  height  Most  gases,  in- 
deed, expanding  towards  vacuum,  do  so  with 
violent  accompanying  explosions.  Gases  mixing 
acoonHng  to  this  law,  conduct  themsdves  with 
perfect  quietude. 

Daaymeter*  An  instrument  invented  in 
1780  by  M.  Fouchy,  with  the  view  of  ascertain- 
ing the  density  of  difibrent  descriptions  of  gas. 
It  is  merdy  a  globe  of  very  thin  glass,  capable 
therefore  of  nearly  floating  in  air,  and  which 
is   wdghed  against  ordinary  wdghts   in   dif- 
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ferent  gases.  The  principle  of  Aidldniedes 
(Balance — ^Hydbostatic)  will  faximedifltaly 
show  the  reader  how  the  instrument  should  bt 
used.  The  glass  ball  displaces  its  own  vduiDe 
of  the  gas ;  and  the  wdght  of  that  amount  i» 
dedodble  fix>m  comparison  between  the  ball 
weighed  in  a  gas,  and  m  vaato  or  an  atmo- 
sphere of  Imown  density.  We  thus  oome  to 
know  the  density  of  the  gas. 

Davrn.  During  a  considerable  time  bcAae 
the  morning  Sun  is  visible,  there  is  not  oompkle 
darkness  in  the  sky.  The  luminaxy  appears  at  the 
very  moment  when  his  dtred  rays  reach  the  egre; 
and  this  partial  illumination  must  be  due  to  some 
other  influence;  principally  to  the  reflective  power 
of  the  atmosphere.  The  sunlight  enten  the 
atmosphere  before  it  reachea  us  directly.    The 


spectator  at  b  will  not  see  the  son  imtfl  he  rises 
above  the  horizontal  line  m  n ,  but  when  he  is  at 
B  his  lowest  ray  will  be  along  s  p  k.  As  the 
other  rays  will  ail  pass  on  the  upper  side  of  a  k, 
uninteroepted  by  ^e  earth,  if  we  conodve  the 
ring  LFo  to  be  the  outer  limit  of  the  atmoepben^ 
the  whole  atmospherical  space,  except  that  por- 
tion firom  K  p  round  to  the  similar  line  on  the 
other  side,  will  be  filled  with  li^^t.  Henoe 
light  will  tneiy  pass  through  the  atmospboe 
F  o  K,  which  is  within  the  range  of  vision  of  the 
spectator  at  e.  If  this  atmo^ere  allowed 
light  to  pass  fredy  through  it,  these  rays  would 
not  reach  us:  but  it  possesses  the  property  of 
a  mirror,  reflecting  part  of  these  rays  baidc;  and 
so  it  gives  us  partial  light  This  light  is  called 
the  dawn.  It  has  commenced  whenever  the 
lowest  ray  has  passed  into  the  space  f  d  ;  and 
terminates  as  soon  as  the  sun  has  risen  to  the 
line  F  D  or  its  production. 

Day.  Applied,  in  ordinary  language,  to  the 
period  of  light  from  its  appearance  to  ita  8ts- 
appearance.  This  period  (see  Dawh  and  Twi- 
light) is  somewhat  indefinite,  and  its  length 
varies  in  difi^srent  seasons  of  the  year.  In  tMi 
sense  the  word  could  never  become  a  scientific 
term.  The  sdentiflc  day  includes  the  night-time^ 
and  consists  of  24  hours.  The  old  name,  whidi 
was  synonymous  with  it,  is  njfctkemertm,  Ao- 
cording  to  this  use,  we  have  what  is  called  the 
true  solar  dmf^  the  mean  $diar  day.,  and  the 
sidereal  day.  The  true  solar  day  b  the  interval 
which  dapses,  between  two  sucoesdve  trandts  of 
the  sun  over  the  same  meridian.  But  this  inter- 
val is  not  uniform  throughout  the  year.  Suppoa- 
ing  a  watdi  a^Josted  to  keep  time  with  the  son, 
it  would  require  to  be  mov^  forward  or  back- 
ward almost  every  week.  A  correct  watdi  goes 
regularly,— bat  the  sun  is  irr^ular  in  his  mor** 
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■at  H«nee  the  Idea  of  s  wietm  $d!ar  day. 
Tlisis  predselj  what  its  name  importa.  The 
vUb  of  the  di^  fcr  a  yeer  are  added  together; 
Hi  tba  interral  between  the  tint  and  the  laat 
«f  IksB  dmded  bj  their  number.  The  resttlt 
lite«flaaa»2ar^y.  The  correction  by  which 
tta  tiee  aolar  tune  la  brought  to  mean  aolar 
le  tba  ffnotaon  <ff  (me.    See  Eqdatioh. 

aofficient  tot  moat  phjrsical 

The  aatrooomical  or  sidereal  day  is 

thciaiae.     Thia  sidereal  day  is  mear 

hf  the  rotation  of  the  earth.    Our  globe 

remd  an  axis ;  and  so  makes  all  objects 

and  beyond  it,  to  change  their  apparent 

and  gradually  to  retnm  to  them.    Bnt 

Ais  retaliea  of  the  earth  is  always  acoom- 

ifiihed^  exactly  the  aaoM  time;  or  if  it  vary 

ai  all.  It  haa  bean  pavred  by  Laplaiee,  to  vary  so 

fitda  aa  to  be  altaeether  insensible  daring  the 

vboie  daratioB  of  oar  present  era.    The  period 

«f  this  dhnaal  notion  may  be  taken,  therefore^ 

aa  an  abaulute  and  invariable  measnre  of  time ; 

that  fieriod,  or  the  iideretU  day,  is  the 

between  two  socoessive  transits  or  cul- 

of  a  /bed  ttar.    Now,  as  the  apparent 

of  the  sen  is  backward  among  the  stars, 

day  neat  be  shorter  tlian  the  mean 

day;  and  if  tlie  sidereal  and  solar  day 

begin  together,  the  one  would  gain,  in 

I  whole  day  npon  the  other. — ^Talcing 

aolar  day  aa  the  standard,  the  length  of 

day  is  28  faoon,  66  minutes,  4*092 

This  period  is  divided  into  24,  giving 

»;  then,  sobdlTidedfaito  60,  and  that 

60,  giving  sidereal   minotea   and 

They  win  all  be  shorter  than  the 

hoaf%  minateai  and  seconds,  in  the 

of  24  boon  to  23h  W  4*092"  (as 

«C;,460  to  86,1«4*092).    Pendulnnn  are  readily 

of  each  a  length  as  to  beat  sidereal, 

of  aMan  aolar  aeeonds;  and  thoee  of 

^odkB  are  ao  oonstmcted. — The 

day  ia  eqaivalent,  to  what  is  ordi- 

ceDed  the  dvfl  day.    The  Ibor  times  of 

it  which  have  been  in  nse 


•mid-day  (period  of  tran- 

t).  Bsinigfat  (thne  of  equal  division  of  the 

of  transt),  sanrise,  and  sonset    The 

need  to  commence  their  day  at  son- 

leefcooed  reond  again  24  boors  to  the 

. — ^The  Egyptians  began  their  day 

:  Hippocrates  introduced,  and  Coper- 

tbe  use  of  this  in  astronomy. 

It  is  £ffienlt,  however,  to  aee  what  this  prac- 

tica.  aSB  faDowed,  has  to  recommend  it    There 

h  na  phyncal  event  eoincident  with  the  com- 

ao  made,  and  in  the  case  of  the 

'  espedaOy,  the  obeervations  he  makes, 

many  of  them,  in  the  night,  would  be  so 

~  ooconiiig  on  different  days.    This 

pTw  rhe  to  a  cenidefaUe  amount  of  trouble. 

h  etawitflriei^  the  day  is  calculated  9m  24 

miuoLm  two  perfoda  of  12  hoan  eadL 
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ThuS)  the  hour  before  its  commencement  is  the 
2dd  of  the  preceding  day. — The  method  id  com- 
mencing the  day  at  noon  is,  of  course^  that  of 
ordinary  life. 

Seclwal  Coinage. — Until  within  the  lost 
sixty  or  eighty  3-eara,  decimal  coinage  was  little 
known,  ^most  all  the  European  states  em- 
ployed systems  of  coins  bearing  more  or  less 
analogy  to  our  own.  The  steps  from  one  coin 
of  account  to  the  next,  like  the  minority  of 
those  used  in  the  progression  of  weights  and 
measures,  were  made  by  numbers  apparently 
chosen  for  their  great  divisibility,  mora  especially 
by  binary  factors.  The  favourito  numbers  were 
20,  12,  16,  8,  and  4;  there  was  one  example 
of  the  nse  of  the  inconvenient  number  7,  and 
another  in  which  the  factor  8  was  employed. 
Thus  England  has  had  from  time  immemorial 
her  prasent  money  table  of  aooount  In  France 
the  old  money  scale  was  12  denlers  =  1  sou, 
20  sous  =  1  livie,  which,  except  that  the  livre 
was  veiy  soon  depredated  to  an  extremely 
low  value,  was  the  precise  counterpart  of  our 
pounds,  sbillmgs,  and  pence.  Piedmont,  Sar- 
dmia,  Liguria,  Lombardy,  and  Tuscany,  had 
the  same  system,  the  names  of  the  coins  were 
changed  to  lira,  sol,  and  denier;  and  in  the  case 
of  Tuscany,  a  coin  of  7  lire,  called  a  scudi,'  was 
added  at  tlie  top  of  the  scale.  In  Belgium,  several 
systems  of  aooount  existed,  bearing  a  more  or  less 
close  analogy  to  the  English  and  French  scales. 
There  was  the  Brabant  florin  of  20  sous,  each 
sou  being  12  deniers,  and  the  livre  toumois, 
which  was  divided  In  the  same  way.  Another 
scale  in  use  in  Belgium  was  16  deniers  =  I  sou, 
20  sous  =  1  florin.  A  fourth  was  8  mittes  =3  I 
denier,  8  denien  =s  1  gros,  12  gros  =  1  schilling, 
20  schillings  =5 1  livre  de  gros.  In  the  Nether- 
lands, 16  ponnings  made  1  stiver,  and  20  stivers 
1  guilder.  In  the  systems  of  some  other 
countries,  the  prevalence  of  the  same  factore 
was  observable  in  a  greater  or  less  degree.  In 
Russia,  on  the  other  hand,  the  decimal,  or  rather 
centesimal,  scale  of  100  copeclcs  =  1  rouble,  has 
long  existed;  and  in  Portugal,  accounts  were 
kept  by  simply  stating  in  common  arithmetical 
notation  the  numl)ers  of  an  imaginary  minute 
coin,  called  a  rei,  contained  in  the  sum  to  be 
recorded,  the  term  milrei  being  used,  as  its  ety- 
mology imports,  to  denote  1,000  reis.  In  the 
actual  Portuguese  coins,  the  law  of  the  English 
and  French  coinages  is  traceable  in  a  modified 
shape.  The  modem  movement  in  favour  of 
decimal  coins  was  commenced  by  the  United 
States  of  America  immediately  after  the  dedare- 
tion  of  independence.  Their  previous  system  of 
account  had  been  identical  with  that  of  England, 
except  that  the  value  of  the  pound  had  been 
more  or  less  depredated  in  almost  all  the  pro- 
vinces. The  coins  in  circulation  were  prindpally 
Spanish  dollars,  and  the  dollar  was  on  that 
aooount  selected  aa  the  unit  of  the  new  coinage. 
It  was  divided  into  10  dhnca,  the  dime  faito  10 
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cents,  and  the  cent  into  10  mib;  bat  though  all 
these  coins  have  been  pat  into  drcolation,  dollars 
and  cents  alone  have  sorvived  as  instnunents  of 
reckoning,  dimes  having  never  been  nsed  in 
accoants,  and  half-cents,  qaarter-oents,  &c,  liav- 
ing  sapcnraeded  mils  in  the  reckoning  below  the 
cent  The  French  Revolation  gave  the  next  im- 
polse  to  decimalization.  A  very  symmetrical 
system,  embracing  decimal  coins,  weights  and 
measares,  and  a  decimal  reckoning  of  time, 
starting  from  the  establishment  of  the  Bepablic 
as  its  epoch,  was  attempted  to  be  introdaced,  with 
the  doable  view  of  attaining  to  scientific  uoifbr- 
mity  and  obliterating  the  landmarks  of  the  past 
The  coinage  aM  well  as  the  metrical  system  has 
proved  permanent  The  transition  was  very 
simple.  The  franc  is  identical  with  tibe  average 
value  of  the  old  livre,  which  varied  somewhat  in 
difierent  provinces.  This  was  divided  bito  ten 
d^imes,  each  of  which  was  therefore  eqaal  to 
two  of  the  old  soas,  and  the  d^dme  was  again 
divided  into  ten  centimes,  or  hundredth  parts  of 
the  franc  As  happened  in  the  case  of  the  dime 
of  the  United  States,  the  d^cime  has  been  found 
useless,  and  accounts  an  kept  simply  in  francs 
and  centimes.  The  example  of  France  was  fol- 
lowed Qd,  most  instances  by  compulsion,  but  in 
some  voluntarily)  by  many  mrrounding  coun- 
tries, and  the  franc  and  centime  coinage,  or  some 
equivalent  system,  is  now  established  by  law  in 
Belgium,  Switserland,  the  Ketherlands,  and  a 
great  part  of  Italy.  The  hifluenoe  of  the  United 
States  has,  in  like  manner,  so  fitr  modified  the 
quasi-English  system  of  Canada,  that  the  pro- 
vincial legislature  has  legalized  the  dollar  and 
cent  reckoning  as  a  me^od  of  aooount— Hie 
extent  to  whidL  the  l^al  establidmient  of  deci- 
mal coins  has  succeeded  in  diflSareat  countries  in 
extirpating  the  old  methods  of  account  was  very 
fully  investigated  by  the  Decimal  Coinage  Com- 
mission of  1856.  (See  FreiinL  Beport  and  App., 
1857,  and  Final  Beport  and  App.,  1859.)  The 
results  appear  to  be,  that  in  the  United  States, 
France,  and  some  other  countries,  the  new 
systems  have  become  firmly  established  in  com- 
mercial transactions.  Belgium  having  been 
compelled  to  adopt  the  Frendi  notation  in  1808, 
repudiated  it  after  the  Peace  of  Paris,  and  re- 
adopted  it  in  1882;  but  the  change  has  not  yet 
become  radical  and  complete,  and  people  are  nid 
still  to  be  obliged  to  use  tables  of  the  various 
monies,  past  and  present  Comparatively  little 
impression  seems  to  have  been  made  in  any 
country  upon  the  habits  of  retail  traders.  In 
France,  where  the  experiment  has  been  most 
successful,  shopkeepers  speak  of  sous  in  prefiarence 
to  centimes.  In  America,  retaO  prices  are  more 
frequently  fixed  with  reference  to  the  old  pro- 
vincial shining  and  pence  comages,  which  have 
ceased  to  exist  for  upwards  of  sixty  years,  than 
in  terms  of  dollars  and  cents.  The  same  tenadty 
of  habit  has  been  shown  by  the  shopkeepers  and 
poorer  daases  in  other  oountries,  long  after  deci- 
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mal  aooonnts  have  become  univoml  in  hrgt 
transactions.^The  project  of  introducing  deeioisi 
subdivision  into  the  coinage  and  g«sieral  metrksl 
system  of  this  country  has  been  much  canvaaed 
from  1815  to  the  present  time  (1869)i  The  fint 
official  step  in  this  direction  was  the  appointaMBti 
in  1816,  ii  a  Commission  to  consider  the  advis- 
ability of  establishing  a  more  unifixm  system  of 
weights  and  measures.  The  Comnusskaun  (Sk 
J.  Banks,  Sir  G.  Clerk,  Mr.  Gilbert,  Dr.  Wol- 
laston,  Dr.  Young,  and  Capt  Kater)  lepoitsd 
that  a  duodecimal  scale  was  frur  prefevble  to  a 
decimal  one,  on  aocoont  of  the  fi^ty  wfaiehH 
afforded  for  expressing  such  quantities  as  »4bird, 
a-fourth,  and  a-sixth  of  a  foot,  and  the  like^  and 
for  continual  halving  of  measures  of  quantity 
and  weight  In  1824,  a  proposal  by  fiir  Joha 
Wrottesleiy  to  introduce  a  decinial  cofau^  by 
reducing  the  finrthing  from  ^^  to  y^  ^  * 
ponnd,  and  by  coining  doable  shillings,  was  not 
very  fovoarably  received,  but  the  adieme  (aov 
known  as  the  pound  and  mil  scbame)  has  rinoa 
acquired  oondderable  importance^  In  1888,  a 
Ccmmussion  (comprising  Mr.  Airy,  the  Astro- 
nomer-BoysJ,  Mr.  Bsiley,  Mr.  Drinkwatar 
Bethune,  Sfr  J.  Herschel,  Sir  J.  Shaw  Lefinrre, 
Sir  J.  Lubbock,  Dr.  Peacock,  and  Ifr.  Sheep- 
shanks) was  appointed  to  consider  Che  boa 
method  of  restoring  the  standards  of  weight  aad 
measure  wfaidi  had  been  destroyed  in  the  fire 
at  the  Houses  of  Parliament  Their  nport,  in 
1841,  gave  a  new  impetas  to  the  decimal  move- 
ment Their  attention  was  drawn  to  tiie  tai^ 
by  the  consideration  of  the  best  method  of  sab- 
dividing  the  units  of  weight  and  meaanre^  aad 
they  reoorded  a  very  decided  opinion  in  fovoor 
of  tiie  establishment  of  the  ponnd  and  mil  coinage 
as  a  preparatory  step  to  a  general  decimal  metri- 
cal scalc^A  supplementary  Commiasioo  on  the 
restoration  of  the  standards,  compoaed  of  many 
of  the  old  members,  with  the  addition  of  the 
Marquis  of  NorUiampton,  Lord  Basse,  Lord 
Wrottesley,  and  Professor  Miller,  reiterated  the 
lecommendationa  of  their  predeceasorB.  In  1847, 
(he  first  positive  step  towards  decimals  was  taken 
in  the  House  of  CkMnmons,  by  the  adoptkm  of 
Sir  John  Bowring^s  proposal  to  coin  a  two- 
shilling  piece,  wliich  was  subsequently  acted  on 
by  the  issue  of  the  florin  now  in  drcnlatioa. 
This  was  followed  by  the  appointment  of  a 
Committee  of  the  House  of  Commons  to 
consider  the  practicability  and  advantage  of 
adopting  a  decimal  aystem  of  coinage  The 
Conunittee  reported,  in  1858,  decidedly  in  fo- 
vour  of  the  pound  and  mil  scheme,  but  the 
discussion  which  followed  brought  oat  a  number 
of  rival  decimal  schemes,  and  (ohibited  some 
advantages  of  the  existing  system,  wliidi  bad 
not  been  brought  before  the  attention  of  die 
Committee.  In  1855,  however,  a  reaolntton  of 
the  House  of  Commons  vraa  passed  in  fisvoor  of 
thefdrther  extension  of  the  decimal  mtSD;  bai 
before  taking  any  final  step^  the  GovenoneDt 
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lAmd  ttM  4iwtUw  to  a  Commlnion,  oompoted 
•t  Uoid  Mootaagli^  Lofd  Owntone,  tnd  Mr. 
Hibted.  Mncb  additknal  infonnation  was 
wiflirtud  bj  tlM  OomaiarioB,  and  one  point  which 
had  t—tifaiiooaly  neglected,  waa  made  the  rob- 
jBct  af  a^Mcial  liiwwiiif^itiiin,  Tis.^  tfaa  ooin]Nuii- 
ih«  ^alna  of  dwrimalit  and  pounds,  shilliogSi  and 
far  th«  pmrpoaea  of  ofdinarjr  retail  traffic. 
>  amved  aimay  be  thus  sommed  up : — 

mupoaes  a  dacteial  is  saperior  to 

eoinagei  inasmuch  as  it  trana- 

cslciilatioos  from  oooipoDnd  into 

azithaMtic.    Bnt  It  appeared  that  in  some 

a  sjttem  of  dadmal  qjlcnlation 

•■pAojvd  in  ooqJvnctioQ  with  the  proMnt 

and  those  who  had  tried  this  method 

witfaoat  any  appredaUe  difficulty, 

'A^im^  an  the  adTantages  of  decimal 

fff^  that  decimal  coins  would  sffiird 

at  an.     VL  Am  U>  relaU 

d  cAabium,     On  this  point 

estabfishad,  tliat  dfirimals  are  of  much 

in  BMOtal  than  in  written  calca- 

«d  tiiaft  the  diyisibifity  of  12  and  20 

bj  2,  t,  4,  and  e,  and  2,  4,  6,  and  10,  respeo- 

iMIjr,  gnady  fccilltatas  the  common  operatJons 

HaT&Dg  ngard  to  the 


drrinn  of  the  nvmber  10,  the  Comn^ 
Id  tha  condosioii,  tliat  for  common 
— iifc^i^e^^  Boet  of  which  were  worlsed  in 
head,  the  psestnt  coinage  was  more  manage- 
tha  pomd  and  mil  sjstem  would  be. 
UL  AM99tke  omnnimtn qftU eomt ijfthe  two 
^pafeSH^  the  adrantage  was  aaosrtained  to  be  on 
the  mda  of  pomda,  shillings,  and  pence.  The 
d  mfl  notafinn  cAred  no  commercial 
cnsBparaWa  with  the  pennj,  and  the 
wmm^iamt  binary  fuAon  in  the  rsdis 
the  a^oetment  of  the  faitennediate 
without  introdocing  inconvenient 
IT.  A9  U>  tk$  digUmkm  qf  trantUkm, 
of  foreign  coontriee  proved  the 
of  Bpmting  old  habits.  The 
(or  new  teiftfag)  of  the  proposed  dedmal 
hslqg^  of  a  sbniing,  and  onr  forthing  ^ 
it  folowad  that  no  Bnmlxr  of  penoe^  exoept 
■aiciplea  of  saTpfiiws  could  be  exactlj  tians- 
hmd  iato  aqaivalMtts  in  the  poond  and  mil 
i^ilBik  Tkaa  a  pemi J  toO  would  be  represented 
if  4^  mfls,  and  eonid  not  be  paid  in  the  new 
~  and  other  diiBcaltiee  of  an  analo- 
ftom  the  inoommensmmbility 
of  eoins,  were  ooosidered  to 
tha  ti^sition  (aval  if  otherwise  deriraUe) 
■aidoos  azperiment  Other 
were  foond  to  be  free  from 
mvenisodes,  but  they  were  all 
aa  faipnetieabia  on  aoeoont  of  the  aver- 
af  mea  of  bimiiMies  to  ba  deprived  of  the 
lapcinefpaloofaiof  aoeoont.  The  report 

^ ea  against  any  attempt  to 

iha  dednal  principla  into  the  coinage, 
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and  may  be  regvded  as  having  finally  established 
the  intrinsic  superiority  of  t^  English  coinsge 
to  any  Qedmal  or  non-dedmal  system  which  bos 
ever  been  founded  or  proposed. 

HecUMaiMi  (of  a  Star).  The  angular  dl»- 
tanoe  between  any  star  and  the  pole,  is  cslled 
the  polar  distance  of  the  star.  The  complement 
of  tliis  is  the  declination,  as  we  term  it;^ 
it  requires,  however,  to  be  ooirected,  so  that  it 
may  become  the  same  as  we  should  have,  if 
looking  fh»n  the  centre  of  the  earth.  It  is 
almost  the  same,  and  the  di£RBrenoe  Is  too  smaU 
to  be  sensible  in  the  case  of  the  stars.  It  is  not 
so  with  the  sun  snd  planets.  The  declina- 
tion may  be  deflned,  also,  as  that  part  of  a  great 
drde  passbg  through  the  star,  which  is  intercep- 
ted between  the  star  and  the  celestial  equator. 
Declination  and  right  ascension  are  the  usual 
data  for  fixing  the  place  of  a  star.  Circles  of 
declination  correspond  to  what  are  meridian  lines 
npon  the  terrestrial  globe— circles,  namely, 
described  through  the  pole  and  the  given  star. 
ParaHels  of  dedination  correspond  to  pandleb  of 
latitude,  being  smaller  circles,  parallel  to  the 
equator,  aU  the  pomts  in  which  have  the  same 
dedination. 

l^acllBattoM  (of  the  Magnet)  is  the  angle  . 
which  the  vertical  plane  thrcmgh  the  magnetic 
axis  of  a  magnetized  bar,  makes  with  the  plane 
of  the  meridiim  of  a  place.    See  Magnetism. 

See  Com- 
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Pec— syaitiaa  mi  natter,  is  a  term  em- 
ployed sometimes  to  denote  the  mere  mecha- 
niral  sepsration  of  partides;  as  in  a  rode  which 
cmmbke  gradually  under  the  constant  action  of 
mechanical  forces.  Generally,  however,  the 
phrase  is  employed  in  a  diflbrmt  and  indeed  op- 
posite sense,  to  signify  the  resolnUon  of  a  chemi- 
cal compound,  into  its  several  simple  dements. 
The  diflbrenoe  between  this  and  the  former 
kind  lies  in  this,  that  here  the  decompoeed  par- 
tides  possess  properties  entfady  different  firom  the 
smallest  manspii  of  the  original  whole ;  whereas 
in  the  former  case  the  decompoeed  partides  are 
identical  in  nature  with  the  undeoompoeed  mass. 

Decaaaatl«B*  Arrangement  of  bodies  in  the 
form  of  an  X*  In  optics  the  focus  of  a  lens, 
i,e,f  the  point  through  which  the  rays  collected 
by  the  lens  aU  pass  is  called  the  point  of  deau- 
itUkm.    The  phrase  is  little  used. 

llefeagMt>  An  ancient  astronomica]  term. 
It  means  the  drde,  on  which  the  centre  of 
another  moves;  while  a  body  is  supposed  to  be 
passmg  along  this  latter  itseUl  A  planet  moving 
round  the  sun  as  its  centre,  which  centre  again 
has  a  similar  motion  in  space,  may  be  taken  as 
an  example.  The  sun  would  here  be  moving 
in  the  deferent  The  term  bdongs  to  the- 
Ptolemaic  hypothesis,  and  originated  in  it 

IleflectioH.  A  term  employed  to  signify 
any  bending  of  a  body  fh>m  the  position 
which   it   would    naturally   be    expected   to 
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oocQpy.  Thus,  we  talk  of  the  planets  bong 
deflected  in  their  orbits,  when,  instead  of  obeying 
the  tangential  force,  they  move  in  elliptic  carves. 
It  la  need  also  in  regard  to  the  alteration  of  the 
trae  ooorae  of  ships  produced  by  carrents  or 
winds  acting  upon  them.  It  is  farther  used  to 
signify  that  bending,  or  altering  of  direction,  to 
which  the  rays  of  light  are  subject,  which  is 
now  called  Diffraction  ($".«.) 

Deiprcei  as  an  angular  measuie,  is  the 
90th  part  of  a  right  angle.  As  a  drcnlar 
measure,  it  is  tlie  arc  comprised  between  two 
radii  which  make  such  an  angle  between  them. 
Thus,  a  whole  circle  is  divided  into  860 
degrees.  Undoubtedly  the  origin  of  the  division 
is  to  be  foand  in  the  approximation  to  860  days 
in  which  the  sun  performs  his  annual  circuit  ;-p 
one  degree  of  the  edtptic  being  thoa,  very  nearly, 
the  amount  of  the  son's  diurnal  motion  among 
the  stars.  The  number  860,  thus  adopted,  is 
convenient  enough,  as  giving  a  very  large  num- 
ber of  sob-multiples,  perhaps  larger  indeed  than 
any  similar  number.  Thus,  of  the  first  twelve 
natural  numbers,  only  7  and  1 1  are  not  sab- 
multiples  of  it. — ^Tet  it  is  one  of  those  cases 
where  the  decimal  system  might  be  introduced 
with  very  great  advantage  Wallis,  Briggs, 
Newton,  and  a  great  many  of  the  continental 
phflosophers,  have  suggested  and  enforced  this. 
The  French  have  actually  adopted  it  The 
facility  with  which  decimal  sabdiviaions  can  be 
expressed  according  to  our  notation  is  so  great, 
that  it  is  not  to  be  exdianged  for  almost  any 
other  advantage.  —  The  method  adopted  in 
France  is  thi»— the  right  angle  is  divided  into 
100,  and  therefore  the  circle  into  400  equal 
parts.  We  divide  oar  degrees,  next,  into  60ths, 
which  we  call  "  minutes,"  and  those  again  into 
eoths,  which  we  call  ^'seconds.'*  They  divide 
their  degrees  into  lOOths,  which  axe  minutes, 
and  these  into  lOOths  again,  which  are  seconds. 
—  In  reducing,  therefore,  angles  measured  in 
France  to  English,  we  most  multiply  the  num- 


ber of  degrees  by  9,  and  divide  by  10, 


or  simply  subtract  one  tenth  of  the  number. — ^We 
will  multiply  the  number  of  minutes  by  6,  and 


divide  by  10, 


»  {So)  *° 


get  the  proper  fiaction 


of  a  degree,  which  would  be  the  value  of  the 
specified  quantity,  if  the  degrees  were  the  same, 
and  then  multiply  by  9,  dividing  by  10,  to 
arrive  at  the  fraction  of  an  Englidi  degree, 
similarly  with  the  seconds. — ^We  require  to 
remember,  then,  that  the  English  degree  is 
10 
^ths  of  the  French  or  centesimal  degree — the 

100 
English  minnte  -gr  ths,  and  the  English  second 

1000 

r^  of  the  Freodi  minate  and  aeoood  re- 
spectively. 
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Besm  of  tMiOamde^  is  die  apace,  akog 
the  meridian,  through  which  an  observer  most 
pass  in  order  to  alter  his  latitude  by  one  degiee. 
That  is  (see  Latitudb),  the  space  along  die 
meridian  through  which  he  most  paas,  in  order 
that  he  may  see  the  same  star,  one  degree  nearer 
to  or  farther  from,  the  zenith. — This  moat  be 
found  by  actoal  measurement.  Eratoathenes 
is  the  earliest  of  whose  measarement  we  find 
account  Taking  a  degree  near  Alexandria, 
260  B.a,  he  foo^  694^  stadia  as  the  prohaUe 
length  (421,350  English  feet,  or  79f  English 
miles).  Ptolemy  found  it  69^  English  mlleft. 
Posidonias,  in  the  time  of  Pompdns  MagBos, 
found  68*95  as  the  length  of  the  degree.  Ths 
latter  obeervation  is  remarkably  aocnrate  for 
the  time;  but  the  state  of  oboervatioD  was 
such  then,  that  we  can  scarce  regard  it  as 
more  than  a  fortunate  guess.  It  was  a  matter, 
however,  of  great  interest  scientifically  to  know 
the  length  <2  the  degree,  and  after  the  Fwotk 
came  to  make  it  their  unit  of  measure,  as  ia 
their  metre  (l-10,000,000th  txf  the  quarts 
drcamforence  of  the  earth)  it  became  of  great 
commercial  value  to  know  it  exacdy.  Ob- 
servations were  accordingly  instituted  in  great 
nomberL — Those  which  are  recorded  after  the 
commencement  of  last  century  may  be  relied 
upon  as  generally  correct  Huygliena,  obeerving 
considerable  discrepancies  in  die  length  of  de- 
grees obtained  at  diflerent  places,  suggested  the 
idea  that  this,  and  the  alteration  of  length  of  the 
duration  of  a  pendulum,  might  be  explained  by 
supposing  the  earth  similar  to  Jupiter,  wfaidi 
had  Just  been  discovered  to  be  not  quite 
sphericaL  The  amount  of  elliptidty  was  cal- 
culated by  Newton,  and  others;  and  is  con- 
sidered to  be  about  l-800th  of  the  eqaatorisl 
diameter. — It  will  be  noticed,  from  any  table  of 
observations,  that  the  degrees  become  generally 
longer  towards  the  pole,  and  shorter  at  the  equa- 
tor. This  arises  from  the  bulging  out  of  the 
earth  at  the  equator,  and  its  flattening  at  the 
pole.  These  two  results  at  first  iq>pear  cootn- 
dictory.  Cassini  was  misled  in  his  flrst 
measurements  by  this.  He  found  that  his 
degn^ees  diminished  towards  the  polea  (in  afl 
likelihood  from  errors  of  obeervation),  ioA  he 
considered  this  result  in  accordance  with  New- 
ton*s  theoiy  of  the  flattening  of  the  earth  at  that 
place.  His  mistake  being  pointed  out  to  him, 
he  maintained  that  his  experiments  were  naver- 
theless  accurate;  and  that,  in  spite  of  gravity, 
the  earth  must  be  flat  at  the  equator,  and  elon- 
gated instead  of  flattened  at  the  poles.  Bis 
penristenoe  in  the  opinion  waa  the  occarfon  of 
two  expeditions  being  despatched  to  Lapland 
and  to  the  Equator;  whidi  established  the  general 
result  of  the  increase  of  length  in  the  degree 
toward  the  poles. — If  we  consider  in  what  man* 
ner  the  number  of  degreea  of  latitude  over  which 
one  advances  in  a  given  space,  is  measured,  we 
ahall  avoid  Ca88hd*a  mistake.     It  ia  by  die 
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tiM  Twtiod  Unci  «t  tlw  two 
ii  to  then  that  we  refer  the  star 
If  w«  Bolke^  Ar  eximple, 
dat  a  ilv  thst  WIS  io  latitode  iS""  hM  dMoged 
UAT*  lOT,  we  MO  oertaiii  that  we  have  paned 
fny^i  latilado;  and  as  both  meosore- 
to  the  mpectivB  vertieal  ime$,  we  in 
IhI  aiaRm  tktir  divetgenoe^  If  now  we  take 
a^H^anl  d»w  perpendkolan  at  its  end,  and 
ii  ib  Hidaft  to  the  amflMse— two  penMndicohuB 
bjhalf  anhMhateadi  spotwffl  meet 
at  Ae  end  than  at  the  middle,  beeaoee 
ttecvfeof  AeaBfiMefagieaterthen.  Hoioe 
tat  nepe  oontained  between  theae  two  intenect- 


the 
thi 


wiQ  be  greater  tkitm;  and  ae 
_  to  it  at  the  emikoeie 
the  two  caeea,  the  ipaoe  coReepood- 
am^  between  themteieectiQg  Unee 
wfl  be  twe  at  the  and-4hat  le,  at  the  ekqgated 
pert.  Bow  tUe  part  cottesponde  to  the  eqo*- 
d  the  agjddle  oC  the  tgg  to  the  polar 
and  the  luMaef  the  perpcndieolare  are 
the  Im  of  ^ertieab  at  the  spote;  whciefine 
Ae  l^lh  of  a  degree  will  be  leae  at  the  eqoator 
tbM  at  the  pnhe,  inrreaeing  from  the  eqoator 
le  the  pake,  thnogh  the  fattennediale  epaoe.— 
Thi  teqBa%  «f  the  leogtlM  of  a  digree  ie  thoe, 
tteBeeapnHfandacoBHeqaanQeof  theeUiptt- 
crifsMaftheeeith. 

^epwe  «r  IiMeg|ia4e»  ie  tfae  epaoe  be- 
teem  tve  mwidfane  that  make  an  an^  oi  1^ 
rt  te  poke,  miaaunjil  bj  the  are  of  a  cude, 
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lengths  of  a  degree  of  longitadei  ie  calcalated 
aooording  to  this  role.  It  supposes  the  earth  to 
have  a  diameter  the  same  as  at  the  Equator ; 
wliere  the  length  of  a  degree  of  latitode  is 
aseamed  to  be  69il^  Engli^  mOee,— and  also 
that  the  earth  is  p^ectly  spherical 

Dellqweeeewce.  A  body  is  said  to  be 
deUqneeoent  when  it  abeorbs  a^oeons  vapour 
ftom  the  air,  and  diseolves  in  it  All  salts 
soluble  in  water  are  eo  far  deliquesoent  The 
property  is  made  use  of  by  chemists  to  dry  gasee 
which  contain  aqueous  vapour.  Tbeee  are 
paeeed  over  a  layer  of  deliqneeoents — such  as 
chloride  of  calcium. 

DelphlDwa  (the  Do^thm).  One  of  the  old 
Greek  ooostdlatioos.  It  succeeds  Aquila  in  the 
sky.  It  has  no  stars  laiger  than  of  the  third 
magnitude.  Its  principal  cluster  of  stars  comes 
en  the  meridian,  about  a  quarter  of  an  hour  after 
the  chief  duster  of  Aquila. 

]8eai«fc.  An  old  Arabian  word  used  to  sig- 
nify the  taiL  It  is  employed  sometimee  to 
signify  the  place  of  a  etar  in  a  constellation. 
Thus  Deneb  adige,  the  bright  star  in  the  swan's 
tail;  Deneb  eleet,  the  bright  star  in  the  lion*s 
tan  (fi  Leonis).  The  name  is  now  almost  ap- 
propriated to  this  latter  star.  The  words 
are  Arabic. 

irrmftr  The  density  of  a  body  is  the 
degree  of  cloeeness  between  its  partides.  The 
term  depende  upon  the  hypothesis  that  the  ulti- 
mate partJcles  of  matter  have  a  weight,  and, 
therefine,  mass  proportional  to  their  b^  The 
hypotheeis  may,  or  may  not  be  true.  It  is 
probably  not  to  be  depended  upon.  The  den- 
sity of  a  body  is  considered  to  be  the  proportion 
of  its  mass  to  its  bulk.  The  mass  is  considered 
to  be  the  space  which  the  really  solid  partides 
of  the  matter  of  a  body  occupy  together,  omitting 
all  the  intennediate  spaces  by  which,  in  actual 
bodies,  theee  are  eepanted.  If  the  partidee  of 
the  mass  be  always  of  the  eame  weight  for  thdr 
eiae,  we  may  measure  the  density,  or  doeenees 
of  partidee,  l»y  the  proportion  of  the  we|^t  to 
the  volume.  Whetto  the  theory  be  correct  or 
not,  this  is  the  practical  method  used  to  deter- 
m^  the  density.  It  cdnddes  with  the  tpee^ 
gravis  of  a  body  (j.o.) 

Ptinueaiew.  Aagle  wC  When  we  look  at 
an  direct  elevated  above  the  horizon,  the  ang^e 
which  the  line,  ttam  it  to  our  eye,  makee  with  the 
horiion,  is  caUed  the  angle  of  elevation.  This 
angle  Is  just  that  made  by  that  line,  and  the 
line  in  whidi  a  vertical  plane  through  it  would 
cnt  the  horiion.  If  now  wedrawalineperalld 
to  this  latter  Une,  the  ang^  whidi  it  makes  with 
our  first  line  of  direction  is  called  the  angle  of 
depression.  It  is  equal  to  the  angle  of  eleva- 
tion. It  is  the  depreesion  bdow  his  horizon 
at  whidi  a  spectator  at  the  dject  would  see  the 
obeerver. 

DeeimtlMM.  An  algdvaic  term.  The 
natnre  of  it  is  explained   under  CALCVLca. 
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See  the  woik  of  Arbogaet 
DcCemlManta.    See  Poltvoxb. 
DeriaUoB,  Aagle  of.    See  IhOFTBiCS. 
l^erlatloB  mf  tli«  lilne  of  the  TertlcBL 

The  figure  of  the  earth  ib  that  of  an  ellipsoid, 
flattened  at  the  poles.  It  is  veiy  nearly,  but  not 
quite,  circular.  Were  the  earth  composed  of 
homogeneous  matter,  the  law  of  attraction  which 
holds  between  all  substances  (of  the  inverse  square 
of  the  distances)  would  require  that  at  any  point 
of  the  surface,  a  body,  free  to  move  in  any  direc- 
tion, should  stretch  a  string  perpendicularly  to 
this  elliptical  surface.  The  iiregnlarities  which 
present  themselves  in  hills  and  hollows  must  be 
considered  as  not  existing,  and  the  sur&ee  which 
we  take  instead  of  the  actual  one  would  be.the 
level  at  which  the  sea  would  stand  if  it  could 
freely  interpenetrate  all  our  hills.  If  then  the 
earth  were  homogeneous,  or  if  it  were  made  up  of 
homogeneous  layers  all  similar  in  form  to  the 
outer  rim,  though  differing  in  physical  diaracter, 
tiie  direction  of  a  phanb  line  would  be  perpendi- 
cular to  this  surface. — ^Now,  instead  of  this,  we 
discover  considerable  deviations  from  such  a  law. 
According  to  it,  the  degrees  of  latitude  would 
measure  more,  for  example,  as  we  proceed  from 
the  equatorial  to  the  polar  r^ions.  We  do  not 
find  tills  uniformly  true.  No  doubt,  there  is  a 
general  tendency  to  this  augmentation;  but  in 
certain  cases  it  is  temporarily  disturbed,  and  that 
sometimes  over  a  very  large  extent  of  country. — 
We  have  supposed  that  the  earth  is  quite  eliipti- 
caL  May  not  the  error  of  this  supposition  be 
enough  to  account  for  the  deviations  of  which  we 
speak?  So  far  indeed  it  is.  A  vertical  line 
is  deilected  from  the  true  vertical  sensibly,  for  in- 
ttanoe,  by  the  near  presence  of  a  very  higli  moun- 
tain, as  in  Maskdyne's  experiments  on  Schehal- 
lion.  But  it  has  been  found  that  although  this 
element  of  the  problem'  be  taken  into  account,  it 
does  not  give  a  satisfactory  reason  for  all  the 
deviations.  They  sometimes  are  found  in  sptAs 
where  no  great  elevation  or  depression  of  the 
surface  is  perceptible.  There  has  not  yet  been 
offered  more  than  a  hypothetical  explanation. 
That,  however,  accords  so  remarkably  with  the 
facts  that  very  great  confidence  may  be  placed 
in  it  It  consists  in  the  general  statement,  that 
the  earth  is  not  formed  ^  homogeneous  matter. 
It  is  certainly  not  formed  of  homogeneoos  layers. 
But,  although  we  could  only  be  wairanted  in 
assuming  that  a  free  weight  witt  hang  perpen- 
dicularly to  the  surface  in  thoee  cases ;  it  might 
still  happen  to  do  so,  alUiough  the  mass  of  the 
earth  be  heterogeneous.  Geologists  assert,  how- 
ever, that  they  can  point  out,  in  tlie  character  of 
the  soil,  and  the  nature  of  the  neighbouring  rocks, 
a  sufficient  cause,  in  the  mi^jority  of  cases,  for  the 
actual  deviations.  They  even  venture  to  predict 
from  this  deviation  that  the  earth  has,  in  some 
places,  had  its  crust  rent  by  certain  fissures,  whidi 
nevertiieless  they  cannot  yet  Teach,-~and  to  tell 
us  the  direction  in  which  these  rents  haTe  been 
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made.— Whatevw  ha  the  explanation,  the  M 
that  the  p&imi  fine  deviates  itom  the  tme  pen«&- 
dicular  cannot  be  questioned.  Very  carefid  as- 
tronomical, and  very  expensive  geodetioBl  experi- 
ments are,  however,  necessary,  before  tfak  dnriip 
tkm  becomes  sensible  to  observation. 

Dew.  There  is,  periiaps,  no  phenomoNB 
recurring  so  frequentiy,  and  so  manifest  ia  iti 
effbcts,  that  wait«!d  so  long  for  a  satislartniy 
explanation  as  this.  —  Before  stating  Oat 
explanation,  we  shall  lequire  to  fasve,  denlf 
before  us,  the  various  phenomena  of  dew,  tk^ 
we  may  understand  the  problem,  and  veril^ 
its  sdution.  It  will  be  interestiDg  to  tmosn 
history  the  snooessive  observatiflna  ci  these  phs- 
nomena,  and  watdi  the  theories  to  wfakh  cvh 
new  observation  gave  rise. — ^The  first,  uM 
extensively,  was  the  fiict  that  dew  foils  ahnstf 
solely  on  nights  when  the  sides  are  doodbsi, 
and  the  atmosphere  at  a  low  temperatme  This 
coldness  was  found  always  to  obtain,  when  dev 
had  fidlen.  In  point  of  foct,  it  b  now  found  that 
the  temperature  must  be  oonoderably  lower  in  a 
night  when  dew  is  formed,  than  it  lias  beenthRn^ 
the  previous  day ;  but  this  was  not  the  form  ia 
which  the  statement  was  at  ihnst  pnL  If  ee 
had  a  temperature  of  120°  f  ahr.  thnngh  the  dav, 
dew  migfaft,  readily  enon^,  be  obtained  at  tem- 
peratures which  we  should  call  hot  (60°  or  70" 
Fahr.)  These  dreumstanees  did  not  tnabie  ths 
observers, — and  they  noted  oorrecdy  that  oold 
was  necessary  to  the  fonnatioB  of  dew.  Thsf 
found,  however,  silmoet  simultaneously,  that  the 
sky  required  to  be  wholly,  or  in  a  great  measoie 
cloudless,  and  that  dther  the  stan  or  the  mooo 
must  be  distinctiy  visible.  They  conceived, 
then,  that  in  the  latter  phenomenon  the  red 
cause  was  to  be  detected,  and  that  the  odd  and 
the  dew  were  eonoomUmU  efede,  Tbqr  sup- 
posed that  the  stars  and  the  moon  ebed  doiin 
a  oold,  and  therefore,  a  humifying  iniloeneei 
They  farther  oonodved  this  confirmed  en  ob- 
serving that  more  dew  foils  at  full  unmb 
than  at  any  other  time  (which  foct,  by  the 
way,  they  could  not  have  observed  inopertj); 
and  they  joined  to  this,  tbeir  own  crude  notios 
that  there  is  a  peculiar  chill  in  the  lunar  lajL 
Some  transcendental  ideas  abont  the  odeslid 
purity  of  this  stellar  and  lunar  rain,  oompkled 
the  most  ancient  theory  of  dew. — It  b  worth 
while  to  point  out  how  plausible  this  method  of 
philosopltizing  at  first  sight  may  seem,  and  lo 
warn  the  reader  against  dmilar  attempts  to  ex- 
plain'phenomena.  The  andents  started  witli 
two  facts,  sufiSdentiy  observed,  to  be 'perfectly 
trustworthy.  But,  at  that  point,  obaervatioB 
ceased.  They  raised  hypotheses  to  account  fer 
the  phenomena;  but  never  thought  of  inquiring 
whether,  though  the  explanation  miglit  serve, 
if  these  hypotheses  were  true,  such  were  reilly 
to  be  found  «n  rerum  naiura.  lliey  met  with 
the  sneeess  with  whidi  dmilar  attempts— except 
in  a  vciy  few,  vtry  rare  instances— an  son  tff 
78 
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Tte  pUkaoplNr,  if  be  irisbfls  to  airiTB  ftt 
Bmt  alwcys  ftU  bsek  apon  Newto&'s 
■Httov  **  HVpothesQi  non  fiogo.**— Heooe 
connived  to  fidl  fiom  tlw  dcy;  and  the 
cf  tbst  flxpnaaioa  (taaod  in  ah  known 
i)  is  to  to  aoogbt  in  this  plausible 
Aristotle  int  caDed  attention  to  the  real 
of  neenrato  knowledge  upon  the  point, 
added  two  new  fiwta,  viz.:  that  dow  is  nerer 
in  windj  weaUier,  or  on  the  snmmlts  of 
Both  obeervations  are  to  be  taken 
Dew  is  not  formed  bj  any  means 
either  of  these  cireamstanoes. 
It  iiwn^g  to  airy  thai  It  ia  never  found.    These 
stearrationsi  however,  were  vsrjr  valoable;  and 
Hswttwhich  Aristotle  nsndeof  them  was  remark- 
ahk    Hii  theory,  forma  an  illastratioo,  almost 
aisliikiBg  as  the  former,  of  the  manner  in  which 
enBfo&jr    i^gistoed     observathns,    cantionsly 
'  ipen,  wiU  lend  os  to  new  truths.    He 
tlint  dew  was  merdy  a  dischaii^  of 
Ikon  the  atmosphere.   Vapouriras  water 
with  best,  whidi  rose  during  the  day 
tiB%«s»  long  as  it  oooM  obtain  heat  Vapour,  he 
will  new  riae  high  in  the  atmosphere, 
it  must  lose  its  baoyant  heat;  oonceiving 
hsit  Is  be  soese  tiitn  fluid  which  might  become 
Hcnee  dew  is  moat  oopious  on  low 
lover,  if  Tapoor  did  rise  high, 
llttsgitslaan  of  the  wpper  air  would  diasipote  it 
this  idea,  wfaid  dvsipates  the  va- 
nghta,  therefore,  dew  will  not 
b  hoHd.    The  ann  then,  and  not  the  moon 
is  the  canse  of  dew,  because  through  its 
is  psoduoed,  and  in  its  absence  the 
-This  theory  is,  for  that  age,  a  most 
nntson.    It  still  deals  slightly 
ii  hvasdisai:  but  ervry  hypothesis,  right  or 
in  oome  foci  which  rsnders 
h  isBbsUeT  CoosUeriog  the  uncertain  state  of 
iivnEiBBoief  heat  (reduced  only  in  this  century 
isa  load  of  mafhrmatical  physics);  and  the 
K^^Boianes  tb^  prevaleni  oonceming  the 
I  sf  femation  and  the  character  of  TapoDB ; 
I  doae  to  the  tmth  has  probably  ever 
upon  soch  a  subject — Aristotle^s 
Asay  vas,  however,  not  appreciated  in  his  own 
{pp^  air  by  his  snooeaeon  among  the  Greeks  and 
The  notuo  of  the  influence  of  moon 
was  too  Iwantiful  for  a  Greek  to  give 
■j^  sad  the  Romans  conU  not  do  better  than 
Wiv  tbt  czaraiile  of  their  masters.     In  the 
'■fc  9^  physical  inqniries  were  not  fovourably 
*^teei,  ind  even  the  schoolmen  did  not  venture 
t»  mppnn  AriitoCk*s  theory.    The  domam  of 
pk^iiesl  srienfew  was  given  over  to  the  al- 
and they  eonld  not,  on  any  account,  foil 
the  daima  of  the  moon  and  stars. 
PorU  Tweeted  that  part  of  Aristoae*s 
is  which  Ikes  its  diief  merit—the  attri- 
ef  dew  to  condensed  vapour— and  tried 
that  the  air  Itself  was  condensed.    He 
hiscaadoaioQUDtheadstetteeof  mois- 
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tore,  and  sometimes  hoar  frost,  due  to  the  eon- 
gelaticm  of  what  had  been  moisture,  on  the 
inside  of  a  glass  pane.  This  observation  Justi- 
fied him,  indeed,  in  rqecting  the  theory  of  the 
celestial  influences.  A  similar  conclusion  was 
deduced  from  this  other  fact,  that  a  beU  glass 
^placed  over  a  plant  to  cover  it  from  the  frost, 
was  copiously  covered  with  dew  in  the  inside, 
while  very  little  appeared  on  the  outside.  The 
same  condosion  was  inferred  from  the  dreum- 
stanoe,  that  plates  of  copper  exposed  during  the 
night  have  only  their  under  surfooes  bedewed. 
— ^These  UuBtB  served  to  explode  completdy  the 
hypothesis  of  stdlar  influence:  but  a  new  one 
began  to  rise  into  notice.  It  was  this, — the 
moisture  with  which  bodies  are  bedewed,  c<Mnes 
from  the  earth,  and  very  copiously  from  plants; 
both  which,  under  the  influence  of  cold,  exhale 
thdr  moisture.  Experiments  were  instituted  as 
to  the  quantities  of  dew,  obtained  at  difierent 
heights  from  the  ground ;  and  the  result,  with 
some  variations  certainly,  seemed  to  show,  that, 
— as  might  have  been  expected  from  this  suppo- 
sition— it  forms  more  copiondy  at  the  surfooe  of 
the  earth  than  higher  up  in  the  air.  In  pursn- 
ing  experiments  tending  fiirther  to  establish  this 
point,  Muschenbroek  stumbled  upon  a  new  phe- 
nomenon, hitherto  quite  unsuspected — that  dew 
forms  more  copiously,  upon  some  substances 
than  upon  others,  placed  in  the  same  circum- 
stances as  to  podtion  and  temperature  of  the 
surrounding  air.  He  discovered,  moreover,  thai 
it  is  formed,  when  it  was  very  improbable  that 
it  could  have  risen  from  the  ground. — It  was 
now,  therefore,  held  that  dew  does  not  foil  from 
the  sky ;  nor  was  it,  at  all  events,  necessary  to 
it»formation,  that  it  should  rise  from  the  ground ; 
and  the  readiest  explanation  which  offiared  ItBdf, 
was,  that  Aristotle's  theory  had  been,  after  all, 
the  true  one,  and  that  dew  is  produced  by  the 
condensation  of  vspour,  held,  as  it  were,  in  sdn- 
tion,  by  the  air.  According  to  this  theory, 
moreover,  phenomena,  which,  on  close  examina- 
tion, one  can  see  no  reason  for  distinguishing 
from  the  formation  of  dew,  received  a  naturd 
explanation.  When  a  mild  spring  comes  after 
a  severe  winter,  seduded  passages,  vaults,  and 
other  places  concealed  from  the  direct  influence 
of  the  sun,  and  to  which  beat  is  very  slowly 
conducted,  become  damp,  and  sometimes  drip- 
ping with  moisture. — If,  therefore,  this  theory 
be  correct,  a  depodtion  of  dew  will  be  obtained 
when  we  expose  a  very  cold  substance  to  the 
dr  of  an  ordinary  room  at  any  time.  This  test- 
ing experiment  was  tried,  and  succeeded  admir- 
ably. Thus,  if  we  have  a  tube  with  two  pendu- 
lous bulbs  at  the  end  of  it,  in  one  of  which  is 
water  as  cold  as  we  can  obtdn  it,  and  around 
the  other  a  doth  wrapped,  which  is  moistened 
with  a  little  ether,  dew  will  be  found  upon  the 
first  bulb*  The  ether  evaporates,  and  as  heat  is 
required  to  convert  liquids  into  gases,  it  must 
have  heat  from  some  quarter.    Tliis  it  easily 
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proeureB  ftom  the  water,  which  is  cooled  eon- 
Biderabljr,  and  on  the  oatride  of  the  bulb  con- 
tflining  it  dew  is  deposited.  The  phenomenon 
will  be  more  evident  if  the  latter  bulb  be 
blackened. — PhiloBq[»he»  now  perceived  that 
they  were  upon  the  point  of  discovering  aome- 
thing,  which,  whether  or  not  it  might  give  a 
perfect  explanation  of  the  whole  phenomena, 
vonld,  at  all  events,  cast  considerable  li^t  on 
them.  Several  observers,  therefore,  gave  great  at- 
tention to  the  sobject,  and  published  veiy  valu- 
able experimental  results.  Prevost  of  Geneva,  Six 
of  Canteibury,  and  Leslie  of  Edinburgh,  espe- 
cially distinguished  themselves.  Their  observa- 
tions went,  chiefly,  to  render  indisputable  the 
general  truth  of  the  observations  already  re- 
corded— such  as  the  invariable  relative  coldness 
of  the  body  upon  which  dew  forms;  the  progres- 
sive diminution  in  its  amount,  according  as  the 
bedewed  substance  is  more  and  more  removed 
fipom  the  earth's  suiftoe;  and  the  efitet  which 
different  substances  exercise  in  modifying  the 
quantities. — The  next,  and  most  important  con- 
tribution was  made  by  Dr.  Wdls,  whose  experi- 
ments, though  periiaps  not  conducted  with  the 
greatest  aocuiacy  possible,  nevertheless,  were  of 
the  highest  importance  in  establishing  the  theory 
of  the  sutgect  The  essay  which  he  published 
upon  it,  takes  rank  with  the  finest  models  of 
experimental  inquiry  after  truth.  His  chief 
observations  were,  tliat  the  coldness  of  the  sur- 
face bedewed,  always  precedes  the  formation  of 
the  moisture,  and  is  not  a  consequence  of  it; 
and  that  de«r  is  always  most  abundant  when 
the  air  contains  most  vapour  of  water — other 
drcumstanoes  remaining  the  same.— Having 
thus  reviewed  the  suoo^ve  theories  of  dew, 
and  seen  by  what  prominent  characteristics  the 
phenomenon  is  distinguished,  we  now  proceed 
to  explain  the  theory  at  present  universally 
admitted. — Water  is  found  in  the  gaseous  as  in 
tlie  liquid  state.  It  is  gaseous  as  steam,  and  as 
those  vapours  which,  in  a  hot  day,  we  see  ris- 
ing fipom  livers,  or  from  a  field  on  which  rain 
has  just  fallen.  In  the  atmosphere,  therefore, 
two  gases— dry  air,  and  this  aqueous  vapour, 
exist  together  unmixed.  Aeoording  to  Dalton's 
Law  they  ultimately  each  expand,  occupying 
the  same  space  as  if  the  other  did  not  exist;  and 
there  will  always  be  a  perfect  intermixture  if 
suffident  time  be  allowed.  The  first  efitet  of 
this  must  be,  to  remove  or  carry  up  the  aqueous 
vapour  finom  the  surface  of  all  water.  Now, 
it  has  been  found  that,  at  any  temperature^ 
water  will  evaporate  entirely  under  whatever 
gaseous  pressure,  if  means  be  provided  for  the 
removal  of  the  aqueous  vi^pour  as  it  forms. 
If  it  be  kept  in  a  closed  vessel,  the  stopper, 
even  although  not  very  dose  fitting,  prevents 
that  vapour  fh>m  free  passage  into  the  atmo- 
sphere; and  the  aqueous  vapour,  therefore, 
which  the  water  gives  ofl^  not  being  allowed 
to  dissipate,  forms  a  perfect  bairier  against 
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finrlher  evaporatioii.  In  a  spene  filled  with 
water  and  with  air  at  a  certain  temperature^  the 
water  will  evaporate  to  a  oertam  extent,  umes- 
ponding  to  the  temperature;  and  if  the  vapour 
be  kept  fh>m  dissipating,  it  forms  then  a  peffoct 
cover  against  further  volatiliring.  But,  in  fice 
qiaoe,  unless  there  be  an  atmosphere  already 
quite  filled — ^to  an  extent  corresponding  to  its  tem- 
perature— ^with  vapour,  it  will  dissipate,  aooovd- 
ing  to  the  universal  law  of  the  dtas^iatSaB  cf 
gases,  into  the  hij^  atmosphere,  wliera  tiien 
b  less  vapour.  T^  bar  to  flirtber  evaporatian 
is  then  removed,  and  it  continues  until  the 
acljacent  space  be  saturated  as  for  as  its  temper- 
ature will  permit;  it  then  ceases  antH  the 
vapour  shall  have  again  partly  disappeared,  and 
BO  permits  the  formation  of  more.  Air,  at  any 
temperature,  will  contain  only  so  tmck  of  vapour 
of  water — a  fixed  amount  for  each  tempentanL 
This  amount  increases  with  the  temperatme^  and 
in  an  increashig  ratio.— Suppose,  now,  that  this 
process  goes  on-for  some  time,  say  ^traof^  a 
summer's  day,  when,  as  the  temperatore  cf  the 
strata  of  air  near  tiie  sorfoce  will  be  70^  or  8(^ 
Fahr.  it  will  have  a  very  great  capadty  for 
vapour  of  water.  Evi^oration  will  go  on 
nq>idly,  as  on  a  hot  day  we  see  that  it  does^  and 
the  atmosphere  becomes  filled  with  a  very  eoo- 
siderable  amount  of  water  in  this  state.  Now, 
if  any  great  cooling  of  the  atmosphere  takss 
place,  it  gets  to  be  no  longer  capable  of  containing 
the  same  amount  of  vapour  of  water.  I^  for 
example,  in  the  day  we  have  diosen,  as  wnA 
vapour  have  passed  into  the  air  as  would  iiave 
satnrated  sir  at  60^  Fahr.  and  if  the  air  at  n^ 
cool  down  to  40^  Fahr.  there  Is  a  oonaidenhle 
quantify  of  vapour  whidi  the  air  at  this 
ature  cannot  hdd.     This  excess  Is 


and  deposited  in  the  ibrm  of  dew. — So  for,  Ab 
is  predsdy  Aristotle's  theory,  with  some  moe 
definite  understanding  of  the  cause  of  the  eon- 
densation,  and  of  tito  other  results  by  whiA 
it  is  preceded;  but  there  is  yet  one  point  re- 
quiring explanation,  and  that  is,  the  method  in 
which  the  cold  is  produced.  The  mere  sbasnes 
of  the  sun,  one  cannot  expect  to  prodnoe  cold. 
That  causes  a  cessation  of  the  increase  of  beat 
which  had  been  going  on.  During  the  presnee 
of  the  sun,  in  the  afternoon,  and  at  suneet, 
indeed,  there  is  tiiis  diminution  of  temperaAme 
whQe  the  sun  is  present  The  theory  of  radiant 
heat  which  M.  Prevost  started,  and  which  Is 
now  so  condusivdy  established,  gives  a  fiill  ex- 
planation of  the  phenomenon ;  imd  for  the  flnt 
statement  of  that  explanation  we  are  Indebted  to 
Dr.  Wells.— During  the  day  time,  heat  la  ttans- 
mitted  from  the  sun  to  the  earth.  Wheraver  we 
have  two  bodice  of  dilTerant  temperatures,  tlnrs 
is  a  radiation  of  heat  from  the  hotter  to  the 
colder.  Now,  the  son  Is  a  body  at  a  very 
high  temperature,  and  the  earth  at  a  moderate 
heat  During  the  day,  then,  those  parte  of  tlM 
earth  to  which  it  Is  day,  behig  exposed  to  the 
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abnib  i|UDttti« off  ndiaiit hett  TIttair 
it  It  also  Is  A  body  exposed  to 
wUeh  t»o&  radiates,  and 
fliiidi  dovrar  than  the  earth.  Hence 
D  ii  boated  dorinip  the  day  thoAi  Accord- 
to  tfaia  atotament  of  the  case,  howover, 
air  voold  bsre  the  highest  tomper- 
Two  ciwumrtancee  prevent  this.  The 
rarikj  of  tbe  npper  air— the  property  in 
il  la  Bkast  heated  air-— prevents  it  from 
by  ndlatlQiL  It  absoibs  less  rapidly 
CremAason.  The  earth  abeorbe  that, 
lapidlj  of  all,  and  as  the  air  can  oondnct 
it  girea  n  portion  of  its  heat  to  the  stratom 
npoa  It  That  stratom  beoonaing  heated, 
and  a  new  stratom  ia  depoeited^to  be  again 
to  rise.  Then  ia  thus  a 
o«  loDperanno  pfosncea 
tlie  soaftce— KaaUt  ^*  have,  on  a  dear 
tin  aaith  laid  open  to  the  stars  and  to  the 
Wo  do  not,  by  any  means 
of  the  lint,  bat  they  are 
hr  aarqr,  Ibr  their  radiant  heat,  any  more 
their  9^ift,  to  be  aUe  to  eoEsrcisa  considerable 
onns^  The  earth,  then,  and  the  faiterBteilar 
expoaed,  one  to  the  other.  Now,  we 
die  temperatote  of  the  latter  is  at 
100^  Fafar.  below  aero,  while  the  soriaoe 
haviag  Jnst  abtotbed  an  amoont  of 
from  the  son,  is  pediaps  60®  or  60® 
it  Radiation  commences  imme- 
if  nnlnUs  i  upted,  would  continue 
the  tamparatBres  were  equalised.  The 
af  tfrfa  nafistioD,  idiile  it  lasts,  is  to  lower 
vaiy  materially  at  the  earth's 
Let  OS  consider  the  state  of  the  air 
period.  It  is  not  afSwted  by  the 
of  tlie  radiant  heat  from  the  earth 
to  apnea:  bat  it  serves  Itself  to  radiate 
It  does  this  80  slowly,  how- 
in  ooolmg  it  from  this  cansQ, 
from  &  same^  during  the 
ia  esBpaiativeiy  insignifiesnt.  Now,  as 
il  produced  bytheoondno- 
ftoD  the  air  to  the  ground.  By 
',  tiie  stratum  of  air  next  the  ground, 
it  does  not  rise  to  give  place  to 
Uw  oDoHng  process  goes  on,  therefioro, 
is  equal  In  tempenUun  to  the 
ito  temperature  continues  to 
ly,  along  with  that  of  the 
Kow;  daiiag  the  diy,  vapour  has  beoi 
in  tliis  stratum,  periiapa  not  quite  up 
point,  but  generally  very  near 
Hanee^  when  tUs  cooling  lowers  the  tern- 
tft»  air  is  no  longer  able  to  retain  ito 
■id  iBuisfiirff  la  drtadifcd  and  ^<pflri<fd 
.•By  fffnif'**f**^i  the  air  above  also 
d  daw  gradnally  aepantm  from  it.  Aa 
',  rtgf  alowlj  oonducto  heat  across 
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upper  portion  of  the  atnuwphere^    Hot,  it  may 
be  asked,  does  not  dew  deposit  upon  bodies  at 
consldenible  elevations  from  the  eanh's  surfkoe— 
elevatkma  that  are  yet  sudi,  that  if  dew  i^ 
fix>m  them  on  the  earth,  there  would  be  a  diower 
of  dew?     In  answer,  let  it  be  noted,  in  the 
tint  place,  that  the  layer  of  air  in  immediate 
contact  with  the  earth  does  not  remain  constantlv 
so,  through  the  night,  in  virtue  of  its  superior 
heavinees.    It  is  well  Imown  that  when  v^wur 
is  formed  from  water,  a  considerable  qnanti^  of 
heat  becomes  latent;  and  when,  on  the  other 
hand,  condensation  takes  place,  heat  is  evolved. 
When,  therefore,  dew  begins  to  separate  from 
the  bottom  layer,  it  reoeiyes  a  sudden  aoceesion  of 
heat  tnm.  the  condensed  vapour,  which  lightens 
it,  and  carries  it  upward.    Thus,  a  new  layer, 
more  saturated  with  vapour  than  the  former  one, 
after  ito  loss,  descends  by  the  superior  weight 
due  toite  lower  temperature,  and  tekes  ite  place. 
Therefore^  there  is  no  necessity  for  tkfall  of  dew 
in  any  case.    Yet  dew  seems  to  separate,  never- 
thdees  at  oonsiderable  elevations,  though  less 
copiously  than  at  the  surfooe.    It  only  separatee, 
however,  when  a  body  wliidi  radiates  heat  well 
is  placed  at  these  heights,  and  the  quantity  in 
which  it  separates  depends  upon  this  foculty  of 
the  body.    This  explains  Muschenbroek's  obser- 
vation of  the  dificirant  capadties  of  different 
substances  for  dew.    A  good  radiator  becomes 
rspidly  odd,  and  dew  is  rapidly  formed  on  ite 
soifiios;  while  a  bad  radiator  in  the  immediate 
ndghbouriiood  remains  unaffected.    Thus,  a  slip 
of  tin  IbQ  pasted  upon  a  dieet  of  glass,  will 
remain  perfectly  diy  while  the  rest  of  the  glass 
is  proftisdy  covered  with  dew.    This  property 
may  be  strikingly  shown  by  experiipents,  which, 
founding  upon  it,  describe  figures  and  letten  in 
dew,  on  plates  on  whidi  glass  and  tin  foil 
have  been  suitebly  arranged.  The  exquisite  little 
fignrea  made  by  dew,  and  especially  by  hoar 
frost,  on  window  panes,  depend  upon  this  prin- 
dplcu    The  g^aas,  from  various  causes,  does  not 
radiate  unilcvmly. — According  to  this  property, 
therefore,  no  dew  separates  in  free  air,  at  any 
considerable  devations — unless   a  very  good 
radiator  have  been  placed  there. — It  still  remains 
to  be  explahied  why,  in  this  last  named  case, 
dew  is  never  formed  ro  oopioody  as  at  the  earth^s 
surface.  This  partly  arises  from  convection  of  air. 
If  we  place  a  body  which  can  become  cold  by 
radiation,  at  a  considerable  height,  it  renden  the 
layer  of  air  in  immediate  contact  with  it  also 
cold,  and  so»  heavier  than  the  air  between  the 
earth  and  it,  which  is  but  little  cooled  by  radia- 
tion, and,  if  at  some  hdght  from  the  earth,  not 
very  mudi  hj  conduction.    This  air,  therefore, 
folia,  and  as  at  the  side,  it  is  unsupported,  it  foils 
away  from  the  cold  plate,  leaving  warmer  and 
lighter  air  pressing  up  to  supply  ite  place.    If 
indeed  the  plate  hb  perfectly  horizontal,  the  air 
at  the  suifkce  of  it  would  remain,  and  dew  would 
be  produced;  but  it  is  not  easy  to  aci|just  it  so» 
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and  the  least  indination  iriU  allow  the  haswy 
air  to  fall  away,  and  prevent  dew  from  being 
formed  in  considerable  quantities,  if  at  alL 
Heooe  dew  will  more  copiously  form  at  the  bot^ 
tom  of  a  vessel  so  situate  than  in  any  other  posi- 
tion. Beiides  this,  however,  there  is,  generally 
speaking,  not  so  much  vapour  of  water  present 
in  anch  a  case.  Thevapour  which  has  risen  through 
the  day,  requires  time  to  interpenetrate  the  air. 
If  time  be  given,  Dalton^s  law  will  be  completely 
fnlfiDed ;  but  it  is  not  given,  in  the  course  of  a 
day,  when  new  disturbance  is  added,  every 
minute,  by  new  vapour  forming  at  the  sur&oe. 
Hence  at  certain  heights  there  is  less  moisture 
present  in  the  air  than  at  the  suiiaca;  and  so  the 
rsdiating  body  must  be  cooled  lower  still,  before 
dew  is  formed.  Dew  will  therefore  commence  to 
fotm  later  in  the  upper  air,  from  convecdcb, 
and  the  lesser  supply  of  aqueous  vapour;  and 
the  same  causes  will  evidenUy  cause  less  of  it  to 
be  formed  there,  in  the  most  fovourable  case,  than 
at  the  ground. — ^Two  other  phenomena  noted 
in  our  historical  sketch  are  expbuned  in  the 
same  way.  Dew  is  more  oc^iously  formed 
on  the  inside  of  a  bell  glass  than  on  the  outside^ 
and  on  the  lower  side  cf  a  copper  plate,  held  at 
a  moderate  distance  ftom  the  earth.  In  both  cases 
convection  prevents  a  copious  deposit  on  the  upper 
snrftoe; — and,  in  both  instances,  the  interval 
between  the  ground  and  the  plates  is  small 
enou^  for  the  whole  air  included  in  that  inter- 
val to  be  cooled  below  the  point  of  saturation; 
and  therefore  for  dew  to  be  formed  even  at  its 
lofdest  places.  This  is  accomplished  chiefly 
through  that  conducting  power  of  the  copper 
or  glass,  which  takes  the  supplies  of  heat 
they  continue  to  dissipate,  fifom  their  whole 
mass,  lower  as  well  as  upper.  This  must  draw 
its  supplies,  in  turn,  finom  the  air  which  must 
constantly  descend  as  it  cools,  until  all  of  it 
has  passed  the  point  of  saturation  (dew  point). 
— ^When  the  cooling  goes  on  rapidly,  the  vapour 
deposited  on  dew,  finally  solidifies  into  koarfrotL 
The  two  phenomena  rest  upon  the  same  prin- 
ciples, for  their  explanation.  While  dew  is  bene- 
fldal  to  plants,  hoar  frost  is  eminently  destruc- 
tive. Hence  gardeners  seek  to  prevent  such  a 
refrigeration,  as  would  cause  hoar  fmtL  Their 
method  is  very  simple.  Theysprsad  mattings  over 
their  plants,  and  protect  them  from  the  sky — pre- 
cisely as  running  water  is  protected  by  ice.  See 
GozroELATiON.  The  radiation  thus  takes  place 
between  the  plants  and  the  matting,  rather  than 
between  them  and  the  sky.  The  matting  radiates 
to  the  sky,  and  loses  its  own  heat  rapidly;  but, 
at  first,  its  temperature  is  not  far  below  that  of 
the  plants,  which  therefore  transmit  very  little 
heat  to  it  Even  when  the  matting  has  become 
frozen,  the  temperature  is  much  hi^er  than  that 
of  interstellar  space;  and  the  radiation  ftom  the 
plants  is  not,  therefore,  nearly  so  violent  If  the 
process  were  continued,  indeed,  the  three  tem- 
peratuies  would  be  perfectly  equaHaed,  bat  the 
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rehnn  of  day  prevents  that  Hie  mattipg 
serves  merely  to  retard  the  equalization  of  the 
temperatures  of  the  sky  and  ground,  by  inter- 
posing. Sometimes  there  is  not  even  dew  fonned 
in  this  way ;  but  very  seldom,  except  in  tiie 
severest  weather,  is  hoar  frost  formed. — Tlie 
same  principle  explains  anotlier  pbenomeoon, 
which  we  noted  in  connection  with  the  sob- 
ject  Dew  is  very  seldom  fonned  except  in 
a  clear  sky.  When  the  sky  b  dear  there  is  free 
radiation  to  the  interstellar  spaces.  When,  on 
the  contrary,  there  are  clouds  in  the  sky,  the 
radiation  is  from  them  to  the  sky,  and  fitna  the 
(ground  to  them.  To  be  perfectly  correct,  in- 
deed, we  should  say  that  there  is  radiation  from 
the  ground  to  the  dcy,  but  the  moment  that  the 
temperature  of  the  earth  gets  lower  than  that  of 
the  portion  of  the  doud  turned  towards  it,  a 
counter  radiation  sets  hi  from  the  doiid }  aupply- 
ing  the  loss  from  the  radiation  to  the  dcy,  ai4 
permitting  only  a  very  slight  decrease  of  the 
temperature  from  that  point  Radiation  freas 
the  earth  to  the  spaces  is,  moreover,  just  as  ia 
the  matting,  neariy  interoepted  by  the  inter- 
posed screen.  The  worse  conductors  audi  bodies 
are,'the  better  will  they  serve  the  purpose  of  prp- 
tecting  the  earth,  and  it  would  not  be  easy  to 
find  a  worse  conductor  than  the  douds. — We  do 
not  enter  into  a  detailed  explanation  of  how  the 
theory  accounts  for  all  the  different  phenomena 
In  a  windy  ni^t  dew  is  sddom  deposited.  Ko 
one  layer  of  air  is  kept  hi  contact  with  the  earth 
long  enough  to  oool,  as  may  readily  be  seen.  Hie 
fact  that  it  is  formed  moet  copiously  in  vaUrf% 
and  least  on  pohited  hill  tope,  will  suggest  its 
own  explanation,  in  the  prindple  of  conveo- 
tioo;  and  other  such  phenomena  may  aaUy 
be  left  to  the  ingenuity  of  the  reader.  £t 
is  impossible  to  condnde,  however,  witfaoat 
pomting  out  the  very  striking  proteetkn  wUeh 
the  formation  of  dew  affords  agiunst  thoae  v3i^ 
froets,  which,  without  it,  would  totally  desteloy 
all  our  preeent  vegetation.  Tlie  moment  a  par* 
tide  of  vapour  is  oondensed  into  dew,  the  heat 
which  had  been  required  to  preserve  the  gaa* 
ecus  state  is  disengaged  and  set  frea  This 
heat  partly  serves  to  keep  up  the  supply  of  aiiv 
wen  saturated  with  vapour,  by  driving  up  the 
layer  which  has  been  Just  used,  and  thos  pro- 
pares  to  repeat  its  efibcts;  and  partly  goes  to  the 
earth,  where  it  servee  to  supply  the  kes  hj  ra- 
diant heat,  and  to  retard  the  progress  of  its  re- 
frigeration. When  the  new,  well  saturated  Iqrer 
descends,  this  process  is  repeated ;  and  thus  a 
regular  supply  ftmn  the  heat  given  in  the  day, 
to  form  vapour  of  water,  is  made  to  modenia  the 
rapidity  with  which,  according  to  the  laws  of  heat, 
the  earth  would  cool  in  the  night  time.  Inatanoes 
of  this  compensating  character  are  found  throus^ 
outHisworks.  There  is  no  wests  of  eneigy  per- 
mitted ;  and  that  which  seemsuseleBBly  squandared 
during  the  day,  proves  to  have  besn  only  gathered 
up  for  indispensable  service  In  the  anauiqg  night 
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A  tpedei  «f  Hw 
C AOBTfc)  ftnnffl  bj  nftttcdoB. 
Dn  praptriy  etntle  eanw  fenntd  by  rBflection, 
bttnMd  al»  cBtacmttlc. — When  *  namber  of 
firoai  A  huniiioaB  point,  such  at  a,  and 
mer  or  dower  mediom,  whoae 
ie  anch  aa  B  o  d  B  F,  they  do  not  proceed 
in  ika  diieetkm  a  c,  a  n,  &c,  bat  aia  nfracted 
fa  tfca  diRdioiia  cv^  dk,  bv,  vb.     Now, 
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A  P  to  be  lines  inflnitalj  near, 

t»  the  olfaac,  tMr  refracted  nja  om 
vin  cone  to  est,  goeraUy,  in  a  point, 
]f  va  ftnthar  imagina  all  the  inno- 
from  the  carve  to  be  80 
of  tboae  neanst  one  aaotber, 
ef  pointo  of  janction,  like  M, 
Bfckli  will  preeent  together  the  appeanmoe  of  a 
by  a  ^BttiBg  iaatroBMBt,  and  if 
the  rays  infinitely  near,  each  aoo- 
of  joMtko  will  be  hiflnitely  near 
the  ptwfidiBfc  ao  thai  we  obtain  a  complete 

to  the  deecription  of  a 
nomfaerof  pointa, 
liiBil^T  doae,  the  one  to  the  other.— This 
aepiaeented  faktheflgnre  byoMB, 
SicalBd  fSbm  dlaraneHf  corva— Ui  order  to  find 

itacally,  in  any 

veqnira  to  remember 

e  fiBea  of  the  angle  of  tha  inckient  ray, 

the  oaglB  of  the  reftacted  ray,  with  a 

to  the  wfracliug  soiftoe,  bear  a 

from 


•f  deetroaeope  in- 

where  the  dry  pile  is 

bnea.    The  inatm- 

Ib  tfffWffg  na  the  conducting 

aa  rogaida  electricity.     It  ia 

oae  of  in  cwnmwrfifl  for  mea* 

thepofisy  ofoils. 

In  plane  figarea  any  line  drawn 
of  the  figure  to  any  other,  not 
m  Aa  aBBa  aide  aa  the  fint    In  polyhedrone, 
%fa Che  laa  joinlag  two  anglea  whoae  Tertioaa 

The  diameter  of  a 

called  ita  diagonaL     The 

capable  of  being  drawn 

oaa  aBg^  in  a  polygon  ia  the  same  aa 

of  aidaa  wantiag  three. 

The  ana  dial  ooDsista  merely  of 

lod  firady  attached  to  a  plane  aarfiwe, 

tha  aon  thrown  Ita  shadow  at  the 

of  the  d^,  in  such  a  way  thai 

tha  tima  of  day  by  the  position  of 

Am  the  oon  ia  not  ai  the  same 

la  iha  ikj  ai  the  iVBa  hour  of  tha  day  in 
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diflhrent  timea  of  the  year,  it  is  manifest  that 
the  only  son  dial  of  any  value,  will  be  one  which 
will  throw  the  different  hour  shadows  constantly 
in  the  same  direction ;  and  erery  dial  will  not 
do  this.  The  straight  rod  requires,  in  ikct, 
to  be  pointed  towards  the  pole  star  of  the  place. 
Then,  aa  the  sun's  diurnal  revolution  round  the 
pola  is  uniform— (with  slight  variations  that  are 
neglected  in  dialling,)  the  place  of  the  sun  ai 
different  hours  of  the  day,  will  be,  at  all  times  of 
the  year,  in  the  same  hour  circle;  and  the  sha- 
dow of  a  line  towards  the  pole,  from  any  object 
anywhere  on  the  drcumferenoe  of  that  cirde^ 
wdl  difibr  only  in  magnitude,  not  in  direction. 
Each  hour  will  therefore  be  indicated  by  a 
shadow  line  along  it  all  the  year  through.— 
Diala  are  usually  constructed  with  the  plane 
(dial  plate)  horizontal,  the  rod  (gnomon) 
always  being  turned  towards  the  pole.  In 
either  case^  the  shadows  for  the  different  houn 
are  not  ai  equal  angular  distances.  Tlie  hour 
drcies,  and  therefore  the  planes  of  shadow  ar& 
Tha  reader  will  at  once  comprehend  the  reason 
by  cutting  an  orange  through  ite  centre  ob- 
liqudy  to  ite  axis.  Each  Uth  ia  of  equal  size, 
but  the  axpoeed  surface  of  each  on  the  freshly 
cat  circle  will  not  be  so. — If  the  orange  were 
cat  perpendicularly  to  ite  axis,  they  would  be  so. 
If  in  different  directions,  oblique,  to  ite  axis,  the 
relative  spaces  for  the  lithe  would  be  difieranu 
Hence,  aa  the  horizontal  planes  of  each  place 
are  inclined  to  those  of  any  other,  and  the  direc- 
tion of  the  axis  is  constant,  the  graduation  of 
one  horizontel  (or  vertical)  dial  would  only  be 
adapted  to  the  one  place  where  it  might  be  used. 
If  the  dial  plate  be  made,  instead,  perpendicular 
to  the  direction  towarda  the  pole,  the  graduation 
will  be  perfectly  uniform  and  regular  at  every 
place  aa  much  for  one  hour  aa  for  any  other 
Hence  the  principle  of  the  universal  diaL  It  ia 
merely  a  rod  throu^  the  middle  of  a  circular 
disc  whose  plane  is  perpendicular  to  it,  graduated 
unifbimly,  into  24  diviuona.  Ite  use  in  any 
place  presupposes  this,  and  only  this — a  distinct 
knowledge  of  the  direction  of  the  north  pole  fhun 
the  spectator. 

Plaiaagiirtlc  ■  A  term  introduced  by  Faim- 
6kj  in  connection  with  his  discovery  of  the  in- 
fluence of  magnetic  force  upon  all  bodies.  By  a 
diamagnetic  is  meant  any  substance  which,  when 
placed  in  a  field  of  magnetic  farce,  does  not  oon- 
dnct  itself  in  the  same  way  aa  the  magnetic 
bodies.  Iron,  Nickel,  and  (Tobalt  Before  Fara- 
day's discovery  in  1846,  the  known  properties  of 
almost  all  the  diamagnetics  in  relation  to  mag- 
netic action  were  merely  negative.  It  was 
known,  indeed,  bug  previously,  that  masses  of 
Bismnth  and  Antimony  act  in  a  remarkable  way 
upon  a  neighbooring  magnet,  repelling  the  near^ 
est  pole,  instead  of  attracting  it  aa  Iron  does; 
hoi  this  remained  an  isolatd  and  barren  fiict, 
and  seems  to  have  received  little  attention  tiD  it 
waa  lednoed  by  Faraday's  disoovery  to  a  ease  of 
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general  magnetic  acdon.    In  ihe  present  trtkle 
a  statement  'will  be  given  of  aome  of  the  more 
important  fiicts  bioaght  out  by  this  disooveiy, — 
general  and  theoretical  oomdderations  will  be 
reserved  for  the  articles  on  MAOKisnsif  and 
Hagkbtio  IiiDucnoir.    It  was  in  the  ooorw  of 
experiment  already  referred  to  under  Cibculab 
MAOirBiTO  PoLARiZATioK  that  Fanday  firrt  ob- 
served the  new  mechanical  aetion  of  magnets  npon 
bodies  placed  in  the  field  of  force.   A  bar  of  heavy 
glass  was  snspended  oentndly  between  the  poln 
of  a  powerful  horse-ahoe  dectro-magnet.   When 
the  force  of  the  magnet  was  developed,  the  bar 
no  longer  swung  indifibrently,  but  moved  round 
its  point  of  SQspension  into  a  direction  at  right 
angles  to  the  lines  of  force,  or  at  right  angles  to 
the  direction  that  would  be  taken  by  a  bar  of 
soft  iron  placed  in  the  same  part  of  the  field. 
Round  this  position  the  bar  made  a  few  vibra- 
tions, and  finally  settled  in  it.    If  displaced  from 
it  by  the  hand,  it  returned  to  it  and  settled  as 
before,  showing  that  this  position  of  the  bar, 
which  Faraday  calls  the  equatorial,  was  a  posi- 
tion of  stable  equilibrium.    When  the  bar  was 
placed  originally,  at  rest,  in  the  axial  poeitioo, 
or  in  the  position  of  stable  equilibrium  of  an  iron 
bar,  it  did  not  move  out  of  this  position  under 
the  action  of  the  magnet;  but  if  diq>laoed  a  little 
in  either  direction  it  moved  on  into  the  equato- 
rial position  and  settled  there  as  before ;  showing 
that  the  axial  is  a  position  of  unstable  equili- 
briom.    It  was  observed  farther,  that  if  the  bar 
was  placed  near  one  of  the  poles,  it  was  not  only 
direeted  round  its  pomt  of  suspension,  as  above- 
mentioned,  but  was  also  repelled  as  a  whole  by 
the  nearest  pole,  the  oentre  of  gravity  of  the  bar 
sensibly  receding  from  that  pole,  and  so  remain- 
ing wUle  the  magnet  was  retained  exdted.    The 
effects  are  simpUfied  by  the  employment  of  one 
electro-magnetic  pole  instead  of  two.     In  this 
case,  the  bar  is  always  repelled  by  the  pole  in 
the  direction  of  the  lines  of  magnetic  force  passmg 
through  it ;  and  it  moves  at  the  same  time  into 
a  position  perpendicular  to  the  lines  of  ibroe. 
The  effects  are  ftirther  simplified  by  using  a  cube 
or  ball  of  heavy  glass  instead  of  an  oblong  bar. 
When  such  a  body  is  acted  on  by  one  pole,  it 
moves  constantly  outwards  in  the  direction  of  the 
lines  of  magnetic  force.    When  suljected  to  the 
action  of  two  poles,  the  effects  are  more  complex ; 
but  there  is  a  simple  law  that  explains  them  all. 
It  is  this,  that  a  particle  of  heavy  glass  or  other 
diamagnetic  tends  constantly  to  move  outwards, 
or  into  the  positions  of  weakest  magnetic  action. 
The  directive  tendency  of  an  oblong  diamagnetic 
across  the  lines  of  force  when  one  or  two  poles 
are  employed  can  be  easily  accounted  for  by  this 
law.    It  is  a  simple  result  of  the  Joint  tendency 
of  an  the  particles  towards  the  positions  of  weak- 
est ibroe.     The  property  of  being  repelled  by 
magnetic  poles  is  not'pecnliar  to  heavy  glass; 
it  is  on  Uie  contrary  common  to  the  most  of 
natural  and  artificial  bodies.     It  may  be  said 
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witlioiit  ezceptioo,  that  evcqr  knewn  oobstanee, 
when  sutiijected  to  eleotro-magnetic  forces  ef  suffi- 
cient power,  win  give  some  positive  nsnlt,  cither 
of  the  magnetic  or  the  diamagnetic  charadg. 
And  U  is  in  oompaiatively  fsw  cases  that  the 
results  are  of  the  oGmmon  magnetic  kind  pn- 
sented  by  iron  and  nickeL      Faraday  himHif 
tested  a  great  number  of  bodies  taken  from  a& 
dasses,  amoiphous  and  crystalline,  fiqnid  and 
solid,  organic  and  inoigama    In  this  examma- 
tion,  the  liquids  were  experimented  on  bybeiqg 
endosed  in  glass  tubes,  the  action  of  the  glass 
under  the  magnetic  forces  bang  taken  into  ac- 
count     Some  of  the  results  may  be  stated. 
Transparent  bodies  were  the  flnt 
was  natural  in  the  drcnmstanoes  of 
And  it  was  found  that  even  snch 
bodies  as  the  shigly  and  doubly  refracting  079- 
tals,  ^oee  magnetic  rotatory  action  upon  Vjjbtt 
is  too  feeble  to  be  observed,  are  yet  aot^eeted  to 
directive  and  repulsive  actions  by  magnetSe  poke 
in  their  ndgfabomfaood,  as  otlMr  diamagnetici 
are.    Of  opaque  bodies  again,  whose  wnndttiwi 
under  magnetio  action  could  not  be  tested  bv 
means  of  l^t,  some  are  found  to  act  very  power- 
foUy.    Phosphoms  may  be  mentioDed  as  equal, 
if  not  superior  in  its  mechanical  indicatians,  to 
heavy  glass.    Sulphur  and  India  rubber  are  alio 
weU  dincted  and  repdled.    Among  ikgnids,  al- 
cohol and  ether  are  evidently  diamagnetic,  and 
water  stin  more  so.    Of  oiig^nic  bodJes,  tiie  most 
are  dearly  diamagnetic.    Wood,  atardi,  angar, 
leather,  beef,  mutton,  apple,  bread,  blood  are 
instances:  they  are  aU  rqldled  by  the  magnetic 
poles,  and,  when  in  oblong  volumes,  directed 
equatorially.   With  regard  totfaegaaea,  Faraday 
obtained  no  positive  rasult  in  the  first  scries  of 
his  experiments  in  tliis  field.    It  was  disoovend, 
however,  by  Bancalari,  that  flamea  are  mecfaa- 
nicany  aflSdcted  by  magnetic  forces;   and  tiie 
sulject  was  resumed  by  Faiaday  and  other  phOo- 
sophers  with  success.    It  was  found  in  the  fint 
place,  that  a  current  of  heated  air  aaowMBng 
between  the  poles  of  an  dectro-megnet  condnda 
itsdf  aa  a  diamagnetic,  separating  under  the 
magnetio  action  into  two  streams  which  ascend 
ondifoent  sides  of  the  axial  line.    On  the  other 
hand,  a  descending  current  of  cold  air  is  not 
divided  under  the  action  of  the  poles,  but  keeps 
to  the  axial  lin&   A  descending  stream  of  oxygv 
acts  as  a  poweriul  magnetic  b^y;  if  its  proper 
line  of  descent  is  on  dther  side  oif  the  axial  fine, 
its  direction  is  changed  by  the  act&m  of  the 
magnet,  so  as  to  intersect  the  latter  line.    AD 
the  other  gases,  when  treated  shnSarly,  aiv  found 
to  be  diamagnetic  with  the  exception,  peihaiM^ 
of  nitrons  gas.    Torender  the  effects  of  the  mag- 
netic action  more  evident,  Faraday  endoaed  & 
gases  in  soap-bubbks,  and  set  them  afloat  in  the 
magnetic  fidd;  and  this  test  was  found  to  be 
very  ddicate.     Oxygen  in  these 
was  powerihUy  attracted,  and  the  other 
gave  results  in  aooordanoe  with  pievioiia  expeii- 
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'BymmpkjiHg  glaa  tnbeiat  tlieenv«- 
oT  the  gasBi,  in  oomwotioo  wiOi  a  dflUcate 
talnwak  Faraday  has  erca  eompand  the 
iridi  aadi  other,  aad  with 
1b  ^HffbnBt  etatfli  of  deaeity  end  tem- 
Thm  eaatnat  broQg^  oot  by  this 
tlie  two  priocipal  oompooents  of 
is  y^ry  ialeraetiDg,  md  hi^^y 
ifts  beumgion  the  Theoiy 
The  magnetic  power 
evident  diminatlan   by   a 
of  deaaity,  aad  also  by  an  iacveaae 
tiioegh  the  gaa   cannot  be 
to  neh  an  extent  aa  to  loee 
mtragen,  on  the  other 
ii  a  diamagnrtic,  imdfligoeB  no 
ila  magnetie  idatkna  by 
_ei  in  density  and 
la  thie  brief  Tiew  of  tlie  natonl 
in  tiieir  aiagneCic  nlationa,  we  liave  to 
BaBy  to  the  metaK    Inn,  nidcd,  and 
iMve  beea  loQg  known  as  magnetic  metab, 
die  aeeoad  ia  ftr  inferior  in  power  to 
Tb  tfaaae  netala  Faiaday  has  added  the 
paOadinmi  titan  niwii  nian'^ 
Awaiiiiini,  aad  periiaps  oemimn. 
cf  theae  aia  iafened  to  be  magnetic  from 
obamfatieu  of  their  actioas  hi  the  field  of 
wMe  the  diaracter  of  others  lias  been  de* 
l^  tiie  actioDi  of  tiicir  cdiemical  corn- 
rest  of  tiie  metala  appear  to  be 
iatiw  onmmon  senaeof  tlietenn. 
an  fcand  to  be  aO  snl^jeet  to  the  induence 
teoe,  aad  th^  pndnce  the  same 
and  tlM  other  dia- 
tow     The  repnUve 
on  the  diamagnetie  metals 
degnss.-  Some  of  the  metala, 
are  inferior  as  diamag- 
tDwatv;  and  with  tiie  exceptions  of 
bisBratfa,  they  are  aU  inferior  to 
Tlie  last  menUunsd  metal  has  been 
by  Farsday  as  one  of  the  best  sob- 
fer  tiie  axhibitidn  of  the  entire  diamag- 
ef  the  aifffhanlwil  kind.    The 
ef  the  Taiions  eamponnds  of  the  metals 
haa  been  studied  with 
We  may  merely  state  the  gene- 
■s  been  arrived  at  upon  this 
bya^vf  cxtensire  hiduction ;— that  the 

the  decidedly  diamag- 

their  magnetic  chaiacten 

alt  dianges  of  mixture  and  diemieal 

solation.    .By  inference  ihxm 

\  Faraday  baa  dateiiiiined  the  magnetic 

of  aoaae  of  the  metala,  wfaoee  indications 

fleld  oonld  not  be  depended  upon. 

and  faadlly  be  obaenred  that  it  is  not  meant 

it,  that  a  solution  of  salt 

example^  will  act  evktently  under 

la  the  aaaae  way  §b  iron  itself 

it  may  or  may  not  so  act  according  to 

Tke  magwirifl  actloa  of  a  ndx* 
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tore  or  diendeal  compound  of  diflferant  matters  is 
the  resultant  of  the  actions  of  all  its  constituent 
psrts;  and  the  law  is,  that  the  action  of  each 
part  is  proper  in  kind  and  quantity  to  the  part 
itself^  and  independent  of  the  drcnmstanoes  of 
mixture  and  chemical  compoeltion  into  which  the 
part  may  enter.    A  solution  of  iron  then  will  be 
magnetic  or  diamagnetie  according  to  the  strength 
of  the  solution,  that  is,  according  to  the  propor- 
tion of  water  or  other  diamagnetie  matter  with 
which  it  is  diluted.    It  is  interesting  to  obeerre 
generally  in  this  connection  that  the  magnetic 
and  diamagnetie  properties  of  the  parts  oi  any 
mixed  body,  while  they  oppose  each  other  in 
theb  effbots,  appear  to  interfere  in  no  degree  witii 
each  other  in  their  proper  actions.    The  delicacy 
of  the  experimental  researches  that  have  been 
conducted  in  this  field  is  well  illustrated  by  the 
phenomena  of  mixed  bodies.    Glass  in  a  pure 
state  is  endentiy  diamagnetie,  but  in  the  com- 
mon ibrms  of  green-bottle  and  crown  it  is  as 
OTidentiy  magnetic,  in  virtue  of  the  small  quan- 
tity of  iron  present  in  its  mass.    Wood  in  a  pure 
state  is.diamagttetic ;  but  to  obtain  a  chip  that 
will  conduct  itself  as  a  magnetic  body  we  have 
only  to  detach  it  with  a  common  knife.    Com- 
mon paper  again  has  been  sometimes  found  to 
poeseos  magnetic  propertieB;  and  the  fact  haa 
been  explabed  by  tiie  contact  of  iron  with  the 
paper  in  the  process  of  manufectnre.     In  the 
previous  part  of  this  article,  bodies  have  been 
eonsidcred  in  their  magnetic  relations  without 
referenoe  to  the  emoeiopuig  matUr^  and  they  have 
been  spoken  of  as  absolutely  magnetic  or  diamag- 
netie.   This  view  has  preserved  us  from  unne- 
cessary complication  in  the  statement  of  elemen- 
tary £uts,  but  it  now  requires  an  important 
correction.    The  conduct  of  a  body  in  the  mag- 
netic field  depends  as  much  in  £eu^  upon  the 
nature  of  the  enveloping  matter  as  upon  the 
nature  of  the  body  itselfl    As  a  simple  instance: 
^-tbera  are  certain  substances  which  set  equato- 
rially  and  are  repelled  in  air,  while  in  water 
they  set  axially  and  are  attracted;    in  other 
teems,  they  act  as  diamagnetka  in  a  magnetic 
field  which  is  occupied  by  air,  while,  in  the  same 
part  of  a  precisely  similar  field  whidi  is  occupied 
by  water,  they  act  as  magnetics.    Phenomena  of 
the  same  kind  are  presented  by  other  media. 
There   are  certain  remarkable  expeximenta  of 
Faraday's  that  are  worthy  of  notice  in  this  con- 
nection.   Glass  tubes  were  filled  with  solutions 
of  iron  of  difierent  strengths,  and  were  hennetl- 
cally  sealed.    Vessels  were  also  filled  with  the 
eolations,  and  placed  successively  in  the  magnetic 
fiekL    The  tid)es  in  succession  were  immersed 
moveably  in  the  vesseb  when  occupying  the  fidd 
offeree ;  and  though  aU  the  tubes  were  magnetic 
th^  sometimes  pointed  equatorially.    The  phe- 
nomena presented  this  constant  law ; — that  if  the 
solution  in  the  tube  were  stronger  than  that 
whidi  enveloped  it,  the  tube  conducted  itself  as 
a  magnetio  body;  if  on  the  otlier  hand,  the  ia- 


186 


DU  DIA 

tonal  aolufion  were  the  wealnr,  tbe  tabe'  -wbb  t  drde  becomes  invisible,  and  measnras  the  db- 
repelled  end  directed  eqnAtorially,  and  oonld  be 


distingnished  in  no  way  firom  a  diamagnetie. 
These  facts  have  an  evident  bearing  npon  the 
natoxe  of  the  distinction  between  ladies  as  mag- 
netie  and  diamagnetie.  But  we  consider  them 
at  present  merely  with  an  inductive  view,  and 
without  reference  to  theoretical  questions  that 
may  be  raised  in  connection  with  tliem.  From 
the  above  statements  it  b  evident,  that  we  cannot 
properly  speak  of  a  body  as  magnetic  or  diamag- 
netie without  leferenoe  to  the  medium  in  which  it 
is  placed.  Bnt  in  practice  we  can  dispense  with 
the  reference  without  any  danger  of  mistalie,  by 
agreeing  that  where  no  medium  is  mentioned  the 
air  is  understood.  After  this,  the  action  of  media 
as  ikr  as  determined  may  be  easily  described.  A 
magnetic  body  wiU  act  as  a  magnetic  in  every 
diamagnetie  medium,  and  in  every  medium  of 
less  magnetic  power  than  itself,  but  as  a  diaraag^ 
netic  in  every  medium  of  greater  magnetic  power. 
A  diamagnetie  will  act  as  a  diamagnetie  in  every 
magnetic  medium,  and  in  every  medium  of  less 
diamagnetie  power  than  itself;  but  as  a  mag- 
netic in  eveiy  medium  of  greater  diamagnetie 
power  than  itseUl  In  condusion,  we  may  ob- 
serve, that  these  and  other  fitcts  are  powerfiilly 
in  favour  of  the  idea,  that  bodies  difler  firom  one 
another  as  magnetic  and  diamagnetie  only  in 
virtue  of  the  diflbrmce  of  degrees  in  which  they 
possess  tlie  one  common  magnetic  property.  And 
that  tlierefore  a  mass  of  bismuth  or  heavy  glass 
recedes  ftom  the  magnetic  pole,  not  because  of  a 
repulsive  action  of  the  pole  upon  the  diamagnetie, 
bnt  because  of  a  greater  attraction  exerted  upon 
the  surrounding  medium :  Just  as  smoke  ascends 
In  air,  and  light  solids  in  water,  in  oppodtioa  to 
the  proper  attractions  exerted  npon  them.  This 
view  was  stated  by  Faraday  as  probably  the 
true  one,  in  connection  with  his  singular  experi- 
ments on  solutions  of  Iron  already  described; 
bnt  he  has  seen  reason  to  question  it,  and  to 
speak  of  the  movements  of  dJamagnetics  in  the 
ftdd  of  force  as  due  to  a  proper  repulsive  action 
'  of  the  poles,  an  action  therefore  entirely  different 
ftom  the  common  and  long-known  action  of  mag- 
netic fioroe.  Whatever  view  be  taken  upon  this 
point,  there  can  be  only  one  opinion  as  to  the 
importanoe  of  the  discovery  of  **  the  new  mag- 
netic condition."  Magnetic  science  has  received 
fixHn  it  a  very  great  extension.  Those  subde 
fioiees  that  were  formerly  known  only  as  exerted 
npon  iron  and  two  otiir  metals  are  now  rsoog- 
nized  as  acting  eflfectively  npon  all  bodies,  and 
M  exercising,  in  all  probability  most  important 
Ihnctions  in  various  departments  9f  the  great 
•jrstem  of  nature^ 

l^lapluittoiiieicrw  An  instrament  proposed 
and  employed  by  Saussure  for  measuring  the- 
transparency  of  the  air.  It  consisted  of  a  num- 
ber of  circles  of  diil^nt  diameters  drawn  on 
while  grounds.  Having  placed  these  beside 
each  other,  the  observer  recedes  antO  the  smaller 


tanee.  Then  be  recedes  until 
becomes  likewise  invisible,  and  again 
the  distance.  If  the  air  be  perfectly 
these  distances  ought  to  be  exactly  proportioaai 
to  the  diameters  of  the  circles;  if  they  are  not, 
the  difference  is  due  to  the  absorption  of  tiis 
luminous  rays,  or  to  the  imperfect  taampanoBf 
of  tiie  atmosphere. 
l^iaplMUBMu.     Transparent    See  Tbav»- 

PARBMCT. 

Beferenoe  has  already  been  made  to 
the  phenomena  indicated  by  the  foRgoiflg 
terms,  in  article  ABSORPnoir.  The  Inquirer 
who  first  carefully  surveyed  them  was  HeOooL 
Desiring  to  ascertain  according  to  what  laws  ra- 
diant heat  either  passes  through  different  bodies, 
or  is  absorbed  by  them,  thfo  pMosopher  fint  in- 
vestigated how  much  of  the  incident  heat  «m 
neither  radiated  nor  absorbed,  bnt  Tqjeeled  or 
sent  back  by  way  of  r^exum.  This— 4t  tnns 
out^-wbatever  be  the  plate  on  which  it  ftll% 
is  ^  of  the  whole;  so  that  of  100  rays  fellfaig 
on  the  plate,  onlv  92*8  require  to  be 
for  by  transmisBion  and  absorption, 
liminaiy  established,  MeUoni  proceeded  to  efrolv^ 
by  a  long  and  elaborate  series  of  ingenioos 
periments,  how  far  the  transmisrion  of 
heat,  through  plates,  Is  affected  by  the 
of  the  plate,  by  its  tkieknettf  and  by  the  sswcs, 
and  degree  of  the  heat  incident  on  i,  Diifatnt 
substances  vary  exceedingly  in  thek  power  to 
transmit  radiant  heat;  for  instance,  rodk  aak 
transmits  the  whole;  ahm^  scarcely  any  rays; 
black  jfbMj  and  tmcM  fuar%  transmit  abnn- 
dantiy,  notwithstanding  their  opacity.  In 
general,  the  quantity  transmitted  varies  with 
the  thickness  of  the  plate ;  bnt  this  only  up  to  a 
certain  limit ;  for  after  t!he  plate  has  readied  a 
certain  thickness,  that  thickness  may  be  further 
increased  without  lessening  the  amount  of  trans- 
mitted heat.  Thu  amount  varies  also  with  tlw 
temperature  of  the  source  of  the  ravv:  aooreea 
of  V>w  tempenture appealing  teoonlain  aamalkr 
proportion  of  transmissible  rays:  and  Mdloni 
has  reached  the  further  and  definite  eondnsioB, 
that  the  kaet  r^framgiUe  eahr^  myt  of  lis 
tolar  tpeetrum  are  Uhewke  the  leaei  trammituhk. 
These  phenomena,  regarded  as  a  wheJe,  manl- 
fBsdy  point  to  the  conclusion,  that  the  action  of 
bodies  in  transmitting  heat,  is  quite  anaiogoas 
to  the  action  of  tnnsparsnt  or  coloured  uMdia 
in  transmitting  UghL  The  characteiistie  eC 
coloured  media,  in  this  respect,  is,  that  they 
exert  an  absorbing  power,  by  preferanoe,  over  a 
certain  colour:  for  instance,  If  a  ^taaa  plata  per- 
mits the  red  rays  only  to  pass,  another  stntilsr 
plate,  behmd  it,  wiU  not  absorb  the  ray  trans- 
mitted by  the  first,  whilst  a  violrt  plate  would 
impede  or  absorb  the  whole  of  it;  or,  If  the 
ooloared  plate,  instead  of  transmitting  a  aimpls 
ray,  transmitted,  a  oompoond  tint,  the  nsolCa  of 
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of  aa  additional  plate  would  be 
altfacngfa  aaalyaed  with  aome 
DOW   tba   phenomena  in 
ladiant  heat  has  passed 
thkhnfas  of  anj  sabstance 
it,  the  heat  becomes 
in  idation  to  tliat  sab- 
;  not  only  does  the  ray  travene  it  more 
bai  it  ii  not  anbject  to  anv  fnither  ab- 
as tho  part  of  the  same  snbstanoa.    If, 
cond  anbetanoe  be  bionght  to  act 
has  Itei  wummtii^  quite  a  different 
;  vock  crystal,  for  instance,  acts  in 
beat  tfaatt  Ima  passed  throagh  glaae, 
if  tha  beat  waa  in  its  nataral  state,  or 
at  all;  that  is,  it  absorbs  a 
of  it.     Glass  acts  in  the  same  way 
tbat  baa  passed  throagh  rwik  crystal: 
tharefim,  are  qnite  in  the 
peahion  with  icgaid  to  radiant  heat,  as  two 
eolonad  glasses  are,  with  regard  to 
Kov«  it  is  this  peculiar  property  of 
psopeity  enabling  them  to  sefecf, 
tbe  dements  of  the  ivy  of  beat  wliich 
to  absorb)  that  Meikmi  designates  as 
;  OTf  sa  he  rather  might  luTe 
it»  tbor  tkfommqf:  the  snbstanoes  thus 

snbstanccs;  and  the 

mndifiHl  by  the  action  of  snch  substances 

to  have  been  Iftanaomsetf  with  respect  to 

Bock  salt,  lor  falstanc^  is  dia/AenaofKMw, 

because  it  transmits  all 

and  the  heat  which  passes 

It  Is  not  tfcerwgiueJ,  Imt  natural  heat, 

an  its  origiaal  elements. — ^As  to  the 

of  dUfaant  aoarces  of  heat,  it  most  be 

In  mind  that  arery  sonroe  does  not  neces- 

aU  ths  elements  of  natural  heat; 

aa^oa  are  odioared  flames,  there  probably 

af  mffiant  heat  whidi  send  oat 

imat,  a  heat   already  ikmumiMed: 

it  be  conduded  that  tha  degree  of 

of  the  sonroe,  neoeasarily  deter- 

its  beat  contains  fewer  absorbable 

Msi&oai  has  recently  establisbed  that 

properiy  smoked  by  the  flame  of  a 

a  proporUun  of  heat  which  is 

b^gber  the  temperature  of  its  souroa 

A  body  that  transmits 

if  it  traoamits  nonei 

Tbe  optical  phenomenon  thus 
Is  pacBJiar  and  complex.    It  may  be 
ilfiiH'^  as  fcUows. — ETsry  cokrared 
erptal  on  which  a  vertical 
islls^  may  be  considered  9B  pennittlng 
pass  thfongb  it,  la  the  JbrH  place,  a  certam 
af  coloand  tight,  ao<  polanMd;  which 
freely  in  aU  directioDs,  without 
to  t^e  optical  axis,  or  axes  of  the  crys- 
ttV— <ha  Cfjttal  acting  in  regard  to  it  mudi 
n^  odier  aolownd  medium ;  and  in  tbe 
~    qnaotity  cf  light  polaiw 
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ized  according  to  Biot*s  law  for  biaxial  cryBtal& 
This  latter  quantity  of  light  being  necenarily 
variable,  according  as  one  transmits  polarized 
light  through  the  crystal  or  analyzes  that  light 
transmitted  by  a  doubly  refracting  apparatus, 
there  results — when  the  variable  light  is  itself 
coloioned — a  numerous  series  of  sb'ades  of  colour ; 
from  that  of  tbe  non-polarized  light  when  it 
passes  alone,  to  that  formed  by  the  mixture  of 
the  colour  of  the  non-polarized  light  with  the 
colour  of  the  whole  polarized  light  If  attention 
is  paid  to  these  extreme  shades  only,  the  phe- 
nomenon is  termed  dichroitm:  but  as  there  are 
many  Intervening  shades,  every  doubly  refracting 
coloured  crystal  with  one  or  two  axes,  maniftsts 
a  veritable  poljfchroitm, 

IMehroecopIo  JMIcrwacope.     See  HiCRO- 

800PB. 

Dielectvic.  Any  substance  through  or  across 
which  the  electric  forces  are  acting.  Thus,  the 
air  between  two  electrified  surikces  is  a  dielectric, 
the  wall  of  a  charged  Leyden  jar,  and  the  insu- 
lating plate  of  a  charged  condenser  are  also  die- 
lectrics; for  tbe  electric  forces  act  through  these 
substances,  and  produce  sensible  effects  at  tbeir 
terminating  snrfaces.  The  importance  of  the 
functions  of  the  dielectric  in  all  the  electric 
actions  is  the  most  distinguishing  i^ture  of 
Faraday's  Theory  as  contrasted  with  the  old 
Theory  of  Electric  Fluids.  Thus,  in  explana- 
tion of  the  inductive  action  of  one  charged  con- 
ductor upon  another,  the  didectric  was  altogether 
ignored  in  the  old  theory,  except  as  insulating 
tibe  fluids  and  as  occupying  a  certain  extent  of 
space.  Faraday  on  the  other  hand  explains  the 
ordinary  inductive  action  by  the  supposition  of  a 
system  of  actions  among  the  particles  of  the 
matter  that  lies  beween  the  chaiged  surfooes. 
In  this  way  the  dielectric  becomes  of  essential 
importance  in  explanation  of  the  entire  pheno- 
mena of  induction.  Further,  he  regards  the 
peculiar  inductive  state  of  the  particles  of  the 
dielectric  as  an  essential  condition  of  charge 
itself.  It  will  be  evident  that  if  these  supposi- 
tions are  true,  the  didectric  has  an  active  influ- 
ence of  the  most  essential  kind  in  all  the  actiona 
of  conduction  and  disdiarge.  So  that,  In  short, 
whenever  we  have  charge  or  discharge  in  any 
form  and  in  any  intensity,  tbe  action  of  the  di- 
electric is  supposed  to  enter  as  an  essential  con- 
dition of  the  phenomena.  These  ideas  are  simply 
suggested  and  powerfully  supported  by  experi- 
ment; and  if  they  have  the  disadvantage  of 
vagueness,  it  is  because  they  are  not  more  ddSnite 
than  sound  reasoning  firom  existing  experimental 
data  would  warrant.  They  have  the  great  merit 
of  linking  together  the  varied  phenomena  of 
electridty  in  a  harmonious  whole,  and  of  thus 
fulfilling,  to  a  certain  extent,  the  principal  office 
of  a  Theory.  For  a  statement  of  theee  theoreti- 
cal points,  and  for  a  description  of  the  specific 
properties  of  didectrics,  see  iMuucnosr. 

I^UTcvcacai  IMiTercMoaat  C^icsilaa  •! 
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Flalte  DMdmmcm.  The  simple  maeonig  of 
the  arithmetical  word  (2if^%renc0, — ^viz.:  the  ex- 
cesB  of  a  laiger  qoantity  over  a  smaller-^is  vir- 
tually lost,  in  reference  to  the  same  tenn,  when 
lued  in  the  higlier  brandieB  of  the  Mathematical 
Analysis.  We  shall  attempt  veiy  briefly  to 
convey  some  notion  of  its  natoie  and  compre- 
hensiveness, as  thns  employed.  Suppose  that 
any  series  of  nombers  e:d8t8,  whose  tenns,  how- 
ever izregolar  they  may  appear,  are  held  together 
by  a  certain  law, — the  character  of  that  law 
will  evince  itself  by  the  fact,  that  if  the  diffisrenoes 
of  the  nambers  be  first  taken,  the  difierenoes  of 
these  di£brences  next,  tlien  the  differences  of 
tliese  second  differences,  &c.,  we  shall  arrive  at  a 
teim  or  order  of  diffsrences  whose  diffarence  is 
0.  For  instanoB,  take  the  fbllowing  nombers, 
and  find  the  snccessive  difbrences : — 

Series. 4S   47   »    61    71    68,ftc. 

FlntdlfliBreDoe.....    4     6     8    10    IS 
Second  differeooe..       2     9     3a 
Third  difference...  0     0     0 

Kow,  the  nature  of  the  law  of  the  series  written 
down  above  is  expressed  by  the  &ct  tliat  its 
third  differences  are  Zero:  and  the  terms  of  any 
aeries  or  set  of  nnmbers  may  be  calcnlated,  if  we 
know  the  first  term  and  a  few  characteristic 
facts  regarding  their  difierences.  In  the  series 
jnst  written  down,  it  would  snfflce  to  know  the 
terms  48,  4,  2,  and  0,  to  enable  any  one  to  write 
ont  the  whole  apparently  iiregolar  series.  It  is 
on  the  gnmnd  of  tiiis  principle  that  B£r.  Babbage's 
Hadiine,  and  all  others  of  a  like  kind,  can  com- 
pute extensive  tables,  such  as  tables  of  Lo- 
garithms (see  Enoiri,  Galculatiro).  —  The 
whole  of  this  snlirlect  has  grown  into  the  Cal- 
aUui  qf  Fuute  Differmcei,  an  important  and 
elaborate  branch  of  the  modem  Anislysis ;  first 
proposed  by  Dr.  Bnx^  Taylor,  under  the  name 
of  the  Method  of  Incremmtt,  Of  coune,  it  is 
impossible  to  enter  here,  on  consideration  of  the 
processes  of  this  Calculus;  but  a  few  remarks 
are  needed  to  enable  the  student  to  distinguish 
it  clearly  ftom  that  true  Transcendental  AniJysis 
— ^viz.  the  method  of  It^fimletimab.  It  is  not 
possible  to  regard  the  method  of  Finite  difierences 
as  at  all  rdaied  to  the  great  conception  of  Leib- 
nitz. The  fondamental  conception  of  Taylor  is 
the  following — ^viz. :  it  is  required  to  detect  what 
changes  will  pass  on  a  function,  if  to  its  variable 
a  d^mite  maremeni  be  added.  Now,  this 
definite  increment  can  difo  ih>m  the  original 
variable  only  in  relative  magnitude :  it  is  a 
quantity  altogether  qf  the  tame  eori  at  the 
V€triable ;  and  it  is  difficult  to  see  in  what  way — 
by  taking  t^  as  an  intennediate  quantity — we 
can  establish  equations  that  define  the  variable, 
more  easily,  than  might  be  done  by  working  with 
the  variable  itself.  The  immense  fedlity,  and 
therefore  the  immense  advantage  of  the  Tran- 
scendental Calculus,  lies  in  the  very  feet,  that 
the  increments  employed  aie  quantities  differing 
ta  nature  from  the  origimU  variable — ^that,  in 
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feet,  they  are  ufitUeumabi  and  therebie  On 
we  can  neglect  higher  powers  of  them  ineon- 
parison  with  lower  powers,  and  higher  ^Ar- 
entials  in  comparison  with  lower  ones,  witfaom^ 
as  has  been  shown  (see  Calculus),  endan- 
gering the  aocuiacy  of  the  equatioo.  La- 
grange has  pointed  out  tliis  radical  dJatJnctiaB, 
with  the  power  usual  to  him :  and  he  has  sibown 
that  the  pretended  analogy  sometimeB  siswilwl 
between  the  Cakuhu  of  V^eremoee  and  tiis 
If^initetimal  Caleubitj  has  therafore  no  existence; 
and  that  formula  of  the  foruMr  calcalnn  can 
never  furnish,  at  mere  pariiaUar  ooiet,  fermufas 
belonging  to  the  latter,  seeing  that  their  natme 
is  essentially  distinct— But  tiiough  the  Calcnlss 
of  Finite  Differences  has  thus  no  pmUwMJnn  Id 
take  rsnk  with  the  Infinitesimal  Calculns^  and 
is  comparatively  powerless  in  the  fidd  of  the 
triumphs  of  the  latter,  it  is  impoeeible  to  over- 
look its  grasp  and  importance  as  a  branch  ef 
pure  Alg^ra.  Of  the  whole  doctrine  of  Seriet^ 
it  is  undisputed  Master ;  and  it  haa  given  birth 
to  the  superb  Theory  ofGeneraimg  F^metiom  ef 
I^iplace.  We  also  owe  to  it  that  valnabfe 
theory  of  Periodic  and  Ditcontimaomt  F^metiam, 
first  introduced  by  Euler,  and  afterwards  ao 
greatiy  advanced  by  Fouiier.    See  FuMcnon. 

I>Urc»eMttel$  Dcrinuive}  FIsoimB.  See 
Caloulus. 

DlttMiclton  •£  lilghti  laflexlMs.  The 
very  remaricable  and  puzzling  phenomena  de- 
signated by  the  foregoing  terms,  have  been  kmnm 
since  the  time  of  Grimaldi,  who  also  mads  As 
earliest  attempt  to  explain  them,  in  1665.  Th^ 
consist  of  cnrions  appearances  connected  with  tiis 
shadows  of  opaque  obgects,  when  these  are  |daeed 
within  rays  diveiging  firom  a  simple  line  or  point 
For  instance,  if  a  small  lens  or  burning  ^aas  of 
short  focus  be  fitted  into  a  hole  in  a  shntter,  it 
will  concentrate  the  light  passing  through  it, 
in  a  bright  point;  and  fipom  that  point  rays  will 
diverge  through  the  dark  room.  An  opaque 
object  placed  within  these  rays  will,  of  comas, 
cast  a  shadow,  on  any  screen ;  but  instead  of 
the  real  shadow  correspondmg  with  what  may 
be  termed  the  ffeomelrioal  one,  its  edge  will  be 
found  quite  indefinite,— certain  onrioins  tints  in 
the  form  of  fnmQet  of  odour,  or  of  alternating 
dark  and  light,  extending  to  some  distance  and 
running  parallel  to  that  edge.  Theae  cnrions 
^>pearances  were  attributed  by  Newtoi\  (who 
held  that  theory  of  light  known  as  the  TAeory  ^ 
Emittion^)  to  certain  molecular  attractions  ai^ 
repulsions  between  the  matter  of  the  rays,  and 
the  edge  of  the  opaque  body :  but,  irrespective  of 
minor,  although  decisive  objections,  the  feDow- 
ing  classical  experiment  of  Fresnel*s— by  which 
appearances  of  the  tame  nature^  are  produced 
under  drcumstances  totally  dififerent — gave  this 
explanation  its  death-blow.  Having  arranged 
a  lens,  a,  so  that  nys  of  light  concentrated  at 
its  focus,  might  thence  diveige  into  a  dsik 
room,  he  plao^  opposite  to  it  two  plane  metallfc 
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^hM  M  and  ■*,  la  ^  wij  ibown  in  Kg.  1. 
Ttsi^non,  oa  raovrhigtlM  nyi  vo  and  rH, 
Nteilkna  downwud*  aloog  ob  utd  HB,n 
itnilij  ■rtwiil  iiiinurr  l-'--r~'—  — "•" 


D  eiidi  (ida  of  the 
brifkt'bHd  >.  At  aibort  diiUiioe,  ■  i,  tbm 
to  a  ^1*  toirf ;  irrata  whkb  vc  flnd  u- 
«(kv  b%ht  te^  a^  >■{  bajDOd  Hut  tgiin  ■ 
MB^iA  dvk  band  a'a^,  and  00  od  in  ngular  altar- 
aad^  ta  a  -"***—■>■'-  dittin™  ban  tlie  oenlnl 
tad  ■.   ShaaldaoaottlmemimnlMobKiirHi, 
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txpcrinHotal  DODflnnatlui  of  th«  qipanollr 
pandoiical  maxim,  that  Ugtt  added  to  tight  maf 
'  Ks  darhuit.  But  aa  tliii  curicnu  filiigiDg 
iblea,  In  almost  avgrjrtliliig,  the  phenomoia 
•tUudlng  tlu  edgs  of  (Im  gmMlrical  aliadinraf 
•n  opaque  body,  and  ai  do  hypotliedi  of  mde- 
enlai  attnctkma  and  npnUnm  can  axpl^n  the 
e^mimait  of  Frond,  U  ia  eleai  that  atich 
bjpothcMS  mart  be  abuidi»Md  in  like  baatt 
tttt  abo. — Both  theaa  exparimeDla  are  ex- 
tnauij  aimplc^  and  may  leadUy  be  peifbtmad 
by  the  Awiattm:  One  explanatory  ramaA, 
bowew,  fa  naoeaBuy.  To  obtain  allonate 
dark  and  bright  Mcges,  the  light  emcentraled 
by  the  laoa,  must  be  liomagtiHout  light,  ta.  it 
mut  conaiat  of  rayi  of  ana  kind  only.  The 
ordiiuiy  while  light  of  the  ton  la  not  rimple 
U^t,  bat  a  aheaf  of  aeveai  diflinnt  elememtary 
raya,  only  one  nt  which — *.ff.  the  red  ray — 
moat  be  amployed,  if  the  faTqp>lDg  pan  tfSuA  is 
deairad.  Shoald  the  otnal,  or  eompoalta  beam 
be  made  nae  (4  the  letulla  will  be  Iband  modi 
watt  complex,  althm^  Hkewiae  modi  nun 
brilliant.  By  the  pnxHe  whith  oiigiaaUs  the 
fHngv,  the  while  beam  (ass  ialmr)  fa  dtmoi- 

btnda,   a  aocceedon  of  floe  ^peefra  appean  on 
each  tide  of  the  cential  band  b.  In  Fnnial^  eX' 


edge  of  the  ihadow,  in  the  otlur  caas.  Nottdng 
can  weU  exceed  the  beaaty  of  ths  appeaiancea 
frequently  erolved  by  thia  dcaximpotitioa.  Take, 
for  inatanca,  the  case  ao  profbondly  analysed  by 
Fraosihofa'.  If  a  ray  of  oidinary  solar  Ij^t 
be  Innamitlad  through  a  wdtw  tiU,  and 
examined  by  a  talesoope  ai^iistad  to  dlatinct 
viuon  of  the  slit,  the  phenomma  indicated  by 
flg.  S,  Immediately  declare  thamadTn.  The 
■lit  A  appean  hi  the  middle,  of  a  white  light, 
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a  parbctly  ddned  and  ebon.    Ad    Ac — These  and  all  other  pecoUailUee  bare  been 

<k  band,  T  T*.  li<e  on  each  aide  af  ftilly  explajoed  by  ttie  gsienl  theory  whoae 

Beyood  this.  ^^matiicaHy  diq>oaed,    onlllDee  we  shall  now  endnvosr,  ondar  a  tew 

(1.)  DigToeiioii;  the  CoHral  PriadpU  o» 
nUci  U  Dqitmdi.—Tha  VnAJaUry  oc  Wart 
Theory  ^L^ht,  and  that  special  conaequHKe  of 
11— the  principle  ti  Inler/irmee,  wiH  ba  treated 
at  large  nnd«  sereral  appropriate  artlcka. 
HeTCTtbdcaa,  the  Rider  muat  at  preaent  have 
clearly  in  view  tbe  natnre  of  that  Theory,  as 
well  aa  of  the  principle  of  Intsfemxfl.  Acoord- 
ing  to  accqiled  opinjona,  Ugfat  is  not  piDpigated 
)>y  partfdea  emitted  ftom  the  lominons  body,  at 
extraTagant  speed ;  but — aa  Sound  la  piopagaUd 
—by  wares  exdled  In  a  highly  eUatlc  meSom, 
by  the  luninUtaoiis  body.    To  use  an  iUntio- 


wiil^  b^C  at  ■,  and  tbe  reit  at  o.  Another 
dak  IsMral  suiisaili ;  afta-  which  we  have  a 
asBi^M  of  qMCtra,  b'  C,  Ac— eD,  Uke  the  fliit, 
las^  te  Tkkt  Dontst  tbe  iUI ;  only,  the  mf 
if  Ifa  iiiiiiMlnnirtnini  m — '-p-"--  --'-■-'  the 
aH;  miioea  wilh  IIm  JbirtM,  ontQ  (hs  phe- 
'M  away.  Tboaa  ^edsl  dark 
•r  (f.v.f  are  taasd  in  all  iptdra 


aftnd  ThsfcDowlng  appean  tobealawj- 
^tew  M*  i|m-^  Hoe  w,  its  tflstanee  r"A  in 
^mcemi  soeetram,  fintn  the fmiga  of  tbe  silt 
a  httMaafr'At  and  f"a  Is  triple  of  ra; 
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tion,  more  palpable  and  expressive  perhaps,  than 
rigorously  apij — nnless  the  sar&oe  of  this  sap- 
posed  dastic  ethereal  ocean,  be  agitated,  or  in  a 
wave  state,  it  does  not  communicate  to  our 
human  organs  the  sensation  of  light  Let  that 
snifaoe  be  smooth — from  whatever  canse — and, 
to.  our  eye,  there  is  darkness.  Now,  the  surface 
of  an  ooean  may  be  smooth  fiY>m  two  causes : 
either  because  it  is  agitated  by  no  e3rstem  of 
waves  wliatsoever;  or  because  two  systems  of 
waves  course  along  it,  so  related,  that  the  cretit 
of  the  one  system  always  coincide  with  orJUl  vp 
the  trovghs  of  the  other.  Imagine  two  systems 
of  waves  propagated  throngh  an  elastic  medium 
fix)m  two  different  points.  If  these  points  are  so 
placed,  that  lights  from  them  reach  a  third 
point,  either  in  the  same  time,  or  at  times  differ- 
ing from  each  other  by  one  length  of  an  undu- 
lation, or  two  lengths,  or  throe  lengths,  &c; — 
then,  two  wave  crests  must  always  reach  that 
third  point  at  the  same  momsnt,  and  the  result 
most  be  double  light:  but  if  thefar  relations  in 
space  are  sudi,  tiiat  lights  from  them  shall 
reach  the  said  point,  at  times  differing  by  one- 
half  an  undulation,  or  by  an  undulation  and  a- 
half,  or  two  undulations  and  a-half,  &c.,— their 
eretta  and  troughs  wtU  always  arrive  there 
together,  and  the  two  Ughtt  muti  produce 
dearknees.  In  the  latter  case,  the  two  lights  or 
systems  of  waves^  would  evidently  interfere 
with  or  neutralize  each  other;  and  their  lumi- 
nil^us  energy  would  be  ful — Having  cauglit 
firm  hold  of  these  principles,  let  us  return  to 
Fresnd's  experiment,  and  the  diagram,  fig.  1. 
The  complexity  arising  fh>m  intermediate  action 
by  the  two  mirrors  may  be  got  rid  of,  in  this 
wise :  their  acts  of  reflexion  have  no  other  mean- 
ing than  that  they  send  light  to  the  spaces  in 
front  of  them,  exactly  as  it  would  have  been 
sent,  had  it  been  propagated  by  the  two  points 
p  and  p' — ^the  two  images  of  the  bright  focal 
point  F.  Suppose  then,  waves  of  light  propa- 
gated downwards  firom  p  and  p',  and  let  the 
crests  of  these  waves  be  represented  by  the  dark 
circular  lines  below,  while  their  troitghs  are 
indicated  by  the  intermediate  dotted  lines.  Bi- 
fleeting  p  p'  in  H,  and  drawing  l  i/  perpendicular 
to  pp',  we  shall  have  a  line  ll',  along  wbicli,  it 
is  very  dear  that  crest  must  always  meet  crest^ 
and  trough  meet  trough,  because  every  point  in 
it,  is  equidistant  from  p  and  p'.  Through  the 
point  B  therefore  a  bright  band  must  pass.  Take, 
on  the  other  hand,  a  point,  s,  on  either  side  of  b, 
where,  as  marked  in  the  diagram,  crest  meets 
trough, — in  other  words,  where,  p  s — r's,  is  equal 
to  one-half  of  an  undulation, — that  will  mark 
a  band,  or  fringe  of  interference  or  neutralization ; 
or  a  dark  fringe.  Inspection  of  the  diagram 
will  now  readily  convince  the  intelligent  reader, 
that  there  must  be  an  alternation  of  dark  and 
light  fHnges  on  either  side  of  b  ;  and  that  they 
must  diminish  in  distinctness,  if  they  are  received 
on   a  plane   satface. — ^The   foregoing  clearly 
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understood,  the  special  problems  of  di/raelm 
roodve  an  easy  solution. 

(2.)  Diffraction;  S^peckd  Phenomena  of,  mi 
£^pieial  Eaplanation. — ^So  soon  as  the  reader  has 
formed  a  distinct  conception  of  the  mode  of  pro- 
pagation by  waves,  and  of  the  notion  of  Inter- 
ference, he  will  discern  that  dislurbanoea  in  what 
may  be  termed  the  rectilineal  propagation  of 
light,  may  readily  oocnr  when  an  obatade  ef 
any  kind  is  placed  in  the  way  of  a  wave.  A 
slight  consideration  indeed  of  the  probable  eon- 
sequences  of  the  interposition  of  an  obstade  in 
front  of  a  wave  propagaUng  throngh  a  pool  of 
water,  can  scarcely  fail  to  suggest  the  reflection 
which  first  revealed  to  Dr.  Thomas  Youtg  the 
origin  of  the  phenomena  of  Dijjraetioin,  Instead, 
however,  of  resting  on  merdy  general  oonaideia- 
tions,  we  shall  at  once  expose  the  prindpk  that 
led  Fresnd  to  a  suflldent  and  comprehensive 
theory  of  the  details  of  the  sutgecL  ^Tks 
vibration  or  oscHlittion  existing  at  attg  point  of  m 
wave,  mag — according  to  the  Frendi  geometer— 
be  considered  as  the  resultant  or  the  sum  rfeM 
the  motibns  propagated  towards  it,  bg  eoerg  point 
of  the  wave  in  ang  antecedent  condition^*  In 
other  words,  if  f  be  the  Inminons  pdnt,  z  z  x' 
a  section  of  the  wave  at  any  moment,  — Ihs 
^dilation  or  vdodty  of  r 

the  point  p,  may  be  sop- 
posed  due  to  the  motions, 
or  velodtics  propagated 
towards  it  by  every  point 
in  the  wave  x  z  x'.  This 
fundamental  propontion  is 
self-evident  It  may  seem 
a  complex  and  artifidal 
statement  of  a  simplex, 
truth ;  but  it  is  the  mode 
of  putting  the  case  which  ' 
best  permits  of  the  actual 
consequences  being  de- 
duced. Further:  Fresnd 
saw  that  all  oonsidere- 
tion  of  the  effect  on  p,  of 
points  in  the  wave,  not 
in  the  immediate  netgh- 
bottrhood  of  z,  might  he 
dismissed  at  once.  Any  ^ 
set  of  remote  points  —  ng.  8. 

for  instance  a,  m,  c,  &c, 
may  always  be  taken  so,  that  thdr  aooeesdve 
distances  from  p  differ  by  half  an  undsdaHan:  on 
which  account  the  motion  produced  by  them,  cr 
the  waves  transmitted  by  them  to  p,  will  evi- 
dently neutralize  each  other  at  p,  or  produce  no 
positive  wave.  The  actual  oedllation  of  p  may 
therefore,  with  rigorous  accuracy,  be  referred 
soldy  to  the  oscillation  of  the  point  z,  and  of 
points  in  its  immediate  vicinity:  and  the  prac- 
tical question  ia,  in  what  manner  will  tfaw 
points — under  various  circumstanoes — act  u^ 
p  and  its  neighbourhood?  The  circamatancei 
with  which  we  are  now  concerned,  are  the  intei^ 
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IhBm  flf  olMtadtt  in  tiM  wmy  of  the  wwra,  or 
*e  oittii^  <rf^  in  mioas  manners,  of  the  action 
tf  cortaia  Bombera  of  die  points  near  z,  npon 
^>  I^  vs  treat  tlie  phenomena,  by 
them  faito  fluKi, — L  Imagine  a 
TC,  intvpond,  ao  that  the  yiboU  of  one 
■dB  of  the  ware  x  2  x'  be  faiteroepted  by  it 

It  is  plain  that  npon  any 
distant  point  p',  no  efibct 
win   thus  be   produced, 
because    Ite    oscillations 
■mat,  as  ire  liaye  seen, 
be  determined  by  the  os- 
cQlatioiis   of  the    points 
dose  to    the   nnafiected 
part  of  the  wave  at  z'. 
Fringes,  or  wltaterer  else 
.^^efaan  be  developed  by  the 
^    interposition  of  the  obs- 
tacle or  screen  y  z,  can- 
not therefore  extend  ikr 
firomp: — but  wliat  most 
be  tbs  condition  of  p«,  a 
point  quite  near  p?    This 
win    be    readily  vnder- 
stood  by  aid  of  our  next 
figorBk     Suppose  x  z  x', 
a    small  portion   of  the 
wttve    propagated    from 
-^  ^  t  — »  poitioii  so  small 

wtaDpeialaef  itactin  producing  the  oscOla- 
tim  if  p';  in  other  words,  in  illnminating  p. 
Let  tlM  total  action  of  one-half 
of  it  be  called  1 ;  then  the  whole 
light  reoeiTed  by  p,  or  the  total 
action  of  both  sides  of  the  wave, 
win  be  2.  N^giect  at  present 
the  action  of  the  side  xzf: 
and  aromd  p,  as  a  centre, 
with  Ibe  fadius  p  z,  describe  an 
are  s  K.  Next  talce  a  sst  of 
,  ^  points  B,  8,  b',  ff ,  Ac.,  so  placed 
<  that  BT,  bt',  b*!^,  *'t",  6e., 
^^  shall  represent  the  lengths  of 
half  an  mdolation,  a  whole  un- 
dolatioD,  an  undulation  and  a- 
halt  two  undulations,  &c  Two 
propositions  wiU  be  accepted  at 
oooe:— ^Srit,  that  z  b  most  be 
greater  tlian  B  a;  b  a  greater 
than  s  b';  s  b'  greater  than  b'  s', 
and  ao  on : — and,  tecondfy^  that 
while  the  action  npon  p,  of  the 
points  in  eyery  separate  arc, 
SB,  B  a,  a  Bi',  b'  G^,  &C.,  may 
i  aaeordi^,  the  action  of  the 
«  SB  MBit  be  dftseorAial  with  that  of  the 
■*  B  I;  B  •  discoidaat  with  the  arc  a  b'; 
•^  finrdant  with  w^,  4be.;— the  arcs  next 
Mb  sihcr  win  be  in  £soord^  while  alternate 
g*»<r  these  ssparste  from  eadi  other  by  an 
'■^■Mfiste  are,  wffl  be  In  oooortfaaoe,  in  ao 
^  M  Orir  aetioB  as  F  la  cooeecMd*    Mofe 
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I  definitely,  if  one  set  of  these  aeeordmg  are$ 
,  transmits  to  p  the  crest  of  a  wave,  the  oUier  set 
will,  at  the  same  moment,  transmit  a  trough, — 
The  total  eflbct  on  p,  or  the  condition  of  p  with 
regard  to  light,  most,  if  the  foregoing  considera- 
tion be  correct,  evidently  depend  on  the  difer- 
mce  of  the  sums  of  the  actions  of  the  two  sets  of 
accordant  arcs:  is.  one  set  of  actions — ^let  us 
say,  a  wave's  erest^  being  due  to  z  b,  a  b',  8'  b", 
&C.,  and  another  set  of  actions,  or  a  troughj  tOBS, 
b's',  b"b",  &C.,  the  actual  oscillation  of  p  wiU 
depend  on  th^  difftrenoe  of  the  two :  if  the  dif- 
ibrance  is  o,  p  wiU  be  at  rest:  if  the  former  set 
are  more  powerful,  p  will  be  in  crest,  and  if  the 
latter,  p  will  be  in  trough.    But  since,  as  we 
have  seen,  these  arcs  are  unequal  in  length— 
their  lengths  diminishing  as  they  recede  horn  z 
— although  the  sum  of  z  b,  8  b'<,  ftc.,  will  be 
greater  than  z  b  alone,  the  entire  sum  or  the 
amount  of  both  series,  must  be  less  than  z  b 
alone:~in  other  words,  the  action  of  the  entire 
are,  whidi  we  have  valued  at  1,  muti  he  fees 
iktm  tie  action  of  (fta  partial  are  zb.     The 
student  will  now  be  prepared  to  accept  the 
following  conclusions  —  (1.)   Should  a  screen 
intercept  the  whole  of  the  semi-undulation  z  x', 
the  point  p  would  be  acted  on,  or  illuminated  by 
the  semi-wave  xzf, — ie.  it  would  receive  the 
entire  light  developed  as  1. — (2.)  If  the  edge  of 
a  screen  is  pushed  inwards  as  far  as  b,  the  point 
p  win  rsceive  light  1,  and  the  light  also  finom 
z  B,  which,  as  we  have  seen,  is  tnore  than  1. 
The  entire  light  iUling  on  p  will  therefore  be 
more  than  2 ;  as  p  will  teem  brighter  than  \f  the 
screen  did  not  exist.— (8.)  If  the  screen  is  at  s, 
intercepting  ax',  the  light  received  by  p  will  be 
1  -|-  (z  B— B  b), — ^the  action  of  b  s  being  nega- 
tJM  or  dieeordani}  so  that  although  the  screen 
is  ftrther  from  it  than  before,  the  point  p  will 
appear  darker.     An   efiect  precisely  opposite 
must  follow  when  the  screen  is  removed  to  b'  : — 
in  short,  by  gnduaUy  withdrawing  the  screen, 
by  definite  intervals  or  steps,  the  point  p  may 
be  endowed  alternate^  with  a  greater  or  less 
amount  of  light,  than  it  would  have  if  the  screen 
did  not  exist    But  if  the  screen  be  supposed 
immovable,    and    the   point  p  to  change  its 
distance,  the  results  will  be  equivalent:  from 
which  it  follows,  that  beyond  the  geometrical 
shadow  of  any  opaque  body  or  screen,  there 
must  always  be  found  a  series  of  alternating 
dark  and  bright  lines  or  fringes,  parallel  to  the 
edge  oi  that  body; — ^which  fringes  are  the  first 
and  simplest  class  of  the  phenomena  of  diflVac- 
tion. — It  will  be  observed  that  the  explanation 
now  given  proceeds  on  the  supposition,  that  we 
are  dealing  throughout  with  the  same  sort  of 
undulations,  or  that  the  light  diffracted  is  homo- 
geneous.   If  the  light  be  not  homogeneous,  but, 
let  us  say,  the  ordinary  sheaf  of  rays  constituting 
the  solar  beam,  other  results  must  occur.    The 
position  of  the  altsmating  daric  and   bright 
points^  with  regard  to  the  point  p,  deariy  da- 
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pending  on  the  loagtti  of  the  nndnlatiaii, 
minUect  that  nndnlatiiau  of  diSerent  loDgtha 
will  give  rise  to  uparate  leria  of  dark 
bright  poinU,  at  Hgerait  dUtaatttJivin  p 
othar  wonls,  the   compound  «oUi  ray  will  be 
dewmpoied  ^  d^actiim;  sad   iuteod  of  ao 
Mtematlaa  of  dmpla  dirli  and  bri^t  bandi, 


This  ii  ths  feKtore  which  be^ws  oit  iU  thia 
das  of  phenomeiu  h  peculiar  a  briUUn 
euue  hiving  now  been  indicated,  we 
agiin  nbr  to  it,  became  of  tha  limiw  of  tbl> 
■Tticia.  —  II.  The  next  pecnliar  oi  critical 
phaionienon  due  to  d^ractim  oonsiits  in  thisi 
if  a  Harrow  opajut  bodg  be  ptaeed  uitAnt  a  eont 
qf  ra^,  imiing  flvn  a  br^ht  point,  a  Kt  of 
fiinga  mil  baformtd,  ts:ttadmg  fma  t^ter  lidt 
WITHIN  Ub  timiti  of  \kt  gtoniirical  or  true 
Aadow.  We  ■hall  eagOy  reach  the  cause  of  thia, 
bj  ^d  of  ths  luhjidDed  figure. — I.et  f,  aa  bcfbra, 
tie  ths  bright  point  or  tiKna  of  (ha  laja,  t  t'  tlia 
opaque  acreen,  o  o'  the  llmita  of  the  ahsdow, 
and  X  T  I*  x*  a  aecdon  or  front  of  (be  wave  pn>- 
Meding  from  f;  (be  question  ia,  what  will  occur, 
or  what  motion  wiU  be  propagated  to  r,  anj 
pdnt  within  ea?  There  caonot  be  a  doubt 
p  that  tha  pbi 


alreadj'  analyzed ;  fair  if  one 
aide  of  the  wave  t'  x'  be  inter- 
cepted by  another  screeo,  the 
d^k  and  white  banda,  oi  tbe 
bingea,  will  at  once  diaapp««r. 
How  dien  ia  an  wCei^rBHa 
piodnced  by  the  aetiiJa  <f  one 
;  aide  of  (be  wave  npon  the  OtlNc 
'  nde  of  it,  in  aa  &r  aa  the  ptant 
p  ia  ecncened?— On  each  aide 
of  tbe  wave,  take  the  pointa 
a,  B,  c,  D,  and  tl,  tf,  <J  d',  bo 
thattheliiKePA,  PB,ra,  PD, 
may  diSer  from  each  other  by 
half  the  length  of  an  ondn- 
lation,  and  that  the  aame  may 
bethecaMiwithPA',  PB*,  pd', 
Ac.  Lst  na  now  inquire  what 
'^^'  *"  line  may  represent  the  dirac- 

UoK  along  which  all  the  motions  propagated 
by  the  arc*  ta,  ad,  no,  &c,  might,  if  tom- 
pomdti,  bo  aoppoeed  to  act  on  p.  Since  the 
aic  Ta  is  gTGBIer  than  (he  are  *  B,  and  snce 
It  aba  Uea  mora  iiir«%  or  le«  obliquely  in 
regard  of  P,  it  ia  clear  that  its  podtivB  effect 
win  qjUile  overbalance  the  negidve  effect  of 
A  B ;  ao  that  (heir  combined  ^lect  muat  be 
poddvei  or  wluU  is  the  asms  Ihiog,  they  must 
together  send  a  deflcile  quanti^  of  light  to  p. 
Similar  conddsrationa  will  show  —  since,  via. : 
the  other  area  go  on  diminishing  in  size  and 
increaaing  In  obliquity — thotfhe  resultant  of  the 
action  of  all  the  arcs  taken  together  must  lie 
along  audi  a  line  as  f  it  wilhin  ta,  and  that 
the  pwtloii  of  liglit  tM  to  p,  along  f  b,  will 


depeud  on  the  breadth  of  thescraeD,  ita  difltasca 
fitun  the  tnmJDoaa  point,  and  the  poRtion  ofdM 
point  p  within  the  geometiica]  ahadow.  EzM^ 
in  the  aame  waj,  the  total  actioa  of  llie  an 
t!  i*  may  be  represented  by  an  nDdnlation, 
tranamict«d  fhiin  T'a'  almg  tbe  resnltantrx'i 
so  that  the  condition  of  p,  as  to  imdnlatioBt,  w3l 
dq>end  on  tbe  effect,  on  eadi  other,  of  the  motioH 
tranamittsd  along  F  b  and  r  a'.  (We  radt,  as 
too  abstruse  for  ttiia  paper,  any  discnaaoD  cf  tbe 
iHtvui^  of  tlia  Tibralion  tranimltled  along  tbess 
resultanta.)  Tlina  much  nndentood,  tbe  neeca- 
ai^  of  fdngee,  or  of  daik  and  bright  bands,  bs- 
ccmss  readily  apparent.  Firtt,  at  the  point  t 
in  tbe  axis  of  the  shadow,  the  lines  p  n,  p  b'— 
which  then  are  i  b  y  h'  —  Ining  equal,  the 
transmitted  nndulatloD  must  be  in  (it  laaat 
fAate  I  u.  the  ctnlral  bond  of  tlw  ahadow  mul 
i,  Sccea^,  as  F  diragts 
dthar  side,  tbe  lines  p  b,  pb^ 


wiDbt 


p  at  wbieii  th^ 


poaidon  will  be  readisd  by  P 
atatrbfia^tmm  -  -  -       - 
posUlon  of  a  dart  band.    A  daik  band  thcnAts 

wfll  be  found  on  either  aide  of  the  cortnl  bj^ 
buid.     Z%ir^,  aa  p  diverges  still  faiths,  lbs 
dlSbnoca  of  p  b  and  r  b'  will  further  inoias^ 
and  must  soon  reai^  the  kaglh  i^  •  wiafe  aadb- 
Umb;  In  other  words,  next  to  the  atiaiaaH 
darichmd  on  eilhar  ride,  a  bright  band  cr  pelnt 
must  Im  found :  and  eo  on  ahmnataly,  jint  aa 
Hum  phHMnwn*  actnally  qtpew,— It  ia  a  »A- 
dmtl;  aingoUr  wwseiiuenBa  of  tida   pecBQai 
mode  <rf  dS^Toet^  ih^if  a  amall  opaqwdr- 
cnlai  disc  bs  pbced  within  a  cone  cf  nays,  Ihe 
otDtre  of  the  shadow  of  ths  disc  wOl  be  iOunl- 
natad,  aa  If  the  disc  had  Iwvi  tranqMiasL — HL 
Very  reoiaifcible  pheDotnena,  due  to  the  anna 
daae  cf  canaea,  occor  idnn  a  beam  tt  li^ 
passes  thnnigli  a  nairow  apertm^  such  ai  %if. 
Out  limits   oblige  us   to 
leave   (he   student,   as  to 
tbe  operations  In  qaeatku, 
simply  wilh   the  annaxad 
figure ;  but  the  deductiDal 
already    laid    before  him, 
'  ■]  an  easy  clua     It 
■oEBce  that  we  state 
eacewBTely  what  the  ro- 
inlta  are.     The  geometri' 
cal   representation   of  the 
I    on    the    BcrecD 
of  courae,   to   be 
bright;  but  there  an ^Hb- 
gtt  exitrior  to  It,  or  peno- 
irating    within    (he    diA 
space;  and  interior  friigtt, 
that  variegate 
flu  obKuni  theS 
bright  space.     (I.)  When 
ipeituro  la  e:  " '   " 


gee  ate  diic«med ;  but  as  It  tAoi  hi 


Tbeir  lam,  which  are 
1  Pnmari  fimila- 
^Mai  ikcXrinF.  bv  Biot  arid  Pouillet.  (Z.)  It 
fa  nOdntlT  evidmt,  that  in  all  inch  cam. 
laMilw  fringes  must  be  ptodnccd;  and  tba 
Ohmt  fa  b«aiitiflill7  nrilM  by  ui  tipfrimoit 
— ri«  Rt«ne  of  the  one  alladcd  to  in  the  |we- 
a  of  tight  paaa- 
z  aperture,  tbom 
B  of  itt  prqjectiun  om  a 

r   aHniM  to,    the  purity   of  th> 
e  bonisgaiatv  of  th<i  light 

B  fpretnt,  cIUb  of  grfl  brillilncj, 
—IV.  Mao*  inlcresling  qwitim 
I  inMBi  rill  with  diAvctioo  have  not  b«n  touched 
1  h  tUi  articie:  for  balaoee,  tba  inqniiy  aa  to 
tte  bTpnbDOe  paiha  of  lh««  IHn^  hi  ■pace, 
V  m  ti^ued  lUchiwifa  from  the  edge  of  the 
ifaqw  body;  Mtd  ilill  fanJur,  the  can  of  ialsi^ 
*  r  rnfrnsa,  cft  those  pltcnonwiia  of 
D  polished  mrfuen, 
wartK*  111*  dBTOTona  and  nMRbea  of  Sir 
Dtiid 


If*  flf  Ihne  tmHiaot  raulM  n>  canfully 
I  Jill  ^  Frssmbc^tt — the  edbcti  of  diSractioa 
*toa  tte  lar  paain  tfaroofch  a  daljoale  ttti-teork. 
T*Bg  tbe  iimplol  ewe  of  a  vjtoaa  eX  namrw 
I,  iwk  H  beknr,  it  li  dor  that  varion* 
■  of  openinga  may  ba  made 
I  oat  of  it;  fbrinManoe,  two  par- 
L^J<J  I  aDd  Kti  imaied,  iriU  form  as 
PM  I  extnndj  delicate  ael  of  aqoare 
bolo,  AiL.&t.  ir  the  panJkl 
-I  mItfB  be  employnl,  and  the 
'^  *'  Uefat  vhldi  haa  paaaed  throogfa 
~  7  a  tiilcMnr*,  the  eye  of  the  (pec- 
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diffraction   already  dcKribed  (page 

H).     If,  by  crosMng  two  panllsl  Bystema,  a 

Bt  of  square  bolca  ia  produced,  Ibe  spectator 

lieholdi  a  circular  figure,  of  which  the  preceding; 

diagram  »  a  quadrant  (fig.  9),  in  which  the  while 

rectangular  figures  are   ipeclra,   mote  or  laa 

igated,  but  exceeding  brillianL      If,  Bgiio, 

el  of  BDiHll  round  a|>erture»,  cloH  on  each 

T,  be  emplnyeJ,  the  subjoined  still  more  r»- 

nwrkable  appearance   buret*  on  one's  dght — 


dazzling  epectniin. 
■art  may  be  infinilely  TsKed;  and  they  ueTcr 
!w  pleaaures  to  the  inquirer. — 
indent  further  to  arliclea  on  thia 
and  thick  plala, — eee  Flatbs. 

{i-IUifiaclion;  KxtmplljirdiiiNatitndPhaa- 
\ma. — Cenain  praclieul  and  natural  rtsulti  of 
diflraction  are  U»  important  to  be  paued  with- 
out notice.  —  1.  Several  curious  appearancea  in 
the  foci  of  telescopea  are  attributable  to  this 
cause.  (1.)  If  tUe  loleicopic  image  of  a  Gied 
star  is  examined  by  a  magnifying  power  exceed' 
Ing  300,  «e  discern  firtt  a  cirtiilar  dijc  with 
peiftctly  clean  circumference ;  and  aecondly, 
around  this  disc  a  sycti'm  of  dark  and  bright 
rings,  *rilh  sli|;ht1y  coloured  edgea.  Dhuiiuah 
the  opening  of  the  object-glass,  by  a  diaphragm 
<n  fnml  of  it,  and  the  ima^^  of  tba  staraugmenU 
unlit  it  aunmes  the  aspect  of  a  planet — the  ringa 
enlarging  at  the  same  lime,  and  becomuig  more 
distinctly  ootoured,  moiiifestiiig  well  prnnoDnced 
ibadea  of  white,  red,  block,  and  lilue.  Anigo 
observed,  furtlier,  that  if  the  eye-piec«  be  gradu- 
ally pnihed  in,  the  disc  darkens  at  its  i-eolrv, 
becoming  at  last  quite  black :  aa  the  cg'c-pine  u 
pushed  farther  inwards,  the  black  ceDlni  en- 
largesj  then  a  liiminoua  point  appears  at  its 
centre;  and  this  bright  gxHut,  enlarging  in  its 
turn,  comes  to  manifest  a  central  dark  poiut, 
which  also  goes  through  timihir  changes.  Also, 
if  the  eye-pin«  ia  fixed  Ibr  a  ehurc  lime  at  a 
position  ahowing  on  image  with  a  dark  centra, 
and  if  thla  image  be  duaely  inapected,  a  brilliant 
point  will  snr  and  anon  buret  out  wiUiin  tba 
obscure  dine,  and  then  suddenly  dlnppeai. 
Thie  latter  phaiomaion,  however,  otmira  oolj  in 
the  caaa  of  tcmtWaluig  stare.  See  SciliTii,i.a- 
(2.)  &ii  John  Uttacbel  has,  by  iajjeiu- 
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OQS  experiments,  added  oonsiderably  to  oar  know- 
ledge of  this  curious  subject:  he  placed  dia- 
phragms of  various  lAeipes  in  front  of  the  ol^ect- 
glass,  and  obtained  thereby  the  following  curi- 
ous results.  Firttf  with  a  diaphragm  or  open- 
ing shaped  as  an  equilateral  triangle,  the  an- 
nexed figure  gives  the  image  the  star:  Le.  the 


FIK.U. 
disc  of  the  star  surrounded  by  a  dark  ring,  and 
six  straight  rays,  thin,  but  siificiently  brilliant. 
Three  of  these  rajrs  point  to  the  angles  of  the 
triangular  diaphragm;  three  to  the  middles  of 
its  sides.  If  the  eye-piece  be  slightly  pushed  in, 
the  figure  changes  into  this: — 


Flg.U 
Seeondfyj  an  aperture  formed  by  tlie  interval 
between  two  concentric  squares,  gives  the  sub- 
joined curious  appearance : — 


Fig.  la 
And,  thirdly^  from  an  assemblage  of  small  equi- 
lateral triangles  regularly  arranged,  an  image 


Fig.  14. 
Hke  that  of  fig.  14  is  observed, — an  image  com« 


tmj. 
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poaed  of  a  series  of  drcolar  discs,  anvQged  alo^g 
six  symmetrical  and  equal  rays,  wfaidi  vnfaid 
the  brilliant  colours  of  the  spectrum.— Tbe  vhoia 
of  these  curious  phenomena,  and  many  odma 
like  them,  issue  from  interiSannoe,  —  tiie  imjs 
bemg  diffiacted  by  the  edges  of  the  diapfangm. 
—  II.  A  very  large  daiw  of  tlie  phenoacoA 
of  optical  meteorology,  are  referable  to  I>ifiroc~ 
Hon: — ^we  shall  specify  only  Crown*  ot  CarcM, 
and  Anthdia;  phenomena  already  duerSbed 
under  the  proper  articles.  —  Ttae  taramm 
or  ooneentric  oohwrtd  tMes,  sorraandliig  the 
sun  and  moon,  present,  in  regard  of  thdr 
colouring,  the  characteristic  of  all  pheiwmmm  of 
diffraction,  viz.:  the  exCerior  part  of  the  apee- 
tzum  is  red;  the  mterior,  violet.  The  ftinmotwa 
of  the  several  circles  increase,  as  the  nnmben  1, 
2,  8,  4,  &C.,— «  law  discerned,  as  neoeamy,  hj 
Toung,  and  recently  confirmed,  by  delicate  oIk 
servation,  by  IL  Delexenne,  of  LOle.  Tbe 
doctrine  of  interfer&tce  easily  explains  tbis  l«v. 
The  production  of  corona  may  be  iUnstrated 
experimentally  in  the  fidlowing  easy 
Cover  a  piece  of  glass  with  dust  of  ~ 
and  look  through  it  at  the  sun,  the 
even  the  flame  H  a  candle, — snpert)  corona  wiD 
immediately  appear.  Now,  this  is  the  exact 
process  in  nature  :~natural  ooronie  beiq^  fiDcmed 
whenever  we  look  at  these  luminaries  tfaroo^  a 
great  number  of  small  spheres  or  g^bbolea  cf 
water,  of  a  uniform  or  nettly  unifonn  diametny 
—globules  placed  between  us  and  the  aun  by 
the  agency  of  a  peculiar  doud.  The  annieDtly 
paradoxioBl  optiod  principle  wiiich  these  glohnlea 
bring  into  operation,  will  now  be  zeadUy  under- 
stood: it  is  simply  this;  i^  slightly  beyond  the 
line  joining  the  eye  and  a  luminous  pointy  a 
small  opaque  body  be  placed,  its  effect  will  he 
precisely  the  same,  as  that  of  a  similar  cpmimg 
illnmined  by  tbe  incident  light ;  so  that  what- 
ever the  degree  of  the  body's  apparent  opacity, 
in  that  same  degree  it  produces  an  actual  in&- 
mination.  This  indubitable  and  fertile  pxindiila 
TeadQy  explains  a  singular  phenomenon  described 
by  Necker  of  Geneva.  If  the  sun  rises  behind 
a  hill  covered  with  trees  or  brushwood,  m  apee>- 
tator  in  the  shadow  of  the  hill,  and  qmU  near  tie 
Une  of  the  solar  rays,  sees  all  the  small  brandMs 
projected  on  the  sky,  not  (^Mque  or  Uadc,  hot, 
on  the  contrary,  white,  silvery,  and  brilliant,  as 
if  the  vegetation  were  really  oompoeed  of  silver. 
The  same  theory  of  Interference  also  esplains 
the  aspect  of  those  globules  floating  in  the  air, 
when  a  ray  of  the  sun  penetrates  a  dark  room; 
likewise  the  colouring  of  spider's  threads,  or 
thin  metallic  wires,  &c.  Corona  really  exist 
around  the  sun  much  more  frequently  than  ooe 
imagines;  but  they  cannot  bo  seen  in  general 
because  of  the  dazzling  light  of  that  orb.  They 
are  most  easily  found  on  looking  at  the  imaps 
of  the  sun  in  a  mirror  blackened  on  one  sideL 
Every  transparent  doud,  except  the  enmcs  and 
eirro-itratttSi  produces  them ;  and  the  fogs  fbrm* 
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tibB  Tiflagpi  0T«  dght,  and  Mag  to- 
■dd-daj  to  dM  tops  of  monntehw,  ySdd 
oT  thb  kind  of  adminble  brillimicj. 
01  alraidj  dotcribedi  are  oolonre 
tha  ifaadov  of  one's  luiad,  ftc,  whan 
CJIa  on  a  dond,  oo  the  grasB,  a 
or  aoy  other  aniftoo  eorered  with 
lint  obMrred  this  among 
on  tlie  sommit  of 
ilia  iicad  aarnmnded  by  a  raparb 
tluag  liaa  been  aeen  elsewliara. 
are  firoduccd  by  tlia  agOM^  of 
fight,  AMkeGa  are  doe  to  rtfketei, 

.    Batthetheofj 

k  is  caay  to  paat  tnm  Uia  pheno- 

to  Ihoaa  of  nileetion  or 

nomination.    The  aama  fbraralA  of 

apfdyinboth 


cded  ti  piam^  peiarued 
ki  place  in 
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being  pnllfld  adde  in  one  direction  only.  The 
▼ibnttion  of  the  molecnlee  in  a  plane-polarized  rey 
mnst  thoa  be  all  panllel  to  aome  one  fixed  trans- 
vene  line;  and  the  question  that  remains  is,  to 
what  line  are  they  panllel?  Are  they  panllel 
to  the  plane  of  polarization  itrelf,  or  perpendi- 
cular to  it?  Now  this  is  no  mere  cnrious  ques- 
tion, but,  on  the  other  hand,  dosely  oonnecled 
with  our  notions  of  the  habitudes  of  the  Ught- 
etlier  under  difibrent  drenmstances.  But  the 
moat  eminent  physicists  difier  in  their  oonclu- 
siona — FVesnel  and  Canchy  holding  ultimately 
by  tlie  theory  of  perpendicular  yibrations,  while 
MaeCullagh  maintained  the  opposite  hypothesis ; 
nor  was  any  eflbrt  made  to  disooyer  an  «^pert- 
aunteai  ervcUj  previous  to  these  rssearches  on 
difihiction  by  Mr.  Stokes.  His  method  was 
simple.  Suppose  that  a  plane-polarized  rey 
readies  a  grating  in  a  dhnction  perpendicular  to 
the  plane  of  the  greting,  it  is  not  difficult  to  dis- 
cover the  plane  of  polarization  of  the  dii&acted 
ny ;  and  the  plane  of  polarization  of  the  inddent 
rey  is  of  oourse  also  known.  Now  the  ibllowing 
theorem  holds, — if  the  angles  between  the  plane 
of  polarization  of  the  diffiracted  rays  and  the  lines 
of  the  grating  be  less  than  the  angle  between 
the  same  Unes  and  the  plane  of  polarization  of 
the  inddent  ny^  then  the  vibretions  must  be 
paraUel  to  the  plane  of  polarizatkm ;  if  the  con- 
trary ol>tains,  the  vibretions  must  be  perpendi- 
euiar  to  that  plane.  Mr.  Stokes  peribrmed  tiie 
experiment  by  dd  of  a  fine  glass  grating,  on 
which  paralld  lines  were  ruled  of  1,800  to  the 
inch ;  and  the  issue  seemed  decisive  in  £svour  of 
the  latter  hypothesia,  or  Erasnd*s.  But  doubts 
so  gmve  have  nnce  then  supervened,  that  the 
important  questkm  must  still  be  conndered  un- 
settled. One  of  the  most  experienced  physidsts, 
M.  Holzmann,  resumed  the  inquiry  in  1856,  on 
the  ground  of  Mr.  Stokea'  theory — ^performing 
the  experiment,  also^  with  a  slight  modification. 
He  did  not  use  a  gnting  made  by  diamond  lines 
on  glass — to  which  he  ejects,  as  having  irregular 
ed^B — but  one  of  Schwerdt's  lamp-black  gret- 
ings ;  and  he  maintains,  as  a  determinate  result, 
that  the  vSbratUm  qfUglU  oocun  in  thu  plane  pf 
pohrixaUim,  It  is  tlie  eailiest  wish  of  all  phy- 
sidsti  that  Mr.  Stokes  should  find  leisure  for 
resumption  of  the  investigation.  If  the  two 
oondusiona  are  incapable  of  being  harmonized, 
at  least  we  may  expeot  to  ^ysoover  the  causes  of 
thdr  oonfiict  Nor  can  the  unsettled  state  of  such 
a  question  be  ragarded  otherwise  than  as  a  seri- 
ous Uot  on  the  nndulatory  theory,  as  it  at  present 
stands. 

DiAial«B  •f  Ught  mmd  of  Beat  |  DU^- 
Iksire  Power.  On  analyzing  what  is  termed 
the  rejkcting  power  of  bodies,  with  regard  to 
Light,  it  is  found  that  a  very  important  dis- 
tinction requires  to  be  madOb  A  total  or  pure 
reflection  of  light,  for  instance,  from  the  surface 
of  any  body,  would  convey  to  the  onlodier  no 
striDg  la  mads  to  vihrate  by  |  conception  whatever,  either  of  the  size  or  colour 
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of  db^^nocfioii,  aa  oon- 
witk  the  geoaral  idea  of  the  nndulatory 
ruddned  abova    But  many  other, 
dificnlt  problens,  start  up  on  a 
of  thia  coriona  anbject    For 
that  fimdamental  one, — in  what  man- 
to  what  matliematiral  and  dynar 
ia  aadi  wave  of  a  series  broken  up 
tlte  edge  of  a  diffiraeting  body,  or 
apertnre?     How  shall  we 
condition  of  tiM  secondary 
out  of  it,  and  thuacome  to  a  oom- 
of  an  the  details  of  the  illu- 
infi^Bt  of  that  aperture?    Theinquiry 
in  an  ita  generality,  in  a 
mad  rerj  pregnant  meoioir  by  Pro- 
pnhlislifd  in  the  ninth  vDlnme  of 
9/A§  CambridgB  PkUomipkkal 
ecBtaining,  besides,  exoeed- 
nootributieoa  to  general  dyna- 
within  reach  of  this  cydopadia 
than  BBakarderence  to  each  memoir; 
part  of  Mr.  Stokes*  investiga- 
ao  doady  on  an  important  question 
Id  the  general  theory  of  light,  and 
at  the  present  moment,  that  it 

to  treat  it  in  aomedetaQ ^Tbe 

rho  kaa  at  an  looimd  into  modem  specn- 
fgiflng  fight,  does  not  require  to  be 
that  the  vibrations  of  the  molecules  of 
a%htwnFe  are  aopposed  to  take  place  Inmt' 
to  tin  langth  of  the  wave,  or  to  ite 
aa:  they  are  not  like  wavea  of 
hot  Ska  the  vibrationa  of  a  musical  string 
h  tammtu  In  tlie  same  manner,  in  the 
tf  a  cay  of  eommem  or  napolarized  ny  of 
sa  vibntiona  take  place  at  the  same 
tiaa  h  aff  li  unrnMru  directions— just  as  when  a 
sCi^h  aMved  from  ite  repose,  not  by  one  pull 
imif,  bat  by  n  ^eat  nnmber  of  polls  in  all  direo- 
tiflna.  In  ttm  caae,  on  tlie  othier  hand,  of  what 
ii  csled  e  nbme-viUarued  nay,  there  vibretions 


direction  only— as 
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of  the  reflecting  substance ;  the  only  result  wrald 
be,  a  perfect  presentation  of  the  sonrce  of  the 
incident  beam, — its  direction  from  the  eye  being 
all  that  would  be  altered  by  the  reflection.  But 
by  all  mirrors — even  the  most  pcofectly  polished, 
more  is  done  than  that; — the  eye  which  notices 
the  reflexion,  notices  also  the  form  of  the  mirror, 
and  in  some  d^^ree  its  colour  also.  Besides  the 
pure  geometrical  reflexion,  therefore,  the  inci- 
dent beam  undeigoes  other  two  distinct  opera- 
tions. Firttj  there  is  an  trregular  rejlexum  in 
all  directions,  from  the  inequalities  of  the  sur- 
face of  the  mirror,  dispersing  incident  light  on 
every  side,  and  revealing  the  mirror's  form ;  and 
«eoofu%,  there  is  a  dipiswe  power  which  dis- 
perses aJso  in  all  directions  a  portion  of  the 
incident  light  after  having  altered  it,  or  after 
having  unpressed  upon  it  that  special  cohwing 
depending  on  the  nature  of  the  bod}'.  In  article 
Colours,  reference  has  been  made  to  the  difll- 
culties  connected  with  this  question  of  the 
natural  colours  of  bodies :  it  is  suflicient,  there- 
fore, to  give  here  a  simple  definition  of  the  term 
diffiuion  of  Ught. — Now,  what  occurs  with 
regard  to  Light,  happens  also  with  reference  to 
Hbat:  but  certainly  the  difficulty  of  determin- 
ing exactly  how  much  of  the  eflicacy  which  is 
not  absorbed  is  dispersed  by  irregular  reflexion, 
and  how  much  by  such  diffiuion^  is  not  dimin- 
ished in  the  latter  case.  The  endeavour  to 
reach  such  a  determuiation  has  occupied  the 
well  known  MellonL  It  is  quite  establUhed, 
for  instance,  that  a  white  matted  surface  reflects 
much  more  (or  absoria  much  less)  than  a 
bladLed  surface:  but  the  question  is,  in  what 
manner  is  the  light  reflected  sent  away?  Mel- 
loni  conceives  tliat  there  is  at  once  a  large 
irregular  reflexion,  and  a  peculiarity  in  the 
amount  of  that  irregular  reflexion  depending  on 

the  nature  of  the  incident  ray  of  heat ^in  other 

words,  a  true  diffuHve  power: — it  requires, 
perhaps,  to  confirm  his  idea,  that  the  nature  of 
the  dispersed  raj's  be  minutely  examined,  so  that 
it  be  determined  whether  they  correspond  in 
nature  with  the  incident  rays,  or  have  acquired 
new  properties? — Melloni  further  speaks  oi  a 
supposed  diffusion  of  heat  by  transmission,  that 
id,  when  the  rays  emeige  through  an  unpolished 
surface,  when  tiiey  are  issuing  from  a  diather- 
nianoug  or  ihermantzing  sahatance.  It  does 'not 
appear,  however,  that  the  rays  issuing  in  this 
way  from  a  rough  surface  of  rock  salt  or  glass 
diflferfrom  the  rays  issuing  from  polished  sur- 
faces of  these  substances :  i.e.,  those  issuing  from 
a  polished  surface  of  rock  salt  have  all  the 
characters  of  the  sonrce  from  which  they  eman- 
ated, while  those  issuing  from  glass  are  merely 
thermanized,  as  they  ought  to  be:  no  change, 
therefore,  is  impressed  on  them  by  the  rough 
surfkce,  except  ekcmge  of  direction:  but  the 
astonishing  fact  is,  that  a  rough  face  of  rock 
salt  bkcked  by  smoke,  does  not  iayfress  on  the 
emergent  rags  ang  deviation  whatever  m  point  of 
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direction. — The  student  is  especially  reftnvd  to 
a  remarkable  memoir  by  Knoblauch,  in  Taykit's 
Sdent^  Memoirs,  See  also  Radiakt  Hxat; 
Radiatiox. 

DMfaialMi  •€  lif^pldte,  «••«■,  Ac    A 
term  applied  to  a  curious  phenomenon,  diacovqed 
first  by  Priestley,  brought  again  under  Dotiee  bv 
Dalton,  and  of  recent  yeare  very  folly  investi- 
gated by  Dr.  Thomas  Graiuim.     It  is  viitsdiy 
this : — let  volumes  of  two  liquids  or  two  gises, 
having  no  chemical  relationadilp  whatsoerer,  be 
brought  into  contact  with  each  other  QS  only  bf 
a  narrow  connecting  tube)  there  will  fanmediatelT 
ensue  a  flow  or  translation  of  the  two  into  each 
other,  until  the  two  sepamle  volnmeB  beoone 
interfiised, — the  distribution  or  quantitias  of  the 
two  separate  elements  depending  on  tbeir  respec- 
tive speciflc  gravities.    The  student  ia  espedaOjr 
referred  to  Graham's  remarkable  HenHms  in  thi 
Transaotions  of  the  Royal  Sodetg   qf  Ijomdon, 
republished  in  Uie  Philosophical  Magazine  during 
a  few  years  prior  to   1851. — Aa   to  Ui^pmiet 
Adolf  Flck  of  Zurich  has  recently  made  an  inte- 
resting attempt  to  develop  a  ftmdamental  law. 
{Pogg,  Annalen,  voL  exdv).     Proceeding  on  the 
suppoeitkm  that  the  law  for  the  difiiulon  of  a 
salt  in  its  solvent  must  be  identical  with  that 
according  to  which  the  difiuuon  of  h«nt  in  a  < 
ducting  body  takes  place — tlie  law  on  ^ 
Fourier  founded  his  celebrated  Tlieory  of  Heat, 
and  which  Ohm  applied  in  determining  the  dif^ 
fusion  of  dectricity  in  a  conductor — he  finds  that 
tlie  transfer  of  salt  and  water  oocuning  in  •  mil 
of  time  between  two  elements  of  the  same  aalt, , 
must,  eeiUaris  paaribnsy  **  be  directly  proportional 
to  the  difibrenoe  of  concentration  and  invenelv 
proportional  to  the  distance  of  the  dements  fron 
one  another.**    Fick  carries  out  his  fnndamental 
idea  by  aid  of  ingoiions  mathematical  pTOoeases, 
which  promise  to  co-ordmate  at  least  the  lai;gv 
number  of  Graham's  facts.  ^  In   referenoe  to 
Gases,  Graham  conceives  that  the  ratio  of  diaper^ 
sion  depends  on  the  speciflc  gravity  of  the  gas— 
the  lightest  travelling  ftstest— the  rate  of  diffta- 
sion  being  exactly  aa  the  square  root  of  the  den- 
sity of  the  gas.     Inquiries  as  to  this  point  were 
instituted  some  years  ago  by  Bunsen  in  eon- 
junction  with  Professor  Stegmann.    The  ibnner 
has  more  recently  resumed  the  sul^ject,  enaplor- 
ingan  apparatus  and  manipulation  alike  novel 
and  ingenious.     He  thinks  he  has  estalilisbed 
that  the  pores  of  the  gypsum  diaphragms  gene- 
rally used  to  separate   the   gases  in  experi- 
ments, do  not,   as   usually  supposed,  act  as 
fine  openings   in  thin  'plates,  or  as  gnatinga, 
but  a.4  a  system  of  capillary  tubes:   and  be 
negatives  the  opinion  formerly  received,    "  that 
the  volumes  of  two  diffused  gases,  wh«i  Inter- 
fused, are  inversely  as  the  square  roots  of  their 
densities.**     The  inqniiy,    however,  is  oonfosa- 
edly  in  an   unfinished  statei     The  student  is 
refeired  to  Bansen*s  GoKMMAy,  translated  by 
Hr.  Rosooe. 
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(Pmipim^y  An  btttromeiit  ori* 
SMDNt  mtfUoy^d  to  extract,  as  far  u  possible, 
Iks  mtritioas  matter  from  booes.  It  is  not  for 
lUi,  bowerer,  that  we  menlioD  it  bere.  It 
<aaaits  of  a  straig  inn  Tceed  in  which  water 
■aj  bs  botled,  and  the  lid  of  which  is  so  fixed 
4m  as  to  be  neailj  as  capable  of  resisting  foroe 
fron  witbin  as  the  rat  of  the  vessel  is.  Heat 
applied  after  the  toskI  is  filled,  steam  is 
as  OBuaL  When  water  boils  in  ordmary 
the  pfcasuie  of  steam  never  rises 
ihvtv  14*7  lbs.  per  square  inch  (the  atmospheric 
e),  nor  the  tempentore  of  either  the 
or  steam  above  212**  Fab.  In  the 
r,  if  the  Bd  be  so  coostmcted  as  to  open 
a  little  leas  tihan  would  burst  the  vessel — 
onr  5  Snl  of  eztim  pnasme  per  square  inch — ^we 
the  tempcninre  of  the  water  and  the 
of  the  steam  very  oon- 
■donblj  higher.  The  principle  of  all  high 
CBgiaes  is  iDnstnted  by  Papin's  diges- 
See  S4fSTT  Taltb. 

of  bulk.     See  £x- 


That  section  of 
the  Aenyef  unlimited  problema,  which  attempts 
ts  fiad  ndooal  and  oomraensuiable  values  an- 
te certain  eqoations  between  squares 
Thus,  it  is  properlj  a  problem  in 
aBalylis,  to  find  all  the  values  of 
a  sad  |i.  wisritnttng  x*  ^- jr*  an  exact  square. 
Wt  ihall  sabjoiB  methods  of  solntion  for  one 
« tvo  af  theae  unlimitfd  or  indeterminate  pro- 
Um,  ia  tbe  waj  of  example.  No  general  rales 
«f  taMaeat  are,  or  can  be,  laid  down: — Let 
^-h  '9=29,  it  Is  leqniied  to  find  oorrespond- 
'  '  '  *  values  fior  x  and  y. 
5«+7y=:29 

2«  4 


«  =  fr-f  + 


4— 2y 


^^t  it  eidv  that  this  may  be  a  whole  num- 
^  it  ii  evidently  requisite  that  the  fractional 

i-2f 
V>rt — I — Aall  be  a  wiiok  number.    Let  then 


.*.  4—2  jr  r=  ft  « 


S    - 
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=  ^•  +  5 


may  be  a  whole  nnoiber,  it  is  necessary 

a  than  be  even.    Hence,  in  order  that 

bs  SB  hrtrgral  number,  and  x  also,  it  is 

that  5=2—2  a—j    uid  «  =  ^--^ 
7      where  a  may  be  any  even  number. 


4 

The  vahMs  so  iomd  lor  a  and  jr  will  satisfy  the 
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original  equation. — ^Thus  let  a  =  2,  then  y  =  2 
— 4—1  =  — 3  and  «=  6  -j-  8  +  2  =  10,  and 
5  +  10—7  X  8  =  29.  Again,  let  «  =  o,  then 
^  =  2,  and  a;  =  6—2  =  3,  and  6X8  +  7X 
2  =  29. — ^Next,  let  it  be  required  to  find  a 
number,  such  that  if  divided  by  3,  4,  and  5, 
successively,  tbe  remainders  will  be  2,  8,  and  4, 
respectively.    Suppose  that  number,  x. 

X  2 

Then  «=/>  -{~  3*  ^^^^^  i>  is  a  whole  number, 

and  x^3p'{'2 

X  8 

Also  — ^  ?  "^^  ~ '  ^^®ro  2  is  a  whole  number, 
4  4 

or     ^   '^    —  J  4-  - 
4  *^4 

q  +  l 
And  if  — :;—  be  a  whole  number,  p  will  be  so. 


8 


g+1      , 
ft     — ^f 


8 


then  q^3  r — 1  and  p  =  4r 


Let 

— L 

Hence  a;  =  12  r — 1,  where  r  is  a  whole  number. 

X  I    4. 

Also  T= '  +  r  where  <  is  a  whole  number. 
0  o 

6  '^6 

12r— l  =  6t  +  4 
2r 

2'^1  +  T  =  ^ 
2r 
If  therefbre-g-  be  a  whole  number,  t  will  be  a 

whole  number,  and  tracing  back  the  process,  x 
will  be  a  whole  number,  and  divisible  by  3,  4, 
and  5,  with  remainders  2,  8,  and  4,  respectively. 
This  will  take  place  when  r  is^any  multiple  of  6 : 
e.^.  let  r  =  5,  then  s  =  12  X  6—1  =•  69, 
which  number  answers  the  conditions.  Let  r  = 
10,  a=  119,  another  number  also  so  answering, 
and  so  en. — Thirdly^  let  it  be  required  to  find  two 
square  numbers  whose  sum  shall  be  a  square, 
e.^.,  to  find  two  numbers  whose  square  roots 
might  represent  the  l^gs  of  a  right  angled  tri- 
angle, in  which  the  hypotenuse  is  commensurable 
to  tbe  legs. — Let  x^  and  y*  be  the  numbers. 
Then  a*-|-y*=:s*.  Let  us  suppose  e  =  a— 
ay,  a  quantity  which  may  be  made  anything 
we  please  by  at^usting  the  value  of  a. 

«•  +y»r=x* — 2  nxjf-|-a*y* 
•  .',y=, — 2a«-4~'**y 

y(»t_i)=:2aa 
_   2nx 

^~"a«— 1 
Given  any  value  of  »,  then,  y  will  be  found  by 
substitution  in  this  formula,  so  that  x*  and  y* 
shall  be  an  exact  square.     Suppose-  that  we 
wish  to  get  a;  and  y  integers  also  as  well  as  s, 

2  aa; 
then    - -  must  be  an  integer,  as  it  evidently 
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will  be  if  a?  =  n*— 1  and  n  lie  aa  integer.  In 
that  case  y  wOl  be  =  2  »  and  z  =  n* — 1,  there 
being  no  limitation  regarding  n  but  that  it  shall 

be  an  integer. 

Let«  =  l,  theny  =  2,  «  =  0,  and2=:2. 

Letn  =  2,  theny  =  4,  aj  =  8,  and2  =  6. 
Let»  =  8,  theny  =  6,  a?  =  8,  and2  =  10. 

And  so  on. 

On  this  Diopbantine  analjsis^Bo  called  from 
its  discoverer  Diophantos— has  been  reared  the 
extensive  subject  of  the  Theory  of  Numbers  by 
Legendre  and  Gauss. 

DIoptrica.     The  two  changes   of  ftinda- 
mental  importance,  in  Geometrical  Optics,  occur 
when  a  ray  passes  from  a  medium  by  which 
it  is  readily  transmitted  on  to  a  medium  by 
which    it    is    not    transmitted    but    thrown 
back;    and  when  it  passes  from   one  trans- 
mitting medium  into  another,  difierent  in  kind 
fiiom  the  first,  as,  for  example,  from  air  into  water. 
Geometrical  Optics  treats  of  the  first,  under  the 
name  of  Catoptrics  (or  Katoptrics),  (see  Catop- 
trics,) and  of  the  second,  under  the  name  Diop- 
trics.   The  subject  of  Dioptrics,  therefore,  is  the 
transmission  of  rays  of  light  from  one  medium 
into  another,  difi^ring  in  kind.    The  laws,  upon 
whicb  the  whole  of  Dioptrics  rests,  are  the  fol- 
lowing : — When  a  ray  of  light  passes  from  void 
space  into  any  medium,  it  is  bent  from   the 
straight  line;  but  it  proceeds  onward  in  the  plane 
which  contains  the  perpendicular  to  the  boun- 
dary of  the  medium  at  the  point  of  its  entrance, 
and  the  line  of  its  original  course.  Thus,  when  a 
ray  passes  fix>m  void  space,  tiuough  a  spherical 
piece  of  glass,  if  we  draw  a  line  perpendicular 
to  the  glass  through  the  point  where  the  ray 
strikes,  and  imagine  a  plane  to  pass  through  this 
perpendicular  and  the  ray,  the  light  will  pass 
through  the  glass  somewhere  along  that  plane. 
The  second  law   is   this: — ^The  sine  of    the 
angle  which  the  ray  makes  with  the  perpen- 
diodar  already  described,  bears  a  definite  ratio, 
difi^ng  for  every  kind  of  medium,  to  the  sine 
of  the  an^e  which  the  transmitted  ray  makes 
with  the  same  perpen- 
dicular, produced.  In 
other  words,  if  s  p  be 
a  ray  foiling  upon  a 
glass  X  p  T,  and  p  s' 
the   direction    of  itr 
wliUe  passing  through 
the  glass,  and  if  QPQ' 
be  perpendicular  to  the  auifoce  at  p,  then,  when 
we  take  any  point  such  as  b,  and  a  oorrespond- 
ing  one  like  b^  equi-distant  with  it  from  p, 
and  draw  ba,  b'a'  at  right  angles  to  qaq', 
AB  and  A'B'  will  bear,  the  one  to  the  other, 
a  certain  ratio,  which  can  be  experimentally 
determined  for  eadi  medium.    Certain  defini- 
tions enable  us  to  state  these  two  laws  in 
shorter  space.     The  Angle  qfrnddenoe  of  a  ray, 
is  the  angle  contained  between  any  given  ray 
and  the  perpendicular  to  the  bounding  surfooe  of 
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the  medium  into  which  it  passes,  at  the  point 
where  it  falls  upon  it  Thus  q  p  a  is  the  angle 
of  incidence  of  the  ray  a  p,  and  b  p  q  of  the  ray 
R  p.  The  Angle  o/riifracHon  is  the  an^  made 
by  the  direction  of  the  transmitted  ray — as  it 
passes  through  the  new  medium — with  the  per- 
pendicular Hne  produced.      Thus   q'ps'  and 


of  refraction   in 
Tlie  angk  of 


the 
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Q'  p  R'  are  the  angle 
two  cases  respectively. 
aiion  is  the  difierence 
between  the  angles  of 
inddenoe  and  refrac- 
tion. Thus,  the  line  8  p 
being   produced  to  z,  ''^ 
the  angle  z  p  b'  is  the 
angle  of  deviation.  The 

dioptrical  laws  can  now  be  stated  thus  :^-l.  The 
incident  and  refracted  rays  are  in  the  same  plane 
with  a  perpendicular  to  the  surfoce  lindting  the 
medium  entered.  2.  The  sinesof  the  angles  of  inei- 
denoe  and  refraction  bear  a  certain  ratio,  ooostant 
in  the  passage  of  any  ray  from  vacuum  into  any 
given  medium,  at  whate^  an^e  the  limiting  sur- 
face is  met  by  the  incident  ray.  These  laws  bold 
absolutely  with  r^ard  to  homogeneous  light.  As 
to  the  latter  law,  however,  the  ratio  of  whidi  we 
have  spoken,  diffsfs  for  different  kinds  of  lighL 
Hence,  if  a  refracting  substanoe,  such  as  a  txi- 
angular  prism,  of  very  finely  ground  and  very 
transparent  glass  be  presented  to  a  ray,  so  that 
it  may  fkeely  pass  through  it,  the  difierent  ookms 
will  be  separated  one  from  the  other,  and  the  ny 


will  be  thrown  along  the  space  b  f, 
detail  an  appearance  like  that  below. 


in 
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present  spaces  which  appear  dark  in  the  spectnuu, 
and  the  spaces  marked  red,  orange,  &c.,  areapacn 
where  rays  of  those  oolonrs  predominate.  Inonlv 
to  give  an  idea  of  the  difikenoes  in  refiactioD  to 
which  the  different  rays  are  subject,  we  transcribe 
tiie  sut^oined  table  fttnn  Herschd's  Treatise  en 
Light  The  numbers  are  the  values  of  what 
is  called  the  refractive  hidex  (the  value  of  die 

B 


for  the  different  dariL  lines  of  the 


There  are  many  mere  of  these  lines,  but  those 
marked  by  the  capital  lettere  have  their  poeitin 
and  refractive  hidices  best  known. 
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UBX4i  09  THB  BBPBAOTITB ISDIOIS  OF  TABI0U8  QLABSBS  AND  UQUtDS  FOB  BSVSH 

8TAHDABD  BATS. 


Ibe  bn  CQBsidBratioa  i€  this  refractiTe  power 
M  vsyi^;  in  tko  diflbnnt  ooloared  imyif  belongs 
to  fft^ieil  optics.  We  duiS,  in  this  place,  ocn- 
rite  Ryi»  ss  eoppoMid  of  perfectly  homoigaieoiis 
Ight  (U,  U^  ^mmtmiug  the  same  refractive 
|nfMks,aDd  having  the  same  refractiTe  index). 
Thtfeit  eoasBqiNnee  flom  these  two  laws  is  this: 
Wkaam  b  iaddent  npoo  b  refracting  sobstanoe, 
«f  elU  ^twosmftees  (aft  which  it  enters,  and 
fcM  rtiili  jteaagys)  are  plane  and  paralld,  the 
CHBi  tf  ths  ny  Jbar  emergence  is  exactly  par- 
sU  t»  its  eooM  befbre  incidence.  We  shall 
ght  a  SMBVwhat  cmadtoas  proof  of  this,  for 
iheahi(i(af«id^gth6Q8ecf  trigooometzy.  Let 


■  r  It  a  UdBt  raj,  refracted  along  the  Hne 
^ff  ad  SBogeat  aft  p',  from  the  subetanoe,  of 
^^Aac^  is  a  peqwndicalar  section,  and  in 
^MsB  sad  CD  are  parallel  Hnes,  along  the 
itorr,  then  rr  b  paialkl  to  PS.  Draw 
^fvpaifiealari  b  b%  b  r,  upon  a  b  and  o  D, 
■^  Mke  rF,  p'  r,  cadb  equal  to  pp'.  Draw 
'■•■drrparallsltDABamdcD.  Prodnoe 
*m^  UliBseeBBaiytopraninthatthelaw 
^NfrMdoB  is  itlerij  indiffereDt  to  the  direction 
cf  Aingr  flf  Iq^  and  that  Ift  holds  eqoall j 


when  a  ray  passes  from  vacoom  into  a  medium, 
or  from  a  medium  into  yacnom.  If  one  ray 
enten  a  medium  from  void  space,  and  if  another 
ray  of  the  same  kind  of  light  passes  through  the 
medium  in  a  line  coinciding  with  that  of  the  re- 
fracted ray,  it  wiU  emerge  into  vacuum,  and  pass 
through  vacuum  along  the  original  course  of  the 
first  ray.  According  to  the  laws  of  refraction,  the 
line  B  F  will  bear  a  certain  proportion  to  b'  p', 
and  the  line  v*  Bf  will  bear  the  same  proportion 
to  B  p,  the  side  of  the  rectangle  opposite  to  b'  p', 
and  therefore  equal  to  it  b  f  and  e'  V  will 
then  be  equaL  We  have  now  two  ligfat-angled 
triangles,  p  b f,  and  f'  p' b",  in  whidi  fp  and 
F'p',  being  each  equal  to  pp',  are  themselves 
equal,  and  the  sides  f  b,  b'  f'  have  been  shown 
to  be  equal — We  have,  therefore,  s  p  q  and  p'  af 
parallel — The  next  consequence  of  importance 
is,  that  if  a  number  of  puallel  rays  fall  upon 
a  plane  surface,  the  lines  of  direction  of  the  re- 
fhtcted  rays  are  also  parallel ;  a  conclusion  we 
shall  not  stop  to  demonstrate.— It  may  have 
been  noticed,  that  in  the  figures  hitherto  given, 
the  refracted  ray  is  bent  mward.  This  invariably 
happens  when  a  ray  passes  ftxnn  vacuum  into 
any  medium,  and  the  contrary  happens  when  it 
passes  firom  any  medium  into  space.  In  the 
first  case,  the  ray  is  bent  towards  the  perpendi- 
cular which  passes  through  the  medium ;  and  in 
the  other,  is  bent  from  the  perpendicular  which 
passes  through  vacuum.  The  table  already 
given  illustrates  this.  The  following  table 
shows  how  this  fkct  is  expressed,  in  accor- 
dance with  the  refiractive  law ;  and  at  the  same 
time  may  give  an  idea  of  the  different  refhict- 
ing  powers  of  diiforent  substances.  The  refirac- 
tioo  is  calcnlatwl  fbr  rays  of  mean  refrangibihty 
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— tboie  between  the  Tiolet  and  the  led  njB  of 
the  flpectnun. 

TABLE  OF  BEFRACnVB  INDICES  FOB  RATS  OF 
MEAN  BEF&AMGIBIUTr. 

Vaoimiii, lOOOOOO 

Hydrogen,  (82*  Fahr^  and  29-9il8 

incbes  barametirlo  pressure),   ..ItKIOlSS 

Oxygon, 1<K)0273 

Air,  1XX)(»94 

Kitrogen, I'OOMOO 

AmmoaU,  1^X)0385 

Chlorine, l<K)(y77a 

loe,  1-3085 

Water, 1-836 

Yinegar, 1*347 

Alcohol, .....1-37 

Fluorspar, 1^86 

Tkllow,  melted, 1^46 

Oil  of  Turpentine,    1^48 

Honey, WSS 

Dry  Egg  Yolk, 1« 

Qlan,  English  Plat^ 14 

(Varying,  In  dlflrerent  speel- 
xnens,  from  this  to)— 

Bottle  GIas8» .1^182 

Bock  Crystal, 1«7 

Amethyst,  r502 

Deep  Red  Glass,  1*729 

Sapphhre,  White, 1768 

Ditto,    Blue, 1*794 

Sulphur, 2* 

DiAmood, 2*430 

to 
2755 
Mercury,  (probably)  6*829 

The  meaning  of  the  table  is  this:— in  passing 
from  yacaum  to  common  air,  the  ratio  of  the 
sines  is  1*000294;  that  is,  if  8  p  be  the  conrBe 
throngh  vacuum,  and  a'  p  through  common  air, 
then  s'A'  «=  1*000294.  The  ratio  of  s  a  to 
s'A'  in  the  case  of  a  passage  fixnn  vacanm  to 
any  snbstance  is  given  opposite  its  name.  Two 
general  results  follow  readily  from  the  table; — 
fintj  the  refractive  index  is  greater  in  passing 
into  denser,  than  into  rarer  media ;  and  seeofid^ 
the  same  index  is  greater  also  in  passing  into 
the  more  combustible  media. — Up  to  this  point, 
we  have  proceeded  on  the  idea,  that  the  ray  of 
light  passes  from  vacuum  into  another  medium, 
or  firom  another  medium  into  vacuum.  But  in 
the  great  m^ority  of  instances,  the  ray  passes  from 
one  medium  into  another.  Tliis  case,  however, 
is  met  by  the  laws  already  noticed.  Given 
the  absolute  refractive  indices  of  two  media  (the 
Index  for  the  passage  from  vacuum  into  each  of 
them),  it  is  easy  to  find  their  relative  refractive 
index  (that  for  the  passage  from  the  one  into 
the  other).  The  relative  index  in  passing  from 
one  medium  into  another,  is  the  quotient  of  the 
absdlnte  Index  of  t)ie  second  by  the  absolute 
index  of  the  first  When  the  ray  passes  throngh 
one  medium  into  a  denser  one,  the  relative  re- 
fractive index  will  be  measured  by  the  quotient  of 
one  quantity  (the  refractive  index  of  the  denser) 
divided  by  another  less  than  it  (the  refractive 
Index  of  the  rarer),  and  will  therefore  be  greater 
than  1.  The  ray  will  thus  be  bent  towards  the 
perpendicular  to  the  bounding  snrface.  And  the 
revetse  most  bold  when  the  ray  proceeds  in  the 
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opposite  direction. — It  is  worth  noticiag^,  that 
the  refractlN'e  index  of  common  air  »  verf 
small,  and  that  when  we  take  the  rdatiTi 
refractive  index  for  air  and  a  mediain,  toy 
little  alteration  is  required  in  the  original  abn- 
lute  index  of  the  medium;  unless  Indeed,  for  the 
gases,  whose  indices,  beipg  likewise  sn&all,  are 
very  sensibly  altered,  in  con9eqneno&  Thos  the 
relative  refractive  index  of  a  mean  ray  paasiDg 
from  air  to  glass  is  1*4985,  when  thai  inr  soeh 
a  ray,  passing  frx>m  vacuum  to  tlie  same  glMS  b 
1*5. — Another  very  Important  propositSon  is 
this,  that  if  we  have  a  series  of  media,  all  d 
which  are  separated  at  their  boundaries  by  psr- 
allel  surfaces,  any  ray  passes  throngh  oi»  of  the 
series,  just  as  if  it  had  entered  it  from  vacamiL 
Thus,  if  we  imagine,  in  fig.  6,  twooriginany  po^ 
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allel  rays  spqbs'  and  abb' a',  oomhig  Mh 
firom  vacuum,  and  passing  through  the  medfana 
BQBB',  the  rays  will  be  transmitted  tim^gb 
the  medium  in  parallel  lines. — ^Tliis  is  a  veiy 
direct  and  easily  deducible  oooseqneDOft  Hie 
lines  B'B  and  a'b'  are  parallel;  so  ako,  theUaes 
B'  B,  and  B  Q.  But  the  latter  has  passed  through 
a  medinm  before  entering  bqbb'  and  the  ior- 
mer  has  not — It  is  important  to  notice  a  Umita- 
tion  requisite  in  the  application  of  this  state- 
ment, to  the  ordinary  refraction  of  stellar  and  solar 
light  in  pasaiag  through  the  atmospben^    Hit 


atmosphere  is  imagined  to  be,  and  for  the  poipoeei 
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if  cdenbtion  we  eonsider  it  generally  as  com- 
poad  of  a  aeries  of  layers  of  equal  densitj  passing 
sfl  mand  the  earth,  those  of  each  density  being  at 
sqiasl  ckratifliL  Let  b  rqnesent  the  poeitioa  of 
a  wfviMtm  at  the  sorfirae-and  aee^  bdf,  two 
s4isoait  atmospherical  layers,  oz  is  directed 
toiianis  the  senith.  Let  s  a  6  a,  k  cdgf  hb'^ 
zt/tT  be  hiiniiMiiia  raj's.  Then  the  soifaces 
kd/tad  ac4  are  cnired  sar&ces,  and  therefore 
It  ii  fanpossihle  to  describe  them  as  parallel  If, 
hoverer,  a  plane  be  drawn  just  exactly  touching 
a  canred  sorfaoe  at  any  point,  it  is  said  to 
bare  the  aame  directiaa  with  the  surface  at 
tbst  poioL  Now,  in  refiaction,  we  have  only 
fio  ds  with  a  point  of  the  limiting  snr&oe.  It  is 
desr  that  it  would  not,  in  the  least,  signify,  al- 
tboagh  we  should  have,  instead  of  the  straight 
fine  r  Qi  a  hoUow  line  z,  in  the  vertical  section 


rf  Oe  body.  It  Is  eqnally  dear,  that  it  doea 
how  near  p  or  q,  such  a  hollow  line 
If  It  only  leave  room  for  a  p  to  fall 
m  exactly  the  same  spot  as  it  would  otherwise 
^^ad  do  not  interfere  afterwards  with  the 
•wfais  a' p.  Hence,  in  refiaction,  we  have 
•^  Is  jfo  with  a  very  small  part  of  the  bound- 
~~  and  that  the  part  at  which  a  ray  is 

oeifgeDt.  We  can  substitute,  there- 
ef  the  sorlSMes  ace,  bd/y  three 
jMC  toodiing  them  at  a,  r.  and  e,  and  at 
•>  <  and  /  The  condition  of  which  we  have 
that  the  uniting  surftoes  be  parallel,  in 
to  the  application  of  the  propositions 
win  be  fulfilled,  therefore,  if  the 
pbns  which  toocfaes  the  outer  drde  at  6  be 
to  that  toodung  the  inner  at  a.  This 
'•m  happen,  if  the  lines  a^  and  6  A  are 
P"iM.  For  any  planes  are  parallel,  the  pcr- 
to  which  are  parallel  lines.  Now 
_  linn  ag,  6 A,  c*,  dl,  sm,  /» 
m  sD  eootmnatiooa  of  the  radii  through  o,  6, 
^<c,/  These  Unes  a^,  6A,  ei,  cf/;  em, 
/%^*eB  brought  to  one  point  at  0,  are 
■*%»  aor  to  be  parallel,  and  therefore 
■^  pIsBes  of  which  we  have  already  spoken 
■K  Boc  to  be  considered  so  either.  Hence 
■i  law  which  we  have  demonstrated,  for 
P"iU  booMUries  cannot  be  applied  to  at- 
yp^gfe  lefiacdon.  It  is  useful  to  observe, 
"•*•«♦  that  in  the  caae  of  rays  juusing  down 
•  br  IS  from  a  near  the  zmith,  the  devia- 
tlfia  from  the  ease  which  we  have  already  con- 
is  Teiy  smalL     The  triangle  bo  a  is 
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very  much  elongated,  and  the  angle  boo,  by 
which  the  directions  of  the  perpendiculars  and 
therefore  of  the  planes  differ,  is  very  smalL 
Taking  a  radius  of  two  degrees  or  so,  round  the 
zenith  line,  we  may  cut  out  a  conical  portion  of 
the  sky.  like  pe6,  differing  very  little  from  a 
real  cone,  and  having  the  luminous  lines  passing 
through  A  to  B,  passing  into  the  layers  of  dilTer- 
ent  densities  very  nearly  at  parallel  surfaces.  In 
foct,  for  this  space,  the  deviation  from  the  law 
stated  could  not  well  be  estimated.  In  this  case, 
then,  in  computing  the  exact  amount  of  refrac- 
tion, we  simply  tiJie  the  original  ray  as  coming 
to  the  eye,  in  a  line,  the  refractive  index  for 
the  deviation  of  which  from  the  original  line  is 
1*000,294,  subject  to  certain  minute  correc- 
tions for  temperature  and  pressure.  This  is  liable 
to  no  material  error,  for  the  refractive  index  for 
air  has  been  very  frequently  observed.  In  the 
case  of  rays  nearer  the  horizon,  we  have  dif- 
ferent and  far  less  simple  laws,  akin  to  those 
for  prismatic  refraction ;  and  the  correct  applica- 
tion of  these  is  dependent  upon  our  knowledge 
of  the  physical  constitution  of  the  atmosphere ; 
and  is  disturbed  by  any  temporary  disarrange- 
ment of  that  constitution,  for  example,  by  winds, 
earthquakes,  meteors,  &c AYe  sliall  now  pro- 
ceed to  consider  the  caae  most  analogous  to  at- 
mospheric refraction  through  the  strata  nearest 
the  earth's  surfiioe.  It  is  that  of  refraction 
through  a  prism.  The  general  character  of  a 
prism,  as  we  now  consider  it,  is  simply  a  body 
not  bounded  by  parallel  surfaces.  When  a 
transmitted  ray  strikes,  at  its  points  of  incidence 
and  emergence,  on  planes  which  are  not  parallel,  or 
upon  sur&oes,  the  tangent  planes  to  which  at  these 
points  are  not  parallel,  our  previous  oiMicluBions  do 
not  hold,  but  become  useless.  We  must  consider 
this  case  specially.  Conceive  two  planes,  standing 
out  at  right  angles  to  the  plane  of  the  paper,  and 
making  on  that  plane  the  figure  bag.  Let  a p 
be  a  ray  of  light  from  a 
luminous  point,  a,  falling  n 
on  the  plane  at  p,  and 
following  the  course  sp 
QB.  The  problem  re- 
quires the  discovery  of 
the  laws  which  reflate 
the  transmission  of  the  a} 

ray  (supposed  of  homo-  Fig.  9. 

geneous  light)  spqb.  The  first  proposition 
we  shall  establish  is  this,— the  algebraic  sum 
of  the  angle  of  refraction  at  the  firet  surface, 
and  the  angle  of  mcidenoe  at  the  second,  is 
equal  to  the  angle  bac,  contained  between 
the  two  planes.  Draw  m  «'  and  »'  n  perpen- 
dicular to  the  sides.  Then  a'  p  q  and  a'  q  p  are 
respectively  the  angles  of  refraction  at  the  first 
surface  and  of  incidence  at  the  second.  It  is 
asserted  that  their  algebraic  sum  is  equal  to 
BAP.  The  angles  n'  q  a  and  a'  p  a  are  each 
right  angles.  The  whole  four  angles  n'QA, 
a'  p  A,  Q  A  p,  qn'F  make  up  four  right  angles 
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(L  32  oor.)  It  foUows,  therefore,  that  q  n'  p 
and  Q  A  p  will  make  up  two  right  angles.  Again 
(i.  82)  Q  n'  p  and  q  p  n'  with  »'  q  p  make  up 
also  two  right  angles.  The  addition  of  qaP| 
therefore,  and  of  QPfi'  with  n'Qp  to  the  same 
quantity  q  n'  p,  gives  the  same  result,  and  n'Q  p 
and  n'PQ  must  be  equal  to  qap.  We  may 
imagine  the  line  q  p  becoming  nearer  and  nearer 
to  <2  n',  untQ,  in  some  cases,  it  comes  to  coincide 
with  it,  as  in  the  figure,  where  p  q  and  the  line 
Q  ft'  are  the  same.  In  that  case  the  angle  p  q  »' 
has  yanished,  and  the  proposition  just  proved,  if 
true,  would  require  that  n'  p  q  should  itself  be 
equal  to  a.  But  as  this  is  a  limiting  case,  we 
cannot  trust  our  conclusion  without  verifying  it 
Thus,  therefore,  Qpn'  and  qpa  make  up  the 
right  angle  n'PA,  and  qpa  and  paq  are  equal 
to  the  right  angle  b  q  p.  It  follows  as  before, 
that  QAP  andn'p Q  are  equaL  The  proposition 
is,  therefore,  true  in  this  case  also.  We  have 
imagined  that  the  line  q  p  crept  up  towards 
Q  n'  as  the  position  of  the  ray  a  p  changed. 
Might  it  not  be  conceived  to  have  passed  it  and 
got  to  the  other  side  ?  It  is  evident  Uiat  it  might, 
assuming  the  position  of  the  figure  bdow.    But 

in  this  new  case  the 
*^  '  result  is  the  same. 

It  follows  from  the 
above,  that  the  de- 
viation of  a  ray, 
cansed  by  such  pas- 
sage through  planes, 
is  always  towards  the 
thicker  and  from  the 
narrower  part  of  the 
prism,  if  it  be  denser 
than  the  surrounding  media,  and  in  the  opposite 
direction,  if  rarer. — ^We  shall  proceed  to  find  ex- 
pressions for  the  amount  of  deviation,  in  terms  of 
the  angle  of  the  prism  and  of  the  relative  refractive 
indices  of  a  b  c  and  the  surrounding  media.  Let ) 
BB  angle  of  deviation  (bdb,  fig.  9,  bpb,  fig.  10, 
PDB,  fig.  11).    Let  i  be  the  angle  of  incidenoe  at 
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Fig.  XL 

the  first  surfiuK,  i'  that  of  refraction ;  e  the  angle 
of  emeigence  fix>m  the  second  snr&oe,  ^  that  of 
incidenoe  upon  it,  and  «  that  of  the  two  planes 
represented  in  section  by  ab  and  Aa  Thus  in 
fiig.  9;  )=rDPQ-|-DQP. 

=(Dpn' — n'pQ)-f-(n'QD  —  n'Qp). 
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=  l-)-e-(ir-feO 

=  i-f  e  — «, 
because  «,  the  angle  made  by  the  planee,  is 
equsl  to  the  algebraic  sum  of  the  ang^  of  inci- 
denoe at  tlie  second  and  of  refraction  at  the  first 
8urfiu».    The  same  proof  would  show  that  tbe 
statement  holds  in  all  the  three  cases,  e 
ing  —  e,  when  the  direction  of  b  q 
with  respect  to  mQ',  as  in   fig.   11. 
sin  1  =  /u  sin  i', 
and  sin  e  =  ^'  dn  e', 
where  ^  and  ^'  are  the  relative  refractive  indices 
for  a  mean  ray  passing  frt>m  the  two  surrounding 
media  into  Asa    Take  for  the  sake  of  aim- 
plidty,  e.^.  the  more  usual  case — ^media  on  tliB 
two  aides  of  the  same  kind  (ji  and/t'  being  equal). 
The  more  general  investigation  proceeds  on  tbs 
principles  which  we  are  about  to  apply,   but 
demands  the  introduction  of  higher  "flth^^wtL^ 
.*.  sin  i  =.  ^  sin  1' 
sin  e=:^'sin  e' 
«  =  i'  4-  e' 
In  these  three  equations,  we  have  got  time 
unknown  quantities  defined,  i',  e,  and  e',  and 
it  would  be  possible  by  the  application  of  not 
very  recondite   geometrical   principles,  to  get 
these  expressed  in  terms  of  the  various  known 
quantities,  i,  /m,  ^'  and  «.    We  must  confine 
ourselves  still  farther,  however, — viz.:  to  three 
special  cases,  capable  of  resolution  without  diffi- 
culty.   Suppose  i  to  be  very  smalL    But  tbe 
sines  of  very  small  angles  are  nearly  proportional 
to  the  angles  themselves.    Hence  we  may  anb- 
stitute  for  the  expressions  sin  i  and  sin  t,  &c., 
i  and  e,  &c.    And  we  obtain 
i=^i' 
e=^e' 
•  r^i'  +  e' 

J=i-j-e— «=^i'+^e'— «=^P'-fcO— • 

=  ^« mssz(jA 1)« 

Applying  this  formula,  to  the  case  of  a  prisna 
of  glass,  with  an  angle  of  60°,  we  will  have 
J  =  (^  —  1)  60« 

=  (1-5  —  1)  60* 

=  -6  X  60*  =  80* 
— The  second  special  case  we  shall  consider,  ia 
that  in  which  the  angles  of  incidenoe  and  emer- 
gence are  equaL  Takmg  our  standard  formuliB  — 
sin  i  =  ^  sin  r 
sin  e  =  ^  sin  e' 
•  =  i'  -f  e' 
We  shall  then  have  i  =  e;  whence,  from  tiie 
first  two  formulsB  i'  =  e'.    (This  merely  assorta 
a  proposition  aheady  established,  viz. : — that  two 
parallel  rays  are  refracted  parallel,  in  the  same 
circumstances.)    Instead  of  having  the  rays  par- 
allel, conceive  that  the  sides  b  a  and  bc  after 
having  been  together,  are  carried  away  separate. 
Since  i  and  e  were  equal  when  they  were  to- 
gether, the  rays  were  parallel  then,  and  the 
angles  of  refraction  were  therefore  equal  then. 
But  if  the  system — the  glass  and  the  ray— be 
merely  removed,  with  no  change  in  their  lelativo 
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flw  nCradioii  moat  ramaln  quite  as 


HenoB  i'  =  ' 
2 
Koir  )  =  i  4.  e  ~  •  =  2i  —  • 

m 
But  sin  i  =:/»^  ^ 

•".  i  ii  tb»  an^  yrbo&b  sine  is  |»  ain  f 

2 

Aad>a2X(a8^wbosesiiieu/»sin  9)  — «• 


tUid  special  eaae^  u  more  general  than 
aaj  ef  tbe  oCliei&  It  does  not  aasame  that  the 
vaiia,  on  the  two  asdes,  should  be  the  same : 
!■  hA,  it  taka  m  tbe  most  general  application 
of  tbe  can  ouuceifaMe,  irtien  the  ny  emeigee 
yfipHMlM  ulariy.  In  that  ease  e  «■  0^;  whence 
#  is  alao  equal  to  0^. 
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•        •  •         mm 

am  1  =  A^sur 
ain  e  =  /i'  nn  ef 
•  =  i'  +  e' 
=  1* 

sin  i  ^  ^  sfai  1^=2  ^  sin  • 
.*.  i  ^  an^^  whose  sine  is  <»  sin  « 
■rfJ  =  i+e  —  »=i— •  =  (angle  whose 

sine  is  /«  sin  «)  —  « 
Ap§ihffa^  these  two  last  fonnnlas  to  the  case  of 
of  60®  at  A,  (taking  ^  the  relatiye 
kdex  of  air  and  giaas,  as  1*5),  we 
tbe  an|^  of  inddenoe  and  emer- 
«|iml,  (in  this  case,  by  the  way,  the 
B  pnlved,  by  the  higher  mathematics 
«»  be  tbe  least  possOile) 

}  =  2  X  angle  whose  sins  is  '76  —  60® 
=  2  X  4«®-S6'  —  60®  =  87®-10' 

tbe  ray  coBOges  perpendicniariy  to  the 
awlace^  which  might,  in  this  case,  be 
is  wmtar,  (the  otlier  boondaiy  soiftoe 
kept  above  it),— we  have  %  =  angle  whose 
k  1-299037 — 60®.  A  moat  anomatoos  n- 
aag^  has  a  sign  greater  than  1. 
Ike  iaJBiesKa  is^  that  it  is  impoesible  to  transmit 
a  ray  Ibnwigh  a  prism  with  a  reftacting  angle, 
sa  that  the  aneigent  nj  be  perpendicolar  to  the 
of  oncnicBi.  This  result  is  sufficiently 
bat  it  beoomes  more  so,  when  it  is 
n  inevitable  coneegnence  of  the  re- 
fadivvlsw;  and  whsD  another  daas  of  analogous 
leaaika,  ikyaxfing  on  the  same  principle,  are 
kmagbt  ap  to  conlinn  it  The  refractive  index 
I  a  rarer  to  a  dsDser  medium  is  always  greater 
1.  Snppeae  it  ^  But  in  every  case  of 
tfsB  fannnla  ain  i  s=  n  sin  i'  applies. 

If  mm  ilB  i'  be  greater  than  -  (and  whatever/* 

k^  aiaee  -  BOit  be  leas  than  1,  some  angle  may 

be  fgnnd  wiuaa  aina  would  be  so),  we  should 
/I  aio  f  greater  than  1 ;  but  ^  sin  i' 
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is  equal  to  sin  i,  and  sin  i  is  therefore  greater 
than  1,  which  is  impossible.  Eitlier,  there- 
fore^ the  refractive  law  is  incorrect,  or  some 
false  hypothesis  has  been  made.  That  hy- 
pothesis is,  that  light  could  be  refructed  into 
a  medium   at   an  angle  of  refraction  whoee 

sme  is  greater  than  -,  or,  which  is  the  same 

thing,  that  if  passing  through  such  a  medium, 
any  ray  could  in  these  dreumstances,  be  re- 
Jractedout  We  arrire,  therefore,  at  the  con- 
clusion, that  light  is  not  refracted  into  a 
medium  at  an  angle  of  refraction  whose  sine  is 

greater  than  ~    For  example,  all  light,  passing 

A* 
into  water,  will  be  refracted  at  angles  of  re- 
fraction whose  sines  shall  not  be  greater  than 

-  ■  (1*881  being  the  least  refractive  index, 

for  the  red  ray,  through  water,  and  the  rays  so 
refracted  will  be  red;  violet  rays  will  not  be 
refracted  at  an  angle  whose  sine  shall  be  greater 

than  ,  -. ;.    (See  table  1,  already  given.)    The 
1*844 

red  rays,  therefore,  may  fall  within  48®  42' 

(an^e  whose  sine  is  ),  and  the  violet  ra}'s 

1*001 

within  48®  4'  (angle  whoee  sine  is  ^-}rJ*  ^^ 

1*344 

the  perpendicular  to  the  surface  at  the  point  at 
which  they  enter.  The  88^  between  the  two 
would  be  very  beautifully  tinged  with  the  pris- 
matic colours.  Hence  to  an  eye  below  water 
all  the  objects  at  the  surface  of  the  earth  will 
appear  as  if  grouped  into  the  space  of  97®  24', 
instead  of  appearing,  as  they  do,  at  the  surfiM» 
under  an  angular  space  of  nearly  180®.  The 
eyes  of  fishes  liave  verjr  nearly  the  same  denaty 
and  refractive  index  witlf  the  water  in  which 
the}'  live  *,  there  is,  therefore,  no  material  change 
in  this  effect  to  them.^We  liave  thus  obtained, 
then,  by  the  above  processes,  expressions  for  i 
in  terms  of  /&  and  «.  It  remains  to  deduce 
simUar  expressions  for  /«  in  tlie  terms  2  and  «. 
Sometimes  we  have  peculiar  specimens  of  re- 
fracting substances,  whose  exact  power  we  wish 
to  discover,  and  in  order  to  this  we  measure 
}  for  a  prism  with  a  given  reft«ctbig  angle. 
The  expressions  which  we  sliall  deduce  refer 
respectively  to  the  three  cases  already  specified. 

In  the  first  case  we  found  )  =£  (/• — I)  • 

m       '^ 

Thus,  in  a  prism  of  60®  refractive  angle,  if  % 
be  found  to  be  88®,  we  obtain  •  =  1*56 ;  fitnn 
which,  it  is  probable  that  the  gUus  is  a  low  flint 
glass,  Gontahiing  lead  in  composition.  {JSenekd 
im  LighLy^hi  the  second  case 
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J  =  2  i  —  «,  and  i'  =; 


sin 

0+«) 

sini 

2 

'•       sini'—    gin 

• 

2 

Take  mmilarly  >  —  30' 

sin  45**       , 

1-414 

In  the  third  case, 

J  — i  — • 

i'  =  » 

.'.  sin  i                sin 

(^-f-) 

sin  i'       '^ 

sin  • 

Let  )  «  30°,  here  also 

2          2  V  3 

Aft  -.^    .  /     n    ^^            A 

=  1151. 

8 

— ^The  snlject  of  the  refraction  of  light  at  the 
Burfaoes  of  yarious  carves,  and  of  the  convei^genoe 
and  diyergence  in  the  refracted  rays,  will  be  fully 
treated  under  article  Lem&     Another  subject, 
closely  connected  with  dioptrics,  and  depending 
upon  dioptrical  principles,  is  the  appearance  which 
bodies  make  to  the  eye  behind  refracting  snr- 
faces.  This  will  be  treated  of  elsewhere.  8eeLfiNS 
and  Tklbscopb.    We  shall  just  state  the  pro- 
positions upon  which  it  rests.  Its  principle  is  very 
simple.     Eveiy  line  or  snrfaoe,  luminous  either 
in  itself  or  by  reflection,  is  supposed  to  be  made 
up  of  a  number  of  luminous  points  placed  closely 
together.      The  rays  from  these  appear,  after 
passage  through  the  prism,  as  if  they  came  from 
points  entirely  different  fit>m  those  {h>m  which 
they  are  really  emitted,  according  to  the  laws 
already  demonstrated  in  this  article.     For  each 
point,  therefore,  we  will  get  another  correspond- 
ing point,  fit)m  which  the  rays,  really  emergent 
from  the  first)  will  apparently  emerge.     The 
whole  of  these  corresponding  points,  put  together, 
will  make  up  a  line  or  a  surface,  as  the  original 
body  made  up  the  one  or  the  other,  and  the  pro- 
blem which  we  now  just  indicate  is  this — Given 
a  line  ur  a  surface  made  up  of  luminous  points, 
required  to  find  its  position,  as  that  appears  through 
a  refracting  body?    This  may  be  the  case  while 
the  eye  remains  in  one  medium  and  the  body  in 
another,  only  one  of  which  terminates  between  the 
body  and  the  eye.    A  fish  seen  in  water  is  such 
a  body.    Or  again  the  body  and  the  eye  may  be 
separated  by  a  medium  completely  terminating 
between  them,  as  a  stick  seen  through  glass. 
We  have  shown  in  this  latter  case,  that  the  pomt 
from  which  the  rays  will  seem  to  an  eye  on  the 
other  side  of  the  medium,  to  emei^  will  be  at 

t 

the  distance  u  -4-  -   from  the  suflioe  of  the 

medium — approximately.  li^  therefore,  we  have 
an  object  gnfen,  and  draw  ftiom  its  points  vari- 
ous perpendiculars  to  the  £uther  aur&ce  of  the 
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plane  medinm  of  which  we  speak,  and  mnic  o^ 

from  the  points  of  inddeoce  of  these  peirpeadiea- 

t 
lars,  distances  equal  to  u  -|-  -  respectivel  v,  (m 

being  the  relative  refractive  index,  and  m  the 
perpendicular  distance  of  each  point  of  the  ob- 
ject from  the  plane  surface),  we  shall  obtain  tho 
image  required.  It  would  be  easy  to  show,  lor 
example,  that  the  image  ot  a  straight  lixkB  so 
obtained  will  also  be  a  strught  line,  parallei 
to  the  first  If,  as  in  the  other  case,  the  medinm 
I)e  not  terminated  between  the  object  and  tfaa 
eye,  we  should  have  u'  :=  /«  u  as  the  formiilA  to 
be  applied  for  each  point,  where  u'  is  the  distanoe 
of  the  point  fivm  which  the  rays  appear  to 
emeige,  from  the  lx>unding  surCsoe,  and  a  the 
distance  of  the  point  frx>m  which  they  actnallj 
come.  In  this  case  also,  the  image  of  a  strai^^ 
line  woold  be  a  straight  line.  It  is  to  be  noted 
carefully,  however,  whether  the  eye  b  sifiMtpd 
in  the  dexuer  or  in  the  rarer  medium.    As  tlus 

changes,  u  and  -  change  places.     Thus,  also 

the   relative   lefracdve    index    of  water    and 

glass  is  /*f  when  tibat  of  glass  and  water  is  -  . 

In  the  case  of  the  fishes  seen  in  water,  the 
value  of  ^  is  less  than  1,  because  eqoal  to 
the  reciprocal  of  a  number  greater  than  I,  and 
fishes  will  therefore  always  appear  nearer  the 
surface  to  an  eye  above  it,  than  they  really  are. 
The  refractive  indices  for  varions  kinds  of  water 
vary,  but  that  given  in  the  second  table,  1-336 
may  be  taken  as  the  standard  yalue.  The 
distance,  then,  of  a  fish  frtnn  the  eurftce  of 
still  water  will  be  1*836  times  more  than  the  ap- 
parent distance.  In  the  case  of  the  virtnal 
images  (images  occupying  the  points  tnm  whidi 
the  actual  light  appears  to  proceed)  formed  bj 
prisms,  the  principles  are  more  complex.  We 
shall  take  only  one  case — that  of  a  prian  wiUi  a 
small  refracting  angle.  Suppose  that  the  raye 
by  which  the  image  is  really  formed  are  aD  per- 
pendicular to  the  two  prismatic  surfaces.  It  is 
then  easy  to  calculate  the  apparent  podtion  of 
the  object  Imagine  now  the  rays  from  that 
image  falling  on  the  second  snrflsoe,  untouched 
by  the  firet,  and  calculate  the  positian  of  the 
new  image  by  the  same  law.  This  position  may 
be  taken  as  sufficiently  near  for  practical  pur- 
poses to  the  real  position  of  the  image. — The  lin«- 
going  paper,  refierring  only  to  the  leading  pheno- 
mena of  Dioptrics,  does  not  pretend  to  exhaust 
the  subject  The  advanced  student  is  earnestly 
referred  to  a  recent  memoir  by  Gauss,  refsinted 
in  Ttxifbr's  SeiaUifie  Memoirs. 

I^lp  of  Koriaoa,  is  the  angle  wMch  the 
line  drawn  fh>m  the  eye  to  the  most  distant 
visible  object  on  the  earth's  surface  makes  with 
the  rational  horizon.  It  is  impossible  to  observe 
the  dip  on  the  sorfiMS  of  the  ground,  because  of 
its  inequalities.    It  is  readily  observed,  howeror, 
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Tbe  dip  of  the  hofizon  is  tiftcted  by 
S«e  RsFaACTioir.  As  fiir  as  it  Li 
Ml  so  inflaenoed  we  shall  explain  it  here. — 
A  sptrtator  sltiute  at  s,  above  the  soifaoe  of 
thB  earth,  will  see  any  object  above  the  lines  b  a, 
■  B.  He  camMi  see  beloir  these  lines.  The 
sog^B  &ea  wh&di  eirher  of  these  lowest  lines 
■akies  with  ran,  wludi  is  drawn  perpendicnlar 
Is  BC  (c  being  the  eentre  of  the  earth),  and 
wkieh  is  ao,  panllel  to  the  horiion  of  d,  the 
pniat  fanmecfiatdT  beneath  b,  on  the  sorfaoe,  is 
caOed  the  dip  of  the  horiaoo.  Thos,  hi  the 
▲  Bv  or  BBH,  is  so.— It  is  easy 


its  amoant.  The  angle  fea.  is 
eqnal  lo  BC  a,  and  when  we  know  b d,  it  is  not 
<fiflkalt  to  find  the  valns  of  bca.  If  we  add 
■  i»  to  the  length  of  tlie  radios  of  the  earth  at 
the  apoC  and  divide  that  same  length  of  the 
rains,  by  the  sum,  we  obtain  a  decimal, 
wUdi  win  be  fbond  in  trigonometrical  tables  of 
opposite  the  angle  we  seek. — 1(  as  is 
fbeqisHitly  the  casei  we  wish  to  know  the 
Isnglfa  of  space  ba,  over  which  we  can  range 
at  a  given  height,  we  may  obtain  a  very  near 
appwfimatinn  by  multiplying  b  d  by  foor  times 
of  the  earth,  and  extracting  the 
This  win  give  the  Hi^ma— r  of  the 
of  viflon.  It  is  to  be  noted,  however,  that 
the  apprazlmation  is  the  less  accurate  the  larger 
X  D  beeomes,  and  that  if  it  exceed  a  mile  or  two 
ipk»T  other  expedients. — It  is  neoes- 
iber  that  resolts  thus  obtafaied,  most 
Be  noRecBBii  ■or  renvcncML 

(liTMf,  o  9MMf.)     An  astronomical 
s^gmBVing  the  part  of  the  surfsoe  of  a  hea- 
body  visible  at  any  given  time.    Disc  is 
■nplojred  in   optics,  although  rarely,   to 
mga^  the  width  of  aperture  of  telescope  glasses. 
•fackswye.    In  the  article  upon  Conduction 
ef  QecSrkity  we  described  the  several  modes  of 
djschaige,  or  of  the  transference  and  an- 
of  the  electric  forces.     One  of  these 
the  dtsruptive  dischaige,  wiU  be  specially 
in  this  article,  as  it  is  that  to  whidi 
tb>  iimpla  tenn  Disdiaige  is  most  nsuaUy  ap- 
If  an  electrified  conductor  is  insu- 
and  bfoaght  near  to  another  conductor,  it 
the  latter  by  induction,  and  has  its 
«wb  ehaige  determined  with  greater  or  lees  in- 
towanb  that  part  of  its  suifkoe  which 
to  the  induced  charge.    Up  to  cer- 
tise  intensity  of  this  electric  ac- 
he i"'  ■yiasal  by  several  means,  as  by 
the  annhoea  nemer  to  each  other,  by 
iqioo  the  oondnetor,  or  by 
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cbanging  the  forms  of  the  sorfiuea :  bat  the  in- 
crease, however  eflected,  has  a  limit  in  every 
case.  In  this  limiting  state  of  the  inductive  ao- 
tions,  a  spark  appears  between  the  surfaces,  ac- 
companied by  sound  and  other  effects,  and  the 
electric  forces  are  found  to  be  wholly  or  partially 
destroyed.  In  other  words,  ducharge  has  oc- 
curred arrosf  ih»  air;  and  it  is  called  the  disrup- 
tive disdiai^  because  of  the  sudden  and  violent 
commotion  that  it  produces  in  the  matter  occupy- 
ing its  path.  The  conductors  may  be  separated  by 
other  substances  as  well  as  air,  fbr  the  productiim 
of  these  eficcts.  Discharge  between  their  sur- 
facm  may  .be  effected  across  any  kind  of  inter- 
jacent matter,  gaseous,  liquid,  or  solid,  which 
possesses  a  certain  degree  of  insulating  power. 
When  the  inteijaoent  matter  is  solid,  it  is  shat- 
tered, or  cracked,  or  pierced,  by  the  disruptive 
action,  so  as  to  be  permanently  unfitted,  by  its 
loss  of  insulating'  power,  for  the  repetition  of 
discharge  through  its  mass.  On  this  account, 
solid  media  of  discharge  cannot  be  employed  to 
any  great  extent  in  the  investigation  of  the  laws 
of  this  electric  action.  The  laws  of  discharge  in 
air  have  been  investigated  with  much  attention 
and  success  by  Sir  W.  Snow  Harris.  A  full 
account  of  his  methods  and  results  is  given  in 
the  Philoiopkieal  Tramaetiont  for  1884.  The 
principal  subject  ot  his  inquiry  was,  the  quantity 
of  electricity  requisite  for  the  production  of  dis- 
charge in  given  circumstances :  and  of  his  valu- 
able results  we  may  mention  two,  which  are  re- 
marlcably  simple  and  definite,  and  which  have 
been  verified  under  such  varied  forms  of  experi- 
ment, as  to  be  well  entitled  to  the  name  of  gene- 
ral laws.  If  two  electrified  conducting  balls  are 
made  to  approach  one  another  in  air,  they  dis- 
chaige,  to  each  other,  across  the  air,  when  their 
mutuJal  dbtance  has  diminished  to  a  certain 
value.  This  amount  is  called  the  striking  duiUmoe, 
In  constant  circumstances,  the  striking  distance 
is  constant.  It  varies  with  several  elements; 
particularly,  with  the  forms  and  magnitudes  of 
the  conducting  surfaces,  with  the  amount  of  their 
charges,  and  with  the  condition  of  the  surround- 
ing air.'  In  the  two  laws  above  mentioned,  the 
striking  distance  is  related  mathematically  to 
the  amount  of  the  charges  and  to  the  density  of 
the  air.  For  the  same  balls,  the  striking  dis- 
tance varies  exactly  in  the  direct  ratio  of  tfao 
charge,  and  in  the  inveree  ratio  of  the  density  of 
the  air.  Thus,  let  one  ball  be  connected  with 
the  ground,  and  let  the  other  be  charged  by  the 
unit  jar  with  one,  two,  or  three  units  of  elec- 
tricity;  then  the  striking  distances  between  the 
two  balls  across  the  air  will  be  in  the  three 
cases  as  one,  two,  and  three.  Again,  if  the  two 
balls  be  enclosed  in  an  air  pump,  and  the  air  be 
rarified,  the  striking  distance  for  a  constant 
charge  increases,  and  precisely  in  the  same  pro- 
portion as  the  density  of  the  air  diminishes ;  and 
in  these  circumstances  a  constant  striking  dis- 
tance is  maintained  by  diminishing  the  chaige 
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in  the  same  proportbn  as  the  density.  Faraday 
has  made  nmnerous  experiments  upon  disniptive 
discharge,  as  may  be  seen  in  the  twelfth  series  of 
his  Eaepetimental  Researches.  One  inquiry  of 
great  interest  which  he  lias  attempted  in  those 
ejqieriments  is,  the  dependence  of  the  striking 
distance  upon  the  specific  nature  of  the  gaseous 
medium  interposed  betwem  the  conductors.  It 
had  been  oonmionly  supposed  that  the  power  of 
air  and  gases  in  restraining  dischaige,  up  to  the 
limiting  intensity  of  inductive  action,  was  due  to 
statical  pressure  upon  the  conducting  surfaces. 
This  view,  however  unsatirfactory,  was  not  with- 
out support  in  fiict,  as  may  be  seen  from  the 
second  law  above  stated.  But  Faraday's  results 
have  rendered  it  more  than  questionable,  by 
proving  the  existence  of  spedfic  restraining 
powers  in  the  several  gases.  Thus,  the  striking 
distance  in  muriatic  acid  gas  is  about  one-half 
of  that  in  common  air  in  similar  drcumstanoes, 
and  barely  one-third  of  that  in  hydrogen.  The 
restraining  power  of  muriatic  add  is  therefore 
three  times  that  of  hydrogen.  This  is  for  the 
same  pressures ;  and  similar  differences,  though 
not  so  extensive,  are  observed  among  the  other 
gases.  These  diffisrences  cannot  be  attributed  to 
specific  gravity,  for  the  orders  of  the  gases  in 
respect  to  these  two  properties  are  not  the  same. 
The  differences  are  founded,  according  to  all 
appearance,  upon  specific  electric  distinctions 
among  the  gases  in  relation  to  discharge.  This 
fiict  appears  the  more  remarkable,  when  we  con- 
sider that  all  the  gases  have  sensibly  the  same 
inductive  capacity:  but  a  similar  contrast  has 
long  been  established  in  the  case  of  air  at  differ- 
ent densities.  Faraday's  experiments  on  dis- 
ruptive dischaige  appear  to  have  brought  out 
another  specific  difiiirenoe  among  the  gases. 
When  two  charged  balls  of  difiSs-ent  dimensions 
are  brought  near  to  each  other  in  air,  the  dis- 
cbarge is  restrained  more  powerMly  when  the 
smaller  ball  is  that  positively  electrified, — 
other  things  being  equal.  A  similar  law  holds 
in  hydrogen^  omiamt  gas^  carbonic  add^  and 
muriaHe  acid;  while  the  reverse  appears  to  hold 
in  oacygeti,  nilrogen^  and  coal  gas,  'Some  of 
these  results  are  still  questionable ;  but  a  specific 
difference  in  this  respect,  has  been  certainly  estab- 
lished. For  full  information  upon  these  points 
the  reader  is  referred  to  Faraday's  Eacperimental 
Researches^  series  twelfth  and  thirteenth ;  where 
the  bearing  of  the  fiicts  upon  the  theory  of  dec- 
tricity  is  also  brought  out  pretty  fully.  We 
should  not  omit  reference  to  the  variety  of  forms 
assumed  by  disruptive  discharge  in  the  gases. 
These  are  described  by  Faraday  under  the  names 
of  spark,  brush,  glow,  and  dark  discharge.  The 
first  three  of  these  are  sufficiently  indicated  by 
their  names,  to  all  who  have  witnessed  the  com- 
mon optical  effects  produced  by  electric  machines 
in  action.  Their  theoretical  connection  is  simple 
enough ;  for  the  brush  has  been  actually  analyzed 
into  a  quick  succession  of  spark-dischaiges,  and 
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the  glow  may  be  soppoaed  to  coraitt  of  difldiaiges 
in  still  closer  succession.  The  daik  jUi^jmiijiw^ 
as  fiur  as  it  has  been  yet  observed,  ooonis  in  oqh- 
nection  with  the  glow.  When  two  balls,  fir 
example,  dischaige  to  each  other  through  xarifted 
air,  there  is  exhibited,  in  oertafai  drennutaiMeB, 
a  perfectly  dark  interval  in  the  space  belwem 
the  balls,  and  this  while  the  whole  space  appean 
to  be  traversed  by  the  dischaige.  It  is  even 
considered  probable  that  there  are  dark  diadiaigM 
analogous  to  the  spaik  and  bmab,  bnt  not 
luminous  in  any  part  In  the  old  theory,  the 
phenomena  of  discharge  in  air,  were  ffTrpbihwd 
as  the  result  of  the  mutual  attractiooa  of  the 
dectridties,  opposing  and  overcoming  the  resist- 
ance of  the  air.  The  latter  resistance  was  gene- 
rally identified  with  the  statical  preesmne  of  the 
air  upon  the  conductor.  Thb  theory  was  a 
natural  interpretation  of  the  more  dementaiy 
ihcts;  but  it  is  now  giving  place  to  the  theoteti- 
cal  views  of  Faraday.  One  of  the  great  exod- 
lences  of  the  latter  theory  is  the  strictness  of 
connection  that  is  established  among  the  varied 
phenomena  of  dectridty,  a  strictaesa  so  weQ 
sustained  even  in  the  present  undeveloped  stats 
of  the  theory,  that  it  is  difficult  to  give  separate 
explanations  of  dectric  phenomena  without  tedi- 
ous reference  to  other  phenomena.  IndnctiaD, 
according  to  Faraday,  is  the  result  of  a  forced 
mechanical  condition  of  the  particles  of  a  dielec- 
tric. When  a  body  is  placed  between  two  dec- 
trified  conductors,  its  partides  are  thrown  into 
this  forced  condition,  by  the  dectrie  forces  resi- 
dent upon  the  conducting  surfaces.  The  Inten- 
dty  of  tills  condition  is  exalted  by  the  approxhna- 
tion  of  the  conductors,  until  the  partides  tknm 
cffih&T  forces,  by  communic&Uon  to  eadi  other; 
and  this  constitutes  dischaige  in  generaL  Dis- 
ruptive dischaige  differs  fixnn  conduction  acooind- 
ing  to  this  theoiy,  not  in  kind  but  in  degree; 
the  limiting  intendty  of  the  forced  inductive 
condition  of  the  partides  bdng  very  great  in 
the  former  case,  and  very  small  in  the  latter. 

Dlapevaloa  of  Ugku  It  is  shown,  under 
Refraction,  that  the  sine  of  the  angle  of  the 
rays  ineident,  upon  a  refracting  m«linm,  is 
proportional  to  the  sine  of  the  angle  of  B^ha^ 
Hon ;  in  other  words,  that  the  ratio 

sm  i 
sin  r 

is  constant  fbr  the  same  medium.  Tlils 
ratio  is  termed  the  index  of  refraction  for  that 
medium.  Bnt  as  it  is  wdl  known  that  the  zay 
of  light  oondsts  of  parts,  or  is  a  sheaf  of  mqe, 
unequally  refinangible,  and  that  on  this  acoount 
it  becomes,  after  reiiraction,  the  ooloored  ^pee^ 
trwn — it  is  dear  that  the  angle  of  refra^kn 
above  spoken  o^  is  merdy  the  fsem  imgie. 
Each  colour,  indeed,  has  its  own  index  (^refrac- 
tion for  every  separate  medium  or  refracting 
body;  nor  have  we  been  hitherto  enabled  to 
trace  the  physical  ooonection  between  the  indices 
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of  tho  diffncnt  oolomvi  md  other 
of  tibe  tttnctiag  snbstanoe — one  colour 
cootnctedt  and  another  remarkably 
irrakped,  wben  tfw  rmj  ia  snl^ected  to  the 
1  of  diffivent  media.    The  dU- 
of  ligjitt  stricdT  speaking,  is  the  difier- 
of  the  refiRBicting  indices  of  the  two  extreme 
and  vfolet— of  the  spectrom  pro- 
bj  any  aobatanoe :  and — (the  ratio  of  its 
to  Us   mean    index   of  refraction 
by  imity^— what  is  called  the  du- 
of  that  refnngent  sobetanoe,  is 
by  raeana  of  that.    Bat,  as  erery  one 
a  spectrum  knows,  the  various 


colouiB  are  spread  indefinitely  over  a  ooosldflr- 
able  space,— so  indefinitely  that  it  is  not  pos- 
sible to  state  aocorately,  either  the  beginning, 
the  end,  or  the  middle  of  any  colour.  The 
exact  measurement  of  dispersion  would  thus 
have  been^  impossible,  but  for  the  remarkable 
discovery,  by  Frauenhofer,  of  the  dark  hands. 
The  character  of  these  is  fiilly  explained  under 
Fbauenhofeb's  Likes,  as  well  as  the  circum- 
stances underwliich  they  may  be  readilydisoemed. 
The  actual  spectrum,  as  seen  through  a  telescope, 
would  be  represented  correctly,  if  the  upper  por- 
tion of  the  accompanying  figure,  or  r'  t%  were 
I  superposed  on  its  under  or  coloured  part.    These 


dnk  bands  hdtmg  to  the  ^fibrent  colours  over 
wbSth  tibay  are  plaoed  in  this  figure,  and  what- 
tha  nfriq^Bot  or  dispersive  medium,  they 
place  in  relation  to  thsM  oolours. 
of  having  to  deal  with  an 
ooioared  space,  we  can  deal  with  a 
dark  line  belonging  to  that  colour;  and 
well  as  all  subsequent  inquirers, 
hara  adopted  far  this  purpose,  the  lines  b,  c,  d, 
B«  F,  «s>  B.  By  aid  of  thoM  rays,  the  m^css  of 
of  the  difiennt  ooloars,  in  refiarenoe  to 
may  be  formed  and  tabu- 
asd  the  dispernve  power  of  such  media 
Such  observed  and  computed  tables 
givea  at  length  in  all  good  writers  on  optics, 
hero  to  have  stated  their  origin  and 
. — Kor  can  we  omit  to  remarlc,  that  such 
itial  to  the  scientific  com- 
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Terms 
applied  to  a  class  of  phenomena  of 
Ifae  explanation  has  reoenUy  been  given 
Stokes  in  several  memoirs,  that  oon- 
cpodi  in  the  history  of  our  knowledge 
Sxtaoos  of  light.  Indications  of  the 
tof  an  actioa  on  light,  not  known  before^ 
of  various  kinds,  had  not  escaped 
of  Sir  David  Brewster  and  Sir  John 
Sir  David  clearly  pointed  out  that 
early  as  1838 ;  and  Sir 
kn  llcadbel  entered  more  AiDy  on  the  subject 
1S45.  What  attracted  Herschel  was  as  fol- 
■SnhiHnn  of  qmnino,  whidi,  when  viewed 
ligfac,  is  colourless  as  water,  does 
aapeeta,  and  under  certain  ind- 
lof  that  light,  exhibit  ^  celestial  blue  colour. 
xiaur,  mooordmg  to  Herschel,  comes  only 
fnm  a  Msstnm  of  floid,  of  email  but  finite  thick- 
ao^  adfaeeDt  to  the  anrCioe  at  wliich  the  light 
mttok  Browner  aaaeito  that  he  has  seen  the 
%bflOBid«ably  fiutiier  from  the  sorfMes;  and 


he  identifies  it  with  a  property  belonging  to 
fluor  spar — (hence  naming  it  Jkiorescence),  He 
refers  it  to  a  common,  or  rather  an  extensive 
class  of  facts,  included  under  the  name  of  "  inter- 
nal dispersion."  The  light  thus  transmitted  is 
found  capable  of  being  dispersed  by  the  prism, 
and  to  consist  of  rays  of  various  nirangibilities 
— none  of  them,  however,  belonging  to  the  red 
end  of  the  spectrum.  Herschel  could  discern  no 
traces  of  polarization,  on  examining  it  by  the 
tourmaline;  Brewster,  on  the  other  hand,  on 
using  a  rhomb  of  calcareous  spar,  conceives  that 
he  certainly  detected  traces  of  this  condition. 
The  investigations  of  this  latter  eminent  inquirer 
will  be  found  in  the  Drausadions  of  the  Rotfol 
Societjf  ofEdmbwrgh  in  1846,  and  again  in  the 
Phiiosopkkal  Magazine  for  June,  1848. — Matters 
remained  in  this  state  until  the  year  1856,  when 
Bfr.  Stokes  took  up  the  problem.  Struck  by  the 
fact,  that  while  the  rays  tliat  enter  the  fioid  can- 
not pass  through,  or  afiect  more  than  a  trifling 
thickness  of  the  fluid,  the  dispersed  rays  them- 
selves traverse  many  inches  of  that  fluid  with 
perfect  freedom,  he  felt  himself  shut  up  to  the 
conclusion,  that  the  rays  producing  dispersion 
are  in  some  way  of  a  dijferent  nature  from  the 
rays  dispersed.  Now,  in  what  quality  or  quali« 
ties  can  two  sets  of  light-rays  differ  from  each 
other  ?  Under  the  modem  theory  of  light,  a  ray 
is  distinguished  or  individualiased  by  twocircum- 
stanoes^its  period  of  vibration  and  its  state  of 
polarization ;  or,  as  we  may  rather  say,  its  degree ' 
of  refrangibility  and  its  state  of  polarization.  Pur- 
suing the  latter  hypothesis  in  reference  to  its  power 
to  account  for  the  phenomenon  now  before  him, 
BIr.  Stokes  shows  it  to  be  utterly  untenable,  and 
thereby  found  himself  driven  to  suppose  that  the 
difibrence  of  nature  between  these  two  sete  of  rays 
is  a  cAoa^  ofrefrangibilUy.  But  from  the  time 
of  Newton  it  had  been  believed  that  light  retams 
ite  refrangibility  through  all  the  modifications 
which  it  may  undeiigOb     "Nevertheless,"  says 
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Mr.  Stokes,  "  it  seemed  to  me  less  improbable  termed  dioergefA,    For  instance,  two  adjacent 


that  the  refrangibility  should  ha\'e  changed,  than 
that  the  ondulatory  theory  should  have  been 
found  at  fault  And  when  I  reflected  on  the 
extreme  simplicity  of  the  whole  explanation,  if 
only  this  one  supposition  be  admitted,  I  could 
not  help  feeling  a  strong  expectation  that  it 
would  turn  out  to  be  true.  In  fact,  we  have 
only  to  suppose  that  the  invisible  nyn  beyond 
the  extreme  violet  give  rise  by  internal  disper- 
sion to  others  which  fall  within  those  limits  of 
refrangibillty  between  wliich  the  retina  of  the 
human  eye  is  affected,  and  the  explanation  is 
obvious.  The  narrowness  of  the  blue  band, 
observed  by  Sur  John  Herachel,  would  merely 
indicate  that  tlie  fluid,  though  bifrhly  transpa- 
rent with  regard  to  the  visible  rays,  was  nearly 
opaque  with  regard  to  the  invisible.  According 
to  the  law  of  continuity,  the  passage  from  almost 
perfiBct  transparency  to  a  high  degree  of  opacity, 
would  not  take  place  abruptly ;  and  thus  rays  of 
intermediate  refrangibilities  might  pr^uce  the 
blue  gleam  noticed  by  Sir  John  Herschel,  or 
the  blue  cylinder,  or  rather  cone,  observed  by 
Sir  David  Brevrster.  AVe  should  thus,  too,  have 
an  immediste  explanation  of  a  remarkable  cir- 
cumstance connected  with  the  blue  band,  namely, 
that  it  can  hardly  be  seen  by  strong  candle-light, 
though  readily  seen  by  even  weak  day- light 
For  candle-light,  as  is  well  known,  is  deficient 
in  the  chemical  rays  situated  b«yond  the  ex- 
treme violet"— That  a  ray  of  Light  should  be 
definitely  changed  in  its  refrangibillty,  by  its 
passage  through  a  medium,  was  indeed  a  new 
truth  in  science ;  and  it  opens  a  boundless  sphere 
of  investigation  as  to  the  relations  of  the  Ethe- 
real Medium  with  the  molecular  constitution  of 
the  bodies  that  so  influence  its  vibrations.  No- 
thing in  modem  times  has  been  sul)6tantiated 
which  is  so  fertile,  and  so  sure  to  evolve,  ulti- 
mately, momentous  results.  Yarioos  inquirers, 
and  some  speculative  thinkers,  e.^.,  the  Abbe 
Moigno,  in  his  fundamental  objection  to  some 
conclusions  by  Sir  David  Brewster — (see  Spbc- 
trdm)  have  imagined  the  possibility  of  such  a 
change ;  but  the  honour  of  having  established  it, 
belongs  to  Mr.  Stokes. — We  add  one  of  the  most 
general  of  the  conclusions  of  his  first  Memoir. 

'*  The  phenomena  of  internal  dispersion  op- 
pose fiiesh  difficulties  to  the  supposition  of  a 
difference  of  nature  in  luminous,  chemical,  and 
phosphorogenic  rays,  but  are  perfectly  conform- 
able to  the  supposition  that  the  production  of 
light,  of  chemical  changes,  and  of  phosphoric 
excitement,  are  merelv  different  effects  of  the 
same  cause.  The  phosphorogenic  raj-s  of  an  elec- 
tric spark,  which,  as  is  already  known,  are  inter- 
cepted by  glass,  appear  to  be  nothing  more  than 
invisible  rays  of  excessively  high  refrangibility, 
which  there  is  no  reason  for  supposing  to  be  of  a 
different  nature  from  rays  of  ligl^t** 

l^irergcnce :   l^lrergeiit  Series.     Lines 


radii  of  a  circle  diverge. — A  divergent  9erie$^  in 
Algebra,  is  an  infinite  series  of  this  sort :  — if^  on 
stopping  at  any  term  of  it,  and  taking  the  series 
as  there  terminated  for  the  whole  series,  we  can- 
not say  that  the  error  committed  lies  withm  a 
definite  amount  or  limits — that  series  is  a  divng- 
ing  or  divergoit  series. 

Dirlag  BdL     See  Bell,  Drvnvo. 

DlrtalbUltT.  All  ordinarr  bodies  are  sop- 
posed  to  be  made  up  of  a  considerable  nwnber  of 
parts,  which  may  be  separated  one  from  another. 
Every  body,  however  small,  most  have  a  certain 
volume ;  amd  as  this  vobme  can  be  divided  in 
abstraction  infinitely,  we  may  imagine  an  infinite 
number  of  lines  drawn  on  the  surface  of  the  body, 
or  through  it,  marking  the  iMundaries  of  ks 
different  cohering  particles.  If  these  partades 
be  not  jomed  by  an  infinite  force,  there  must  be 
some  finite  force  capable  of  separating  them.  It; 
therefore,  we  cannot  conceive  an  infinite  force, 
we  are  driven  to  believe  in  the  infinite  ^visn- 
bility  of  matter;  and  such  a  force  we  cannot 
conceive. — But  although  we  are  led  to  a  bdief 
in  the  infinite  divisibility  of  matter,  it  by  no 
means  follows,  that  we  can  divide  it  infinitely. 
The  smaller  atoms  may  be  held  together  by 
forces  perfectiy  sufficient  to  resist  the  most 
powerful  that  we  are  able  to  apply.  The 
metaphysical  question  admits  of  metaphyncal 
alignment;  but  no  actual  result  is  ever  likdy 
to  throw  light  upon  it — Passing  from  it,  there- 
fore, we  next  ask,  do  we  ever  find  in  practice  a 
limit  higher  than  the  mere  imperfection  of  the 
senses,  and  therefore  of  instruments  constructed 
for,  and  adapted  to,  them,  where  the  division  of 
matter  stops?  The  answer  ia  dear  and  decisi\-e 
— we  do  not  Our  progress  in  dividing  bodies 
seems  only  limited  by  the  imperfecti<Hi  of  cur 
senses  and  of  our  implements.  —  Thus,  in  the 
case  of  liquids  and  gases,  there  most  be  evi- 
dently a  very  great  divisibility — ^for  water  is 
easily  separable  from  water  at  any  point,  and 
yet  the  most  powerful  microscope  is  unable  to 
detect  interstices.  No  inequalities  can  be  per- 
ceived upon  their  surface,  either  by  the  eye  or 
the  touch. — All  experiments,  in  fact,  tend  to 
show,  that  the  divisibility  of  matter  is  almost, 
if  not  altogether,  infinite.  A  fibre  of  silk  has  a 
thickness  of  ^-g^pjih  of  an  inch,  a  fibre  of  nserino 
is  about  twice  this  in  the  thickness  of  its  dia- 
meter, and  the  fibres  of  the  ordinary  hair  in 
animals,  with  the  finer  furs  are  between  these. 
Yet  eadi  of  these  very  thin  fibres  contains  a 
complete  system — ^with  parts  dbtinct  in  nature 
and  in  properties — ^which  we  do  not  find  to  adhere 
powerfully,  where  we  can  test  that  adhoenca — 
A  tube  of  glass  presented  to  the  blowpipe,  and 
drawn  very  carefully  out  win  oonne  to  be  as  fine 
as  this  silk  fibre,  while  retaining  its  character  as  a 
tube,  with  a  distinct  exterior  and  interior  surftce. 
The  polish  which  metals  take,  is  another  strik- 


which  constantly  recede,  one  from  the  other,  are   ing  instance  of  their  divisibility.    It  is  prodoced 
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Vy  nUnag  them  with  hard  grains,  whidi  make 
a  bdefizate  number  of  little  holes  at  the  sor- 
6a,  iaMead  of  a  smooth  soifiMse.    But  these  are 
m  Bbote,  that  the  same  tondi  by  which  a  fibre 
«f  iSk  ii  eaaly  felt,  camicyt  delect  them.    Par- 
tideK,  therefeie,  aa  small,  or  smaller  than  would 
a  these  holes,  have  been  detached  from  the 
BMSL    When  a  aoap  bobble  is  blown,  and  not 
•Qsind  to  detach  itself  jnst  before  it  bnnts 
thne  is  a  place  at  the  top  where  a  black  spot 
•ppesit— the  rest  cf  the  babble  displaying  aU 
thscoloon  ef  tfaerainboir.    ThisisT,^i^nm^ 
cf  SB  Bch  in  thicfcnesB.     We  can  blow  giass  so 
lUs,  tkat  this  same  plsenomcnon  will  be  visible; 
md  then  the  glass  most  be  of  this  same  thick- 
ly    IHvisiibffity  is  strikingly  illnstrated  by 
tte  Abness  rt  wfras.    WoDaston  placed  a  pli^ 
tiaaB  wire,  li^th  of  an  inch  in  diametwr,  in  the 
eBbc  of  a  silver  wire  <(th  of  an  inch.    He  then 
difv  thm  throogfa  a  drawing  plate,  and  the  re- 
■dt  was  tliat,  as  Ae  platinQm  constantly  main- 
iti  proportion  to  the  silver;  when  the 
WIS  Y^^ffik  of  an  inch,  the  former  was 
vvi^'h  In  diameter.      The  silver  was  then 
taaiSTeil  away  bv  nitric  acid,  which  left  the 
|la&nai  wire.    iXvUbOity  U  well  illastrated 
Vf  the  case  of  odoa&     A  room,  the  supply  of 
m  k.  vhieh  is  ngnlariy  renewed,  will  be  per- 
fimel  fo  months  by  a  little  nnisk  exposed  in 
i:;  wUle  jH  no  loaa  can  be  detected  in  the 
Wight  of  tke  mask.    This  odonr  is  caused  by 
tbi  laatiag  hi  the  air  cf  odorUerons  particles 
<ipnei  ttmn^  it.     The  most  striking  in- 
MmuxM  of  dtriBbiyty  are  Ibmid  in  tlie  animal 
sad  vQgetsble  >wig«inwMi-     Wherever  we  find 
tie  bodieB,  difiriog  in  natore,  in  juxtaposition, 
«e«oaeefve  that  the  maae  made  op  of  the  two 
ii  finable.    Proceeding  upon  this  prindple,  let 
■  eoaader  a  drop  of  blood.    This  has  been  di»- 
eewed  nieneeopicany  to  be  made  up  of  a  ver^ 
<mc  Bsmbcr  of  gldbnies,  differing  in  sixe  and 
hn,  secerfiBg  to  the  species.     In  man,  and 
ii  dK  other  mammalia,  for  instance,  they  are 
ipherksl;  sod  In  biida  and  fishes,  dongated. 
la  na,  egab,  they  are  ^Vin^  ^  ^^  "^  ^ 
tiswitf ;  ia  the  gnat,  in  wliich  they  are  small- 

<!C  sbnat  vj^o^  ^  **^  ^'^  *^  ^^  ^^^"y  ^*^ 
t««i  tkb  aad  tM^  ^  "^  ^^  ^^^  ^  ^ 
^  ^i4iaks  then  is  a  distinct  chemical  oon- 
■ittCiaB;  all  of  them  are  made  up  fhnn  distinct 
?«i  tf  tile  bodf  ,  and  thereftire  all  of  them  are 
omnif  idbdiviBble.— Ffaially,  there  are  ani- 
■Mhse  nan  aa  these  g^boles of  blood.  We 
pm««  that  they  have  organs.  But  we 
iofS%  and  this  requires  a  complicated 
They  are  capable  of  directing  tliem- 
■i*Bi  Is  ^  acoompHshmfsit  of  ends^^if  shun- 
**g»h<stks  and  even  of  vanquishing  them. 
^  tktse  pnpertieB,  micnecopically  discovered, 
P9n  the  eiJstiope  within  them  of  a  oompli- 
and  therefixe  the  smallest  ol||ect 
eea  pereslve  must  be  yet  indefinitely 
Great  and  Uttk,  hi  tnith,  seem  hi 
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creation  alike  terms  expressing  merely  relation  to 
us,  and  vanish  in  the  nnivene  of  the  Infinite 
God. 

I^ivlatony  in  Ariihmetic,  an  operation  the 
reverse   of  multiplication.      Ita   symbols    are 

b  )  a  (  :  ii  or  a  -r-  h. 

]>lviai«M«  in  JsfrofiomieaZ  InitrumenU^  signi- 
fies tliat  graduation  of  their  arcs  or  circles,  by 
which  eqiud  parts — ^the  measures  of  equal  angles 
— are  marked  out  on  them.  The  practical  art 
of  dtputbn  is  now  carried  to  veiy  high  perfection. 
The  late  Troughton  greatly  advanced  it  by  his 
exquisite  dividing  engine ;  and  continental  artists 
have  certainly  not  lagged  in  the  race.  In  this 
country,  astronomical  dreles  are  usually  divided 
primarily  into  every  Jwe  minutes  of  arc :  on  the 
continent  they  cany  primary  subdivisions  far- 
ther— as  far  as  two  minutes  of  ar&  These 
primary  intervals  are  of  course  again  subdivided, 
in  either  case,  by  aid  of  Vermert  or  Beadiag 
Mieroacopei  (g.v.)  Notwithstanding  the  ex- 
treme accuracy  of  the  mechanical  divisions, 
however,  the  obeerver  never  trusts  absolutely  to 
that  accuracy.  The  errors  of  its  division,  are 
among  the  errore  which  he  oonoeives  inseparable 
fh>m  his  instrument;  and  he  does  not  deiay  to 
investigate  their  amount,— employing  the  results 
of  his  inquiries  in  aooordance  with  the  theory  qf 
correcHoM*  The  investigation  is  a  tedious  one, 
and  will  be  found  explained  in  special  treatises 
on  astronomical  instruments. 

Pesae.  The  spheroidal  or  spherical  top  of  a 
baOding.  It  is  very  frequently  placed  above 
a  drcnlar  tower.  "Hie  dome^  as  distinguished 
fiom  the  ctipolay  signifies  the  exterior  surlkce; 
wliile  the  aq)ola  signifies  the  interior.  .  The 
principles  of  the  dome  are  very  much  those  of 
the  bridge  and  the  arch  (see  Arch),  and  are 
fully  explained  in  ordinary  architectural  works. 
—See  Vault. 

'D«nslBtcal  Xetter*  It  is  often  convenient 
in  historical  research  to  know  upon  what  day  of 
the  week  a  particular  event  may  have  token 
place,  when  its  date  (e.g,  19th  January,  1568) 
is  specified.  For  the  purpoee  of  determining 
this,  tables  of  dommietU  letters  are  constructed. 
Their  meaning  and  method  of  employment  is  as 
folbwB.  The  seven  first  letters,  A,  B,  C,  I),  E, 
F,  G,  are  connected  with  the  first,  second,  third, 
ftc.  days  of  every  year,  A  being  agun  connected 
with  the  eighth,  B  with  the  nmUi,  &c.,  A  with 
the  fifteenth,  B  with  the  sixteenth,  C  with  the 
seventeenth,  and  so  on.  The  dominical  letter  Is 
that  letter  which  fells,  according  to  this  arrange- 
ment, to  the  first  Sunday  (Jjord$  day — doAimiM 
-Htowwicq/)  of  each  year.  In  leap  year  there 
ia  no  letter  connected  with  the  twenty-ninth  of 
Febniaiy,  but  one  is  mimwd  over  for  that  day. 
It  is  evident  that  the  same  result  will  be  obtained 
by  taking  the  letter  next  to  the  dominical  letter 
of  the  year  (a.^.  £  for  D)  as  the  dominical  letter 
after  that  date.    Every  le^»  year  has  two  domi- 
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nical  letters,  one  for  the  first  two  months  and 
one  tbr  the  last  ten.  If  then  we  have  the 
dominical  letter  for  each  year,  and  tables  are 
constmcted,  according  to  the  old  style  and  to  the 
new  style,  which  give  this  immediately,  we 
torn  to  another  table  wherein  we  have  the  year 
divided  into  52  weeks,  thus — 

Same  dt^  qftoeehfor  each  line, 
Jan.  1,  8, 16,  22,  29,  Feb.  6,  12, 19,  26,  Mar.  6. 
Jan.  2,  9, 16,  23,  30,  FeU  6,  18,  20,  27,  Mar.  6. 
Jan.  3, 10, 17,  24,  81,  Feb.  7, 14,  21,  28,  Mar.  7. 
Jan.  4,  11,  18,  25,  Feb.  1,  8,  15,  22,  Mar.  1,  8, 
and  soon. 

Then  if  oor  first  table  gives  the  dominical  letter 
C,  the  letter  ooitesponding  to  the  third  day 
of  the  year^the  first  Sunday  of  that  year  is 
on  January  8d.  AU  the  days  along  the  hori- 
zontal line  commencing  wi&  it  are  Sundays 
also;  and  according  as  the  commencing  days  of 
the  other  seven  lines  (Jan.  let,  Friday;  Jan.  2d, 
Saturday;  Jan.  4th,  Monday;  Jan.  5th,  Tues* 
day;  Jan.  6th,  Wednesday;  Jan.  7th,  Thurs- 
di^)  are  Mondays,  Tnesdajn,  ftc,  so  are  all  the 
dates  marked  along  these  lines.  Should  the  year 
be  a  leap  year,  instead  of  C  &r  the  dominical 
letter  we  shall  have  C  and  D ;  the  first,  until 
the  end  of  Februaiy ;  after  which,  the  second,  till 
the  end  of  the  year.  It  is  evident  that  £  would 
be  the  letter  for  next  year,  F  for  the  next,  G  for 
the  next,  and  for  the  fourth  A,  B.  For  in  each 
successive  year  there  are  just  52  weeks  with  one 
day  (two  in  leap  year)  remaining  over,  wherefbre 
the  letter  is  put  forward.  In  our  usual  tables 
the  dominical  letter  is  printed  in  capitals,  and  the 
other  letten — corresponding  to  the  other  com- 
mencing days— in  small  duuractess.  The  domini- 
cal letter  was  introduced  by  the  primitive  Chris- 
tians in  place  of  the  Nmdmal  letters  of  (£e 
Boman  calendar. 

Doable  (Man.    See  Stabs. 

Draco  (the  Dragon,')  One  of  the  old  con- 
stellations. Its  principd  stars  lie  between  Ursa 
Minor,  Cepheus,  Cygnus,  and  Hercules.  The 
star,  y  Draconis,  of  the  second  magnitude,  is 
celebrated  as  the  one  used  by  Bradley  in  the  dis- 
covery of  aberration,  y  and  jS  Draconis  are 
nearly  in  the  line  joining  Deneb  and  Arcturus. 
The  extreme  star,  x  Draconis,  between  the  third 
and  fourth  magnitude,  is  ntuate  very  nearly  be- 
tween the  pole  star  and  its  two  pointers.  The 
star,  y  Draconis,  was  so  used  by  Bradley,  because 
it  was  the  largest  star  passing  near  his  zenith, 
and  therefore  fitted  to  secure  at  once  distinctness 
of  observation,  and  freedom  from  refraction. 

Dactilitr  is  that  property  of  bodies,  in  virtue 
of  which  they  may  be  drawn  out  in  length,  while 
their  diameter  is  diminished,  without  any  fhui- 
ture  or  separation  of  their  parts.  This  property 
is  peculiarly  noticeable,  and  important  in  the 
case  of  the  metals.  The  degree  of  ductility  in 
bodies  is  afibcted — increased  or  dhninished 
through  the  agency  of  heat  Metals  an  ductile, 
generally  speaking^  at  any  temperature.    The 
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degree  of  ductility  appears  always,  howevor,  in 
their  case,  to  be  infloenoed  by  tempenrtne. 
Some  metals,  such  as  brass,  and  a  kind  of  fatn, 
called  red  short,  are  more  ductile  at  cidfaiBiy 
temperatures  than  when  hot  The  only  gnend 
rule  which  we  can  apply  is,  that  the  beat  at  wliieh 
a  body  is  ductile,  is  less  than  that  at  which  it  i» 
funble.  While  the  body  remains  ductile^  then 
is  a  farce  joining  the  particles  together,  but  when 
it  has  become  fused,  all  fbrce  has  ceased  to  con- 
strain the  junction  oiP  partidea.  Ductility  is  pro- 
duced in  certain  masses,  as  certain  oli^t,  by 
their  intermixture  with  water :  when  tbqr  are 
in  the  medium  state  between  solidity  and  flidditjr, 
these  bodies  are  ductile.  They  form,  then,  a 
pretty  thick  paste.  The  order  of  the  ductiUiy 
of  the  metals  is  very  nearly  the  following,  begin- 
ning at  the  highest : — Oold,  silver,  platinnm,  inn, 
copper,  zinc,  tin,  lead,  nidul,  palladium,  eadmiam. 
This  is  nearly  the  same  order  as  that  of  thsir  mal- 
leability. There,  is,  therefore,  some  comwotkn 
between  the  two  properties,  but  the  reUtioD  does 
not  hold  universally.  Irod,  for  instance,  n  ex- 
tremely ductile,  but  not  TCiy  maUeabI&  The 
connection  and  the  differenoe,  are  usually  ex- 
plained thus :  That  in  ductile  bodies  the  ptftidcs 
are  interwoven,  or  rather,  consist  of  abort  fibves, 
placed  side  by  side,  whQe  in  malleable,  they 
form  little  plates,  the  one  kind  sliding  by  their 
flat  surfijMXS,  the  other  firam  extremity  to  ex- 
tremity. We  shall  give  one  or  two  examplei  of 
ductility.  When  gold  is  treated  by  the  gold- 
beater, Reaumur  fbund  that  a  grain  of  it  codd 
be  beaten  into  a  plate  containing  about  36 
square  indies.  So  far,  it  is  malleable  without 
difficulty.  It  is  next  spread  round  an  Ingot  of 
silver,  about  an  inch  and  a-half  in  diameter,  and 
then  passed  repeatedly  through  the  draw-pUte^ 
until  the  thickness  of  the  thread  of  silver  is  not 
above  l-9000th  part  of  the  thidmess  of  the  u^got 
All  tins  time,  the  gold  remains  on  the  silver,  and 
is  spread  over  the  surface^  without  leaving  a 
single  spot  uncovered,  even  when  viewed  micros- 
copically. The  grain  of  gold  is  therefore  spread 
over  a  square  of  15  ft  in  the  side.  By  preedog 
even  this  veiy  thin  wire  between  large  cylinders, 
it  is  very  c^isiderably  extended.  It  is  to  be 
noted,  however,  that  if  beaten  violently  with  a 
hammer  for  some  minutes,  it  will  beocxne  oom- 
paratively  brittle ;  and  it  is  then  impossiblfl  to 
extend  it  much  farther.  The  ductility  of  j^aas 
at  a  red  heat  is  veiy  remarkable.  Threads  of 
the  greatest  fineness  can  be  made  of  it  I^  for 
instance,  we  take  a  piece  of  glass,  and  heat  it  over 
a  furnace,  we  may  catch  some  of  the  heated  mass 
with  an  iron  ho<^  and  draw  it  away,  still  ad- 
hering to  the  glass.  Lay  it  now  on  a  wheel, 
and  turn  this  rapidly,  when  a  number  of  g(»1s  ot 
veiy  fine  glass  thread  will  endrde  it  The  Ibim 
of  these  threads  is  dliptical,  one  diameter  being 
three  or  four  times  greater  than  the  other.  Their 
flexibility  is  almost  as  great  as  that  of  the  spi- 
der's veb  fibres  (which  is,  by  the  way,  itsdf  an 
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of  dacdttty),  and  it  has  been 
mm  tkoi^t  poaOiIe  thnt  artidea  of  apparel 
wi^  b«  nttmfMtimd  firom  i^aas  fibraai  in  oon- 
of  tim  flexibility  increaabig  with  the 
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A  besntif ol  Uttk  inatnunent, 
br  the  puipoae  of  detemuniDg  with 
pneriWe  pvecisioii  the  efiective  mag- 
cf  a  tckecope.  It  ia  well  known 
)  that  thia  can  be  obtained  by 
the  foeal  diatance  of  the  objeet-gUae 
by  tke  Jbcal  diatanee  of  the  eye-pieoe.  Now,  if 
w  leak  thnM((h  the  ey»-giaaa  at  the  ima^a  of 
the  alj^aat»^aaa,lonned  at  the  common  focuB,  the 
dfaaamar  of  the  ianage  will  bear  the  aamo  ratio 
to  dw  diamrtiHr  of  the  ol^leci-glaaB,  as  the  focal 
dHtaBOBoTthe  aya-glam  doea  tothat  of  the  ob||eot- 
^aaa.  I^  thiadoni,  we  divide  the  diameter  of 
the  ohffct-g^aaa,  by  that  of  the  image  ao  formed, 
have  the  magnifying  powar.  Now,  the 
iBimtfr  of  the  oljject-glaaa,  ii  one  of 
of  any  teleaoopc,  and  readily  meaaored. 
obtain  an  inatrnment  cap^le  of 
ila  iaaage,  we  ehaU  obtain  the  magni- 
of  that  takaoopei  Such  an  instm- 
ia  the  dfnanelar.  The  aimpleat  method, 
the  one  wUdi  moat  readily  oeenn,  ia  to 
a  aHp  of  mother  of  pearl,  carefhlly  gradn- 
hondredtha  of  an  inch,  near  the 
a4iQBting  it  carefhUy  for  diatinct 
off  the  nnmber  of  diyisiona 
the  top  aod  bottom  of  the  lominona 

doea  not,  however, 
detenninatioQ  of  the 
derired.  Ramaden  waa  the 
of  the  doable-image  dynameter,  and 
Ua  coDatniction.  fig.  1 
the  iaatiuuient  in  a  aide  view,  and 
§g.  t  "fMrni*  a  aectkm  of  it,  throogh  the  box 
ABCBu  Tha  gradaatad  drde  F,  ia  attached  to 
the  Mjaw-haad  «,  and  tame  with  it  Theacrew 
■  and  tha  aerew  i  both  enter  the  not,  but  are 
tha  mm  xigbl  and  the  other  laft-handed.  They 
haaa  4»  aaae  Bansber  of  tnma  to  the  Indi,  and 
Ae  ivida  aeiew  i  movea,  within  the  tabular 
•CHVB,  in  a  thread  adapted  to  it  When,there- 
fca^  wa  tam  tha  not  a,  the  one  acrew  movea 
f«w«d  and  the  othv  backward.  They  aeparate^ 


^ 


oo 


'«l^ 


{ 


DYN 

the  other  acrew  to  another  plate.    Each  of  these 
platea  contain  a  email  aemidrcolar  lens,  x  and  l, 
and  when  theae  plates  are  together,  the  lenses  are 
together.    The  movement  of  the  screw  separates 
the  centres  of  these  lenses,  and  the  amoont  of 
aeparation  is  measmed  by  the  nmnber  of  tmns, 
and  parte  of  a  torn  of  the  gradoated  circle  f. 
As,  however,  it  would  be  troublesome  to  keep 
aoooont  of  these,  a  veiy  email  mother-of-pearl 
plate,  o,  is  attached  outside  to  one  of  the  inside 
platea,  and  ia  graduated  ao  tnat  one  division 
upon  it  is  paased  over  in  one  turn  of  the  screw. — 
When  the  dynameter  is  used,  it  is  held  in  such 
a  poaition  near  the  ey^-glass  whose  power  we 
wish  to  test,  that  the' image  of  the  object-glass 
may  be  distinct  within  it     The  screw  of  the 
micrometer  is  then  carefully  turned,  until  the 
two  discs  which  immedUtdy  begin  to  show 
themselveB  just  touch  at  their  outer  extremity. 
Their  poeition  being  noted,  the  same  operetion 
is  repeated  by  a^n  turning  until  the   two 
just  touch  at  the  other  aide,  and  the  number  of 
toma  and  parts  of  turns  are  agdn  noted.  As  the 
discs  move  equally,  the  space  passed  over  during 
each  motion,  will  correspond  to  the  magnitude 
of  the  disc,  and  the  mean  of  the  two  will  be  that 
magnitude,  corrected  for  erron  of  the  scale. 
As  it  ia  of  great  importance  that  the  semicircular 
lenaea  aboold  only  separate  at  the  line  of  their 
centrea,  not  letting  that  luie  change  in  direction, 
a  horse-ehoe  spring,  o^  is  adapted  so  aa  to  press 
against  the  plates,  and  to  keep  them  properly 
a4jaated.     Tliia  mkrometrical  method  admits 
of  very  great  accuracy.     The  dynameter  is 
applicable  to  any  telescope  on  whatever  prin- 
d^  constructed. — Although  not  strictly  a  dyna- 
meter,  the  method  propoeed  by  Gkmss  for  deter- 
mining the  magnifying  power  of  a  telescope  may 
be  mentioned  here.    If  we  invert  the  telescope, 
and  dbect  the  eye-piece  toward  some  distant  ob- 
ject, then,  on  looUng  through  tbe  ol^ject-glass, 
the  hnage  of  this  object  will  appear  aa  many 
times  reduced  in  size  aa  it  would  be  magnified 
by  the  tdeaoope,  if  we  obeerved  through  the 
eye-piece.    The  tdescope  then  b  directed  so  that 
two  ottjects  can  be  disdnctly  seen  through  the 
dfajeet-s^  hi  the  middle  of  the  field  of  view, 
or  at  equal  distances  from  the  optical  axis.    A 
theodolite  fo  now  Erected  towarda  the  telescope, 
ao  that  the  optical  axes  of  both  ooindde,  and  tbe 
angle  a,  formed  by  the  two  foregoing  objects,  is 
meaaored  by  the  tiieodolite.     Next,  remove  the 
tdeaoope,  and  measure  with  the  theodolite  the 
angle  A  really  comprehended  between  the  objecta 
Uiemeelvea.    The  required  magniiyfaig  power,  m. 
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an  small,  it  is  almply  ■>■'. 

a 


Other  modes  of  accomplishing  the  same  object 
are  gi^'en  in  all  works  on  practical  optics. 
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That  portion  of  abstract  or 
purely  deductive  Sdenoe  which  takes  account  of 
the  habitudes  of  a  point  or  body  as  to  Motion, 
when  that  body  is  acted  on  by  any  System  of 
Forces,  has  with  great  propriety  been  designated 
Rational  Mechahics.  But  the  habitudes  in 
question  are  of  two  distinct  kinds : — either  th^ 
System  of  Forces  acting  on  it,  will  keep  the  point 
or  body  at  rest^  or  it  will  impress  on  it  a  definite 
motion.  To  determine  the  conditions  and  rela- 
tions of  Forces  that  produce  rest,  or  which  are 
internally  tn  equilibrioy  b  the  function  of  Statics 
(^.v.) :  to  determine  the  direction  and  amount  of 
motion  which  any  System  not  in  equilibiio,  will 
impress  on  a  point  or  body  under  any  given  cir- 
cumstances, is  the  province  of  Dynakics.  At 
the  foundation  of  both  departments  of  Inquiry, 
^rest  certain  recognized  results  usually  termed  the 
Laws  of  Motion,— a  most  important  subject, 
discnssed  in  this  dictionary  under  an  article  with 
that  name.  Departing  from  these  Laws,  the  entire 
fabric  of  Rational  Meckanics — alilLO  Statics  and 
Dynamics^  is  essentially  deductive. — ^Without 
attempting  to  enter  on  details,  we  shall  now 
briefly  sketch,  under  a  few  heads,  the  leading 
contents  of  DynamicSr 

(1.)  Z>ynamic8^  Jimdamental  conceptions  of: 
Dij^erent  kinds  of  Motion ;  their  chasracUnstics 
and  iJie  mods  of  expressing  them, — There  are 
two  grand  classes  of  Motions — uniform  Motions ; 
and  varied  Motions,  or  Motions  whose  rate  is  ac- 
celerated  or  retarded  according  to  some  function 
of  the  Ttme  during  which  they  exist.  The  cha- 
racteristic of  the  former  claiss  is  simple,  and 
easily  expressed,-7Con8isting  merely  in  the  fact, 
that  ^  spafxs  described  ^  a  body  m  uniform 
motion  areproportiondl  to  Hie  times  of  description: 
and  the  whole  habitudes  of  a  body  under  the  in- 
fluence of  a  motion  or  of  motions  of  this  descrip- 
tion, are  immediate  results  fh>m  the  Laws  of 
Motion,  and  their  Composition  (;p.}  The 
only  point  of  difficulty,  then,  connected  with  the 
conception  and  expression  of  Motion^  has  reference 
to  the  case  of  Varied,  ie.  of  acceleraied  qr  re- 
forded  Motions ;  and  it  is  to  tlus  subject  alone — 
one  in  which  we  owe  the  first  and  all-important 
step  to  Galileo — that  our  present  remarks  are 
addressed.  These  remarks  are  restricted,  further, 
to  the  case  of  accelerated  motions ;  for,  since  a 
retardation  may  be  considered  as  a  negaivce  ac- 
celeration, it  is  manifest  that  the  laws  of  the 
one  dass  are  virtually  included  under  the  laws 
of  the  other.  One  other  preliminary  state- 
ment: A  body,  however  accelerated,  will  gene- 
rally be  found  moving  under  the  influence  of  two 
forces  or  causes  of  motion,  a  force  causing  an 
uniform  motion,  and  a  forco  causing  a  varied 
motion.  These,  however,  may  be  separated: 
i.0.  the  space  which  the  body  would  pass  over 
in  a  given  time  in  obedience  to  the  uniform  force, 
may  be  calculated  apart ;  and  also  the  spaoe  it 
would  move  over  in  the  same  time  in  obedience  to 
the  accelerating  force :  the  sum  of  these  qiaoes 
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win  plainly  be  the  entire  spaos  through  wh^ 
the  body  has  moved  in  that  time.  The  q[iieBtSopi 
thus  simplified  may  now  be  enunciated  as  follows : 
Suppose  a  body  to  become  subject  to  an  accel- 
erated motion,  how  shall  we  express  or  oompnts 
its  habitudes — ^viz.,  its  \ielocity  at  the  end  of  s 
given  time,  and  the  spooe  it  has  traversed  in  thst 
time  ?  Tht  simplest  case  is  that  of  iBi(^nRlf 
acoderaied  motion,  or  that  motion  whibh  reodrfs 
an  equal  inoremont  in  an  equal  time;  one,  him- 
ever,  ahready  so  Ailly  discussed  under  atticb  Ao 
CBUCBATED  MoTioN,  that  WO  Can  dispense  with 
further  elucidation  hoe.  The  laws,  as  there  ub- 
foldedf  are  certain,  definite,  and  manageable^  lo 
that  in  so  far  as  this  fhndamental  coDoqitkm  of 
Dynamics  is  concerned,  or  the  modes  of  express- 
ing and  dealing  with  it,  there  remains  nothing  ts 
be  desired.  It  is  the  case,  as  the  sagacity  of 
Galileo  discerned,  of  falling  bodies;  and,  m^ed, 
the  only  form  in  which  accelerated  motion  is 
presented  by  the  phenomena  of  Nature.  AD 
other  and  more  complex  descriptions  of  aoods- 
rated  motion, — amotions  in  which  the  acoelention 
takes  place  according  to  other  functions  of  the 
timcy — are,  therefore,  purely  hypothetical;  bat 
should  consideration  or  discussion  of  any  sooh 
ever  be  required,  the  Infinitesimal  Calcuhs  wiQ 
be  found  quite  as  capable  of  representing  and 
discussing  them,  as  it  is  with  regard  to  the  actoal 
case  just  spoken  o£  No  difficulty,  whatever, 
therefore,  now  encumbers  this  foundation  of  gene- 
ral Dynamics ;  so  that  we  may  proceed  to  sur- 
vey briefly  the  nature  of  the  solutions  provided 
by  that  Science,  for  all  problems  concerning  the 
habitudes  of  bodies  sul^^ected  in  any  way  to  soch 
motions. 

(2.)  Theoretical  Dyncanics.  Part  L-^Tke 
Motion,  free  or  eonstrainedy  of  Points. — Ob 
entering  the  inquiry  oonoeming  the  habitudes  <f 
Pomts  in  Motion,  it  is  easy  to  discern  that  it  con- 
tains two  problems — a  direcf  and  an  me«rie.  It 
may  be  required,  for  instance,  to  determine  the 
shape  of  the  path,  which  a  pomt  must  describe, 
when  partaking  of  various  given  motions ;  or,  the 
shape  of  the  path  being  given,  it  may  be  required 
to  determine  those  separate  motions  or  forces  under 
influence  of  which  the  point  may  describe  that 
path.  An  instance  of  the  first  problem  is  this, — 
given  the  impulse  which  a  projectile  receives,  tad, 
assuming  the  laws  of  falling  bodies,  to  determioe 
the  curve  described  by  the  projectile?  An  in- 
stance of  the  second  problem  is  presented  by  the 
phenomena  of  the  solttr  system,  viz :  the  planets 
describe  ellipses  around  the  sun, — requind  the 
forces  that  cause  them  to  describe  that  path? 
Throughout  the  whole  of  the  Science  of  Dy- 
namics, this  division  into  direct  and  inveise 
problems  necessarily  prevails ;  but  as  the  invene 
solution  depends  for  its  methods  on  the  oonoep- 
tions  contained  in  the  direct  one,  we  shall  restrict 
ourselves  here  to  consideration  of  the  latter.  It 
ought  to  be  remarked,  however,  that  it  was  by 
laying  the  foundation,  and  in  so  £u^€ompktiIig 
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tibt  tolatiQn  of  the  inrene  prol>IeiD,  that  Hay- 
Bbeoi  and  Newton  obtained  thdr  ud  withering  lan- 
idL  A  Point,  imder  tbe  faifliience  of  continaons 
ftneBi  may  dtbar  beyree  to  move  through  space 
■B  dm  Iciroes  shall  direct  it,  or  it  may  be  oon- 
ifriiMwfi  £a  it  may  be  restricted  to  motion  on 
•oiae  plane  or  curved  surface,  to  which  it  is  at- 
tached,  (fur  instanee,  It  may  be  free  only  to  slide 
along  tiie  snr&oe  of  a  table,  or  the  convex  snr- 
laoe  of  a  globe,  &c.)  Hence  two  daases  of  In- 
qidries  rogaidiog^  the  motion  or  the  path  of  a 
Foint,  Dynamics  fvrmsh  the  complete  eolation 
of  bot&L — ^L  The  method  of  treating  the  case  of 
a  free  Point,  whkfa  is  now  generally  adopted, 
ii  dne  to  Eoler.  Taking  eadi  force  separately, 
the  imtnmtamvmt  action  of  that  force  on  tbe  point 
or  molecale,  is  decomposed — ^by  the  theorem  of 
the  deeompoeltian  of  Forces^  into  three  others, 
sloDg  tiM  tiiree  nsual  rectangular  co-ordinates : 
sad  by  adffing  together  the  corresponding  com- 
ponents of  afl  the  actual  forces,  we  reduce  Uiem  to 
Uuee  conthraoas  finroes  acting  on  the  molecule, 
akog  these  co-ordinates.  U^  Uien,  the  total  force 
slong  the  axis  x  be  named  X;  the  force  along 
the  axis  jr,  be  named  Y ;  and  that  along  s,  Z ; 
we  hamedfiately  obtaiiL,  in  accordance  with  the 
inn  of  accelerated  motion,  the  following  equa- 
tho  fcr  any  time  i; 


=as  T  '     =■  Y 


d*2 

dt« 


=  Z. 


Aod 


f«=2    J      (X<f*-f-Yrfy+Zife), 

frBBB  wincfa  eqnations,  the  co-ordinates  which 
4i^  dk  matmrt  ofiht  eunfe,  and  tbe  law  of  the 
^^odty  of  the  molecule  in  it,  may  be  deduced 
bf  mm  aaalrtkal  methods.  In  the  more  com- 
plex cai«s,  the  analytical  difficulties  (lilce  every- 
ikng  depending  on  initgratwnf')  are  often  very 
pctt:  indeed,  it  has  been,  by  die  efforts  requi- 
■ts  to  overoonoa  soch  diificulties,  as  presented 
bv  ^jnamical  problems,  that  Analysis  itself 
■iUy  advanced: — the  purely-dynamical  por- 
doB  of  tike  prcblema  rarely  opposes  serious  ob< 
*adestotlke  inquirer. — II.  If  the  point  is  not 
fae,  bat  so  tnt^***^,  let  us  say,  to  a  curve  sur- 
face, that  it  cannot  depart  from  that  surface,  the 
fnblcB  beoomes  moro  complex,  although  there 
iikaififierenoe  between  the  two  cases  than  at 
iaa  appean.  We  have  only,  indeed,  to  account 
■  «e  of  the  continuous  forces,  acting  on  the 
anhiulL,  the  total  resiitaHoe  offered  by  tlie  given 
wboe:  and  tlie  one  problem  then  beoomes  iden- 
tialwith  tbe  other.    The  difficulty  resides  in  the 

BgfctMMljTHl^^***  wwmrfAnnA.   NoW  tllis  OOUSistS 

of  two  peru  quits  distinct,  and  which  may  be  dis- 
tiB^eftafaed  as  the  AonTkxi/ resistance,  and  the  i>^ 
anna/ ndstanoe^  TTie  statical  resistance  is  that 
vikh  woold  take  place  if  the  molecule  remained 
■adoalfla;  it  is  tiie  resistanoe  of  the  sur&oo  to 
Ike  laewiie  of  the  motosnifl  upon  it  at  nny 
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instant ;  and,  therefore,  must  be  effectively  equal 
and  opposite  to  the  energy  with  which  the  con- 
tinuous force  that  acts  on  the  molecule,  presses 
it  down  on  the  curve  at  that  instant — an  enezgy 
easily  express  by  aid  of  the  theorem  of  tbe 
Composition  of  Forces.  The  (/^namica/ resistance, 
on  the  other  hand,  has  quito  a  different  origin ; 
it  18  engendered  by  the  motion  of  the  point ;  and 
results  ftom  the  tendency  of  every  body  to  aban- 
don the  curve  it  is  forced  to  describe,  and  to  fol- 
low, at  every  instant,  in  obedience  to  the  First 
Law  of  Motion,  the  direction  of  its  tangent.  This 
peculiar  resistance  is,  of  course,  always  and  ne- 
cessarily manifested,  when  the  point  passes  from 
one  element  of  the  curve  surface  to  the  next  ele- 
ment ;  and  a  few  simple  considerations  enable  us 
to  arrive  at  the  theorem,  that  the  centrifugal 
forced  always  equal  to  the  sqiuire  of  the  effec- 
tive velocity  of  the  moving  point,  divided  by  the 
radius  of  curvature  of  the  curve  surface  at  the 
instant  in  question.  The  cft'ree<tbn  of  this  special 
form  of  resistance  is  as  easily  obtained  as  its  «»- 
ientitg:  and  when  it  is  compounded  with  the 
tiatiad  resistanoe  described  above,  we  have  that 
total  new  force,  to  which,  because  of  its  oonneo- 
tion  with  the  surface,  or  because  of  its  eonstraUUf 
the  point  or  molecule  is  subjected.  Joining  that 
force  of  resistance  to  the  other  continuous  forces, 
we  reduce,  as  already  stated,  the  case  of  a  con- 
ttrained,  to  that  of  a  Jiree  Point. 

(8.)  Theoretical  Dynamos,  Part  ll,-~Th6 
Motion  of  a  rigid  tyetem  of  Points  or  of  a  Solid 
BoDT. — The  problem  just  analyzed  is  plainly 
nothing  more  than  an  abstract  one ;  and  its  value 
corndsts  in  its  being  the  necessary  foundation  of 
all  actual  or  real  inquiries.  Nothing  exists  in 
nature,  similar  to  the  motion  of  free  or  constrained 
points.  We  have  to  do,  in  real  exigencies,  with 
bodies,  or  rigid  systems  of  points ;  and  it  is  quite 
clear  that  no  body  in  motion  can  be  treated  as  a 
simple  point,  just  because  the  mutual  actions  and 
reactions  of  ^e  several  parts  or  points  of  which 
it  is  composed,  must  necessarily  modify,  and— it 
nuiy  be — greatly  change  the  motion  that  would 
be  assumed  by  any  of  these  pomts  taken  sepa- 
rately, and  affected  by  the  continuous  forces  at 
work  upoD,  the  bodies.  To  rise  fh>m  the  abstract 
problem  to  the  real  one  is,  therefore,  the  aim  of 
ihis  second  section  of  Theoretical  Dynamics;  and 
the  honour  of  establishing  a  general  and  adequate 
method  is  due  to  D^Alembcait.  Previous  to  the 
labours  of  the  great  French  geometer,  each  new 
set  of  problems  belonging  to  this  class  was  treated 
by  aid  of  a  separate  general  principle— as  it  wad 
called — ^some  principle  peculiarly  applicable  to 
the  questions  under  consideration ;  and  this  was 
the  origin  and  object  of  all  those  separate  pnti- 
eiples  in  Dynamics,  which  are  in  reality  only 
general  theorems,  well  adapted  to  the  treatment 
of  the  kind  of  problems  in  which  they  primarily 
originated.  D'Alembert  put  an  end  to  the  reign 
of  these  special  theorems,  by  taking  account  di- 
rectly of  the  dynamical  meaning  of  the  aclioa 
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and  re&etibmofmovfaig  rigid  systeiiiB  of  points,  and 
expressing  that  in  a  general  equation.  See 
Albmbkbt,  D',  Pbznciplb  of.  The  character  of 
tliis  fkmons  principle  may  be  stated  once  more. 
**  When,  by  the  reactions  which  several  points 
exert  on  one  another  through  eflfect  of  their  con- 
nection, each  of  them  takes  on  a  motion  in  obe- 
dience to  external  forces,  dliierent  firom  wliat  it 
woold  have  done,  were  it  single  and  frtit,  this 
/res  movement  may  be  considered  as  composed 
of  two  others — the  movement  which  actoally 
takes  place,  and  the  movement  which,  through 
that  connection  or  constraint,  has  been  destroyed. 
Now  these  destroyed  movements  will  be  found,  in 
every  system,  to  be  of  a  contrary  character, — some 
of  the  points  actually  moving  swifter  tlian  they 
could  have  done  fruly^  and  others  more  slowly. 
D*Alembert*s  pzfodple  is  that  these  destroyed 
(juantities  of  motion — ^the  one  set  ponlixfe^  the 
other  n9gaH»€ — ^neoenarily  balance  each  other." 
Tlie  student  will  easfly  recognize  that,  by  aid  of 
a  principle  so  simpls  and  comprehensive  as  this, 
all  problems  involving  tlie  action  and  reaction  of 
a  system  of  rigid  points,  are  at  once  reduced — ^in 
as  far  as  these  reactions  or  that  rigidity  is  con- 
cerned— ^within  the  sphere  of  problems  of  equili- 
brium ;  and  Lagrange  accordingly,  in  liis  immor- 
tal work,  the  Meeamque  Analytiqw^  has  oom- 
bhied  D'Alembert's  theorem,  with  the  Statical 
Ptinciple  <(f  Virlml  VdoeiHes^ — thus  raising  the 
sdenoe  of  Dynamics  to  its  highest  logical  per- 
fection. We  may  conclude,  therefore,  with  re- 
gard to  this  second  part  of  Theoretical  Dynamics 
likewise,  that  it  now  presents  no  speculative  dif- 
ficulty. 

(4.)  TheoreHealDynamtet,  Part  III.  Motiong 
of  Botatifm. — A  system  of  rigid  points  may  be 
8ul»)ect  to  two  descriptions  of  motions — ^to  one  or 
the  other,  or  both, — ^that  in  themselves  are  alto- 
gether distinct.  It  may  undergo  translation 
tlirough  space;  or  it  may  roUUs  around  some 
point  within  itself;  or,  while  being  tranglaied,  it 
may  also  rotate.  The  habitudes  of  the  body  as 
to  both  motions,  may  indeed  be  investigated  by 
one  genersl  method;  but  the  consideration  if 
these  motions  flport,  has  recently  tended  greatly  to 
the  simplification  and  rationalizing  alike  of  Sta- 
tics and  Dynamics;  and  the  method  of  domg  this 
is  unquestionably  due  to  Iff.  Poinsot.  The  way 
to  this  signal  advance  in  method,  originated  with 
the  great  and  ever-ftrtile  Euler;  so  that,  after 
his  time,  the  complete  analysis  of  the  movement 
of  any  system,  acted  on  by  any  forces,  consisted 
in  detennining,  jSrsI,  the  velocity  of  its  centre  of 
gravity  and  the  direction  along  whidi  it  is  being 
translated;  and,  Moondbf^the  direction,  at  each 
instant,  of  the  spontaneous  axis  of  rotation  pass- 
ing through  the  centra  of  gravity,  and  the  velo- 
d^  of  the  rotation  of  the  system  around  that 
uds.  To  eifoct  this  latter  task  direeify,  Poinsot 
proposed  his  theory  of  Cmp&w,  and  thereby  gave 
a  positive  and  real  significance  to  tliree  of  the 
six  general  equations  of  Equilibrium.    The  real 
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bearing  and  stgnificance  of  Pdnsot^s  docbfae  ara 
exposed  fully  ifoder  articles  Goupibb  and  Sxa- 
TiGS,  q.9.  And  the  student  is  espedally  icfccnd 
to  recent  memoin  on  Rotation,  by  that  psap" 
cuous  writer,  for  evidence  of  the  great  simplirity 
with  which  a  subject,  once  so  difficult  and 
intractable,  is  now  invested. 

(5.)  D^umiet^  Gmeral  Theorems  m. — ^1 
enoe  has  been  made  above,  to  those 
special  theorems  they  ought  to  be  termed — wlricli 
in  the  course  of  the  progress  of  science  havB  been 
welcomed  and  rightly  valued  because  of  their 
applicability  to  various  dasaes  of  reseoRlMa. 
The  following  are  the  chief  that  bdong  to  Dy- 
namics:—!. The  prindple  of  the  Oonaentaiiom 
qf  the  MovemesA  qf  I/is  CaUre  of  Grainbf,—^ 
discovered  by  Newton,  and  demonstrated  at  tbe 
beginning  of  the  iVtaopio.— 2.  The  principle  of 
AreoM^ — the  first  idea  of  whidi  we  owe  to  Jolm 
Kepler,  and  which,  as  generslized  by  D'Aicy, 
must  be  accounted  one  of  the  bases  of  our  Celea 
tial  Medianics. — B.  The  prindples  of  l/bwaaar 
qflmeriia^  and  of  the  friidpal  Axes,  disooTcnd 
by  Eukr. — i.  The  Ccnsertation  of  liemg  Forcn 
(vinum  rmmmi),  suggested  by  Hnyghena  and 
completed  by  John  and  Danid  BemooilB. — 
6.  The  prindpte  of  Maupertnis,  erroneooaiy 
named  the  iV^^fe  qf  the  least  AetiotL^-Aju^ 
6th  and  last.  The  prindple  of  the  oo-esutascs  ^ 
smatt  oscillations,  a  very  admirable  disoovery  by 
Danid  BemouillL— AU  these,  as  wdl  as  cer- 
tain statical  theorems  of  the  same  order,  will  be 
found  explained  under  appropriate  beads  in  this 
volume. 

(6.)  Dynamics,  Practieal  Prohkms  q^ — ^Tfae 
student  has  now  been  presented  with  an  outliaa 
of  the  prindples  and  methods  of  pure  or  sbstract 
Dynamics.  We  shall  merdy  enumerate,  in  oon« 
dnsion,  a  few  of  the  actual  problons  to  wlddi 
these  methods  are  applied.  First,  we  bavn  the 
subjects  of  Impad  and  CdlUtim  of  Bodies,  So- 
condfy,  the  theory  of  Prqfeetiles,  7*JUn%,  audi 
problems  as  those  of  the  descent  of  bodies  in 
Planes  and  Curves,  the  chancteristfcs  of  motion 
and  oscillation  through  Cyeloidal  arcs,  tfaefoMfo- 
chronous  Curve,  the  Curve  of  Eqtud  Brestmte, 
&c,  &c  FourtMy,  the  entire  domdn  of  the 
Gdestial  Mechanics,  which  abounds,  in  ovary 
portion  of  it,  with  iUustraUons  of  the  inverM  as 
wen  as  the  direct  problem  of  Central  F&rcet. 
Fffthfy,  problems  connected  with  oscillation  and 
motion  about  a  fixed  axis,  such  as  the  Compomsd 
Pendubm;  the  Centres  of  Oscillation  and  Peremn- 
sion;  permanent  Axes  of  Rotation ;  the  F^mreo  of 
Rotatory  Bodies;  Axis  of  S^pontameous  RotaHoss; 
In^pubwe  Action  on  a  Bigid  Body;  the  action 
of  Resisting  Media,  &&,  Ac  And,  JSxth^  tfaa 
most  difficult  and  impeifoot  of  allr--the  ankject 
of  Hydnx^fnaaues.  It  cannot  be  doubted  thai 
the  general  foimul»  of  pore  Dynamics  are  ap- 
plic^le  to  the  movements  of  any  set  of  paitiftles, 
whether  these  oonstitnts  a  fiuid,  a  gaseoos,  or  a 
solid  body ;  and  that,  to  insure  their  piacdcal 
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W9  oaljrnqiiire  to  know  Mid  to  be 

■i^^  tho  nUtions  eoonectiiig 

■MNig  tbemsdrvt.    The  real  per- 

pksicj  «r  tlM  e«n  of  floidt  and  gases  rests  in 

of  this  sort  that  will  be  at 
imymble;  and  it  most  be 
thad,  when  an  attempt  is  made  to  ex- 
tatf  tlM  eonditioB  of  liquid  particles,  the 
fiqBatinnB  are  so  anmanageable  that 
fakvv  been  fldn  to  resort  to  hypotheses 
tlM  fluid  or  gaseous  oonditioii  so 
r,  tiiai  no  £dUi  can  be  placed  in  the 
The  general  scaence  of  Hydip- 
therefoie,  considered  as  a 
atin  in  its  infimcy;  and  we  are 
nhligeJ  to  dedooe  its  theonms  and  laws,  bj  pro- 
thnt  are  pnwiy  cayw'fegil— See  the  varioos 

The  student  who  desires 

tbe  snl^ject  is  reeommended  in  the  first 

to  the  Meekmieai  EmoUd  d  Dr.  Wheweli, 

by  PoineoC,  tbe  two  «x- 

vQlnmes  on  SUUict  and 

^Mr.  Eaiashaw;  and  the  iTecamgiie 

Other  TalnaUe  woffcs  on  the  snb- 

well  as  en  its  several  parts, 

in  Ftmthj  and  in  oar  English 


Is 
ii 


▼Itnit  is  tbe  application  of  the 

of  the  Dynamical  Theoiy  of  Heat 

Hbat)  to  oiganisnis  endowed  with  lifei 

or  vegBtablSL    Animals  ars  r»- 

fcr  the  economic  develop- 

;  plants,  as  storehooses  of  eneigy. 

^   of  the  mind  is  to  view 

aa  original  centres  of  Ibroe — 

by  a  pecnliar,  indepen- 

V  flowing  fton  liih.    Bot  lift  is  rather 

thanasooiceof  fpros^    Lefttoitsdl^ 

and  ultimately  dies  out    Its  stores 

in  the  iiod  we  eat    So  long 

is  soppBed,  the  animal  derdopeB  force, 

of  heat  or  of  work,  and  in  exact  pro- 

to  the  supply.    When  we  move  a  leg 

nae  only  tbe  comniGn  mechanical 

of  bonds  and  pulleys,  by  which  we 

to  a  similar  motion  to  a  piece 

As  we  can  trace  the  motion  of 

whede  of  a  ftctory  to  the  chemi- 

in  the  fonaoe  beneath  the 

(the  origin  of  the  force  which 

the  bands  and  pnllcys  of  the  animal 

tbs  chemical  action  to  which  the 

■  onldected.    In  the  former  case^  however, 

asp  in  the  transformation  of  energies  is 

I  fa  tba  latfar,  the  mysterious  conservative 

«f  Kfs  inlsimpls  our  analysis.    This  che- 

divisiUe  into  penero/  and 

General  cfaamieal  action  results  chiefly 

and  is  indtpcndent  of  the  will:  spedal 

iHt  wUeh  aeoeoBpaniBS  mnscnlar  exertion, 

ii  UBBaOy  iTr*"***  to  the  ssat  of  this  exer- 

Tlnidatioa  of  genonl  and  spedal  diemi- 

to  aadi  oCbcr  and  to  the  evolntion 
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of  force  is  not  to  well  ascertained.     Animals 
fonn  one  of  three  media  by  which  chemical 
force  may  be  evolved — the  other  two  being  the 
electro-magnetic  engine  and  the  various  forms 
of  thermal  engines.    To  prodaoe  ultimate  nsefiil 
work  by  the  electro-magnetio  engine,  chemical 
force  assumes  tbe  form  of  electric  foroe;  while 
in  thermal  engines  it  becomes  primarily  heat. 
Doee  the  energy  of  food  act  through  either  of 
these  media,  electricity  or  heat?  or  does  it  pass 
directly  into  the  vis  viva  of  animal  and  external 
bodies?    There  is  nothing  in  the  known  pheno- 
mena of  muscular  action  to  support  the  latter 
supposition;  and,  tried  by  sdeatific  prindples,  it 
is  in  no  way  probable.     We  have  no  right  to 
introduce  n  new  force,  because  we  cannot  diearly 
see  how  aclniowledged   forces   can  intervene. 
This  wonld  be  a  return  to  the  profitlem  system 
of  occult  qualities.    Is  it,  then,  eneigy  of  heat  or 
of  electridty  which  is  evolved  from  animal  food, 
and  placed  at  the  disposal  of  the  animal  will  ? 
'*  There  are  at  present  known,"  says  Thomson, 
*'two,  and  only  two,  distinct  ways  in  which 
mechanical  efftet  can  be  obtained  from  heat  One 
of  these  is  by  means  of  the  alterations  of  volume 
which  bodies  may  experience  through  the  actbn 
of  heat;  the  other  is  through  the  medium  of 
electric  agency."    (Tranaactions  tff  Royal  Society 
<ff  Bd&fjSiargK,  vol  xvL,  p.  642.)    But  there  is 
no  arrangement  for  thermal  expansions  and  con- 
tractions in  the  body.    Musdes  generate  instead 
of  destroying  heat  by  oontraction.    Similar  rea- 
sons may  be  addooed  against  the  existence  of 
thermo-electric  currents  hi  tbe  tissues ;  and  one 
otdection  bean  against  both,  that  all  experiment 
proves  that  the  chemical  forces  never  develope  a 
lAamo/ equivalent  in  the  body.    We  are,  there- 
fore, in  tlM  present  stote  of  our  knowledge,  shut 
up  to  the  oondusion  that  dectrid^  is  the  form 
which  the  potential  eneigy  of  ibod  assumes  before 
appearing  as  visible  mechanical  eifoct    Are  there 
any  physiological  fiicts  in  support  of  this  rather 
abstnct  condudon?    We  know  that  in  every 
part  of  the  body  chemical  processes  are  advancing. 
We  know  also,  from  Faraday*s  dectric  theory  of 
chemical  combination,  that  there  must  therefore 
be  large  quantities  of  deetridt}'  pre^t;  but 
whether  there  is  a  phydcal  arrangement  for 
*'  looeening  the  electricity  from  its  habitation  for 
awhile,  and  conveying  it  from  place  to  place,*' 
Is  a  question  not  so  eanly  answered.    A  foil 
consideration  wonld  lead  ns  into  all  the  details 
of  animal  dectridty,  but  we  sbaQ  confine  our- 
sdves  to  such  remarks  as  are  necessary  for  pre- 
sent application.    (1.)  That  the  existence  of  the 
confomation  of  bodily  parts  reqnidte  for  the 
liberation  of  electridty  is  quite  consistent  vrith 
the  animal  economy,  we  know  from  ito  actual 
presence  in  various  snimals,  e.  ^.,  the  torpetfo, 
gynmotm^  &e.    Matteacci  found  in  the  torpedo  a 
regular  dectric  series  of  cells,  with  podtive  and 
negative  poles ;  an  dectric  lobe  in  the  brain,  from 
which  nerves  ramify  over  then  odls,  pladng 


DYN 

the  time  and  extent  of  their  action  under  the 
coatiol  of  the  creature's  wilL  The  activity  of 
the  electric  flxnctioa  is  proportioned  to  tha^  of 
the  circniation  and  respiration.  Tme^  this  deo- 
trlcity  is  applied  by  the  torpedo,  and  similar 
animals,  to  purposes  of  attack  and  defence,  and 
not  to  motion ;  but  still  the  disoliaige  is  entirelj 
under  their  control,  and  an  electric  current  may, 
in  other  animals,  produce  mnscdlar  contraction 
and  external  work.  But  (2.)  free  electricity 
does  undeniably  droulate  in  all  muscular  tissue. 
We  cannot  certify  ourselves  so  thoroughly  of 
its  source,  but  the  fiict  of  its  presence  is  certain. 
We  are  apt  to  forget  the  fact  in  the  fkndful 
and  strained  theories  sometimes  set  forth  in  ex- 
planation of  it  '  Its  amount  varies  with  the 
mechanical  duty  of  the  muscle,  and  with  all  the 
circumstances  of  cuculation,  respiration,  external 
temperature,  &&,  which  modify  muscular  action. 
At  the  moment  of  contraction  the  current  almost 
entirely  ceases,  as  happens  when  an  electro-mag- 
netic engine  begins  to  work.  In  each  case  dec- 
tricity  ceases  to  exist  as  such,  and  passes  into  the 
form  of  mechanical  effect.  (8.)  It  is  also  found 
that  no  artificially  applied  agent  excites  muscular 
tissue  so  strongly  as  electricity.  Matteuod  has 
proved  that  a  given  quantity  of  zinc,  consumed 
in  a  battery,  can  be  made  to  do  much  more  work 
by  occasioning  muscular  contraction,  than  by 
tnming  an  electro-magnetic  engine.  Opinions 
may  differ  as  to  the  import  of  these  fkcts ;  but 
while  an  inquiry  into  the  mode  in  which  chemi- 
cal becomes  muscular  force,  is  necessary  to  the 
completeness  of  a  theory  of  vital  dynanucs,  it 
does  not  involve  its  accuracy.  This  depends  on 
the  establishment  of  an  equivalence  between  the 
potential  energy  of  the  food  and  the  actual  energy 
of  animal  heat  and  work  done.  In  thermo  and 
electro-dynamics,  it  is  easy  to  exhibit  the  equa- 
tion ;  but  here  we  do  not  deal  with  a  mers  engine, 
but  with  a  self-adjusting  variable  organism.  The 
act  of  overcoming  external  resistance  quickens 
breathing  and  circulation.  Thus  the  formula 
for  work  done  by  an  animal  in  any  given  case 
becomes  complicated. 

^(a  — »)  — H 


W  =  J 
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where  a  is  the  oxygen  consumed  during  motion, 
b  during  rest;  H  the  increase  in  animal  heat 
following  motion ;  0  the  thermal  equivalent  of  the 
combination  of  a  unit  of  oxygen  with  the  food ; 
J  the  mechanical  equivalent  of  a  unit  of  heat 
That  special  chemical  action  (a  ^  5)  is  almost  en- 
tirely productive  of  work,  Matteucd  proved  in  the 
case  of  the  frog.  Estimating  its  mechanical  value 
in  the  contraction  of  the  gastrocnemian  musdes  of 
that  animal,  he  found  the  work  done  bear  to  it 
the  high  proportion  of  -878.  The  calculation  of 
the  element  H  would  have  completed  the  equa- 
tion. The  first  application  of  these  prindples, 
though  not  of  this  formula  exacUy,  whidi  is 
difficult  to  follow  in  actual  experiment,  was 
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made  by  Messrs.  Sooraby  and  Jook  in  1840. 
(JPhOMiphAeal  Magatme,  1846.)    Aooonling  to 
Watt,  the  value  of  one  hone>pow«r  for  one  day 
is  24,000,000  foot-pounds.    To  aastain  a  hotae 
in  working  condition,  12  lbs.  hay  and  12  Bn^ 
com  are  necessary  per  day ;  or  one  grain  of  thb 
mixed  food  enables  him  to  raise  143  lbs.  to  the 
height  of  one  Ibot    Tliese  gentiemea  found  that 
when  burned,  one  grain  raised  th«  tempentim 
of  1  lb.  of  water  0-682"  Fahr.,  a  thermal  efleet 
dynamically  equal  to  627  lbs.  raised  to  the 
hdght  of  one  foot    The  horsey  thenfora^  coo- 
verts  '27,  or  nearly  one-fourth,  of  the  entire  w 
vitfa  of  his  food  into  useftal  medumical  efiect 
From  the  absence  of  any  definite  standard  esti- 
mate of  man-power,  calculations  as  to  its  eeooony 
are  not  so  determinate.    Thomson  aeems  to  have 
made  the  first  attempt   (FkUo§opkioal  Ma^atme, 
S.  4,  vol.  iv.)    He  thinks  it  probable  that  a  man, 
by  walking  up-hill  eight  houn  ardajr,  may  ton 
one-dxth  of  the  mechanical  value  of  his  food  into 
work,  and  one-fourth  by  ^h  labour  as  pnmpfaig 
for  dx  hours  per  day.   In  the  former  caaa,  the  work 
is  foot-pounds  of  his  own  body ;  in  the  latter, 
foot-pounds  of  water  raised.    The  general  conda* 
don  of  Scoresby  and  Joule  is,  ^  that  the  ammal 
f^ame^  though  destined  to  fiilfil  so  many  other 
ends,  is,  as  an  engine,  more  perfect  in  die  eco- 
nomy of  vis  viva  than  the  best  of  huaan  con- 
trivances."   The  student  will  find  matffjala  far 
more  daborate  calculatfens  in  Gavarret*s  traaiise, 
De  la  chakmr  produiu  par  let  eCres  vMonls. — k 
is  proved  from  these  investigations  that  the  che- 
micd  forces  of  food  are  the  sooioe  of  the  tmrgy 
of  all  animals.    But  whence  this  chemicd  fone  ? 
Smce  the  ultimate  food  of  all  animals  ia  r^ge- 
table^  this  leads  us  to  the  Viial  Dynamia  if 
Pkmls.    The  growth  of  plants  consists  chiefly  in 
a  deoompodtion,  agdnst  the  force  of  chemical 
affinity,  of  carbonic  acid,  water,  and  ammonia, 
imbibed  from  earth  and  air.    This  is,  in  foct,  an 
tmbummff  of  the  fire  which  has  burned  on  onr 
hearths,  hi  onr  furnaces,  and  in  the  bodiae  ef 
animals— a  restoration  of  the  materials  tliere 
consumed  to  thdr  former  state  of  combustibility. 
The  potential  energy  of  carbon,  hydrogen,  and 
oxygen,  is  returned ;  or,  in  other  words,  actual 
energy  has  been  expended  in  separatiQg  these 
dements.     Actual   energy  of  what?      Fepe- 
taNe  retpiratumj  as  this  process  is  called,  the 
converse  of  animal,  has  been  proved  by  tlie 
experiments  of  Ingenhouz,  Senebier,  and  other 
investigatorB,  to  be  a  process  which  depends  on 
light    It  ceases  on  the  coming  on  of  dartmea!, 
and  there  supervenes  a  dight  reverse  actkm,  one 
of  combustion.    It  is  therefore  actual  energy  of 
sunlight  whidi  overcomes  chemical  force,  and 
becomes  potential  energy,  to  be  rdeased  as  aetaai 
eneigy  once  more  in  our  fires  and  bodies.  When 
we  decompose  water,  i&,  separate  oxygen  and 
hydrogen  by  force  of  deetridty,  we  exchange 
dectric  power  for  the  tendency  of  these  gases  m 
unite  (potential  eneigy),  and  this  tendency  is 
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■tiifiid  bj  Mpfiyfng  m  light  to  the  gaseous  mix- 
tm.  An  czploflioa  cosocs.  We  get  water  as 
hikn,  bat  besidBs,  heat  the  eqaiyaknt  of  the 
AUikitj.  So  the  Ibroe  of  a  email  iiactioii  of 
thi  taiiBtaBimal  Ininiuiferoiis  wavelets  whidi 
mi^aakt  in  the  sun  is  made  latnt  in  the  affi- 
■ilisi  ef  esparated  oiL^gen,  hydragen,  and  carboo. 
Whea  Asse  reonite,  we  get  carbonic  add,  and 
water  as  before,  bat  besideB,  heat,  or  electric  or 
Hbd  ine,  the  eqnrralent  of  the  fight-power  ez- 
pmkd.  An  ingmioas  calailalion  of  the  amoont 
of  wmB^  and  heat  whidi  is  thns  economized 
has  beeo  made  by  Profeasor  Thomson  (Phil 
JA;^  &  4,  ToL  It.)  Estimating  the  mechanical 
I  of  tba  amiaal  prodnoe  of  an  aero  of  finest 
Lieblg'a  data,  and  the  mechanical 
Poaillet^  data,  of  the  smilight  ftlUng 
ca  that  space  at  the  latitude  of  Gieadn,  he  finds 
tfast  '^ftobabfymptod  deal  more  than  finro  ^ 
tbe  aobr  heat  wUch  actually  fidb  on  growing 
plsaii^  b  espferted  into  medianical  effects." 
H«e  eertaiBl J  is  poetry  enoogh  thrown  aroond 
ths  eoaiMOBit  obfeda— our  cMd  ileLds,  oar  stieet 
stad^  oil,  cor  home  hearths,  oar 
.  for  the  sonshiae  which  foil  on  an  nn- 
peaplid  earth  Qglits  oa  and  woiks  for  ua  with 
ttesaaahiBS  of  to-dny. 

ByHBasMmceer.   An  instrament  oonstmcted 
Is  nfasuii,  tiie  work  done  in  oveiouudng  a  givm 
t  and  candngn  given  motion.  Hie  name 

lamesaoreof powcrorforcsL   Theinstru- 
ii  lather  e  measore  of  effort  or  work.    We 

la  fine  aa  being  eomethmg  instantaneous, 
•t  say  BMBMnt  changeable,  beginning  or  ceasing. 
Oa  the  ether  hand,  we  oonorix-e  of  work,  as  the 
cfBition— throngfa  spaces  of  time— of  forces.  If 
«•  pan  a  body,  fiw  exnmple^  along  a  levd  road, 
a  certain  force  every  moment  that  we 
cor  work;  but  tlie  vrork,  though  de- 
JOB  the  fiKve,  does  not  depend  on  it  alone. 
K  ftr  iastaaee,  we  pull  another  body  with  only 
Uf  ifae  ftme,  over  twice  the  distance,  we  do  the 
mm  saoont  of  woik.  Woik,  therefore,  depends 
y»  the  ioroe  applied  and  the  space  throogh 
vhih  the  body  on  whidi  it  is  perfi»med  moves; 
■■A  the  dynamometer  proposes  to  measore  the 

ta  any  case  of  resistance  overcome  and 

pndooed.  Aaanming  tlie  obvions  prin- 
d|is,  dwt  woric  win  be  measorable  by  the  pro- 
ves sf  the  fivoe,  if  kept  unifiMmly  acting,  into 
^  ^ece  ihioagfa  which  it  acts,  we  may  come  to 
Mpoa  what  dynamonaeteri  most  depend.  They 
n^dn  to  provide  a  mcesore  of  the  fi>roe,  and 
■■■MR  alao  of  the  apaod  through  which  the 
^e  ads.  If  the  fixce  continue  uniform  during 
^^fhole  action,  we  ahoold  find  the  problem  suf- 
^omt^  easy.  The  space  travemd  by  a  moving 
Mr  ■  eady  meaaared,  and  very  many  oon- 
tdvascM  Bi^  be  easily  applied  to  such  a  body 
tsaaka H  sdf-reglstering  as  to  this  point  U, 
tha,«e  are  able  to  measure  the  force  with  which 
itaoie%thederiredresaltwmbeobtahied.  Ifwe 
03M  it  tD  act,  fiir  eramplp,  in  pulling  out  a 
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q>ring,  we  have  a  measure,  in  the  distance  to 
which  the  spring  is  drawn  out,  compared  with  the 
amount  of  ffraoity  capable  of  drawing  it  out  to 
the  same  distance,  when  a  weight  is  hung  upon  it. 
We  have  then  simply  to  multiply  the  two  values 
just  discovered  one  by  the  other,  for  the  required 
result.  The  originid  dynamometers  (as  Reg- 
nier'fl^  limited  themsdves  to  determining  the 
value  of  the  fotice,  and  left  out  the  other  dement 
as  unimportant  And,  in  foct,  it  might  be  consi- 
dered to  be  so  pretty  fairly,  were  the  usual  case 
such  as  we  have  described.  If  the  force  remained 
stedfast,  we  should  have  merely  to  measure  the 
whole  space  and  the  one  force.  But  in  ordinary 
mechanical  cases,  our  worldng  forces  do  not  re- 
main entirdy,  in  many  not  even  approzimatdy 
the  same,  throughout  intervals  daring  which  we 
denre  to  measure  the  work.  We  have,  therefore, 
to  take  the  small  spaces  during  which  they  do 
remain  coraparativdy  stedfast,  and  to  multiply 
tliese  by  the  forces  operating  during  motion 
through  these  spaces,  and  sum  up  the  amounts 
of  work  obtained  in  each,  in  order  to  arrive  at  the 
total  value.  If  all  these  small  spaces,  during 
wliich  the  force  may  be  considered  constant,  were 
equal,  we  might  still  adhere  to  the  measurement  of 
forces  merdy.  We  could  Uke  the  average  of  all 
the  forces  successivdy  measured,  and  multiply 
the  average  by  the  total  space.  In  fact,  calling 
i',  F^',  &c.  the  forces,  and  s  the  small  spaces, 
(m  8  being  the  whole  space,  which  is  divided  into 
K  parts  all  equal),  we  might  estimate  the  work 
as  already  shown  by  p'  s  -j-  f"  s  -t-  p"'  a  -|- 
&C.  ==  8  (F'  -f-  P"  4-  y'"  Ac.)  The  method 
just  indicated  takes  for  this  measure  ms  X 

which  is,  therefore,  equal  to  the  true  value  of  the 
work.  But  as  H  s,  the  whole  space,  is  easily  measur- 
able separatdy,  these  original  inventions,  confined 
to  measurements  of  f*,  f",  &c  would  therefore  have 
given  very  dmply  the  results  required.  Leroy^s 
construction  of  dynamometers  was  exactly  like 
our  present  letter  weights.  The  force  whose 
measure  was  required,  was  made  to  push  a  spiral 
spring  inside  a  tube,  downwards ;  and  then  com- 
pared with  the  force  of  gravity  acting  on  known 
weights  able  to  compress  the  spring  to  the  same  ex- 
tent Begnier^s  construction  was  an  dliptical 
spring,  to  be  pushed  into  greater  curvatureor  drawn 
into  less  by  the  force  applied;  and  latterly,  two 
pUtes  of  sted,  one  of  which  was  kept  fixed,  and 
the  other  moved  from  or  to  it  by  the  force.  These 
constructions — ^though  periiaps  both  susceptible  of 
mechanical  improvements,  which  they  never  at- 
tained—become immediately  incapable  of  mea- 
suring work  when  the  spaces  through  which  the 
inconstant  forces  move  become  themsdves  incon- 
stant The  expression  for  the  total  work — call- 
ing 8*,  8",  Bf"y  &c  the  successive  unequal  spaces, 
becomes  p'  s'  -f  f"  s^'  +  f"'  s'^&a,  an  expres- 
sion which  requires,  for  the  determhiation  of  its 
total  value,  a  dmultaneous  measurement  of  the 
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qontidQS  incBoted  by  f',  &c.,  and  s',  &c.  And 
a  new  difficulty  likeiHae  oocon.  In  ordinaiy 
cases,  the  vaiiationB  of  these  two  faiconstants 
are  vety  rapid--4o  rapid  that  we  could  not  zead 
them  o^  even  if  noted  by  the  instrument,  with- 
out inconceivable  labour.  It  is  therefore  essential 
that  oor  instruments  should  themselves  be  made 
to  h&ep  a  register,  afterwards  to  be  examined  at 
lasure^  of  the  values  which  they  render  percep- 
tible. If,  for  example,  we  can  succeed  in  making 
our  dynamometer  put  a  mack  down  of  a  certain 
length  proportional  to  the  force  acting  at  the 
time,.for  every  force  which  it  measures,  and  if  we 
can  get  it  to  move  the  paper,  or  oursdves  move 
it,  so  that  these  marks  will  be- placed  in  the  true 
order  of  succession  of  these  forces,  we  will  have 
a  sheet,  when  the  paper  is  taken  out,  exhibiting 
the  series  of  the  f  quantities.  U;  stiU  further, 
we  lia\'e  a  six^ultaneous  anangement  which  shall 
maiic  the  spaoea  through  whidi  motion  has  taken 
place,  we  shall  draw  out  a  sheet  similarly  marked 
with  the  successive  values  of  the  quantitfes  s;  and 
taking  the  two  series  together,  we  shall  obtain  f' 
8'  -|-  F"'  8''  -|-  F'"  a'",  &C.,  or  the  whole  amount 
of  work  done.  We  shall  endeavour  to  indicate 
in  a  general  way  how  various  dynamometers 
accomplish  these  objects.  The  ordinary  spring 
d3mamomet8r  consists  of  two  rims  of  steel  of  the 
parabolic  form — the  one  kept  fixed  in  the  instru- 
ment—the other  fiutened  to  it  at  the  two  ex- 
tremities, but  drStwn  out  fh>m  it  to  certain  dis- 
tances by  the  snccavdve  forces.  Tlie  distance  of 
the  middle  points  of  the  two  springs,  when  the 
one  is  pulled  out  in  this  way,  indicates  the 
amount  of  force.  If  a  pencil  be  attached  to  the 
centre  of  the  moveable  spring,  it  will  move  with 
it,  and  indicate  this  distance.  But  this  would 
give  U8  only  a  pencil  moving  up  and  down  a 
straight  line;  and  ndther  the  various  successive 
values  of  the  forces,  nor  the  order  of  their  snc- 
oeesion,  could  be  at  aU  diatincdy  indicated.  I^ 
however,  the  paper  was  made  to  move  beneath 
the  pencil,  the  distance  between  the  two  pomts 
might  then  be  given  continuously;  and  all 
chiuiges  would  be  nuuked  regularly  in  the 
order  of  their  sucoessbn.    Through  means  of 
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such  an  arrangement,  we  might  have  foch  a 
%ure   described  by    the    pmdla   as   above. 
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The  curved  line  would  be  described  by  tiie  pendl 
attached  to  the  moveable,  and  the  stzaigfat  hne 
by  one  attached  to  the  straight  spring.  The 
perpendiculars  p^  t^,  f*  t*,  f*  t*,  iot^  rqae- 
sent  the  successive  forces,  and  the  distances  t> 
T*,  T*  T*,  &C.,  the  distances  for  whidi  tb^  ap- 
proximatdy  act  If  we  take  a  very  narrow  step 
like  T^  T*  for  the  space,  the  force  may  be  eoa- 
sidered  as  either  p'  t^  uniformly,  or  as  p*  t*  fcr 
these  lines,  and  the  inner  ones  representing  the 
forces  will  difier  excessively  little  fimn  one  an- 
other. The  area,  then,  which  we  may  caB  t* 
F*  8*  8*,  may  be  expressed  by  f*  t*  p*  t*. 
Sunilarly,  the  area  f''  6"  might  be  expressed  bv 
ps  X*  p*  T*,  and  so  on.  Hence,  the  whole 
sum  of  the  work  done  in  any  givoi  space  would 
be  the  sum  of  the  similar  rectan^^  &&, 
throughout  that  space.  It  is  veiy  dear  that  the 
smaller  we  take  these  spaces,  and  the  more  of 
them,  therefore,  the  more  correct  will  oor  appre- 
ciation be  of  the  total  effect,  and  that  each  ap- 
proximation will  come,  therefore,  nearer  to  giving 
a  sum  equal  to  the  value  of  the  area  endoaed  be- 
tween the  line  t  a  and  the  curve  a  p.  Theareaof 
the  curve  will,  therefore,  give  an  equivaknt  ftr 
the  whole  woik,  and  the  area  between  any  two  cf 
the  quantities  p  t  will  give  the  similar  equiva- 
lent for  the  portion  conespoDding.  Sometancs 
it  is  of  more  importance  to  get  the  average  fixes 
wrought  with  during  a  given  time  than  the  total 
woriL  done.  In  this  case,  the  method  found 
ful  is  to  put  a  chnmometrical  arrangement  in  < 
nection  with  the  machine,  ao  that  the  paper 
may  be  drawn  uniformly.  And  it  mi||^t  be  with- 
out difficulty  demonstrated,  that  the  area  of  the 
curve  divided  by  the  length  a  t  would  give  the 
mean  force  for  the  whole  aetfon.  This  curve 
would  now,  however, — unless  there  had  beat 
uniform  motion  before— be  a  difierenft  ooe  Iram 
the  curve  a  p,  though  similarty  desoibed ;  and, 
therefore,  except  in  this  case  of  uniform  motiOB, 
the  value  of  the  force,  or  even  of  the  avenge 
force,  would  not  be  a  sufficient  index  of  the  total 
work  done  during  a  given  space.  Such  is  the 
prindple  upon  which  the  dynamometer  always 
depends  Peculiar  modifications  of  tlie  arrange- 
ments described  would  be  necessary  to  fit  it  ibr 
application  to  rotatory  motions. — ^The  parabolic 
form  is  used  for  the  spring  commonly  employed 
in  the  dynamometer,  in  order  that  the  fbroe  may 
be  as  equally  as  possible  distribated  over  tbs 
curve,  toad  that  the  resistancs  may  be  pnipor- 
tkmed  to  the  force.  —Watts*  Indicator  is  a  speaea 
of  dynamometer  of  special  application,  which  «e 
shall  describe  under  that  word. 
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litllBls  known  Rgardiog  the  phsrsical 
of  tint  stDsoIar  and  appirently  com- 
pOL  ■ppmtoa  wliidi  oooadtotai  the  Far.    In 
Ifan,  m  with  meet  animeh  gifted  with  heai^ 

of  an  outer  oigan,  that  may 
each  puryoee  aa  an  ear-tnmipet,  viz., 
oond;  next,  of  a  tube  throogli  which 
tka^ibntioBB  paaa  inwards;  tiien,  of  that  elastic 
or  dnun  of  tlie  ear,  whidi  would  seem 
Lt«  In  an  impulses;  aDd  lastly  of  a  cell  and 
of  small,  dngvlariy-ahaped,  and  miintel- 
twntSj  eoodnctisg  towards  the  place  where 
are  fint  faond  of  the  presence  of  the  audi- 
Anatomy  and  Physiology  have  de- 
thia  rrmarttahjp  ^^paratns,  but  they  have 
BO  Ught  whatever  on  the  relation  and 
of  tta  vanoos  parts;  nor  can  physical 
at  preaenft  ofler  them  the  slightest  aid 
Bnt  m  wtiaterer  way  its  eonstitaent  parts  may 
ii  cannot  be  doidited  that  thehomanear  is 
of  reauikahle  delioacy  and  great 
AH  aonnds,  it  is  well  known,  travel 
with  the  same  vdodty.  They 
ooly  in  the  kogtha  of  the  waves  or  nnda- 
\  that  ocrawion  tiwrn— the  lengths  increasing 
as  the  ^WMaeBt  of  the  aoond  increases,  andvios 
senia.  Kow,  it  has  been  distincay  established 
hy  aid  flf  Cagniard  la  Tow's  Sinn,  and  Savart*s 
of  iooiked  wkeeb,  that  the  gravest 
aound  wfaidi  the  fanmaa  ear  can  ordi- 
i  made  by  a  body  vibrating 
or  ,/l^lsai  times  in  a  aeooiui;  whfle 
the  ncBlsitaadibleaomid  demands  fiv  its  prodnc- 
than  Jfaijr  tight  tiotatmd  vibra- 
at  space  of  one  seooadL  The  im- 
ral  hetwesn  these  numben,  is  the 
of  the  range  of  the  phenomena  oif  sound, 
oar  oigan  of  hsoiiag  can  talce  oognis- 
Theittterral  is  vast  indeed;  and  within 
Im  caaacs  of  those  ooonds  which  Nature 
an  the  innunerable  Harmonies  and 
•foKnd  by  Scieotlfle  Art.  StiU,  that 
is  only  one  domain  of  Sound, 
so  low,  that  few  grave  sounds 
of  the  leoognition  of  which  it  is  incap- 
aft  the  other  end  of  the  scale,  how 
aad  «v«o  intenmnable  the  range  from 
it  is  shat  ont!  Dr.  Wollaston  was  oer- 
oonoet,  that  the  Ear,  fine  as  it  is,  as  well, 
aa  et'U'y  otiicr  human  sense,  is  a4)usted 
Is  the  dfaesmneot  only  of  one  finite  and  allotted 
ipan  witUn  an  t«fi"»^  Universe. 

S—tiM  globe  we  inhabit;  the 

in  onfcr  from  the  Sun;  and  the 

the  bdbt  or  ring  of  the  Asteroids. 

Dieqaatorial  diameter  is  7,926  mQes;  its  polar, 

7;BS8  nOcs;  and  in  density,  it  is  5*67  times 

EftM  water.     Tha  aiats  of  the  Earth, 

wUh  that  of  the  Son,  is  •0000028178. 

k  m^  iffff*»<^  from  theootrsl  Inminary  is 


about  95  millions  of  miles— a  space  through 
which  light  occupies  8  minutes  18*8  seconds  in 
travelliogi  but,  as  the  eccentricity  of  its  orbit  is 
0*0167751,  if  Uiis  mean  distance  be  termed  1, 
the  distance  of  the  Earth  at  aphelion  will  be 
1*0168,  while  at  perehelion  it  is  only  '9882. 
The  quantities  of  light  received  by  it  in  these 
opposite   positions    are  in    the   proportion   of 
0*967 :  1*084.    The  period  of  the  revolution  of 
our  globe  in  its  eOiptio  orbit  is  865*2568744 
mean  solar  days,  or  865  days,  6  hours,  9  minutes, 
and  10*75  seconds.    Its  frepioa/ievolution,  or  the 
period  elapsing  between  vernal  equinox  and  ver- 
nal equinox  (that  is«  the  period  of  the  revolution 
of  the  seoiofw)  is  865*24222  mean  solar  da3rs,  or 
865  days,  5  hours,  48  minutes,  47*81  seconds. 
The  Earth  rotates  on  its  axis  in  one  tidereal  day, 
or  24  sidereal  hours;  that  is,  in  23  hours,  56 
minutes,  and  4  seconds  of  mean  time, — We  pro- 
ceed to  refer  briefly  to  the  points  of  chief  interest 
concerning  our  Flanet*s  motions^  its  magnUude 
andjigure,  its  dentity,  and  its  temperaium. 

(1.)  The  Earth,  Motions  q/I— The  chief  of 
these  are  the  annual  Sevohtium  in  an  orbit,  and 
the  diurnal  notation  on  an  axis.  The  Earth's 
velocity  in  its  orbit  varies,  according  to  Kepler's 
Law  of  the  Conservation  of  Areas,  modified  by 
certain  perturbations,  of  which  an  account  will 
be  found  in  detailed  works  on  Astronomy.  The 
angular  velocity  of  Rotation  is  absolutely  uni- 
form. Beddes  these,  certain  motions  afiict  the 
Earth's  axis  itself,  the  nature  of  which  is  ex- 
plained under  Prbcsbsion  and  Nutation.  The 
point  to  which  we  desire  to  draw  attention  here 
IB  this — How  is  the  reality  of  these  motbns 
estabUshed?  Living  on  the  surface  of  the  Earth, 
and,  therefixre,  moving  through  space  along  with 
it,  we  cannot  «es  these  mottons  directkf.  How, 
then,  are  we  assured  of  their  existenoe  as  ti/aet, 
as  distinguished  from  a  serviceable  hypothesis  t 
If  theee  motions  are  real,  doubtless  they  will  im- 
press apparent  motions  oa  all  bodies  external  to 
the  Earth.  For  instance,  the  rotation  of  our 
globe  on  its  axis  would  produce  an  apparent 
diurnal  revolution  of  the  celestial  vault  in  the 
opposite  direction ;  and  so,  with  our  motion  of 
revolution.  Such  external  motions  undoubtedly 
exist.  That  grand  and  famfliar  daily  and  uni- 
form revolution  of  the  whole  sidereal  host,  is  the 
very  phenomenon  which  would  manifest  to  a 
spectator  on  the  Earth  the  rotationof  his  own 
globe.  Nevertheless,  how  can  it  be  ascertained 
that  the  rsvolution  of  the  stars  is  an  qtparent 
one  ? — by  what  kind  of  considerations  are  we  en- 
titled to  attribute  it,  to  an  actual  but  unseen  and 
nnfelt  Rotation  of  the  Earth  as  its  cottssf  When 
the  immortal  Copernicus  first  attacked  the  time- 
oonsecrsted  conception,  that  our^be  is  motion- 
leas,  and  the  prime  centre  of  all  things,  he  could 
indeed  propose  his  own  view  only  as  the  mors 
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prc^aMe  ht/pothesit.  It  was  easy  to  show  that 
the  posiUon  of  our  world  as  a  planet  moving 
around  the  Sun,  demolished  at  one  blow  the 
whole  of  that  artificial  Ptolemaic  madiinerv-^a 
machinery  that  in  the  hands  of  Porbachhad 
acquired  a  complicacy  with  which  imagination 
could  never  cope;  and  surely  it  seemed  easier 
to  conceive  one  little  globe  turning  daily  around 
an  axis,  than  that  aJl  these  myriads  of  stars 
should  partake  of  one  and  the  same  motion,  with 
a  regularity  so  rigorous  and  unbroken.  The 
demonstration  of  the  Jaety  however,  was  not 
within  reach  of  science,  in  these  early  days,  but 
rather  has  been  reserved  in  the  main  for  our  own. 
— I.  Tlie  ilrst  actual  verification  of  the  orbital 
motion  of  the  Earth  is  due  to  Bradley.  His  capi- 
tal discovery  of  Aberration — a  discovery  already 
described  in  this  Dictionary  (Abkbbation), — 
furnished  a  proof  almost  decisive  of  the  Earth's 
planetary  motion ;  at  least  phenomena  were  de- 
tected, and  in  this  way  finely  accounted  for,  that 
could  be  ejcplained  in  no  wise  by  the  conflicting 
theory.  One  difficulty — ^the  difficulty  started  by 
the  eminently  proK^ico/Tycho — alone  remained. 
If  the  Earth  shifts  its  position  in  space,  so  that 
at  one  season  of  the  year  it  is  removed  by  the 
immense  distance  of  190,000,000  miles  from  its 
position  at  the  opposite  season,  why — as  the 
illustrious  Observer  of  Uramburg  inquired — do 
the  fixed  stars  alwa>*s  appear  in  the  tame  direa- 
tioH  from  us — why  have  these  orbs  no  parallax  t 
The  oltjection  could  not  in  any  case  have  been 
conclusive,  because  the  allegation  on  which  it 
rests,  had  no  title  to  be  received  as  absolute. 
Tycho  had  no  right  to  assert  that  the  fixed  stars 
hav6  no  parallax :  all  that  he  Iniew  was  that  his 
instruments  did  not  enable  him  to  detect  any. 
But  the  actual  discovery  of  parallax — that  great- 
est triumph  of  modem  observation — (see  Stabs, 
Fixed) — has  established  a  positive  ai^gument  on 
behalf  of  the  orbital  motion  of  our  Planet,  of  irre- 
sistible force.  In  so  far  as  this  motion  is  con- 
cerned, then,  the  Oopemican  theoiy  rests  on  mere 
hypothesis  no  longer. — II.  In  reference  to  the 
Earth's  Rotation^  that  too  has  received,  although 
only  in  very  recent  times,  a  demonstration  quite 
as  full,  and  even  more  palpable  and  convincing. 
The  existence  of  a  diurnal  aberration,  of  which 
there  can  be  no  doubt,  might  have  seemed 
-equally  applicable  in  this  case;  but  It  never 
could  be  rendered  satisfactory,  because  of  its  very 
small  amount  All  that  is  needed,  however,  has 
recently  been  amply  attained,  through  a  consi- 
deration of  the  necessary  injltience  of  the  Earth^s 
roiationy  on  the  c^xparent  motion  of  bodies  situated 
on  its  surface.  This  has  been  made  manifest  in 
three  ways : — (1.)  Wera  the  globe  motionless,  or 
not  rotating,  it  is  clear  that  a  body  let  fall  £nom 
the  summit  of  any  perpendicular  altitude,  would 
fall  to  the  surface,  exactly  at  its  foot  But  if 
rotation  exists,  this  will  not  hold.  A  body  at  a, 
for  instance,  must,  when  let  faU,  continue  ani- 
mated during  its  fall  to  the   surface  c  by  the 
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horizontal  velocity  which  it  poesesnd  wbUe  at- 
tached to  the  top  of  the.  height  ca:  in  otliar 
words,  if  A  A'  be  the 
space  through  which,  in 
virtue  of  the  Earth's  rota- 
tion, the  point  ▲  would 
move  in  the  time  that  a 
detached  part  of  It  would 
take  to  fall  through  a  e, 
that  detached  part  will  re- 
tain, though  detached,  its 
original  velocity,  and  when 
it  reaches  the  surface  will 
have  moved  over  e  b,  a 
space  equal  to  A  A'.  But 
c,  the  foot  of  the  perpen- 
dicular height,  will  (as  is 
evident  from  inspection) 
have  moved  in  that  time  only  thraogfa  ce':  so 
that;  when  the  body  falls,  it  will  not  be  at  the 
foot  of  the  tower,  but  in  advance  of  it  by  a 
quantity  c'  b.  The  necessity  of  sodi  a  deria- 
tiott  towards  the  east  has  long  been  discerned; 
but  the  credit  of  establishing  its  reality,  u  due 
to  M.  Reich  of  Freyberg.  Taking  advantage 
of  a  mine  of  the  depth  of  520  feet,  he  repeated 
experiments  in  the  most  careful  manner,  and 
quite  established  the  existence  of  the  devia- 
tion ;  and  the  satis&ctory  character  of  the  renlt 
appeared  further  firom  this,  that  the  amomU  of 
the  observed^  easterly  deviation  difiered  tram  the 
theoretical  amount  only  by  the  inoonsldenble 
quantity  of  *08  of  an  inch. — (2.)  Still  moie 
striking,  however,  are  the  most  ingenious  me> 
thods  of  M.  Foncault  The  sensatioD  is  not  yet 
forgotten  that  was  created  by  his  fiunoos  jwadb- 
han  experiment  Its  principles  are  as  foHovs: 
Suppose  a  pendulum  suspended  oter  either  Pole 
of  the  Earth  from  a  point  detached  finom  the 
Earth  and  set  in  osdllatian.  The  rotation  d 
the  Earth  beneath  it,  can  in  nowise  affect  oralt«r 
the  plane  of  that  oscillation ;  but  as  a  spectator 
on  Uie  Earth,  carried  round  by  the  rotatiofi  of 
the  Earth,  would  pass  first  under  one  end  of  tbs 
pendulum,  then  under  the  other,  the  plane  of 
oscillation  would  necessarily  appear  to  him  to 
make  a  revolution  Jirom  east  to  west  in  the  precise 
time  in  which  the  Earth  really  rotates  fh>m  west 
to  east  It  is  not  necessary  that  the  pendulum 
be  suspended  flrom  a  point  detached  fhnn  ths 
Earth.  The  attachment  of  the  point  of  saspeo- 
sion  to  the  Earth,  provided  it  be  over  the  Pde, 
would  only  twist  round  the  wire,  or  cord  fonniog 
the  rod  of  the  pendulum,  and  make  the  laB 
itself  rotate  on  its  axis  in  the  course  of  a  sideral 
day.  Next,  imagine  the  Pendulum  suspended 
over  the  Equator.  It  is  equally  dear  that  no 
apparent  revolution  or  change  of  the  plane  of 
oscillation  could  take  place  in  this  case,  just  be- 
cause the  spectator  at  the  Equator  could  not,  by 
being  carried  round,  be  brought  nearer  one  cod 
of  the  plane  of  osdllation  than  the  other.  Lastljfy 
let  us  examine  the  case  of  a  pendulum  at  ic 
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o  bdag  tbe  Equator, 
n polar  mzia of  the Euth.  Theutaal 
mirf  tlMEutli 


imagiiwd  the  maltint 


u)  be   decom- 
d.     Pot  imUoce, 
obaukeo  lon- 
pnaont  tlw  true  n^ 
dtj   of    the    Eanb 
He- 1  •nmnd  lt>  «ii«,  wB 

iB>T  itmgiiie  that  idodlj'  and  diiection,  givai 
to  it  bv  two  TOtatko — one  with  ths  velodlj 
DO  aiuuud  FO,  md  the  other  wllh  Ih«  velo- 
ckr  c  o  ■raand  A  o.  But  the  rotation  atnuid 
r  o,  wUch  ia  tha  polar  axia  of  the  point  a, 
<^B0(  afict  the  apparent  molJoiu  of  a  pen- 
<uhiM  tA,whlehlitheETtiaforof  pp.  Tbene 
^^■RBt  ian<hi»  win  oolir  be  affected,  tberefara, 
bj  •  BtotiaB  of  the  amoont  ,c  o  anwod  a  o 
iMiC  TUa  latter  eav  ia  the  fint  ooe  inrcil- 
p*ed.  Til.,  wtm  the  Foidahun  ii  suspended 
■>w  Ae  Fob;  K>  that  the  (dane  of  OKillatioii  of 
•  PBtdsIna  at  A  imDt,  in  cooseqaenca  of  the 
nkaiiB  of  the  Eaith,  Mem  to  malLe  a  revolution 
ta  ■  pnod  irf  liiDe  delemiliKd  bv  the  velocity 
<*  o.  Tha  tBDB  ta  vbich  that  plaae  will  eeeoi 
to  wnJte  at  tlia  place  ±  will  be  to  a  lidmat 

THe^app.  raobitim'niSid.  dijrx  Sui.  LaL 
M.  riMiah  niAed  Ua  candnaiafui  oa  a  grand 
■eala  lij  Miiipaliiin  a  paidulDin  Ihiin  the  loterior 
•f  tha  e^ola  at  the  Paothecai ;  hoc  does  it  re- 
>l>dr*  toon  Aaa  i»diDar7  pneauttoD,  aDd  Ibe  use 
^  a  Imk  —-['*■'*'■■*■,  to  nuUe  anr  one  to  biiag 
bi  tbc  ^Ba  laaiiiiii  nnder  the  notice  of  any 
ratobai  af  p««aoc%.  this  palpable  eriilence  of  the 
Catatfaa  «f  the  Eaith.— (3.)  M.  PoDcault  hai 
Aaa  th^  liii  anil  ail  a  etiD  more  iogoiioni  device 
vfch  Aaaaaeaod — roibcdied  tn  bti  GrsoacoFi 
<f«)  If  a  man  be  act  ia  rotatioii  freelv  in 
^■^  k  wiB — mitm  dtiCnrbed  or  constnined— 
frnri  i  itwlaltfy  tJu  ploM  of  ill  nttalion ;  luid, 
tadbci  thii,  it  vQ]  eves  avemmeiUght  obalades. 


Ci^maft,  a  bcavy  Atg  of  melal  an,  la  ao  &eely 
B^pBkd,  that  it  b  ahwat  at  carirt  liierfy  to 
tKB  ki  aay  dinctiaa.  Tliat  ring  it,  while  de- 
(aahad — aa  ia  the  amaD  Sgure — set  in  veiy  n- 


ail  aa  w«  tan  aaid,  aatfor,  all  the  while,  fulkat 
tttj  to  aMBMa  tha  poritioo  rotted  to  itamecha- 
liea)  -— gtff^  SappatB  aaw  that  a  giadnated 
^  M  (k  tdga  al  tba  qipataliia  la  axamined 
Itai^  Ito  litMHH  aa;  It  ia  dear  that  if  tha 
imlk  kt  <t  iwt.  tba  aMOM  graduated  lioa  wHl 
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the  Gyroscope  along  with  It,  the  k 


i  oiigioal  letaUoD  to  the  tc 


Fig.  a. 

le,  joitbecaose  its  displiirementby  the  Earth 
lid,  if  it  did  so,  cAon^  iht  plane,  in  ipace,  ia 
vhick  lAt  ring  raolttt.     To  retain  itaelT  in  that 
plane,  thereibie,  the  ring  will  canse  the  gradu- 
ated ilip  to  move  nmnd  under  the  telescope;  and 
the  observer  will  discern  the  differmt  lines  of 
graduatito,  pa^ug  leguloily  undo'  hit  eye,  ex- 
actly as  a  Mar  moi-es  across  the  field  of  view 
a  transit  instrument.     The  mechaniim  pe- 
iliar  to  tbe  Gip-otcope,  we  shall  describe  nnder 
special  article :  it  is  sulEcient  here  to  have 
lOwn  in  wbit  manuer  it  fulfib  its  veiyiatciest- 
ing  object, — Neither  the  rolalion,  nor  ihe  orbital 
motion  of  the  Eartli.  then,  can  longer  be  treated 
as  admirable  bypothcKa — they  are  established 
/act*. 

(3.)  TlU  Emii,  iTagnitadt  and  Figttrt  of— 
Tbe  sntrjecta  now  reTenred  to,  have  given  rue  to 
as  large  and  interesting  a  seriea  of  researchcB,  aa 
those  that  relate  to  any  other  pdnt  of  our  coe- 
mical  mechanics.  We  shall  endeavour  to  notice 
their  chief  characteristics.  —  It  ia  needkas  to 
dwell  CHI  those  tamiliar  conslderatioiis  that  Indi- 
cate the  general  shape  of  the  Earth.  Hultitndca 
of  cammon  phenomena,  such  as  the  aspects  of 
bodies  seen  fivm  ■  distance — the  ngiUar  ap- 
parent Inoeaae  and  diminution  of  the  altitndas 
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of  Stan  on  the  meridian,  when  the  ohMr^er  tra- 
relfl  northwaitl  or  sonthward — and,  above  all, 
the  shape  of  the  Earth^s  shadow  as  seen  in 
Eclipses  of  the  Moon, — all  concur  in  proving  that 
our  planet's  form  is  globular,  approaching,  indeed, 
to  a  perfect  sphere.     The  MagnUude  of  that 
sphere  is  easily  determined — at  least  the  methods 
of  determinixig  it  may  be  readily  apprehended. 
Take,  for  instance,  two  points  on  the  Equator, 
so  remote  from  each  other,  that  the  one  point 
(because  of  the  £arth*8  rotation)  will  pass  ex- 
actly underneath  a  star,  (or  have  a  star  on  its 
mendtant)  exactly  one  sidereal  hour  after  the 
same  thing  has  happened  to  the  other.    These 
two  points  being  determmed  by  Astronomical 
Observation,  their  actual  distance  in  miles  may 
be  measured  by  processes  of  Geodesy  or  gene- 
ral Surveying.    But  as  the  first  of  these  points 
moves  through  the  whole  Equatorial  circuit  in 
twenty-four  hours,  (the  period  of  the  Earth's  ro- 
tation,) it  is  plain  that  the  measured  distance 
must  be  exactly  a  twenty-fourth  part  of  the  en- 
tire girth  of  the  globe  at  the  Equator,  in  other 
words,  a  twenty-fourth  part  of  the  droumfkrence 
of  the  terrestrial  tphere.    It  is  not  necessaxy, 
however,  that  the  precise  space  Just  mentioned 
should  be  measured,  nor  that  it  lie  on  the  Equa- 
tor ;   the  accurate  measurement  of  a  degree^  or 
any  part  of  a  degree,  of  Astronomical  Longitude 
or  liatitude,  at  any  portion  of  the  Earth's  sur- 
face, will  answer  the  same  end :  nor  is  there  any 
difficulty  in  the  process,  except  that  which  belongs 
to  the  exact  detennination  of  the  distance  be- 
tween the  two  selected  points — a  process  unques- 
tionably demandmg  all  the  resources  of  practical 
Geodesy. — ^The  general  problems  r^arding  the 
Shape  and  Magnitude  of  the  Earth  being  thus 
resolved,  it  remains  to  inquire  whether,  with  mi- 
nute accuracy,  the  spherioal  {orm  can  be  attributed 
to  our  planet    Observation  of  the  figures  of  our 
companion  planets  do  not  encourage  an  affinna- 
tive  conclusion,  as  their  discs  are  in  no  case  per 
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Kewton  coododed  from  thew  cooaideratioiis  dai 
the  Earth  cannot  be  a  Bfhmt,  but  an  efiijpmd^ 
whose  shorter  diameter  is  the  polar:  and  be  de- 
termined that  the  actual  Polar  and  Eqoataml 
diameters  of  the  Earth  must  be  to  each  other » 
229 :  280.    However  valuable,  aa  a  fint  oontii- 
bution,  Newton's  labours  conld  not  be  expected 
to  issue  satisfactorily,  either  as  regards  the  fen- 
going  numerical  determination,  or  the  geotnl 
shape  be  attributed  to  the  Earth.    Havrng  taka 
no  account  of  the  fret  that  the  density  of  tte 
Earth  in  all  probability  increases,  as  we  proceed 
from  snrftee  to  centre,  the  ratio  he  gave  endd 
not  be  the  true  ratio :  and  althongfa  be  pt&ni 
that  the  Equatorial  diameter  must  be  longer 
than  the  Polar,  he  did  not  prove  that  the  oon- 
tour  of  the  Earth  must  be  that  ^  am  Elldve. 
This  latter  proposition,  indeed,  has  not  even  yet 
received  a  competent  demonstxation ; 
Geometers  entitled  to  assert  that,  in  its  foil 
ndity,  it  is  true.    But  one  positiTe  proposition, 
of  which  it  is  a  converse,  w  excess,  has  been 
thoroughly  established.    The  exodlent  Scotch- 
man, Colin  Madaurin,  laid  down  a  general  theo- 
rem, which  will  always  be  held  a  Umdmaik. 
Glairaut,  building  on  this,  proived  that  in  Ihs 
case  of  a  rotating  elliptQid,  a  proportion  between 
the  major  and  minor  axis,  could  always  be  de- 
termined, so  that — ^whatever  the  law  of  angmea- 
tation  of  density  towards  the  oentre — aU  the 
particles  of  fluid  filling  a  canal  of  any  fonn  within 
it,  should  be  at  rest    The  sncceasars  of  these 
eminent  men,  advanced — by  generalixn:^  and 
simplifying— -their  analysis ;  bnt,  among  aU  their 
remarkable  efibrts,  it  were  wrong  to  omit  aotiee 
of  the  classical  labonis  of  our  own  James  Ivoy. 
As  inquiry  proceeds,  however,  indicatiQOB  in- 
crease, that  we  are  not  entitled  to  infer  the 
correct  ellipticity  of  the  Earth,  or  any  other 
rotating  planet,  as  a  logical  e'coitverao:  nay, 
recent  investigations  by  Jacob!  of  Berlin,  lend 
to  the  conclusion,  that  other  fonns  of  a  rotatuiig 


fectly  circular :  and,  immediately  after  the  dis-    body,  may  also  be  forms  of  equQibrinm. — ^Bet 


covery  of  gravitation,  Kewton  discerned  that  no 
globe' m  rotation  can  be  expected  to  be  spherical. 
•Suppose,  that  in  such  a  planet  as  ours,  a  canal 
were  cut  from  the  Pole  to  its  centre,  and  another 
canal  at  right  angles  to  it,  from  centre  to  Equa- 
tor; it  is  clear  that,  if  the  planet  has  assumed  a 
stable  form,  a  fluid  fllling  these  two  canals  ought 
to  be  in  equiUMo ;  ie.,  the  weight  of  fluid  ,in 
one  of  the  canals  should  have  no  tendency  to 
overbalance  or  push  out  the  fluid  in  the  other. 
In  a  planet  at  rest,  these  canals  would,  under 
such  circumstances,  be  equal  in  length ;  and  the 
planet  a  perfect  sphere :  but  it  is  different  under 
the  condition  of  a  globe's  rotation.  The  centri- 
fugal force,  affecting  in  this  case  the  canal  from 
Equator  to  Centre,  and  not  affecting  the  one 
from  Centre  to  Pole,  would  virtually  diminish 
the  effective  vteight  or  the  dentity  of  the  fluid  in 
the  former ;  so  that,  to  produce  equilibrium,  the 
Equatorial  Canal  must  be  Umger  than  the  Polar, 


turning  ihim  abstract  Dynamical  Theoiy,  let  as 
now  briefly  notice  the  means  employed  to  asoer-' 
tain  the  exact  figure  of  onr  planet  by  aetasl 
measurement  and  observation.  These  are  Arox. 
~(1.)  The  geodetic  measurement  of  a  degree  on 
the  meridian,  suffices,  as  we  have  seen,  to  deter- 
mine the  Magnitude  of  the  Earth ;  the  Skeasoe- 
ment  of  two  degrees  or  portions  of  degrees,  hi 
Latitudes  considerably  apart,  Is  enough  to  reved 
its  exact  shape  or  eoosntridiy*  If  p  b  q  B'  be  aa 
ellipae,  it  is  easy  to  see  that  its  corvaton  ii 
much  greater  about  the  ends  of  the  major  axis 
than  at  the  ends  of  the  minor— near  b  or  x"  than 
near  p  or  q.  In  other  words,  the  oanilating  er 
equicurve  circle  near  p  win  have  a  longer  ra- 
dius than  the  same  ciide  in  the  proximity  of 
B.  Let  m  m'  and  n  W  represent  spaces,  in  those 
diflerent  localities  answering  to  the  aune  fixed 
number  of  degrets^  ascertained  aatrottomically,  hf 
thedetenninationof  thelatitudea  of  fli,!!!^  anda,*'! 
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«&•  wfijagofwhidi  fa,  tluU  Om  angle  Hen'— 
(4  Wbik  Um  centnof  cvratancf  mi')— b  eqgal 


te  Ifae  angle  m  m  w',—*  bang  th»eoireBpooding 
«BtRfcrtlM«rcfltfli'.  BntiftfaeeetwoaogleB 
U  «i|Bal,  it  foDowe  that  tlie  line  or  disUnoe  «n' 
fa  sraeter  than  the  line  or  distance  mm',  Joat 
•  8  fa  gmter  than  mn;  that  la  to  aay, 
the  eaith  be  an  ellipeoid  wlioee  minor 
fa  the  pofar,  the  lemgA  of  degrees  of  Lati- 
1  geodeslcaUj— most  increaaafipcnn 
to  Pofa :  and  the  ratio  <^  tki$  Moreoae, 
dfp ■Milium  on  the  ratio  of  the  axes  of  the  eUipse, 
^Si,  U  aceoralely  deCcrmined,  rereo/  that  rath. 
To  mmmn  aocfa  arcs  in  diflfaent  latitndee  has 
the  r^ttt  of  man  J  great  Snireysi  nnder- 
en  m  oeaio,  wlioee  eostlineas  oonld  be  met 
mkfhfihmjmomemtig^fatVaXiaim.  EngUnd, 
VtMOB,  and  Rnasfa  heve  all  oootribated  monifl- 
eadjjin  aid  of  the  gigantfa  voA ;  and  the  mean 
resnk  of  aU  the  measures  is,  that  the 
of  Ae  Earth  fa  l-299th,  or  that  the 
»  to  each  other  as  298 :  299.  Corres- 
resalia  may  be  derived  from  the  mea- 
at  degreea  of  JUmgUade,  at  difierent 
hot  the  expfanation  of  thfa  method 
detain  na  hem— It  fidfa  to  be  observed, 
.,  thai  the  vaifaas  measurements  eflected, 
fiBia  hanneniae;  nor  fa  it  poasibto  to 
tiM  discrqiancies  otiierwise,  than  bj 
to  nnknown  inegularities  in 
tffa  famar  atmetare  of  oor  globe^— irr^golaritieB 
the  fard  or  the  phimmet,  and  must 
deprive  all  sach  roKarches  of  tlie  attri- 
fa«B  «f  »!**■■••■>  aeciincj.— (2).  The  ellipticity  of 
tke  EMth  fa  afao  faidicated  by  that  hivaloabfa 

the  FemUam.  We  ahall 
the  kogth  of  the  Pendnlom  vi- 
haa  been  measured  at  vaiioas 
actreme  nioety,  and  conected 
hr  the  iaHaenee  of  the  varyhig  density  of  the 
#favhicliltoseillalaB — a  iwooeis  of  no  trifling 
Meacj  and  diffieoltj.  Now  theory  teDa  os 
te  jb  er  the  iofca  of  attraction,  under  ivhicfa 
ifa  i^iifafc"*  fwrfllr*— I  fa  detennined  by  the 


the  Earth ;  or  on  the  distance  of  tlie  place  from 
the  Earth's  centre.  That  distanoe,  then,  at 
Pole,  or  Equator,  or  intervening  positions,  will 
follow  from  the  length  of  the  second's  piodue- 
tiOD.  The  average  of  a  multitude  of  obsemittons 
in  thfa  case,  gives  the  eHiptidty  at  l-285tha.— 
(8.)  The  remaining  method  of  determination^ 
depends  on  the  relation  between  the  Earth's  pro- 
tuberance, and  certain  important  phenomena  in 
Celestial  Mechanics.  It  fa  the  action  of  the 
Moon  and  Sun  on  this  protuberance,  which  gives 
rise  to  the  phenomena  of  PsECBSSiOff  and  Nu- 
TATiov  (9*9.),  and  that  protuberance  reacting  on 
the  Moon,  produces  inequalities  in  her  motions 
in  Longitude  and  Latitude  It  fa  impossible  to 
evolve  the  eUipticity  from  these  motions,  without 
an  assumption  as  to  the  law  of  the  increase  of  the 
£arth*s  density  as  we  approach  the  centre ;  but 
an  assumption  that  cannot  be  far  from  the  truth, 
gives  1-805  as  the  result — Upon  the  whole,  then, 
it  may  be  taken  as  a  conclusion  worthy  of  re- 
liance, that  the  Earth  fa  an  ellipti<»l  spheroid, 
rotating  around  its  shorter  dUmeter,  and  that  its 
elUptiGity  fa  about  1-300 ;— which  signifieB  that 
the  Equatorial  dfaroeter  is  longer  than  the  Polar 
by  about  four  and  a-half  times  the  height  of 
MtmtBkmc 

(3.)  The  Earth,  Density  o/!— The  achievement 
which  most  of  all  astonishes  the  young  student 
in  Astronomy,  b  probably  its  accurate  determi- 
nation of  the  weights  of  the  celestial  bodies.  It 
will  be  explained  elsewhere  in  what  manner  the 
weight  of  every  constituent  in  the  solar  system 
can  be  compared  with  the  weight  of  the  Earth  and 
measured  by  it :  it  is  our  present  purpose  to  explain 
the  methods  by  which  our  own  globe  U  weighed, 
and  that  weight  expressed  in  pounds  avovr£ipois. 
We  shall  notice  three  methods — all  depending 
on  the  same  principle,  vfa.,  a  comparison  of  the 
attractive  force  of  the  Earth  with  the  attractive 
force  of  some  smaller  body  whose  actual  weight 
we  can  estimate. — (1.)  The  first  method,  known 
for  upwards  of  a  century,  consists  in  observing 
how  much  a  mountain  mass  deflects  a  phimmet 
from  ike  vertical  pontion,  Thfa  deflection,  accu- 
rately measured,  indicates  the  refative  powers  of 
the  Mountain  and  the  Earth:  so  that,  if  the 
actual  weight  of  the  Mountain  could  be  cal- 
cufated,  that  of  the  Earth  might  be  inferred. 
Bougner,  long  ago,  noticed  the  deflectmg  or 
disturbing  effect  of  Ckimborazo;  but  it  was 
reserved  for  Maakelyne  to  conduct  experiments 
with  the  express  view  of  carrying  out  thfa 
inquiry.  He  chose  the  Scottish  mountain 
Scfaehallien — ^a  large  mass,  stretching  east  and 
west,  and  alike  steep  on  the  north  and  south. 
The  deflection  of  the  plummet  amounted  to  from 
4"  to  6":  and,  assummg  a  certain  density  or 
wd^t  of  the  mountain,  it  was  easy  to  infer  ih>m 
such  a  deflection,  that  the  mean  density  of  the 
Earth  fa  nearly  five  times  greater  than  that  of 
water.  The  chief  element  of  uncertainty  fa  evi- 
dently thia,— 4upposuig  the  obeervationa  to  be 
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cscnipulotisl}'  accurate,  how  is  it  possible  to  deier- 
niiue  nnmistakeably  the  weight  of  the  mass  of 
the  monntain?  Still  MaskdjTDe't  conclaaions 
were  entitled  to  a  certain  authority;  and  they 
undonbtedly  constitated  the  fint  reliable  step  in 
a  remarkable  inquiry. — (2.)  The  second  method 
is  much  more  accurate;  for  although  the  con- 
duct of  it  demands  an  unusual  nicety,  it  does 
not  require  us  to  deal  with  any  indefinite  quan- 
tity whatsoever.  It  is  the  method  known  as  the 
Cavendish  Experiment, — ^performed  originally, 
on  the  suggestion  of  Michel,  by  the  well-known 
Henry  Cavendish,  and  recently  repeated  by  Reich 
of  Freyberg,  and  Mr.  Francis  Baily.  The  gene- 
ral character  of  the  apparatus,  as  used  by  Mr. 
Baily,  is  represented  below. 


Two  balls,  A  and  b,  of  about  two  inches  in 
diameter,  and  carried  on  a  rod  ab,  are  suspended 
by  a  wire  D  B ;  and  thehr  position  oWrved 
under  every  precaution,  by  aid  of  a  telescope. 
This  portion  determined,  large  baUs  of  lead, 
twelve  inches  in  diameter,  placed  on  a  tummg- 
fnune,  are  brought  near  them,  in  so  careful  a 
wayf  that  they  could  produce  no  efiect  on  the 
praall  ones,  except  through  the  force  of  their  at- 
traction.  On  the  approach,  the  small  balls  moved 
towards  the  large  ones  by  a  very  trifling  quan- 
tity, and  this  quantity  was  carefully  measured. 
By  aid  of  the  tuming^frarae,  the  position  of  the 
large  balls  is  then  reversed,  and  the  deviation 
ngain  noticed.  From  multiplied  experiments, 
(Mr.  Baily  made  upwards  of  2,000,)  the  amount 
of  deviation  or  deflection  was  accurately  deter- 
mined. This  element  ascertained,  the  calcula- 
tion is  bricC  It  is  no  difficult  matter  to  compute 
what  dead  puU  the  large  balls  must  have  given 
the  small  ones  to  produce  such  a  deviation.  But 
if  lead  balls,  twelve  inches  in  diameter,  exert 
such  a  force,  what  would  be  their  force,  or  tlieir 
dead  pull,  were  they  as  laige  as  the  Earth  ?  A 
question  easily  answered.  Now,  the  attractive 
force  of  the  Earth  is  known;  that  beuig  the 
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toeiffht  of  such  balls,  or  their  tendency  to  ftjl  :^ 
the  attractive  power  of  the  Earth,  thefdore,  may 
now  be  compared  with  the  attractive  force  of 
lead ;  and  since  the  density  of  the  latter  b  knovn, 
that  of  the  former  must  thereby  be  detennined. 
It  turns  out,  from  Mr.  Baily*s  results,  that  our 
globe  is  6*67  times  heavier  than  an  equal  vofamw 
of  water; — a  conclusion  almost  aocuratdy  di- 
vined by  the  memorable  sagytdty  of  Newton— 
^Yeiisimile  est  quod  copia  materia  totins  u 
jberra,  gwui  qwntt^  vel  aextupio  tat  quam  fl 
/tota  ex  aqua  oonstaief  {Ptincipui^  iiL  10.)— 
(3.)  A  third  mode  of  determining  the  Earth's 
mean  density  has  recently  been  pat  in  pnutioe 
most  successfully,  as  far  as  the  experimental  por- 
tion of  it  is  concerned,  by  Mr.  Airy,  Atirtmomat 
Roifal.  It  conaistB  in  comparing  two  invariable 
pendulums,  the  one  on  the  Earth's  suriaoe^  and 
the  other  at  a  considerable  depth  below  that  sur- 
face. The  difference  of  their  rates  will  give  the 
diflerence  of  gravity  for  that  depth ;  and  fiom 
this  the  mean  density  may  be  oompated.  The 
experiments  were  made  at  the  dose  of  1854, 
at  the  surface,  on  the  banks  of  the  Tyru,  and  at 
the  bottom  of  a  pit  of  Harton  Colliery,  one  cf 
the  deepest  coal  mines  in  this  country.  This 
low  station  was  no  less  than  1,260  feet  under 
ground.  The  ready  means  of  oonununicatian 
now  afforded  by  Eketro-Teleffropl^^  put  it  in 
Mr.  Airy*8  power  to  render  his  oompariaonB  per- 
fect ;  and,  as  a  matter  of  oonrse,  ho  c/vedoSkxA 
no  requisite  correction.  The  pendulums  diiftnd 
in  rate  2^  seconds  per  day ;  from  which  it  fid- 
lows  that  the  gravity  for  that  depth  was  incrsased 
by  the  1-I9l90th  part.  The  density  of  the 
Earth  deduced  from  this  result,  is  between  nc 
a$id  eetfen  times  that  of  water;  but  Mr.  Aiiy 
thinks  that,  as  3ret,  he  has  not  taken  fiiH  aooooat 
of  the  hollow  of  the  TyiUj  of  the  basin  named 
Jarrow-slake,  of  the  scoop  indicated  by  the  «a, 
and  of  the  real  and  observed  specific  gravity  of 
the  rocks  covering  the  mines  of  Harton.  The 
necessity  of  bestowing  values  on  oonaideimtions 
like  these,  shows  sufficiently  the  weak  put  of 
this  mode  of  determinatiqn : — on  the  whole^  we 
had  rather  trust  to  the  Cavendish  experimoit 
(4.)  The  Earthj  Ten^eratureof. — ^ThequestioD 
as  to  the  actual  heat  of  the  surface  of  the  Earth — 
as  tlie  momentary  equilibrium  of  various  heat- 
ing forces— falls  in  the  main  within  the  sphere  of 
Meteorology,  and  will  be  discussed  under  one  sec- 
tion of  article  Tempsratube.  The  forces  refened 
to,  are  the  Calorific  Action  of  Space,  the  Calo- 
rific action  of  the  Sun,  and  the  proper  Heat  of 
our  globe  itself:  the  last  only,  rightly  bdongiug 
to  the  Physics  of  that  globe.  Thai  the  Eaith 
has  a  proper  or  special  temperature, — or  that  ■ 
large  portions  of  it  have  so — ^is  evinced  by  many 
phenomena,  of  which  the  following  is  the  chief: 
As  we  descend  beneath  the  suifue,  diurmd  vari- 
ations of  temperature  grow  lees  and  less  palp- 
able, and  at  length  they  cease.  The  tempera- 
ture of  this  stratum  varies  only  with  the  teatans* 
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im^meaUtfion  li  vndoobted,  behig  prored 

by  the  phflBODena  of  hot  tpringa,  aind  the 
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The  only  point  at  all  fai  qneetion  has  le- 

atni  ofMa  to  doobti  wfaeUMr  the  ob- 
Kaw  been  eztenahre  enough  to  entitle 
tfuift  the  fiKt  may  not  afltet  latge, 
peooliar  dirtiicli  alone.  The 
of  the  obeored  inoeaae,  is  tiiat  of 
1*  oCFahivabdft  fiir  a  dencnt  of  between  40  and 
50  fest;  or  of  about  10(^  per  mile.  At  the 
4afA  ctJSftf  ndki,  aappoabg  this  rate  to  oon- 
a  tampmtare  of  6000®  would 
as  no  aoHd  dement  that  we  know 
Ibsion  at  sodi  a  tempttstora,  tike 
the  aocnreey  of  the  pro- 
be, that  oar  globe  is  only  a  thfai 
ivfnming  a  liquid  molten  mass, 
of  aoenftiB^  Aaoi^lkas  been  the 
romler  talces  it  as  the  basto 
cable  tlieory;  and  Humboldt  and 
lof  widest  tIow,  haTO  dieoemed  in 
Heat,  and  in  the  action  and  reaction 
the  BqiQid  centre  and  a  thin  solid  crust, 
Hie  eaese  of  Tolcanoea,  eaithcinakeB,  and  our 

Tfitn  cnrcfy  respect  to 
we  must  interpose,  tliat 
Hie  adhRBoa  of  thoee  superficial  oooTulrions  and 
BphaBvin^s — noBentoni  to  ua,  but  trifling  in 
a^pmi  of  the  whole  Earth— to  such  a  cause,  is 
%  Ae  rrptowtinn  of  a  snail  eflbct  by  a 
but,  wliat  is  much  more 
Hopkins  appeom  to  haye  defl- 
that  the  Astronomical  and  tho- 
li^^tfyaetititsinfd  phsnomena  of  J^^eoemoH  (see 
ikaa  asticlah)  nie  dynamlrally  irreeondleaMe  with 

of  emit — ^Another  solution  hss 
by  Poisson.    He  imagines 
iaase^  the  Tsrioos  regions  of 
fasvedilleranttempeBBtnres;  and  that, 
OB,  in  viitue  of  his  movement 
af   U  ■■ilarine.  the  planetaiy  system  will  be 
into  a  ooki  Rgion,  and  again  into 
If  we  have  left  a  waim  region, 
i  eoid  one,  the  body  of  the  Earth 
be  coolhie^  and  the  inaease  of  tempe- 
)  to  agneat  depth  bdow,  beoomes  esqdicaUe^ 
lie  hypotheeis  of  a  eentnd  Heat— 
H  wwB  Msdhv  to  go  into  ottier  hypotheeee. 
IbMtete  e/  fl>o  Eer^  ^od  tlie  enltbe  sub* 
■htf^ftg  junrinr  r*  Heat,  are  as  yet  too  little 


knowto,  to  entitle  us  to  teke  up  dogmatically, 
any  existing  poeitiye  theory  whatever. 

Banh^aakei  The  change  which,  within 
these  few  recent  years,  has  passed  over  our 
knowledge  of  tide  most  stupendous  and  darming 
of  teneMial  phenomena,  happfly  constrains  no- 
tice of  it,  in  a  dlctionaiy  of  physical  sciences. 
The  aMUty  of  Mr.  Kallet,  of  Dublin,  alike  in 
his  inyestigation  of  phyaioal  causes,  the  critical 
discussion  of  historic  records,  and  his  experi- 
mental Torificatlon  of  bold  and  unlooked-for 
deductions,  appear  to  have  dispdled,  in  regard 
to  esrthquakee,  that  mystery  and  misconception 
with  which  eveiT'  sul]»jeet  affecting  our  wonder 
and  i^prehensinn  continues  surrounded,  until 
inquiry  hss  revealed  its  laws.  For  two  reasons, 
we  flhaU  make  no  attempt  to  narrate  the  re- 
corded sights,  sounds,  and  motions  that  are  said 
to  accompany  earthquakes  :-^/Srrt,  because  the 
general  impreeslon  regarding  them  is  nesrly  as 
comet,  as  such  recoxds,  in  the  state  in  which 
they  are  presented  to  us ;  and  we  have  no  space 
to  follow  Mr.  Mallet's  searching  and  convincing 
criticism :  teeondfy^  because  the  actual  foots  wHl 
be  miudi  better  understood  from  a  shnple  state- 
ment of  theb  explanation.— Earthquakes  are  the 
oonsequenoe  of  a  diock  or  impulse  of  some  sort 
inflicted  on  the  solid  portion  of  the  earth,  at 
some  point  bdow  its  surfoo&  This  diode  is 
sometimes  accompanied  by  permsneot  deration 
or  subsidence  of  portions  of  the  suifooe:  with 
this  eflbct  or  oonoomitant,  however,  we  have 
nothing  at  present  to  do :  the  earthquake,  pro- 
periy  so  called,  results  from  the  shock  alone. 
Now,  this  shock  may  be  given  right  under  some 
continent,  or  within  part  of  the  soUd  earth 
lying  beneath  the  ocean.  This  latter  is  the 
more  complex  case^  and  also  the  more  usual  one: 
we  diall  trace,  therefore,  only  its  consequences. 
Such  a  shock,  it  is  evident,  will  affect  fAree  of 
the  constituents  of  the  globe,— Ifta  toMd  mau 
above  the  seat  of  the  diock — ^the  ooeoa  lying 
over  the  seat  of  the  shock— and  the  siysraiciaa- 
hmi  aime^pkere.  Let  us  attend  to  these  three 
efltets  separatdy.— (1.)  A  shock,  whatever  it 
be,  oommunicated  to  any  point  of  an  dastic 
solid  mass,  is  propagated  by  two  kinds  of  viira- 
tuM  or  waves.  In  the  font  place,  there  is  an 
tlatUo  vfttve  ofcotnpretdonf  that  moves  onward 
on  all  rides  in  circles,  proceeding  from  the  pomt 
of  sho^  as  a  oentre,  and  carrying  to  a  distance 
a  aense  of  the  tremUhig,  or  of  the  original  diocfc. 
Sudi  waves  of  tremblUig  or  unduhuion  go  in 
all  directiona,  vertlcdly  as  weO  as  horizontaDy — 
but  mudi  farther  horiaontaUy  than  TertScd^y. 
The  state  of  the  nd^bourfaood  when  a  heavy 
ndlway  train  peases  through  a  tmmtl  iUnstrates 
both.  On  the  top  of  the  tunnd  there  is  a  ver> 
tied  movement  of  the  soQ,  however  eUght;  and 
at  a  for  greater  distanee,  horiaontaUy,  a  tnm- 
bUng  or  agitation  is  folt  SUg^test  causes  pro- 
pagate audi  osdnathns:— we  have  heard  that 
the  sodden  dntting  of  the  outer  gate  of  Green- 
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iHdi  ObaerVtttory  haa  sufficed  to  make  a  star 
appear  to  start  ont  of  the  field  of  view  of  the 
tnuuit-telescope.  It  is  not  possible,  then,  that 
the  sodden  upheaving  of  a  part  oif  the  solid 
earth,  and  perhaps  its  immediato  and  violent 
fhujture,  should  not  propagate  waves  of  com- 
pression all  aronnd  it:  and  on  the  soUd  marfoM 
these  will  have  the  exact,  appearance  of  low  and 
broad  waves  at  sea,  only  rushing  on  with  an 
extreme  vdodty.  The  velocity  of  their  pro- 
pagation depends,  of  course,  on  the  elasticity  of 
the  earth*s  surface;  bat  as  every  part  of  that 
rocky  crust  is  highly  elastic,  when  compared 
with  water,  the  earthquake  wave  through  the 
solid  portion  of  the  earth,  will  greatly  outstrip 
the  primary  sea  wave  in  swiftness.  The  rate  oif 
its  transit  is  probably  not  less  than  2,000  feet 
per  second  on  an  average;  and  it  is  to  this  swift- 
ness of  propagation,  and  not  to  iniemal  JUturet, 
&C.,  that  we  must  attribute  such  phenomena  as 
the  agitation  of  our  Highland  lochs  by  the 
earthquake  of  Lisbon.  This  solid  wave,  pre- 
senting all  the  forms  of  a  low  wave — ^with  such 
a  velocity  of  propagation — is  the  cause  of  the 
more  fearful  of  the  consequences  of  earthquakes : 
and  Bfr.  Mallet  has  abundantly  shown,  not  only 
that  prevalent  conceptions  regarding  vortical 
motions  are  as  unnecessary  as  untenable,  but 
that  every  estAblished  fact  of  concussion  or  de- 
molition may  be  refened  to  the  action  of  such 
a  wetve.  And  he  has  shown  fhrthtr,  that  inas- 
much, as  through  the  varying  elasticities  of 
different  rocks  composing  the  crust  of  the  earth, 
this  wave  cannot  l)e  propagated  circularly  any 
more  than  the  ocean  waves — ^Ihe  deviations  from 
uniformity  of  propagation  will  amply  explain 
all  established  phenomena  apparently  at  vari- 
ance with  this  simple  physical  theory.  —  A 
second  wave,  however,  is  transmitted  through 
this  solid  crust,  viz.,  the  wave  of  totmd.  On 
occasion  of  a  fracture  of  the  strata,  from  what- 
ever cause,  such  a  wave  will  instantly  be  pro- 
pagated, and  with  an  immensB  velocity,  pos- 
sibly from  8,000  to  10,000  feet  per  second. 
Hence  the  rumbling  noise  often  preceding  the 
shock  of  earthquakes. — (2.)  The  next  wave,  in 
ph}'sical  importance,  is  the  great  sea  wave. 
This  most  be  distinguished  from  the  wave  or 
sea  agitation,  which  the  solid  wave  in  the  bed 
of  the  ocean  must,  as  it  were,  cany  on  its  back; 
and  which  must  always  have  caused  tlu^  pheno- 
menon of  the  recession  of  the  sea,  noticed  so 
fluently  as  coincident  with  the  shock  of  earth- 
quiJces.  The  primary  ocean  wave — a  large  but 
low  one — ^propagated  on  all  sides,  and  modified 
as  it  proceeds  by  the  depths  of  the  channels  over 
which  it  flows,  must  alternately  dash  on  all 
coasts  in  the  neighbourhood  of  the  primaxy 
shock,  and  produce  effects  of  its  own.  But  as 
the  progxwB  of  the  soUd  wave  and  that  of  the 
liquki  one  18  not  determined  by  the  same  con- 
dition,—that  of  the  former,  depending  on  the 
-elasticity  of  the  solid  strata;  that  of  Uie  latter 
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on  the  mere  depth  of  its  ohimwJt^-^it 
but  be  expected  that  diserepaades^  and  even 
apparent  disconnection  should  arise.  A  pecoBar 
wave  of  sound  must  also  be  propagated  throng 
the  ocean  lying  above  the  locality  of  the  diodL 
—(8.)  The  tlird  wave,  is  produced  1»y  the  agi- 
tation of  the  oteiOQxAere.  If  the  original  agjka- 
tion  has  been  sufficiently  abrupt  to  canae  an 
adequately  swift  vibration  or  oscillation  in  the 
superincumbent  atmoephere,  a  great  ware  ef 
sound  will  be  propagated  in  the  aaaal  my. 
This  must  be  low  in  note,  and  must  reach  tka 
ear  considerably  after  the  shodk,  has  been  ex- 
perienced.— Such  are  the  causes  of  the  pheno- 
mena. Mr.  Mallet  has  not  stopped  with  a  mere 
general  appreciation.  And  important  experi- 
ments, on  a  laige  scale,  directed  by  him,  have 
been  recommended  by  the  BritiA  At$oeiatioik~~ 
See  its  valuable  Reports, 

EbvllliioB.  The  phenomena  of  ehoDitioa 
and  spontaneous  evaporation  difo  in  this  mate- 
rial point,  that  in  ebullition  the  vapour  ia  fernwd 
within  the  mass  of  the  liquid,  whfle  in  evapora- 
tion, it  is  formed  at  the  exposed  aorface.  In 
what  drcumstanoes  can  vapour  be  ao  fenned? 
Only  when  it  obtains  sufficient  tenaioa  to  renst 
the  pressure  round  it  Vapour  will  not  be  fenned 
within  the  liquid,  where  the  pressure  is  15  lbs., 
per  square  inch,  provided  no  force  b  introduced 
capable  of  giving  that  vapour  an  opposite  tenrion 
at  least  equivalent  The  force  ordinarily  empkijed 
in  producing  ebullition  is  heat  Galvanic  cor- 
rents,  and  other  agencies,  also  produce  it;  and 
they  likewise  do  so  by  giving  sufficient  tension  to 
the  vi4pour  to  enable  it  to  resist  the  sunonnfing 
preanire;  that  obtained,  it  is  immaterial  what 
way  it  may  come.  The  boiling  point  of  a  Bqoid 
depends,  uideed,  upon  the  pressure  to  which  the 
liquid  is  subjected;  and  the  condition  of  boiUag 
is  very  simple-^namdy,  that  the  heat  or  other 
agency  be  such  as  to  induce  a  higher  tension  in 
the  vapour  than  the  prerauxe  can  keep  domi. 
The  consequence  of  this  ought  to  be  that,  if  no 
ascend  a  mountain,  on  the  slopes  of  whidi  ^ 
pressure  of  the  atmosphere  is  less  Uian  at  the 
surface,  liquids  ought  to  boil  at  lower  tempera- 
tures than  at  the  surface.  They  actually  do 
so.    The  following  table  will  illustrate  this :— 

Tuda 

high. 

Farm  Of  Antisana, 4488 

Quito, 817C 

Mexico, 2490 

Convent  of  St  Gothsrd,.. . .  2S02 

Brfan^on 14?S 

Baths  of  Mount  Dore, 1186 

Madrid, eta 

Phombieres, 459 

JI08COW|  •  ••■••■•••■■••••••■•■•••    oaO 

Lyons, ...  177 

Vienna......... 144 

Paris,.. 71 

oca  i^Tci,... ...... .«».......      0 

The  same  law  holds  with  regard  to  aU  liquids. 
But  these  boil,  under  the  same  pressure,  at  difir^ 
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tlMD,  thai  dlflbreot  Uqnidi  boil  at  dif- 

jKntana,  and  that  any  given  liqoid 

Bgbter  piiawiei  will  bofl  at  lower  temper- 

The  oppoeite  of  the  latter  reralt  will 

Mdgood;  tie.  botfiea  boil  at  higher  temperatoree 

mitt  heavier  than  otdinaiy  praeniee.    Henoe, 

eiiaPeiBD'bDiGBancB.   We  can  eatilj  coooeiTe 

<f  hew  BUKh  importanoethie  isi  when  one  wishes 

l» sfp^ avciy  Rgolar  heat  to  abody— a deside- 

mmk^voMible  of  attainment  by  ordinaiy  com- 

ImlioB.    The  praperprooesi  is  to  generate  steam 

d  Ihe  tempsraUirB  required— regnlatlng  the  pres- 

mn  vder  which  the  water  is  placed,  aooonling 

to  thst^ipstahire    mafcing  a  partial  yacoom  ol 

ittViateBdedtobeloir,  and  forcfaig  in  higfa  pres- 

ne  air,  or  wifiodi^g  it  eimply  in  a  Strang  vestel 

lb  Pepin'k  Digester,  with  avalve  to  open  at  the 

fBspr  tkK,  if  the  temperatora  is  to  be  high. 

Ihe  bofliag  ponit  also  depends  somewhat  on  the 

of  the  endnaing  veeseL    Thos  in  ^ass, 

hoib  more  ahmly  than  hi  metal  pots.    The 

of  the  snrfikoe  helps  it— jnst  as  there  is 

^T^til  zinC)  in  a  batteiT 

nag^  sme    la  powerfoOy  decomposed. 

TfeeWily  there  are  little  galvanic  corrents  excited 

||MA  ambt  the  Ibematioa  of  the  steam.    If  we 

tea  h  a  few  acrapa  of  metal  mto  a  glass  pot, 

thsilesB  fenna  aboot  as  qoiddy  as  it  does  in  a 

■^ eaa^  and  it  iiat  forms  on  these  scnps;  or, 

V  ^  make  a  acratdi  with  a  diamond  on  the 

iweieef  seAa  lessel,  we  see  tlie  same  formation 

y<Ma  lot  roond  it.    The  boilhig  point  isonly, 

hewier,  very  digfatly  altered  by  the  hisertion 

iaaBqaldof  maasea  of  edid  matter,  and  not  at 

il  if  the  adei  of  tbt  Tcasel  be  roojjh  and  the 

■ner  be  not  diasotvied.    Tfana,  if  we  throw  sand 

his  a  pot  of  heated  water,  it  will  boil  neither 

MBWBorlater  for  that.    11^  however,  we  insert 

tmt  aatter  whidi  is  sohiUe,  we  obtain  what 

hnsbvitanew  Bqnid,  and  the  boiling  point 

techi^^    It  ia  worthy  of  note  that,  if  there 

Is  s  very  «ttall  apertnn  permitted  to  the  steam 

^■■ie&ftiiiu  water  to  escape  by,  the  temperatora 

if  te  fltaam  Tariea  wilh  the  proportion  borne  by 

ihe  apenare  to  the  whole  veeseL    The  quantity 

he  agivca  time  is,  generally, 
the  same;  \mt  there  seems  to  be  a 
deddsi  heeting  edhet  in  the  inere  roaUng  of  the 
Man  Onqgh  the  aperture.  The  imung  steam 
«■■  to  give  back  part  of  its  heat  to  the  remain- 
higBMai;  and  tlie  more,  the  smaller  the  aperture. 
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Temperatare  to  wUeb   Proportion  of  wuficee  of 

orffloe  of  veeeoL 

1-1,000  and  npwaida. 

1-5,000 
1-10,000 
1-20,000 


the  water  xleea 
212«' 
221** 
289®- 
280*»-4 
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A  very  cnrioos  phenomenon,  first  noticed  by 
LeidenAtMt,  has  been  recently  investigated  with 
great  care  by  Boutigny.  It  is  this:  if  a  drop 
of  water,  or  any  volatile  liqaid,  be  pat  upon  a 
very  hot  metal  veasd,  there  will  not  be,  as  might 
have  been  expected,  any  immediate  vaporization. 
The  globnle  win,  instead  of  that,  float  on  the  metal, 
as  a  needle  does  on  a  vessel  of  mercury,  without 
wetting  it  The  heat,  when  so  iHolent,  produces 
a  repulsive  force,  which  keeps  it  from  touching 
the  metal  at  alL  If  the  metal  gradually  cool, 
there  will  be  a  wetting  of  it,  and  then  an  imme- 
diate evaporation.  The  character  of  the  liquid 
and  of  the  metal  go,  together,  to  determine  the 
temperature  at  whidi  the  vaporization  takes 
place.  The  play  of  repulsive  ibroes,  AL  Bou- 
tigny informs  us,  induces  the  globule  always  to 
tiSke  an  ellipsoidal  or  spheroidal  shape.  He 
mentions  840^  as  about  the  lowest  temperatore 
at  which  the  result  described  is  produced  for 
water.  A  drop  takes  a  spheroidal  shape— a 
larger  quantity  becomes  flattened  in  shape — 
always  retaining  the  form  of  an  ellipsoid  with 
its  axis  vertiad.  A  somewhat  remarkable 
result  win  be  obtained,  by  dartang  a  jet  of 
sulphuric  add  upon  the  watery  globule.  It  ad- 
hens  to  the  heated  body  readier,  and  is  suddenly 
volatilized  by  the  vident  heat  The  heat  of 
volatilization  comes  also  however,  firom  the 
water  as  well  as  fh>m  the  heated  body ;  and  there 
is  so  much  thus  abstracted  as  io  freeze  the  water 
at  the  bottom  of  the  red-hot  vessel  in  which 
it  is  contained.— A  very  interesting  applica- 
tion of  the  theoiy  of  ebullition  may  be  miade  in 
determining  by  means  of  it  the  height  of  a  moon- 
tahL  Tak&g  Regnaulfs  values  of  the  tension  of 
vi^Mmr  of  water  as  correct,  water  which  would 
boD  at  90^  centigrade,  or  194°  Fahr.,  would  hidi- 
cate  a  tension  of  625*45  mill.  (20-66  inch)  of  mer- 
cury— the  standard  befaig  760,  and  the  weight 
of  the  air  is  diminished  e scactly  in  this  proportion. 
Iff  therefore,  at  the  top  of  a  hill  you  get  water 
to  boil  at  194*^  cent,  'vou  have  a  pressure  = 

626-45  ' 

'  X  atmospheric  pressure  at  suilkce.     If 

now,  observations  be  made,  or  caleulationa, 
which  may  show  us  how  much  the  weight 
of  tlie  atmosphere  diminlehes  as  we  lise^  and 
what  is  its  weight  at  eadi  point  above  us,  we 
can,  comparing  this  weight  with  it,  obtain  the 
height  of  our  obeerved  point  The  simple  rule — 
perhaps  as  correct  aa  any  that  can  be  ^ven  for 
moderate  heighta,  ia  that  the  boiling  point  is 
lowered  1  degree  for  every  560  fbet  of  devation. 
Thus  water  boils  at  184°  on  the  summit  of  Mont 
Blanc,  givhig  it  an  elevation,  by  this  rule,  of 
16,400  feet,  while  its  actnal  height  is  16,780. 
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Kccentric*  (Ptolemate  H'Tp^tfceaM.) 
When  the  andeat  astronomen  found  that  cer- 
tain of  the  heavenly  bodiea,  as  the  Son,  do 
not  move  in  an  exact  drde,  which,  as  thej 
fancied,  is  the  perfect  figure,  or  at  a  nnlform  rate, 
they  adopted  a  new  hypothesis  to  save  their  old 
one.  This  was  the  problem.  The  sun  (e.^.)  ap- 
pears to  do  something,  which  seems  not  moving 
nnifolrmly,  or  else  not  in  a  perfect  circle;  bat  as 
he  mnst  move  at  once  uniformly  and  in  such  a 
circle*— required  the  explanation  of  this  false 
appearance?  They  supposed  that  the  stand- 
point from  which  we  view  his  motion,  viz.,  the 
earth,  is  not  in  the  centre  of  the  circle  which  the 
sun  describes,  but  nearer  the  drcumforence  (as 


E  within  p  q  a).  Now,  if  the  sun  do  move  in  a 
circle,  and  at  a  uniform  rate,  his  movement  In  a 
given  thne  will  be  along  p  o.  In  the  next 
time  of  the  same  length  he  will  describe  of, 
equal  to  p  o.  These  lines,  p  a,  o  p,  will  subtend 
equal  angles  at  the  centre  c,  because  equal  aros} 
and  to  an  observer  at  o,  thonefore,  who  measures 
theh*  motion  by  the  angular  space  passed  over, 
they  will  appear  to  indicate  uniform  circular 
motion.  But  an  observer  at  b,  sees  the  angles 
OBP  and  F B o  to  be  described  in  equal  times, 
and  these  two  angles  manifestly  vary  in  value. 
Hence  the  body  moving  along  p  o  f  wfll  appear 
to  describe  unequal  spaces  in  equal  times,  to 
the  spectator  at  B.  This  is  exactly  what  the 
sun  does,  to  the  inhabitants  of  the  earth,  (in 
fact,  his  motion  can  be  very  closely  approxi- 
mated to,  in  this  way,  by  an  appropriate  choice 
of  the  position  of  b — see  AxoMiiLT) ;  and  it  fol- 
lows, therefore — since  the  postulates  already  ad- 
vanced are  indisputable,  according  to  the  old 
astronomers — that  the  earth  is  in  the  position  b. 
The  cirdb  is  called  an  eocentric 

BcccBtric  (Steam  Enylne)  is  a  drcu- 
lar  plate  fixed  in  the  rotating  axle  of  a  steam 
engine,  so  that  it  may  pass  at  some  not  very 
large  distance  from  its  centre.  By  its  means 
the  valve  gear  and  pumps  of  the  engine  are 
wrought  veiy  easily.  It  is  an  engineering  con- 
trivance cf  Murdodi*s,  and  is  almost  univmaUy 
adopted  in  enginea^ 
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Eceeairicity*  In  such  circular  motkn  ■ 
the  one  above  described  (when  then  is  »iidI- 
form  motion  in  a  drde,  in  the  centre  of  whidi  the 
spectator  is  not,)  the  excentricity,  or  eceentiidty, 
is  the  ratio  whidi  the  distance  e  c  bean  to  the 
radius.  In  an  ellipse,  it  is  this  same  ratio— 
namely,  that  of  the  distance  between  ^her  focai 
and  the  point  of  bisection  of  the  line  of  fod 
(the  centre  of  the  curve),  and  the  miyar  seni- 
axis  of  the  curve.  In  the  older  worics  on  aatn>> 
nomy  the  term  is  also  applied  to  the  value  tf 
this  line  itself.  (Technical,)  The  mathematical 
expression  for  the  eccentricity  of  the  elfipse  is 

V'^— ^v — »  and  of  the  hyperiwia  V  -  "       . 
a*  o 

Ech«»  We  have  seen  (Aooumcs)  that,  b 
all  ordinaiy  cases  of  sound,  there  is  ribnitioo  ef 
the  air  or  other  dastic  media;  and  that  to  tins, 
the  impression  of  sound  is  due.  We  have  sup- 
posed, there,  that  the  sound  has  been  propagalcd 
from  its  source  to  the  ear  directiy,  and  that  ils 
source  was  a  body  in  whidi,  by  direct  actioB, 
vibration  had  been  produced.  Suppose^  howersr, 
that  such  a  body  sends  ont  a  piJse  of  Titmtii^ 
aur,  whidi  strikes  upon  some  one  that  win  not  per- 
mit its  passage.  Here  we  have  a  mere  repetiitioD 
of  such  an  impact  as  may  produoe  vibntisa. 
The  body  which  has  interposed  has  audi  molioas 
exdted  in  its  surfisce;  and  these  again  send  \mk 
the  air  in  similar  pulses.  This  phenomenon  is 
caUed  that  of  the  reflexion  of  sound,  and  to  it  ii 
due  what  is  called  an  echo.  When  Ugbt  is  re- 
flected, we  have  seen  (Catoptbiob)  that  the  le- 
tuming  ray  moves  in  sndi  a  direction  that  the 
angles  of  inddenoe  and  of  reflexion  are  eqasL 
The  same  law  holds  in  sound.  In  that  ease^  how- 
ever, we  were  permitted  to  consider  ligtit  as  com- 
posed of  a  number  of  indq[»endent  rays,  winch 
could  be  reflected  also  independently,  and  wlddi, 
in  their  course,  do  not  oommunicata  tfaenr  ova 
vibration  neoessarily  to  the  luminiferoos  ether 
round  that  section  of  it  through  which  they  pasa 
But  here  we  mnst  consider  that  every  vibntai^ 
point  sends  out  vibrations  in  all  direodcna  roond 
it;  and  that,  when  a  snifaoe  is  set  to  vibrate  the 
vuious  parts  of  it  originate  vibrations  whidi 
may,  to  a  considerable  extent,  interfere  the  one 
with  the  other.  There  is  not  veiy  mudi  inpor- 
tanoe  to  be  attached  to  this  effect,  however.  In 
the  simpler  cases,  and,  in  oonseqnence,  the  same 
laws  may  be  conodved  to  hold  for  sound  that 
have  been  proved  to  hold  for  light.  (Ci- 
T0PTBIC8.)  Thus,  if  a  sound  be  made  at  one 
focus  of  an  ellipsoid,  a  series  of  sonorous  vibra- 
tions will  be  exdted,  all  of  whicfa  will  be  aeat 
bade  ttom  thedlipsoldal  suifooe,  aoootdiog  to  the 
law  of  reflexion,  to  the  other  focus.  Heooi^  if  s 
person  stand  there,  all  of  them  will  strike  oa 
his  ear,  and  a  sound  much  more  violent  than 
could  be  heard  by  a  penon  listaning  to  the  dSrset 
sound  at  any  pdnt  of  the  dlipeoid  wfll  be  the 
result    The  person  standing  in  the  foeos  wiQ 
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tkt  dii«el  tcRDid,  and  then  fhe  reflected 
inanaTolmiie.  Tbevdodtjoftheaoand 
ii  die  nme  after  M  beine ;  so  that,  as  the 
eaai  ef  tiw  lines  dimwn  from  the  tod  to  any  one 
fiai  in  an  ellipae  ia  constant,  aD  the  waves 
nflsrtsd  from  eaoli  iDqptie  section  of  tbesnrfiwe 
wiUeenveqEe  at  one  moment— tnvening  equal 


liaeqnaltiniea.  Thisspedesof  vauU,  ther»- 
fm^vfligiTe  the  moat  poirarflileclio.  Adicnlar 
dans  vIB  mastzale  tliia  also^  if  ITS  place  omaelTes 
Mthseenti^  A dideisjmt  an  ellipse  when  the 
fed  have  tome  to  meet  in  one  point  Henoe^  we 
vB  hear  the  aonnd  wMch  we  cieate»  and  its 
from  an  the  drcomfeEences  also.  The 
i  in  an  evdlnaiy  dome  will  appear  m  if 
ihisBa.  The aomMOoa  wnve timveis  1,090  ibet 
beaaaeoood,  ao  that  the  abalnet  diiiennoeof 
inadoBseof  M|  ftei  in  diameter  woold  be 
l-SOthofaaeoond  only.  An  echo  in  this 
mj  em  be  alwajns  pvodncedfrom  an  eUiptie  smv 
fa%  without  taUqg  into  aooonnt  the  distaooe  of 
te  feci  Any  smfime  may,  Ibr  a  small  spaes, 
be  eonridemd  m  part  of  an  ellipsoid— one  which 
tomh  it  tfcww  and  m  from  any  soiv 
have  an  echo.  This  echo^  how- 
tvm,  wsnld  nsi  be  at  aQ  the  aame  m  that  where 
ths  whole  eOiptk  amfiaoe— catching  the  idiole 
\ti  emit  led  *"— *i^  reflecte  it  on  to  the  other 
Then  is  only  a  little  portion  which  sends 


neenntaly  to  that  point,  and  the 
momfiunt  Moieover,the 
00  finmcd  to  comspond  with  the 
tomrhlnjr  it  at  the  soecified 
not  haire  its  frcos  at  the  origin  of 
nost  frsquenlly  lim  not  The  edio 
vbUiws  ban  lost  oooHidend,  is  that  of  sound 
nflsotod  to  the  ear.  Diveiiging  first 
its  point  of  oilsh>i  it  meeto  a  surface 
mAm  it  convmrge  badk  to  a  new  point, 
ths  ear  Is  altnnted.  But  it  Is  not  aU 
I  that  can  asahn  sound  m  conveige.  fi^ 
back  to  the  case  of  phme  minon  (Ca- 
),  we  shall  find  that  then  is  produced,  in 
of  light,  n  series  of  rays  which  do 
art  M  dl  appear  to  convsige^  but  appear  as  if 
ib^  bsd  eoBM  diveigins  from  a  point  difibmt 
hen  tbst  when  they  actoaByorf^^nated.  So  it 
h  dhn  wift  ww^d  Baflected  wavm  go  off 
hm  (he  hj^endlng  bod^  In  eoch  a  direction  that 
<bij  Sfiai  m  if  tfaay  fandcomelkom'adiArmt 
pdst  Thsu|^  tUa  pefait  is  iMldnd  the  minor, 
ni^eritaated  behind  Ae  minor  wonld  receive 
to^Bwim  «f  light,  became  the  n^infiwt 
Is  Bst  psm  thne^;  but  an  eye  befon  it  wilL 
]y  an  ear  sitnato  beim  a  plane  reflecting 
vH  catch  reflected  aound,  and  be  im- 
whh  it  m  if  it  came  flmn  a  point  be- 
Usl  lbs  sirtce.  The  car  may  blend  the  two 
sim4  tegellim— if  the  distance  from  the  soifiMS 
bsaslgmt;  «r  if  great,  then  will  be  a  die- 
llHtednhmiffrDmaplneefitttherawi^.  When 
wsesi  a  bodf  and  Its  leflezlon  in  a  minor  at  ooce^ 
h  h  iBfsiBlbK  from  the  Tdodty  of  light,  for  US 
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in  any  case  to  distioguish  between  the  time  of 
the  impresidoDS.  Hence  the  esr,  not  trained  nearly 
so  well  as  the  eye  to  discover  distanom  from  im- 
pressions upon  it,  will  confuse  tlie  two  sounds,  if 
they  do  not  come  at  intervals  quite  distinctly 
pero^tible.  It,  however,  our  di^anoe  from  the 
sounding  body  and  the  point  where  a  body  seems 
to  have  been  sounded,  in  consequence  of  the 
reflexion,  be  any  oonsiderBble  portion  of  1,090 
feet,  then  will  be  a  perceptible  interval  elapsing 
between  the  two  senmtions,  and  we  will  distin- 
guish a  decided  enoo^  echo.  If,  as  is  very  usual 
in  edioes,  or  rather,  ss  is  most  usual  in  those 
which  have  been  observed,  we  hear  the  returning 
sound  at  the  same  place  where  the  sound  is  made 
— ^when  we  speak,  for  example,  and  are  answered 
by  an  echo— there  must  exist  a  reflecting  suifroe 
perpendicular  to  a  line  drawn  to  it  from  our  poei- 
tion ;  only  that  wave  of  sound  which  goes  from 
UB,  perpendicular  to  the  reflecting  body,  can 
be  eent  back  to  us  accurately.  We  found,  in  the 
artide  on  GjkxoPTVica,  that  this  property  of  caus- 
ing diwgence  of  luminous  mys  was  not  confined 
to  plane  minon,  but  exists  also  in  convex  ones 
of  aU  sorts.  Tiie  same  property  holds  with  re- 
gard to  convex  reflections  of  sound.  There, 
however,  as  in  the  mirror,  the  focus  from  which 
the  reflected  wave  (of  light  or  eound)  eeems  to 
come  is,  generally,  nearer  tlie  centre  of  emission 
of  the  Bound  than  is  the  caw  of  the  plane  mirror. 
There  is  an  echo,  therefore;  but  the  tendency  to 
coofiiBe  the  echo  with  tlie  original  sound  be- 
comm  more  decided;  so  much  so,  indeed,  that 
it  may  become  almost  as  if  the  point  of  emiBsion 
wen  at  the  reflecting  suiiaoe  itself  Hence,  them 
echom  are  not  w  reiulily  noticed  as  in  the  case  of 
plane  reflection.  Very  often,  as  we  have  seen, 
concave  reflecton  make  the  sound  actually  curve 
baA  beforo  their  suriboee,  m  as  to  pam  through 
a  point  at  wliich  the  auditor  may  be  placed.  In 
plane  reflectors,  it  seems  always  to  pam  from  a 
point  behind.  We  may  imagine,  therefore,  reflec- 
tors of  different  ooncsvitim  which  may  permit  the 
nys  to  appear  divergent,  as  if  they  came  from  a 
point  behhid.  We  may,  therefore,  have  also  with 
concave  rsflecton  what  mi^t  be  called  the  vjrtoo^ 
echo,  in  which  the  reflected  eound  appears  to  come 
from  a  point  through  which  no  sound  actually 
passes,  Just  as  the  reflected  image  appeared  to  do 
eOb  We  have  spoken  of  the  distance  between  the 
point  of  emission- the  point  of  reflexion — and 
that  of  hearing,  as  being  thorn  upon  which  de- 
pends the  confiision  of  echo  with,  or  its  distinct 
ssparation  from,  the  orighial  mund.  Where  the 
image  of  the  sound  is  a^ually  made  at  the  point 
at  which  we  hear  it,  the  enm  of  the  distanom  of 
the  points  of  emission  and  of  hearing  from  that 
of  lefleidon,  respectively,  must  be  a  modento 
fraction  of  1,090  feet,  ibr  any  mond  to  give  a 
distinct  echob  Whers,  again,  the  image  is  otr- 
laaA  the  diiforence  of  the  two  distanom  of  the 
points  of  emission,  actual  and  virtual,  flmn 
the  ear  must  be  sndi  a  frsction.     If  the  dis- 
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tanoe  of  the  auditor  from  the  actual  point  of 
eminion  were  greater  than  from  the  Tirtoal 
pointi  we  should  hear  the  echo  sooner  than  the 
oiighial  sound,  but  a  recmrenoe  to  the  figure 
for  plane  miirors  (Catoftricb)  will  readUj  show 
that  this  is  impossible.     In  fact,  the  distance 
from  the  point  of  virtual  emission  to  the  ear  is 
equal  to  the  sum  of  the  distances  of  the  pofait  of 
refleidon  from  that  of  actual  emission,  and  from 
the  ear.    These  two  last  linesi  along  with  the 
distMice  of  the  ear  fkom  the  point  of  actual  emis- 
sion, form  a  triangle,  and  their  sum  is,  therefore 
CI.  20),  greater  than  that  line.    Hence  the  echo 
can  never  come  before  the  sound  to  be  echoed. — ^It 
is  usual  to  describe  an  echo  by  the  number  of 
syllables  it  repeats.    This  depends  on  these  dis- 
tances, in  the  same  way.    We  can  repeat  so 
many  syllables  in  a  cortain  time.     Hence,  if 
an  echo  takes  up  our  repetition  of  16  syllables, 
alter  we  have  just  finished  it,  there  is  a  sort 
of  measure  furnished  of  the  dbtances  referred 
to.    Some  of  them  are  quite  measurable— and 
we  can,  therefore,  sometixnes  calculate  the  posi- 
tion, in  a  simple  echo,  of  the  reflecting  body. 
Sometimes,  however,  we  have  a  more  complicated 
case  to  deal  wIUl    The  reflected  wave  may  be 
again  reflected,  and  that  again  and  again  and 
agahi  belbre  reaching  us.    If  the  position  of 
tliese  fleeting  bodies  is  quite  unknown,  it  will 
not  be  easy  to  find  it  out    When  the  centre  of 
emission  of  the  sound  moves  during  the  time  that 
it  is  sounding — if  it  move  with  a  greater  velocity 
than  that  of  sound,  the  position  relative  to  us 
may  manifestiy  be  so  mudi  altered  that  we  shall 
hear  the  latest  emitted  sound  first,  by  reflection, 
and  the  first  latest.    Thus  a  flash  of  ligfatnhig 
moving  towards  us  produces  a  sound  which  is 
echoed  by  the  douds;  and,  as  its  vek)city  is  so 
much  greater  than  that  of  sound,  we  shall  hear 
the  reflexion  of  the  last  emitted  sound,  first — and, 
as  we  distinguish  distances  to  a  slight  extent  by 
the  ear,  oslcnlating  from  the  intervals  of  sight 
and  sound,  we  shall  seem  to  hear  the  thunder  roll 
backward  when  the  Ughtning  has  been  moving 
fbrward.    The  douds  are  arable  of  refiecting 
sound  as  well  as  more  solid  bodies,  although  the 
reflexion  is  not  at  all  so  distinct.    Some  bodies  of 
mudi  more  substantial  texture  absorb  all  vibra- 
tions more  completely.  Thus  carpetings  and  doths 
are  nearly  efi^ctual  cures,  if  applied  properiy,  for 
the  most  violent  echoes.    The  sail  of  a  ship  at 
sea,  when  distended  by  the  wind,  is  like  a  stretched 
'^^St  ^^^T  sensitive  to  impressed  force,  and  evi- 
dences this  very  readily  by  sonorous  vibrations. 
The  partides  of  the  atmosphere  play  a  veiy  im- 
portant part  in  the  reflexion  of  sounds  firom  their 
own  mass — not  merdy  transmitting  them  pas- 
sivdy ;  just  as  the  same  partides  reflect  light  and 
give  xise  to  the  phenomena  of  dawn  and  twilight 
They  do  not  reflect  at  all  sopowerftdly,  however, 
as  clouds  do.    Thus  a  cannon  fired  on  a  dear 
day  and  on  a  doudy  day,  will  give  a  perceptibly 
diifoeat  report  with  the  same  diarge.    A  dr- 
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cumstance  frequentiy  noticed  in  the  case  of  edioei^ 
is  that,  after  ceasing,  they  appear  to  begin  again. 
Sometimes  this  arises  from  the  fiurt,  that  the 
reflected  sound  has  passed  through  one  portion 
and  strode  on  another  snzfiue  perpendicular  toils 
direction,  or  on  a  series  of  snxfaoes  from  which  it 
has  been  again  Aflected  back.  As  in  no  case  is 
there  not  some  loss  of  sound  in  produdqg  tboe 
internal  vibrations ;  and  as,  generally  speddag^ 
smaller  and  smaller  fragments  of  the  ofigiBaL 
sound  wave  are  reflected  eveiy  time^  the  second 
echo  wni  be  fidnter  than  the  fint,an<]^  ifiefleded 
again,  fainter  still.  Sometimes  it  arises  from 
another  cans^— namdy,  that  there  are,  in  lack, 
two  reflecting  suifroes,  at  diifiarent  places^  tnm 
whidi  the  original  sound  is  reflected.  Tbe  oai^ 
periuqis,  500  feet  distant,  gives  an  echo  in  aboat 
half  a  second;  while  another,  peribapa,S,000  lost 
distant,  gives  another  echo  in  about  twp  seoonda 
The  effects  of  echoes  on  buildings  in  mderii^ 
them  unfit  for  particular  puiposes,  will  be  de- 
scribed in  the  artide  Heabiso. 

gcUyeeai  It  happens  occasionally  that  tlis 
sun's  disc  kees  its  usual  circular  fonn.  It  be- 
comes indented  on  one  side,  the  indentation  in- 
creasing gradually  in  extent;  then  graduallj- 
diminishing,  until  finally  it  disappear. 


times  this  indentation  augments  untH  the  whole 
disc  is  covered,  and  the  sun  remains  for  soaw 
minutes  out  of  dght  At  the  end  of  that  tiaM 
he  reappears,  paasuig  successivdy  in  tlie  hi- 
verse  oider  through  tiie  same  phases  that  had 
preceded  his  disappearance.— The  moon,  also^ 
ihnn  time  to  time,  undeigoes  similar  modifioa^ 
tions  in  the  form  of  her  disc,  which  mvst  not, 
although  there  is  a  certain  resemUanoi^  bs 
confounded  with  her  phasea.  They  last  never 
longer  than  some  firaction  of  a  day;  th^  an 
much  more  irregular  in  their  reappearances, 
and  these  are  separated  by  mnch  laxger  inter- 
vals. —  Theae  remarkable  phenomena,  whiek 
were  objects  ci  terror  for  a  long  period,  ex- 
dting,  however,  only  our  cuiiodty  now,  sie 
called  Eglifsis.  Those  ofthe  sun  hi^ipen  always 
at  the  time  of  the  new  moon,  and  those  of  the 
moon  always  at  full  moon.  This  JmHratas  the 
explanation  very  readily.  At  new  moon,  the 
moon,  which  is  passing  betwem  the  son  and  the 
earth,  ma^hide  a  larger  or  smaller  porthai  of 
the  sun  tnm  us ;  and  there  is  an  edipse  of  tin 
sun.  At  full  moon,  the  earth  is  between  the 
sun  and  the  moon,  and  may  therefore  keep  the 
sun's  rays  ftom  felUng  on  her  surfooe,  so  that  it 
becomes  a  dark  body—and  there  is  an  edipse  of 
the  moon. — If  the  moon  kept,  in  its  motion 
round  the  earth,  constsntiy  in  the  plane  of  the 
ediptic,  there  would  manifestiy  be  an  edipse  of 
the  sun  at  every  new  moon,  and  one  of  the  moon 
at  ever^  foil  moon.  They  do  not  happen  so 
often,  because  the  moon  moves  in  a  plains  in- 
dined  to  the  ediptic;  so  that  befa^  sometimaion 
one,  and  sometfaneson  the  other  skis  of  it,  and 
at  various  distaaoeB  from  it,  It  passes  at  thi 
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mmM  «f  (viTgj  fa  oKia^  fl«in  tlie  edtptk 
l»tm— tlwni  bting  m  tdlpae.  Tbotsouionlj 
ta  n  i^m  rt  Ibow  tJnK*  of  Dcir  or  lUI  moon, 
*hM  (ha  Bwa  f>  in  tin  pctet  vT  bcr  oitiiC 
«hn  k  Ota  tlM  adipttc,  or  mr  that  From 
111    I  II    II  tin  nsv  K£pric  ludf  comn. 

Wi  lUl  arts  into  aonn  txpluatkin*  of  the 
dtoMrtHaa  whU  acooiniaiiy  ecUpHi  of  the 
tm  Bd  Hcnb,  md  lbs  melhodi  amploj^ 
ft,  jmSdhig  their  ntiua.     VTa  ihaU  btfiln 

(L)  AJ^M  ^Ike  tfoMi.— L«t  in  try,  ir  «• 
<■  Aediw  lAelhs  It  U  ponble  fcr  tin  eartb, 
enilK  bdmK  the  nn  and  mom,  to  pnTCnt 
Ita  tm't  injB  fran  blliiig  on  hCT.  'nn  nm 
(■!■  np  of  H^  in  alt  dlnclioni.  ThoM 
'  0  evtb  ere  ilopped  hj  it, 
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the  moon  to  plogtMi  pi«Il7  mdrormlr,  and  In 
[;tion  almoet  pen^ndicnlu  to  the  tzis  of 
DC  of  abadoir,  ire  msj  get  an  Idea  of  (he 
leading  drann>taJi(»a  of  an  ecllpae.  Where  It 
li  partinl,  the  ihadow  gradnaUj'  locrcaeca  over 
the  moon'e  nirfice  tiU  the  mooo'a  centre  ii 
in  that  part  of  her  orhit  nareit  the  *xia  of 
tin  ccm,  and  then  gradoally  dlmlnishea  and 
dlaaiipeaia.      Fig.  2  vUl  give  an  idea   of  the 


V-*ncUag  tUr  v&cia  >fl  nud.    Itlaea^ 


Atwth;  vUkaitwin  ba  aeen  Ikal  there 
rfvqa  l*  np,irint  fi«m  the  vtiole,  at  ail 
eiMB,  bam  a  pnt  cf  the  aama  bodj,  tea  ' ' 
Hr<*^F^)"  V*-  The  part  ■on', 
li—u  tin  rfndowrfthe  earth,  tonwd 
fta  *e  iK^-lkat  tfaa«  maj  ba  an  edi 
Ik*  nea,  t^  bodj  mint  eMer  At  cow  of  the 
4ri».  If  «•  diBw  thrao^  T  the  line  T  0, 
laaM  (a  OA,  we  AaU  have  two  rimila  ' 
■(!■  oa^  *cii  whkli  wIU  gire  tlnp 
te  ^  — -'.—Taking  tb,  the  radtni  of  the 
Mttyat^ij',  •c^(=aA-^B)w91  belli 
«<  *t  Manee  (maui}  t  ■,  of  the  nn  fnm  tin 
•rtbrtMtM,000.  Henoe  OT  will  bo  lie. 
Aa  k  On  •aaaee  betwMo  tin  ototre  of  the 
«M  ad  iba  apa  <f  the  eooa  wQl  be  !1« 
■i*«MMti  af  the  cnt^  Tha  mooa'a 
V  AtMd  ia  eoiy  M  aoA  atBi-dlametar*. 
k  Mmi  tkM  tta  Boon  can  entn  tbe  eon'i 
<M«,  ad  Mt  ecdy  ao,  bat,  vbec*  It  eaten. 
^tmttm  <f  tbe  diedar  nedon  of  tb*  coo* 
^  b  iwf  BOKk  larger  than  that  tf  iU  disc, 
w  *■  ft  aqr  ba  a»[aelelr  wtthia  the  dodo. 
'^■rnedaa  naanrrtbaa  half  the  diataooa 
•t(M),wabe  gmtsibm  half  the  eiie  of 


«  t<  tl|  of  thii 

*E,  ^Md>  1*  ^^  i^igm  than  that  of  the 
■IB.    WkMAemoB  sabf  mm  the  e  - 
pa.aaedif*t  tiinid  tobepartiaf;  <rl 

to  N  — [iKjj,  it  b  Mot— If  «■  en 


bee  when  flie  eartir* 
badnrpaaaea  in  tbia 
raj  OTtr  any  pan  of 
It.  Tbe  indented  rim 
a  i  e,  la  a  poftinn  of 
(ba  oatline  of  a  trana- 
verae  eeetton  of  the 


and  the  toended  ~    , 

Item  otthe  rim,  which  ^ 

ta  alwBT*  Oatlnctlj  nMioaUe  in  en  ediper, 
dearl;  deanDstratea  tbe  nnnd  ehape  of  the 
earth,  (eee  Eakfb,  Flgate  of,)  nrhlih  gim 
charader  to  tbe  oone. — In  a  (o(i1  eclipae,  the 
cutting  of  portioDi  of  tbe  lamlnoiu  due  {so- 
d*  till  all  i*  eo  taken  away.  After  aome  tin:e 
I  noon  neippeara  on  tbe  other  aide  of  the 
ibra,  and  goee  throngta  the  aame  phaaea, 
JdwiliMlly  a«  bdiwe,  bat  in  icTem  order. — Tbe 
bdeotaliea,  wban  the  body  is  bat  |ianially 
ecl^aed,  li  Ut  bom  being  so  diailnctly  maiinl 
ea  th«  flgnn  would  lead  us  to  mppoee.  TV 
"tadinr  baa  a  ptmmira,  a>  aliraya  bappena 
hen  we  (peak  of  a  shadov  cait  by  an  object 
tpoaed  to  the  nn'a  rays. — Let  oa  Imagine — that 
wa  may  have  ao  idea  of  the  slie  of  this  penum- 
anolber  cooe  a  o  *',   having  Ita  apex  d 
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betweeo  the  aim  and  earth,  <DTelo|dng  the  inn 
a,  and  On  earth  t,  In  Ite  two  oppoeile  bal*t« 
A  o*  A',  B  o*  B*,  which  tooch  the  snrfluca  of  tboe 
bodies  all  round. — It  is  clear  that  eroy  point 
within  tha  ^ace  o  b  b'  C,  and  witbnit  tbe 
shadow  B  D  B',  mint  recdve  nys  ot  light  from 
a  portioD  of  the  sun's  disc  only — from  snoh  ■ 
point,  only  a  purtim  of  tbe  eon  oonld  be  seen,  tbe 
rest  being  conoealed  by  tbe  earth's  inlerpodtian. 
It  win  be  dear,  too,  that  tbe  paction  ot  nm  aaen, 
or  that  aeods  rays  to  tbe  point,  will  be  gnater, 
the  neanr  tbe  point  ts  to  the  onter  edge  ot  this 
^tace.  So  that,  whilst  the  moon  1*  movhig  so 
u  to  anta  the  cone  of  the  earth's  abadow, 
■  pottkm  of  Its  luifKO  begin*  to  lose  Its 
beigfatntaa  as  h  ntm  c  n  b*  C  —  tbe  light 
iiimtnhiitng  m  !{  goca  &rtbei  fton  tba  outer 
amiMe  of  tU*  apace,  till  it  dlaappeara  in  tba 
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ambcm  itself;  thecUffBrant  pocdou  of  the  due 
oocapyiog^  at  diiftrait  momentB,  podtioiis  within 
this  space  conresponding  to  the  penumbra,  tbero 
must  be  an  insensible  diminution  of  li^t,  from 
the  points  illnminated  by  the  whole  smfiuse  of 
the  sun  to  those  to  which  no  raj  reaches.  Bnt 
it  is  easQy  seen,  that  the  diameter  of  the  moan's 
<U8C  Is  not  so  large  that  we  shoold  dearly  dis- 
tinguish the  pennmbra  in  its  whole  extent 
The  angular  breadth  of  the  pennmbra  is  exactly 
the  an^e  o b  o,  and  that  is  equal  to  aba', 
which  is  just  the  apparent  diameter  of  the  sun, 
seen  ftom  tfa»  eart)i;  and  as  the  apparent  dia- 
meter of  the  mooA  is  almost  the  same  as  that  of 
the  sun,  it  Mlows^  that  she  may  &11  almost  the 
wh(de  breadth  ci  the  peoumbra.— The  passage 
fipom  the  pure  umbm  to  the  penumbra  is  quite 
insensible;  the  softening  down  of  the  shading  is 
sa  gradual,  that  it  is  impossible  to  tell  the 
exact  moment  when  any  remaiinble  ^obA  on 
the  moon's  sur&oe  leaTes  the  penumbra  to  pass 
into  the  umbra,  or  the  rsYerse. — ^There  are  other 
circumstances,  due  to  the  presence  of  the  earth's 
atmosphere,  which  we  shall  now  consider. — ^We 
have  oonceiyed  hitherto  the  rays  of  the  sun  passing 
near  the  earth  to  psesenre  the  rectilinear  direc- 
tion with  which  they  are  emitted  from  the  sun. 
But  we  know  that  rays  travenbg  the  atmo- 
sphere do  not  maintain  their  original  direction; 
they  change  it  whenever  they  pass  from  one 
layer  to  another  of  diffarent  doisity,  when,  after 
eatedag  the  atmosphere  on  one  ride  th^  leave 
it  on  the  other,  they  must  have  experienced  some 
similar  deflexion.    Imagfaie  a  special  ray  a  a, 


passing  through  the  atmosphere  near  the  sur- 
Um  of  the  sun.  The  direction  of  this  ray  at  the 
point  A,  where  it  has  become,  so  to  speak,  a  tan- 
gent to  the  surface,  is  not  the  same  as  it  had 
before  passing  into  the  atmosphere;  the  devia- 
tion that  it  has  experienced  up  to  the  point  A, 
is  more  than  88°,  in  average  drcnnistances. 
From  A,  till  it  leaves  the  atmosphere,  it  experi- 
onoes  another  deviation  equal  to  that,  and  in  the 
same  direction;  so  that  the  line  which  it  ulti- 
mately follows  makes  an  angle  of  more  than  one 
degroe  with  the  primitive  direction.  Thb  total 
deviation  of  a  light  ray,  in  passing  through  the 
atmosphere,  is  the  smaller,  the  futher  the  ray  is 
from  the  surfiue  at  its  lowest  point,  and  may 
take  any  magnitude  infiBrior  to  that  Just  given. 
We  see,  then,  that  the  cone  of  the  umbn  will 
not  be  deprived  of  son  rays,  through  its  whole 
extent  Tb^  are  deflected,  so  as  to  appcoadi 
nearer  to  the  axis.    If  we  consider  those  rays 
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which,  like  A  b.  A'  b',  pass  thnngh  te 
strata  of  the  atmosphcn,  and  centime 


ng.& 


oouTM,  we  shall  see  that  they  cunveiee  at  a 
point  D,  much  nearer  the  earth  than  o  ia.  The 
cone  B  D  B',  whidi  is  formed  by  theae  laya, 
divides  bob'  into  two  parts — in  the  inner  ef 
which  there  is  absolutely  no  light — ^while  the 
outer,  B  o  B'D,  receives  the  liglit  refracted  tlmngh 
the  atmosphere  of  the  earth.  If  we  find  the 
distance  of  d  from  the  earth's  centre,  we  obtain 
for  it  42  radii  of  the  earth.  We  see^  then,  that 
the  moon  (at  60  radii  distance)  can  never  enis 
the  space  b  d  b',  whidi  is  oompletely  daik— 
the  moon,  at  the  time  of  total  edipee,  is  within 
the  partially  illnminated  space  bob'd.  That 
is  the  reason  why  she  never  kees  her  11^  oa- 
tirdy,  even  in  such  an  eclipse. — ^It  will  benotieed 
that  this  fidnt  Ugfat,  whkh  the  moon  retainB 
in  total  edipses,  is  of  a  very  distinet  reddish 
cdonr.  Some  bright  pomts,  whidi  Hendid  had 
remarked  on  oertiUtt  parts  of  the  sniSueof  tiie 
body,  during  edipses,  had  induced  him  even  to 
fancy  that  there  were  volcanoes  existing  in  Astate 
of  activi^;  but  the  whole  effect  is  due  to  die 
influence  on  the  transmitted  Uglit  of  the  beds  ef 
air  through  whidi  it  has  paarad.  Air  etopa  m 
certain  pwtkm  of  Ug^t  passing  through  i^  and 
reflects  it  in  eveiy  direction,  occasioning  n  dif- 
frued  light ;  but  this  action  is  not  the  same  on  the 
different  rays  of  whidi  whtte  U|^  is  made  vp^ 
Those  at  the  violet  end  of  the  mectnun  are  atoftied 
in  much  greater  numbers  than  those  at  the  nd 
end;  whidi  otrmiam  the  bLue  ef  the  sky,  tlm 
rays  of  the  firrt  kind  predominating  fin  diffused 
U^:  it  also  produces  the  ruddy  ooloarof  the 
illumined  douds  at  sunset,  because  the  li^ 
whidi  reaches  them  having  travened  a  great 
thidmeas  of  the  atmosphere^  containa  a  laiger 
proportion  of  the  rays  of  the  second  kind  tiian 
white  light  does.  We  see,  then,  that  the  l%bt 
which  reaches  the  moon's  snrflwe^  during  her 
total  edipees,  must  have  a  reddish  tint,  siaoa  it 
does  not  reach  her  till  after  paasiiig  through  a 
very  great  thidmees  of  atmosphere.  Thia  red 
light,  when  strongly  reflected  by  some  peaka 
of  the  mountains  cif  the  moout  probably  ooeasioBa 
the  bright  pdnts  which  Heniobd  took  for  vt^ 
canoes  in  activity. 

(2.)  /Vedictibn  of  Lmar  £dvMse.— As  these 
edipses  are  due  eddy  to  the  poaitiona  of  the  ami 
and  moon  in  regard  to  one  another,  tlie  know- 
ledge of  the  lawa  of  the  motiona  ef  there 
two  bodire  must  enable  us  to  predict,  not 
merdy  the  periods  at  which  there  p'**r*'*-^ 
must  take  place,  but  the  variona  cirenmatancre 
diaracterieing  theuL  We  ahall  show  how  tfak 
aimmaybaattahied.  Theanckntadidnoiknov 


282 


r 


BCL 


o(  tl»  aolttr  and  famar  motion  with 
Uksaeoanqr;  but.  byaaistaDMoftbe 
«f  18  yens  and  11  dtysi  wUch  we  have 
(■ea  Ctclbb),  thtjr  mcnagMi  to 
a^^MM  with  tolentwo  cofnctnoi* 
Wa  kaov  tbat,  if  the  mooo  remained  in  the 
off  Ao  friiptit,  then  would  be  an  edipee 
fan  flMioo.  The  reason  that  lunar 
na  anidi  km  Uneqnent,  is  simply 
this,  that  tha  moon,  if  oo  one  side  of  the  ecliptic 
ar  te  uHmt,  when  in  opposition  to  the  son, 
abova  or  beneath  tha  cone  of  the 
re  iftadow,  without  entering  it  at  all: 
la  an  adipsa  only  when,  at  the  time  of  op- 
tfaa  VMXA  la  near  enough  the  ediptlc,  or, 
is  tha  aame  thing,  near  enough  one  of  the 
of  her  orbit  I^  at  two  diffimnt  periods, 
bciqg  tim  in  opposition  to  the  son,  be 
tha  aama  poaition  aa  regaida  her  nodes, 
be  an  aciipsa  at  one  sndi  period 


at  the  other.    Now,  if 
we  count  on, 
wa  find  oundTea  almost  at 
tha  bodj  occupies  the  same 
to  her  nodes  aa  at  the  begin- 
:  ainoe,  during  it,  there  have 
bean  19  sjnodkal  revolatiooa  of  the  nodes,  we 

these  2Sd  lunations,  expect 
of  eeUpees  shniUff  to  tbat  which 
We  aee^  in  thia  way,  how  it 
to  have  noticed  the  dates  and 
of  the  lunar  ecUpaea  fm  the 
of  228  aneosasiTe  lunations,  to  enable 
m  t»  piaittct  the  fstum  of  those  eclipses  far 

of  tfanfr— If  228  lanatioos 

tiis    19   synodical    revolutions 

tlMse  would  be  no  necessity  for  the 

methods  tor  the  calcnlatinn 

But  the  equality  of  the 

ia  assiiinid.    Is  merely  <9>- 


8o  that,  if  wa  may  certainly  fore- 
•dB«  bf  tiM  help  of  Ala  period,  that  an  edipae 
at  audi  and  sndi  an  qmch,  we  can- 
datiBCtly  hMUeata  ita  time  of  duration 
';  as  it  diffin  hi  reality  a  little  from 
the  ame  bcAn^  with  whidi,  were  the  period  exact, 
it  vaaid  have  been  idcnticaL  It  might  even 
Tcry  partial  edipee  should  not 
iisdf  at  all  at  the  end  of  18  years  and 
11  di^B;  or  that  a  parthd  edipae  might  come, 


19  fUBBi  and  11  days,  when  nothhig  of  the 

ubasired  bcCore.    The  use  of  this 

ain|^  means  employed  by 

for  tha  calculation  of  cdlpaea—ia  not 

■owr  that  astimomical  theories  ad- 

of  m  fTTt*f**«*^  00  Inoompanhly  greater. 

Ha  kva  of  tha  auif  quanta  of  the  atan,  aa 

hm  ^T**"**^  them  up  to  thia  date,  have 

by  aatronomera  in  tables,  by 


.^wUeblft  la  poasibia  to  faidkate  belbre- 

Aa  pfff******  t^rieh  a  star  most  occiqty  in 

rikrat  mtr^rm  tfana    It  is  on  tha  data, 

'  ^  1^  aoiar  and  lunar  taUea,  that  we 
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ibond,  in  making  predictions  of  the  Imiar  edip- 
ses.  Bnt  these  data  are  to  be  obtained  elsewhere 
than  in  auch  tables  themsdves.  The  NcmUodl 
Almanac  is  published  by  order  of  the  Admi- 
ralty, several  years  In  advance ;  and  contains  all 
the  indications  rdative  to  the  positions  of  the 
sun  and  moon  in  the  sky,  for  every  day ;  and  it 
b  by  meana  of  these  that  we  obtain  whatever 
b  needfbl  for  the  determination  of  the  difi^ 
ent  drcnmstanoea  of  eclipses. — To  understand 
the  process  of  calcalation  for  an  edipee  of 
the  moon,  we  must  conodve  that  the  radios  of 
the  celestial  sphere  has  been  selected  so  that  its 
sorikoe  passes  through  the  centre  of  the  moon ; 
thb  sphere,  the  centre  of  which  must  be  supposed 
placed  at  the  centre  of  the  earth,  will  cut  the 
moon,  with  a  circular  section,  and  the  cone  of  the 
umbra  of  the  earth  with  anotiier ;  and,  by  study- 
ing the  rdative  podtions  of  these  two  drdes,  we 
come  to  understand  the  whob  drcomstances  of 
lunar  edipeea.  The  centre  of  the  drde  of  the 
nmbra  b  always  dbmetrically  oppodte  to  the 
centre  of  the  sun;  and  so,  always  on  the  ediptic, 
dumging  its  position,  with  the  same  vdodty 
as  the  centre  of  the  sun  himsdf  does,  but  in  the 
oppodte  directioiv  The  drcnlar  section  of  the 
moon,  again,  also  moves,  so  that  its  centre  re- 
mains dways  on  the  moveable  orbit  already 
mentioned.  As  long  as  these  two  circles  remdn 
entirdy  beyond  one  another,  there  b  no  edipee ; 
when  Uity  aU  there  b  an  eclipse ;  total,  if  the 
drde  of  the  nuwn  be  entirdy  within  that  of  the 
umbra. — In  order  to  compare  the  sucoeauve  rda- 
tive podtions  of  these  drdes,  we  must  know  thdr 
magnitndes. — We  already  know  that  the  moon*8 
diametff  (average)  b  81'  26"*7,  its  value  for  any 
day  in  the  year,  which  variea  always  between 
29'  22"^  and  88'  28'',  b  given  by  the  Ahrumac, 
at  mid-day  and  midnight,  and  we  may,  by  means 
of  theie,  connect  it  far  any  given  hour.  As  for  the 
drde  of  the  umbra,  it  b  easy  to  see  how  we  mar 
cdcnlate  ita  ma^^tude.    Let  m  a  be  the  suriaoe 
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of  the  cdestbl  sphere  which  we  suppose  paadng 
throng  the  moon's  centre ;  thb  snr&oe  cots  the 
cone  of  the  earth's  umbra,  in  the  drde  h  m',  and 
the  angb  h  t  m'  b  the  apparent  diameter,  which 
wededretodetermfaie.  ItahaU;!! to,  bequalto 
BUT,  which  b  the  moon'a  pardlax  (sfaioe m t 
b  the  moon's  distance  from  the  earth),  bes  by 
theangleMOT;  but  the  angle  MOT,b  itself  equal 
to  ATS  (semi-diameter  of  the  aun),  lesabyBAT 
(the  aun'a  parallax) ;  in  order,  then,  to  have  the 
apparent  semi-diameter  of  the  drde  of  the  umbra 
M  M',  we  must  add  the  sun's  parallax  and  the 
moon'a  paraUax  togeOier,  and  subtract  tha  sun'a 
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apptrait  semi-diameter.  Thin  circle  of  the  dia- 
meter is  fonnd  thus  to  vaiy  in  diameter  between  V* 
W  82"  and  1®  31'  86" ;  its  value,  at  any  time, 
may  be  found  by  means  of  the  Nautical  AananaCj 
which  furnishes  these  supplementaiy  data.  We 
add,  however,  that  in  consequence  of  the 
presence  of  the  atmosphere,  the  earth's  umbra 
appears  to  have  a  diameter  a  little  larger  than 
that  thus  obtained.  Mayer  has  found  that,  in 
order  to  make  the  predictions  of  eclipses  agree 
with  our  observations,  we  must  suppose  the  dia^ 
meter  of  the  umbra  increased  by  a  sixtieth  of 
its  value,  and  astronomers  usually  conform  to  this 
nile. 


Fig.  7. 

Let  A  B  be  the  great  circle  of  the  ecliptic,  and 
CD  be  the  orbit  of  t^  moon,  N  will  be  one  of 
the  nodes  of  this  orbit  The  umbra  o,  moves 
along  the  first  circle  with  the  same  speed  as  the 
sun  moves,  and  the  moon  i^  along  the  second 
with  a  velocity  1 8  times  as  great  In  order  that — 
in  this  common  movement-— the  moon  l  may  meet 
the  umbra  o,  it  is  necessary  that,  at  the  moment 
of  the  moon^s  opposition,  the  centre  of  the  umbra 
be  sufficiently  near  the  node  k.  Remembering 
that  the  apparent  diameter  of  the  moon  and  the 
umbra  vary  from  time  to  time,  and  that  the  dis- 
tance of  the  centre  of  the  umbra  from  the  node  n 
is  exactly  equal  to  the  distance  of  the  sun's  centre 
firom  the  moon's  other  node,  we  find  that,  1st,  if^ 
at  the  epoch  of  a  full  moon,  the  distance  of  the 
8un*s  centre  from  the  nearest  node  be  greater  than 
12^  8',  there  cannot  be  an  eclipse ;  2d,  if^  at  such 
a  time,  the  (Ustance  of  the  snn*s  centre  from  one 
of  the  nodes  be  smaller  than  9®  8r,  there  will 
certainly  be  an  eclipse;  8d,  lastly,  if  the  distance 
of  the  sun  from  one  of  the  nodes  be  between  these 
two  values,  the  eclipse  is  doubtftil,  and  a  detailed 
calculation  of  the  circumstances  will  be  required 
to  determme  whether  it  takes  place  or  not — ^Let 
OS  see  now,  how  the  calculation  of  the  difierent  dr- 
cumstanoes  of  an  edipse,  and  of  the  piedse  periods 
at  which  its  pliases  will  appear,  is  actually  made. 
The  best  thin{:  we  can  do,  in  that  way,  is 
to  give  an  example  of  this  sort  of  calculation. 
^Take  the  edipse  of  18th  and  14th  November, 
1846,  at  Paris.  According  to  the  DreiuA  Nau- 
tical Almanac  (the  Coimaitaanee  det  Temps)^  on 
tLe  13th  November,  at  noon  (Paris  time),  the 
eun's  longitude  exceeds  the  moon's  by  186^  20' 
7"'l ;  on  the  14th,  also,  at  mean  noon,  the  sun's 
longitude  is  greater  than  the  moon's  only  by 
174°  45'  8"*6.  In  the  interval  theane  must  have 
been  a  time  at  which  the  difierence  of  the  two 
was  exactly  180° ;  and  it  is  readily  found  that 
this  moment,  at  which  the  moon  is  in  oi>po- 
aitioD,  is  <m  the  14th  November,  at  Ih.  4m.  20s-9 
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in  the  morning.  The  Ahmmae  tdk  in  that  at 
that  time  the  sun's  longitude  exceeds  tiiat  of  one 
of  the  moon's  nodes  by  about  6|  degrees.  We 
are  certain,  then,  that  the  moon  will  penetrate 
into  the  umbra  of  the  earth,  that  is,  that  there 
win  be  an  edipee.  We  find  also  in  die  Almaaae 
that,  at  the  moment  of  opposition, 


fi0» 


8^-7 


The  Moon*s  parallax  la  alwat.... 

The  Ban's  parallax  la  about 

The  apparent  semi-diameter  of  the 

Moon'sabont 16^   10^1 

Hie  apparent  semi-diameter  of  the 

Sun  16*    ir« 

We  infer  from  this  that  the  seml-dlameCer  of 
the  umbra  is  about  89°  86',  or  2876",  so  that, 
increasing  it  by  one-sixtieth  of  its  valoe,  Ibr 
the  reason  above  indicated,  it  becomes  equal 
to  241o"'6.~We  find  again,  by  the  Ahmtmae, 
that,  1st,  on  the  14th  November,  at  Oh.  SOm.  io 
the  morning,  the  excess  of  the  sun's  lon^gitude 
over  the  moon  is  about  180°  16'  88'"7,  and  tiM 
moon's  latitude  is  about  0°  26'  67"-6  a  ;  2d,  tbe 
same  day,  at  Ih.  80m.  in  the  mornings  the  ex- 
cess of  the  8un*s  longitude  over  the  moon's  is 
about  179°  47'  87"*7,  and  the  moon's  latitode 
about  0°  28'  61"*6  A.— By  hdp  of  all  these  data 
we  may  study  the  whole  drcomstances  of  the 
edipee  in  the  following  way.  Consider  tlie  por- 
tion of  the  celestial  sphere  on  which  the  nooon 
and  the  earth's  shadow  are  found,  during  the 
whole  duration  of  the  edipee,  as  a  planfr^a  hypo- 
thesis which  may  be  made  without  appreciable 
error.  Suppose,  besides,  that  the  earth's  shadow 
is  immovable,  and  that  the  moon  does  not  mofve, 
except  in  virtue  of  the  movement  whidi  it  has 
relativdy  to  thb  shadow.  We  may  represent  the 
shadow  of  the  earth  by  the  drde  abgd  Qn  the 
next  figure),  by  choosing  the  ndius  oa  of  tliia 


circle,  so  that  it  may  correspond  to  the  value  of 
the  semi-diameter  of  the  shadow  (2415"*6)  alter 
the  scale  which  we  have  adopted  in  the  figure. 
The  straight  line  b  iC,  passing  through  the  centre 
o,  of  this  drde  will  represent  a  portion  of  the 
edipUc.  At  Oh.  80m.  in  the  morning,  the  8im*8 
longitude  exceeds  that  of  the  moon  by  180**  16' 
88"7;  the  longitude  of  the  centre  o^  of  the 
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that  cf  the  mooo's  l^  16'  88'''7, 
or  tM*'71.  If  ii«  nppon  longitades  to  be 
ndamd  from  nf^  to  left  in  the  figure,  and 
lake  o  F  eqnal  to  99S"-7,  aocordiog  to  the  scale— 
Ihi  paiat  f  will  be  the  foot  of  the  centre  of  the 
MOB*!  ladtade  for  the  moment  Baiae  at  f,  a 
pg|ifMBnilar  on  tiie  edlptic  m  b',  then  take  on 
tUi  papmrficnlar  a  length  f  o  equal  to  25'  57''-6, 
«r  1657*-e,  which  is  the  comspondbg  latitode 
of  the  BwoD,  and  we  have  at  o  the  ^aition  of 
thi  bmmb's  entre  at  Oh.  SOm.  in  the  momhig. — 
Ttkt  iiaihalj  OB  equal  to  12'  22^*8,  or  742'''8, 
vhieh  is  the  irrcww  of  the  moon's  longitude  over 
that  fif  <^  the  centre  of  the  shadow,  at  lb.  80m. 
h  the  monnag;  then,  on  the  perpendicular  to 
thsidiptie  dnnrn  throqgfa  the  point  h,  take  a 
h^gih  HK  eqoal  to  the  conespondiDg  latitude  of 
tht  BOOB,  whose  Tslne  ia  about  28^  61"-5,  or 
ini'^  the  point  k  will  be  the  position  of  the 
■Mi's  cntre  at  Ih.  80m.  in  the  morning.  We 
■aj,  without  senrible  error,  consider  the  more- 
■■t  ef  the  moon,  in  idation  to  the  shadow,  as 
iKlflaaar  and  mufonn,  during  the  whole  dura- 
liaioftheedipBeL  So  that,  if  we  draw  a  straight 
IhsMir  thnini^  the  points  o,  k, this  Une  will 
ht  the  path  over  whidh  the  centra  of  the  moon 
■bw,  in  Fdation  to  the  dide  of  the  umbra 
ABcn.  The  point  h  where  the  line  mm'  is 
Mt  by  the  pofpendScnlar  to  the  ecliptic  drawn 
ttma^h  iln  point  oi,  ia  nothingelse  but  the  poaition 
vUch  the  moon  takea  nt  the  moment  of  oppod- 
tioB,  thst  is,  on  the  14th  Nor.,  at  Ih.  4m.  208*9 
la  the  awraim^  Describe  a  dicumftrence  from 
o  Si  emtre,  and  with  n  radins  equal  to  the  sum 
sf  tht  raiS  of  the  moon  and  of  the  umbra,  that 
ii«|Bslto8825'"7;  tlua  circumference  will  cut 
■V,  the  vdatWe  orbit  of  the  moon's  centre,  in 
tea  pofata  l,  l'.  It  ia  Tciy  erident,  according 
li  (he  wB]r  Ib  which  theae  two  points  have  been 
•haiaed,  that  If  «  drde  be  dSacribed  from  either 
^  thBB  as  eentte  with  the  radius  of  the  moon, 
vUA  h  9\fy%  aa  ndiua,  these  two  cbtdes  will 
tmth  ihecBtre  of  the  circle  of  the  shadow  ▲  B  c  D, 
>■<  «&  npneent,  conseqnmtly,  the  two  posi- 
liHi  ef  the  moon  rdalhre  to  the  beginning  or 
•INg  flf  the  eclipsa.  U^  Anther  we  drop  from 
^  a  peipcndicnlar  on  mm',  the  foot,  p  of  this 
fpeirfa  iilii'  win  be  the  position  of  the  moon's 
Mr  at  the  middle  of  the  edipee.  The  moon 
tdMMihoarinpaasingfromotoK.  According 
t»dM  poportioo  between  the  two  Unee  n  p  and 
«■«  the  kngth  of  whidi  mty  be  measured  on 
the  %nre,  we  find  that  the  moon  should  take 
^  40a^  to  paaa  over  the  distance  m  p;  it  is 
thm  Sm.  408-0  before  the  oppoeitioo,  that  is  at 
Ht  S8bl  40rl  in  the  morning,  when  the  middle 
<f  *e  ed^aa  takea  pha*.  lUmilariy  we  find 
ihM  the  amen  riioaU  take  Ih.  89m.  19s*4  to  pass 
MvdthercfthotwodietanoesLPorPL';  it  will, 
thnfoR,  be  at  llh.  19bl  208-7  on  the  evening  of 
the  llth  Nofcmber,  «hat  the  edipee  will  begin ; 
Mien  the  14d^  at  Sh.  87ni.  69r6  hi  the  mom- 
lab  Oat  it  win  eoodadab— DsMsiUng  a  drde 
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from  the  point  p,  as  centre,  with  the  moon'a 
radius,  as  radius,  we  immediately  see  wlietber  the 
edipee  b  total  or  partiaL  Hera  we  aee  it  to  be 
partial,  because  at  the  moment  when  the  moon'a 
centre  is  nearest  tlie  centre  of  the  diadow,  a  part 
of  its  disc  remains  outside  of  the  drde  of  the 
shadow.  If  we  draw  the  diameter,  Qa,  towards 
tiie  pdnt  o,  and  take  the  proportion  between  the 
portion  B8  of  this  diameter,  which  is  in  the 
umbra,  and  the  diameter  itself,  this  proportion  b 
what  is  called  the  magnUude  qf  Ike  eclipse.  In 
the  particular  case  above,  the  magnitude  is  0*9i. 
It  is  usually  expreesed  in  digiit*  We  ooncdve 
the  diameter  qb  to  be  divided  into  12  equal  parts 
or  digits,  and  state  how  many  of  these  b  a  con- 
tains. The  fraction  0*92,  being  almost  equal  to 
f },  we  say  that  the  majpoitude  of  the  edipee  of 
the  13th  and  14th  November,  1846,  is  11  digits. 
If  the  diameter  q  a,  were  enlirdy  within  the 
drde  of  the  shadow,  in  whidi  case  the  edipee 
would  be  total,  we  ahoold  determine  the  beghi- 
ning  and  end  of  the  total  edipse  by  seddng  the 
podtions  of  tlie  moon,  at  which  its  disc,  is  a  tan- 
gent interioily,  to  the  cfade  of  the  shadow.  This 
wHl  be  aa  easy  as  the  search  after  l  l',  where 
the  disc  of  the  moon  and  the  umbral  circle  touch 
externally. — Throughout  the  foregohig,  we  have 
been  supposing  that  it  was  graphically,  by  mea- 
suring certain  lengths,  on  the  figure,  that  the  de- 
term^ation  of  the  different  drcnmstances  of  the 
edipse  is  effected.  It  will  be  readily  understood 
that  corresponding  processes  of  calculation  may 
take  the  place  of  those  rather  inexact  methods, 
and  that  thus  a  much  higiier  accuracy  may  be  at- 
tafaied.  This  is  what  is  actually  done. — To 
complete  our  sketch  of  all  that  relates  to  the 
particular  edipee  sdected,  it  only  remains  to 
indicate  at   what   places   of   the   earth    thia 


edipse  would  be  vidble.  Let  us  seek,  in  the 
first  place,  for  aU  the  places  where  the  edipse 
may  be  seen,  at  the  moment  of  its  maximum 
intensity.  We  have  found  that  the  middle  of 
the  edipse  happens  on  the  14th  November,  at 
Oh.  68m.  40s.  of  mean  Paris  time.  Taking  the 
equation  of  time,  which,  at  this  date  (AbHmac), 
is  16nL  27s.,  we  see  that  it  is  at  lb.  14m.  7s.  of 
true  time  that  this  occurs.  Consider  the  point 
of  the  earth  for  whidi  the  moon  ia  at  that  moment 
at  the  cenith,  it  will  be  readfly  recognized  that  it 
is  midnight  there,  and  that,  consequently,  its 
longitude  west  of  the  meridian  of  Paris  is  18"^  81' 
46".  As  for  the  latitude  at  this  point,  it  is  equal 
to  the  dedination  of  the  moon's  centre,  at  the 
same  instant— a  dedination  which,  according  to 
the  ^biofiae,  is  17®  42'  17"  b.  Hence,  we  have 
merely  to  concdve  the  earth  to  be  divided  into 
two  hemispheres,  by  aplane  drawn  perpendicular 
to  the  radius  which  ends  at  the  point  whoee  lon- 
gitude is  18®  81'  46"  o,  and  whose  ktitude 
is  17®  42'  17"  b;  the  middle  of  the  edipee 
win  be  visible  for  aU  the  points  of  the  euth 
dtuate  in  one  of  these  hemispheree,  and  inviaiblB 
for  aU  of  them  which  are  situate  in  the  other. 
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Wbat  m  liftTe  Just  done  as  to  the  middle  of  the 
edipee,  might  be  repeated  for  its  begimiing  and  its 
end;  and  we  should  thus  find  all  the  plaoes  whence 
it  would  be  seen,  dther  wholly  or  partially.  It  is 
eaqr  to  infir  that  the  places  firom  which  an  eclipse 
may  be  seen  finr  the  whole  or  a  part  of  its  dura- 
tion, extend  over  more  than  half  of  the  globe.-^ 
In  order  that  we  may  see  a  lunar  edipeoi  the 
moon  must  be  above  tlie  horizon,  as  well  as  the 
earth's  shadow,  or  at  least  a  part  of  it,  and  this 
can  only  take  place  when  the  sun  is  below  the 
horizon;  it  is  only  during  the  night,  therafora, 
tibat  edipsesof  the  moon  can  be  seen.  Thereare 
certain  drcomstances,  howerer,  in  which  we  may 
see  an  eclipse  of  the  moon  for  a  few  seconds 
before  sunset  or  after  sunrise.  If;  for  Instance, 
we  stand  at  such  a  point  as  a  at  the  moment 


Fig.  9. 

when  an  ecHpee  begius,  the  whole  son  will  be 
below  the  horizon,  and  the  part  of  the  moon 
which  is  firand  in  the  cone  oif  the  shadow  will 
be  equaUy  so;  but  atmospherical  refraction,  ele- 
vating the  bodies  above  the  horizon,  will  permit 
us  to  see  the  sun  and  the  eclipsed  psrt  of  the 
moon  at  once. 

(8.)  Ed^)$e$  qf  Ihe  Sun.^We  have  said  that 
eclipses  of  the  sun  are  due  to  the  interposition  of 
the  moon  between  the  sun  and  the  earth.  It  is 
evident  that,  when  this  drcnmstanoe  occurs,  the 
moon  must  cut  away  fbom  si^t  a  (greater  or 
less  portion  of  the  sun.  Let  us  first  attempt  to 
see  whether  the  moQn  can  at  any  time  completely 
cover  the  sun?-— Following  a  course  completely 
similar  to  what  we  have  pursued  in  the  case  of 
lunar  ecUpees,  we  may  find  the  length  of  the  cone 
of  the  shadow  which  the  moon  projects  from  the 
side  opposed  to  the  sun.  Compare  this  length 
o  L,  tbm,  calculated  when  the  moon,  l,  is  ex- 
actly between  the  sun  a,  and  the  earth  t,  with 
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the  distance  lt,  between  the  centre  of  the 
earth  and  that  of  the  moon.  The  radius  of  the 
earth  behig  taken  as  unity,  the  smallest  value 
of  the  distance  lt  is  equal  to  56*947 ;  besides, 
the  greatest  value  of  the  distance  ol,  of  the 
summit  of  the  cone  of  the  umbra  from  the  centre 
of  the  moon  is  59*78 ;  therefore,  in  the  circum- 
stances to  which  those  values  of  lt  and  ol 
correspond,  the  umbra  of  the  moon  extends  to* 
the  earth  and  beyond  it  For  every  point  that 
is  completely  included  within  the  portion  a  b  of 
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the  earth's  sorfaoe^  the  moon  entirdy  eoven  ihb 
sun;  there  is,  then,  a  total  ecKpte^    But. 
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the  smallest  value  of  the  length  o  L,  of  the 
cone  of  the  moon*s  umbra  is  found  to  be  57-76 ; 
and  the  greatest  distance  of  the  moan*s  cenlie 
from  that  of  the  earth  is  68*820;  when  we  bsve 
these  drcumstances,  the  cone  of  the 
umbra  does  not  extend  to  the  eaith.    la 


Fig.  IS. 

case,  there  is  no  total  edipse  for  way  paint 
of  the  earth's  surface;  firom  all  points  of  the 
hemisphere  from  whidi  the  sun  can  be 
a  portion,  if  not  the  whole  of  his  disc  will  be 
One  thing  is  worthy  of  note,  viz.,  if  the  oone 
of  the  moon's  umbra  be  prolonged  out  beiyand 
its  apex,  o  (last  fig.),  the  second  cone  *will 
intercept  within  it  a  small  portion,  e  <f ,  of  the 
earth's  surface,  over  all  of  which  there  will  bean 
ofmukof  ecHptei  from  every  point  of  it  the  mooa 
will  appear  projected  as  a  black  disc  on  the 
middle  of  the  sun's  disc,  and  the  portion  of  It 
which  stands  ont,  will  form  a  hunlnoas  rii^  all 
round  this  bladL  drde.    Thus,  when  the  moon 
places  itsdf  between  the  earth  and  the  son,  then 
will  be  a  total  or  annular  eclipse,  for 
points  on  the  earth's  sur&oe,  according 
distances  from  the  earth  vary.— Other  conddna- 
tions  would  lead  us  to  the  same  coodndons.     I^ 
at  the  moment  when  the  moon  is  passbig  befiae 
the  sun,  her  apparent  ^Uameter  is  greater  than  his^ 
she  wHl  be  able  to  cover  hhn  altogether,  and  then 
will  be  a  total  edipse: 
but,  it  is  easy  to  see  that 
this  may  take  place,  since 
the  greatest  value  of  the 
moon's  apparent  diameter 
from  the  surface  of  the 
earth  is  84"6",  and  the 
smallest  value  of  the  son's 
apparent  diameter  only 
81'*81".     U;  again,  the 
sun's  apparent  diameter 
be  the  greater,  the  moon 
cannot  cover  his  whole  disc,  so  that  there  will 
be  an  annular  edipse;  which  again  may  occur, 
seehig  that  the  least  apparent  diameter  of  the 
moon  is  29"22",  and  the  greatest  of  the  sun  is 
82'*85"-6.    In  the  latter  case,  at  the  pdnt  where 
the  centres  cf  the  two  bodies  seen  Just  to  cofai- 
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dAsi  UN  tan't  &e  irill  appear  as  in  the  figure. 
At  the  auM  time  whan  the  edipee  b  total  or 
aft  aome  points  of  the  earth,  it  will  be 
at  m  gfeat  many  other  pdnts.  ConceiTe, 
the  BOB  and  tie  moon,  a  oone  like  that 
we  haTB  used  to  find  the  pennmbra  in 
ccKpen.  It  will  be  easilj  seen  that  for 
point  of  tlie  earth  within  this  oone  c  </  o' 
(fi^.  lOX  not  iodnded  within  the  oone  of  the 

nmbra  bob'  or  its 
prolongation,    there 
should  be  a  partial 
eclipse  of  the  sun; 
from  such  a  point, 
we  should  see  the 
moon  project   itself 
on  a  portion  of  tlie 
sun*s  disc,  producing 
a  circular  indenta- 
tion (fig.  14),  and 
the  part  covered  by 
the  moon  should  be 
the  farther  the  point  of  observation  is 
foa  the  suifiMe  of  the  cone  c  o' </ and  the  nearer 
t»  B  o  B"  (fig.  10).    The  transrenal  dimensions 
<f  co^c,  fn  the  ncSghbonxhood  of  the  earth 
are  roc  80  great  that  the  ^be  of  the  earth 
be  entfadj  eontained  within  it     To  nn- 
this,  almpljr  notioe^  that  because  of 
ite  fitllcBMs  of  the  moon  in  proportion  to  the 
SOB,  wUch  makas  the  distancfa  OL,  o'l  ap- 
pesr  very  amall  in  proporticlh  to  the  distance 
La,  aad  aaosibly  equal,  one  to  the  other,  the 
B  o  ]»^,  B  (/  B',  are  almost  of  the  same 
Kotioe  besidei,  that  the  mean  length  o  l 
I  oooa  of  the  mooo*s  shadow  behtg  almost 
to  LT,  the  moon's  distance  ftom  the  earth, 
the  a^^  B  OB'  is  not  y&y  much  dififerent  from 
the  a|%iar€m  diameter  of  the  moon,  so  that  we 
■■f  cuBaidei  b  o^  b'  as  equal  to  it    Now,  smce 
cTT  is  seBBUy  donUe  of  o'l,  the  transvereal 
«f  the  oone  c</C,  near  the  earth  T, 
ba  dovble  what  thfj  are  near  the  moon  L ; 
*a  dJametfr  would  have  then  to  be  only 
of  that  of  the  moon,  in  order  that  the 
be  eooCained  within  the  cone  c  (/ C, 
it  roond  its  whole  outline.    Now  we 
ft  ia  nearly  ibur  times  as  large  as  it, 
cQoe  can  indude  only  a  portion  of 
■daphere  of  the  earth.   Hence,  when 
§m  edipae  of  the  son  at  some  places, 
»  <lhen  where  there  is  none,  but  where 
4be  can  be  aeen  with  no  appearance 
>lha  mooo  moves  tluongh  the  sky, 
SO  tfanea  aa  rapidly  as  the  son.    Hence, 
she  dmiiaklj  appnaches  and  recedes  firom  him, 
aed  at  certam  times  paeees  before  liis  disc  so 
Si  to  peodoee  edipeea*    Beflecting  on  this,  we 
neOyfiad  the  Tarioaa  phenomena  which  should 
Atu^mtmU  fB  adfpse^  to  an  dMerver  on  Uie 
Mlh    Tbey  are  perfectly  analogous  to  those 
h  (be  cBie  of  hmar  edipaes.    The  edipee  be- 
gjm  wkm  the  111000*0  dbo  just  toadies  that  of 


ECL 

the  Bun*8.  Then  the  moon  slowly  encroaches. 
If  her  centre  does  not  pass  so  nesr  the  8un*s 
centre,  that  the  distance  of  the  two  points  be- 
comes lees  than  the  difilerenoe  of  the  apparent 
radii,  the  edipee  will  be  partial  When  that 
distance  is  the  least  possible,  the  eclipse  is 
deepest  Then  the  moon  moving  on,  leaves 
more  and  more  of  the  sun*s  surface  uncovered; 
at  length  the  two  discs  are  just  separating  and 
the  edipse  ends.  If  the  distance  of  the  two 
centres  diminishes  bdow  the  limit  indicated, 
the  edipee  will  be  total  or  annular;  totsl,  if 
the  moon^s  apparent  diameter,  eeen  finom  the 
place  where  it  is  observed,  be  greater  than  the 
sun's ;  annular,  if  the  oppoeite.  In  dther  case 
the  moon  goes  on  to  cover  a  constantly  increas- 
ing portion  of  the  sun's  surfiMe.  The  total  or 
annidar  eclipse  begins  at  the  moment  when  the 
distance  of  the  oeotres  of  the  two  discs  becomes 
equal  to  the  difierence  of  their  apparent  radii, 
which  makee  tlie  circumferences  of  the  discs 
touch  internally.  Alter  some  time,  as  the  dis- 
tance of  the  centres  becomes  again  equal  to  and 
greater  than  the  difference  of  radii,  the  eclipse 
becomes  partial  only.  Calculation  shows  that 
4h.  29m.  44s.  is  the  longest  possible  duration 
of  an  eclipse  at  a  place  on  the  equator  8h. 
26m.  828.,  under  the  paralld  at  Paris.  We 
understand,  besides,  that  these  phenomena  may 
be  shorter  than  that,  by  any  amount  If,  in 
place  of  examining  the  different  phases  of  a 
solar  edipee,  to  an  obeerver  at  one  special  place, 
we  try  to  understand  tlie  phenomena  which 
the  edipee  will  present  everywhere,  we  shall 
discover  them  quite  as  readOy.  We  must  con- 
odve  the  moon,  in  her  motion  round  the  earth,  to 
cany  with  her  the  umbral  and  penombral  cones 
B  o  B',  c  (^  C  (fig.  10),  which  we  have  previously 
mentioned.  When,  in  consequence  of  this  move- 
ment, the  penumbral  cone  touches  the  earth 
(fig.  15),  the  edipse  begins  at  the  point  of  con- 
tact Almost  imme- 
diatdy,  the  penumbral 
cone  proceeds — cover- 
ing more  and  more  nf 
the  globeu  Soon,  the 
umbral  cone  touches 
the  surfiboe,  and  at 
that  pomt  it  is  that 
we  beghi  to  obeerve,  either  a  total  or  annular 
edipse,  since  it  is  only  this  cone  or  its  prok>nga- 
tion  which  can  reach  the  earth.  These  two 
cones,  proceeding  together,  cover  sucoessivdy 
different  portions  of  the  earth,  passing  from 
region  to  region.  At  the  end  of  any  time,  the 
cone  of  the  umbra — then  that  of  the  penumbra, 
agafai  touch  the  surbce,  and,  the  instants  when 
they  do  so  doee  the  total  or  annular  and  the 
partial  edipses  respectivdy.  Somethnes,  in  our 
atmosphere  there  are  small  isdated  douds  which 
prqject  a  shadow  over  the  sun,  in  the  middle 
of  {daces,  all  the  rest  of  whidi  is  illuminated. 
These  bdng  generally  in  motion,  we  can  see 


Fig.  u 


237 


til*  (btdow  nWTC,  ofta  vw;  n(ddlf  OT«r  the 
^rth.  It  li  Jmt  In  tbe  mum  waj,  thM  the 
mnbra  of  tlu  mooD,  la  total  Mbr  edipBM,  dMDga 
III  poiitlim  OD  tin  caith,  movii^  traa  mm 
tdgt  to  tlu  other  of  tha  munlaued  hemliphBra. 
Aitionoinen  nsniUr  detamina  the  genenl  dr- 
mmUnoa  of  a  aolar  cdipao  war  tUa  wh(^  of 
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Om  woiU,  beCndund,  and,  to  dxnr  OCM  n 
at  ODO^  thtj  make  a  chart  on  whkb  ta  i 
Its  onme.    Tha  next  tgatt  (tg.   16)  a 
the  airaogemcnt  of  ineh  oluita;— -11  nfic 
thsannnlaiacli|«eonthBlitA[Hil,  1764.     Aa 
Una  ABO  pmea  throoj^  all  pdnta  V' —  **~~ 
eclipaa  has  begno  at  tha  moaunt  of  na 


the  Una  ADC,  whera  It  ndi  at  that  dme.  For 
■II  points,  on  A  EC,  tin  ma  nae  at  the  middle  of 
tba  icUpM-  Slmilaiiy,  the  linea  a  f  o,  a  h  a, 
A  I  a,  contain  tbo«a  pointi  tespectlTel/  when 
BnnKt  happened  at  tha  md,  the  beginning,  or  the 
middle  of  the  eclipse.  Tba  nairow  strip  L  L',  Is 
the  ronta  which  Uia  prolongation  of  the  moon's 
umbra  pnnued.  Wa  see  that  It  pused  to  tha 
north  of  the  Cape  Tcrd  Islands,  OTer  the  Cans- 
rial,  and  to  the  nulh  of  Madeira;  that  it  icans 
tonclied  on  the  coast  of  Morocco,  and  tben  paned 
through  Portngal,  Spdn,  France,  the  Netber 
lands.  Denmark,  Sweden,  Lapland,  and  Kova 
Zembla.  The  eclipse  has  been  annnlar  st  Lisbon, 
Madrid,  and  Faiii.  On  either  side  of  the  itrip 
I.  L',  there  hu  ooly  been  a  partial  eclipse,  (eebler 
and  feebler,  tlie  farther  the  points  of  observation 
are  from  1. 1.'.  Over  ail  points  tf  tlie  line  h  h, 
the  edlpee  vu  only  9  digits— over  the  line  n  n, 
Tdlgits.  Along pr  again,  9 1  along (iq,G;  along 


H;  and  alcFngcao,  the  edges  rf  tba  dlsa 

■If  loach,  bat  th«ra  b  no  eclipse.     Bejnml 

I  there  has  been  no  edipae,  iltboo^  tba 

has  beea  sbave  the  horiion.     Tlia  period 

6  yean  and  II  day*,  at  the  end  of  wbidi 

moon  puaea  throagfa  tha  laow  podtimis  ia 

legard  to  Iha  ion  and  to  htr  nodes,  is  ai  nae- 

fnl  In  solar  as  in  lunar  eclipaea.     AH  that  hare 

been  observed  in  one  mch  period,  are  rqmdtMed 

in  the  lucceeding  onat.     lliere  an  aoma  Itw 

cbongei,  hoiraver,  becansa  tba  tl3  lanaHada 

are  not  exactly  eqnal  to  19  ^odkal  revrdit- 

tions  of  Iha  nodo.    (Haervatlaa  shoirs,  that,  oa 

an  average,  in  the  space  oF  18  jean  II  iMjt, 

there  are  TO  eclipses,  S9  lunar  and  41  acJar. 

There  are  never  more  than  T,  or  femr  than  S,  in 

one  year ;  if  only  two,  they  will  be  both  aolar. 

It  is  easy  to  see  why  solar  edipaes  are  lbs  men 

fttquenL    In  fact,  If  irs  coniidtr  the  ecste  A  o  a' 

enveloping  the  son  and  earth,  w«  know  that  tha 


hiktn 


■■■■Mt  wUt  thk  ooM  «t  4  tbt  tlMN  m^ 
htabMrtdipn;  bat  we  m  that  It  miut  ptm- 
Mh  tUi  oaa  it  o  tint  ilwn  may  bi  &  nltr 


K  D  ttaa  at  c  it  moJIs,  {<  Dcccadty,  that  tbe 
■oea  riranld  nadi  iti  mibet  oftcoar  M  D  tlian 
K  c,  ad  thit  tbnrfin  iidar  tcIipMa  ihould  b«  tha 
Bcn  Bw|iMit  But  m  must  not  believe  that  tn 
«7  CM  ipteiil  plane  mwamlir  than  imutftdipw 
oatann.  AlBiisr«ii|iieiiTiiIbl«  ortr  maTe 
■^  m  (olar  one,  otily  in  part  of  a 
dBM(  ■  TV7  small  part.  Thig 
7  there  an  nwni  limar  than  loUr 
It  one  place,  in  if^  of  Ibegmta 
!  aoeanVK*  of  Uw  latter  orer  ttie 
We  maj  ODdeotaiiil  tbU  alao,  l>]r 

Bfat,  lakai  at  iba  dlatuce  of  lh«  nMwo,  Is 
■Bck  knUv  (haa  that  <tf  lb«  mt,  and  tbat,  coD- 
MfHialv,  k  MaM  «A<oa'  happen  that  tin  moaii, 
d— ml  (Mm  any  apedal  plaoo  oa  tha  anrface^ 

<K.  Jlafcr  total  aolarcdipaea,  they  an  utnoMly 
laftfau  fai  any  ooa  plac^  at  we  may  tea^ 
«t  by  caoiidcriiig  how  Mun  it  tha  iLadow  which 

tba  Ban  taiijectt  OD  the  earth.  ThepaitoTtlM 
■nk  eennd  aoccESMvely  by  thtt  shadow  ia  but 
a  nry  dgfat  ftacdoa  of  tin  whoia  ipace  ftom 
lUh  a  »ciMi  eclipse  taay  be  obaeryed.  At  Faria, 
b  iaaaiice,  then  wu  ooly  one  total  edipae  of 
lb(  *■  h  the  ISth  ccDtniy,  that  of  17S4  ;  and 
ttot  will  not  be  another  till  lowardi  the  eod 
•f  th>  I9ih.  At  LcndoD.  for  b7b  yean  not  one 
aai  ■itiajKj,  fnan  1140  to  171u;  and,  tmm 
IJU,  ao  ach  edipae  hat  been  aeen  again  then. 
TMI  >[B[na  Bt  the  aan  aie  Tcjy  rare,  Tery 


The  sadden  distppearance  at  the  great 
laaiaaiy,  the  aonnM  of  onr  Ught  and  heal, 
BHatsDy  IDa  thoee  who  do  not  know  why  it 
BOM  bt^  with  alsnn  and  dismay.     Whea  we 

1,  bat  yet, 
jlna,  we  an 
_    _       „  Whilst  tbe  nm  is 

^^Ay  bri,   lba«  appaan  all  round 

' '  ■  y  intcoie,  be- 


fiaasi  bH  ramd  Ibe  place  when  we  stud, 
eantt  eodtae  Ott  whole  atnwaplien  above  Iho 
hvlm  i  it  ksTaa  immd  it  a  oofwldenbla  mast 
if  ak,  wUdi  n«iT«a   the  tap  of  the 
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dbMStljt  and  Hfleeta  thtti  badt  agaio*  lole  the 
reboot  of  the  etith  when  the  total  edipta  li 
bdng  obaned)  it  faUowt  that,  faialMd  tt  a 
romidela  darimeas,  thtie  it  a  tort  of  twIUght. 
The  biigtaleet  elan  and  the  diiaf  plaiwta  be- 
come Tltible.    The  tempereton  of  the  air  sinka 

~ir,  ind  many  rf  them  do  ae  tiiey  an  wont  at 
le  approach  of  night  Aa  long  aa  the  total 
Jipse  lasts,  we  an  rmmd  the  son  and  nooa 
lominona  crown,  at  In  the  Bgnre.    The  bood 

la  prqjected,  as  a  blaCk  circle  in  the  midst  cf 
'     3own^   It  hat  been  aiked  whtibw  Ihb 


Fig.  18. 

anraola  be  doe  to  an  atmoqjhen  <tf  the  atm, 
which  his  btJlUaocy  waold  not  let  na  sets  or 
whether  it  be  nut  dne  to  a  nrj  tan  lonar  atmo- 
■pben?  To  roolve  the  quettiDn,  we  have  aongbt 
to  aaeertain  whether  the  lomtnous  crown  folloin 
tbe  moon  as  it  iddt«  om  the  son,  during  the 
whole  time  of  edipec,  or  if  it  nmalns  bddnd, 
preserring  its  position  [tlttive  to  the  tnn. 
Hitherto,  obeerration  hat  giren  no  certain  an- 
awer.  DniingtbetotaledlpseofSlh Jnly,  1842, 
visible  in  the  South  of  Fnnce,  when  astronnnen 
woe  about  tonote thie,  an  nnfbreeeen  phenomenon 
arrfsted  thdr  attention.  Protuberancca  of  a 
vMct,  roeo  coknr  appeand  ronnd  the  moon,  aa 
aetn  in  the  fignta.  What  it  the  ctnse  of  theae, 
fbr  they  htTo  been  obaerved  hi  Tuiont  plane  by 
Tarious  obeerraa?  We  cwinot  tdL  Several 
Ideas  luTC  been  started,  but  we  csnoot  acc^ 
any  of  them  posltlTely.  If,  for  Insltnce,  they 
iroe  doe  to  solar  moonttina,  as  it  most  Improb- 
able, tbe  lieielit  of  Ot^ie  monntalns  would  be 
prodlgions,  is  the  SgaTe  will  entble  ut  to  Jadge. 
PirtUil  eclipses  of  the  san,  like  the  phasea 
which  go  before  and  follow  the  total  or  annoltr 
eclipses,  do  not  prodace  eflbcts  by  lay  meant  to 
marked.  When  the  edipte  is  a  U^  ma,  the 
Yigbt  is  very  teuibly  diminished,  Ihoogh  aa 
long  u  any  portion  of  tbe  disc  is  ancoremi,  It 
remalna  very  coniiderablfl.  It  is  hnposeible,  in 
Dbserring  partial  mAtl  eclipses,  to  look  at  the 
sun  directly;  we  most  do  so  tbnmgfa  odonnd 
gtais  or  glua  smoked  by  being  held  o\ 
If  we  1        


F  we  tnm  to  his  disc,  di 


.  <dim 


a  plata  or  rard  in  which  ■  hob  la  binad,  and  nt 
a  acncm  bthiod  it,  or  nt  It  bafon  a  will,  m 
obtain,  OD  lbs  princlpki  of  ttaa  oamsra,  a  npra- 
■calaUin  of  tha  (bnn  of  tba  luo,  with  ita  indoita- 
(bm  bjr  lh«  nuKm,  oD  tlio  acrecD  or  wilL  Thii 
ii  a  TCtj  rimpla  way  of  obwrviog  tha  edipaa  in 
it!  pngioM.  Tha  folUga  tt  trees  oRen  aUowi 
•DOW  laji  of  Ibo  mn  to  paaa  which  ma;  illu- 


((.)  FMMni  q^  Afap  £Mj>M(.— Hw  palod 
of  IB  ytMit  11  dayi,  which  mrnd  llw  old  aMio- 

n  fbr  Innar,  awea  also  tot  lolai  arii|ia»ii 
,  thougfa  it  can  Indieata  whether  or  not  thoc 
wm  probably  be  an  adipae,  It  don  oot  at  all 
indicita  whethn  that  eclipaa  will  or  wHl  not 
be  vMbU,  and,  if  an,  to  what  extent.  Tfaii 
diSerence  flowi  from  the  dlihirmt  Baton  of  the 

_  faenomsia.  A.  Innai  aclipae  la  due  la  tba 
•etoal  loat  by  the  moon  of  bar  light,  and  ia 
visible  wheterct  alia  ia,  and  evoywlwa  Id  the 
aama  dagraB.  In  the  aolar  ac^aa,  tha  na 
loaca  none  of  Uai  the  nuoD  ptennta  obavna 
■edng  part  or  the  wliola  tt  U*  diae,  aad 
that  portioD  diffara  wllh  tbdr  padtka.  A*  U« 
period  mendoped  la  not  rlgorooaly  aewwWii  awi  | 

la  the  ntatlDD  of  tha  aaith  bilnga  diflkiMt  poiM* 


mlnaU  aama  pari*  of  Ifae  gnnnd  In  the  middle 
of  tlia  ahadow  of  the  foliage.  The  IntetMicea 
then  do  Jutt  what  ths  caid  cr  plats  with  the 
bole  la  it  does;  it  Mowa,  that  thoae  pa  '  ' 
tin  ground,  which  are  Ulnmloaled  throng 
take  a  fonn  depending  on  that  of  the  ann'i  diac 
Uaoatly,  aa  tlie  aun'a  due  ia  drcnlar,  and  tha 


lae  lunr  tin  adipan  which  happea  at  one  place 
~~e  BDch  period  nm  not  oocnr  at  tha  Mas 
in  the  Kzt.    Thna,  tha  anciento  www 

obliged,  with  Iheb  impoftct  mathoda,  to  coBfas 

IhdrpndktiDD*  to  Innar  acUpaaa.  The^  cooliBBad 

niuUe  to  dlmnnr  any  law  among  the  cum^aa. 

pbeDomou  irf  the  TCcnrrtDCM  of  si^ar  eefi|>aea. 

"  1  we  can  now  predict  the  solar  aa  weD  aa  the 
ai.  In  this  cue,  bowerer,  the  caknlafkiaa 
much  mora  complax.    If  we  neA  to  predict 

the  character  of  the  eclipaa  m "  "  ' 


one  place  It  is  my  oeo- 
aiderable.  In  fact  the  paiallaxee  of  tba  eon  aad 
moon  are  of  the  bigbeat  Importanoa  hoa^  dno^ 
if  we  were  at  tlte  earth's  outre,  we  ahosld 
generally  aea  the  two  stars  occiq>jing  diflfea^M 
portion*  hi  the  iky  i  and  •faM■^  from  llda  pofat, 
the  edlpee  might  appear  a  T«rf  diffirott  caw  (toB 
what  H  doea  at  our  actoal  posUJon.  How,  Out 
panllas  in  altitidc^  i^tb*  atooo — wbtd>  raiahlea 
nt  to  pass  ftom  the  ma  of  theaa  poattkaa  In  the 
atlia--Tariea  eonddarabl  j  at  the  dUhnot  hoora 
of  ths  day,  and  so  thmogfaoat  t^  dmntim  at 
eclipae.  Tba  pandbi  in  sltitDde.  at  tba 
ig  of  an  edipae,  is  nat,  in  abot,  the 
aa  at  tlM  end  of  it  This  oocaaioaa  mncb 
altboagh  not  la 


Flg-M. 

nji  (lU  obliquely  on  the  ground,  the  form  of 
these  illnmincd  parts  is  dilpticaL  Dnring  solir 
tclipaas,  tha  more  or  less  diatinct  indentation  of 
the  disc,  ia  eihiblled  in  theaa  bright  apaeea,  and 
th^  take  ths  form  of  dllpsea,  Indented  alt  on 
(hs  same  Mb,  and  by  the  same  amount  This 
la  TOy  distinct,  and  It  la  ray  difficult  to  help 
it,  being  stmck,  eren  if  it  has  been  anticipated. 


It  Is  ■ 


say,  that  it  is  by 

moon  In  the  siiy,  at  soceadre  vety  durt  ia- 
tea-vala  (e^.  10  minutes),  that  we  detarsabia  the 
various  dates  of  the  bflgiontng,  noddle,  and  end 
of  the  eclipae,  &c.  It  is  to  be  noted,  that  thougb 
we  have  to  condder  the  paiBUaiea,  we  ban  not 
to  lake  account  of  TetnrlioB.  In  Eiet,  the  eOect 
of  it  will  be  nearly  the  same  upon  both  th«  bob 
and  moon  at  the  time  of  the  ecUpee.  Beoca,  wa 
may  caloulate  tha  times  wfaeo  the  son  and  mooai 
would  appear  togeltaer,  were  there  no  almaapbaia, 
ieeing  that  nftaction  only  lifts  them  both  np  fcr 
•one  Utile  dlstanos  In  the  sky-  '  ' 
their  rriatiTe  positlooa, 


I 
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The  drde  in  the  TiaiUe  heftwos 

by  the  nm  in  his  animal  ooane^  Emory 

4^r  ha  aaBOBB  to  dcauiba  a  eompKete  ciicidar 

i|^  in  the  akj,  iHntnhig  nozt  rnommg  to  the 

whacb  he  aafc  out    But,  if  his  exact 

be  sotod,  it  will  befinind  that  he  does 

bat  tiiat  his  motion  is  in  a  line 

in  the  Ibcm  of  the  apinl  in  a  spring 

coils,  bringing  him  neor^  back  to  the 

In  fiut,  he  has  moved  some  di»- 

If  he  nmained  qidte  stationaiy  raktive 

axle  id  the  eaith  ibr  a  whole  day,  the 

levdlntiaD  wodd  give  him  a  complete 

caxeolnr  patlL    It  does  not  so,  beouise 

has  changed  dming  the  24  hours 

If  the  points  at  whidi  he  is 

ly  m  the  sky  be  noted,  a  complete 

fi^are  called  Uie  ediptic,  representing 

i*a  j^ipannt  or  the  eaith's  real  path  of 

TCfvofadkB,  win  be  drawn.    This  is  called 

Cekstisl  bmgMk  and  latitude 

Msnred  from  the  ecliptic 

poles,  as  tenesCrial  longitude  and  latitude 

the  equator  and  its  pole.    This  want  of 

toeonftnion.   The  better  known 

the  equafeor,  b  innally  taken  as  a  sort  of 

oC  i^^"«i*i%  and  the  position  of  others  is 

hy  aieaaa  of  it    The  ediptic  is  defined  in 

ihie  wmy^  as  a  chde  cutthig  the  circle  of  the 

run  tin,  oa  an  average  at  an  angle  of  about 

'O^  27'  M"'.    This  value  is,  however,  not  per^ 

The  attempt  to  measure  it  was  first 

by  Enrtosthenes,  about  270  B.G.  (at  least 

anoDg  tiw  Eastern  nations;  Tcheon  Eoog, 

the  M^Ml  of  China,  measured  it  about  1100,  and 

Ub  Msuk  is  only  about  f  ^  minutes  greater  than 

it  dhsaU  haive  been);  and  he  made  it  28^ 

ftt'  19^.    It  was  icmnd  by  various  astranomerB, 

to  be  SS«  8^;  28<»  29*  47";  28*»  29', 

dscreasewas  noticed.    It  was 

§ar  kng  whether  the  obliquity  did  not 

only  that  astronomical  enen 

had  crept  in:  not  until  the  theory 

eetabKshed,  was  the  question 

Buler  shows  that  it  is  decreasing, 

be  so  fcr  a  very  long  period.    The  for- 

sdbeeqnently  found  to  be  ^  =  28°  • 

^^-8  — 0^  •  488666  t^O"' 000006  t^, 

#  is  the  obfiquity  and  t  the  number  of 

from  1800.    This  formula  gives 

ly  aocursle  result  (br  about  1200  years 

or  befon:  but,  after  that,  other  tenns  of 

iotiodocing  t*,  require  to  be  taken 

physical  cause  of  this  chsnge 

in  fh»  oUiqaity  of  the  eeBptlc  is  tbe  action  of 

Ihs  ether  planets,  especially  Jupiter,  llasB,  and 

Tcnm^  ■poo  tbe  meae  of  the  Earth.   The  vaiia- 

Am  ftiieim_  fo.  f*^*»  most  variations  of  nature 

mrnZ^^'B^^  one  that  osdUates  within 

*"•"       If  the  eqaslnr  and  ed^ytie  came 

lB«ve  no  seasons  whatever, 

of  our  woiid  wnuU  be 


Bee  Pahtoora^b. 

Blaaileity  is  the  property  which  bodies  ])os« 
sess  of  occnp3ring,  and  tending  to  occapy,  por- 
tions of  space  of  determinate  volume,  or  deter- 
minate volume  and  figure,  at  given  pressures  and 
temperatures,  and  which,  in  a  hampgeneous  body, 
manifests  itself  equally  in  every  part  of  appre- 
ciable magnitude. 

2.  An  Ehttie  Prestttrs  is  a  force  exerted  be- 
tween two  bodies  at  their  surface  of  contact,  or 
between  two  parts  into  which  a  body  either  w 
divided  or  is  capable  of  being  divided  at  the  sur- 
&oe  of  actual  or  ideal  separation  between  those 
parts.  The  magnitude  of  an  elastic  pressure  is 
stated  in  uim^  ^  toeighi  per  wtU  of  area  of  the 
surface  at  which  it  acts. 

Vaiuet  <if  voHom  tmita  of  EkuHe  Fremirt  Inpomds 
avatrdupoit  pen^ltianfooi. 

One  poond  per  square  Inch 144 

One  Inch  In  height  of  a  merenrial  oolumn,  at 

the  temperature  of  melttng  Ice.  70*78 

One  atmoiphere  of  S9'922  inches  of  mercory,  9116  4 

8.  The  elasticity  ot  a  perfect  Jbud  is  such  that 
its  parts  resist  change  of  volume  only,  and  not 
change  of  fignre;  whence  it  follows,  tliat  the 
pressare  exerted  by  a  perfectly  fluid  mass  is 
wholly  perpendicular  to'  its  surface  at  every 
point :  principles  which  form  the  basis  of 
hydrostatics  and  hjrdrodynamics.  —  Fluids  are 
dther  gaseous  or  liquid.  A  Gateout  tlmd 
(popnhurly  called  an  "Elastic  Fluid")  is  one 
whose  parts  (so  far  as  is  known  by  experiment) 
exert  a  pressure  against  each  otlier  and  against 
the  vessel  containing  them,  how  great  soever  the 
volume  to  which  they  are  expanded.  See  Heat — 
Meciiakical  Acnoir  of,  sec.  9,  10,  11,  35 ; 
also  Barometer,  Yafour  and  SoniiD. 

4.  The  elasticity  of  a  Perfect  JJqmd  resists 
dumge  of  volume  only,  and  differs  from  that  of  a 
gaseous  fluid  chiefly  in  this:  that  the  greatest 
variations  of  the  pressure  which  it  is  possible  to 
apply  to  a  liquid  mass  produce  very  small  varia- 
tions of  its  volume. 

6.  The  Comprestkn  undergone  by  a  liquid 
mass  in  consequence  of  the  application  of  a  given 
preesure  over  hs  surface,  is  measured  by  the  ratio 
of  tiie  diminution  of  volume  produced  by  the 
given  pressure  to  the  entire  volume  of  the  mass : 
a  ratio  which  is  slways  a  veiy  small  firaction — 
The  Compresdbility  of  a  given  liquid  is  the  com- 
pression produced  by  a  unit  of  elastic  pressure ; 
in  other  words,  the  ratio  of  a  compression  to  the 
pressure  produdng  it — ^The  Mocbdus  or  Coeffi- 
dent  of  ElatticUyot  &  liquid  is  the  ratio  of  a  pres- 
sure applied  to  and  exerted  by  the  liquid,  to  the 
accompanying  compression,  and  is  therefore  the 
reciprocal  of  the  compressibility. — ^Tlie  oompres- 
sibility  of  a  liquid  is  asoertaUied  by  means  of 
an  instrument  called  a  Piezometer  (^.v.) — The 
ioUowing  empirical  formula  for  the  compressi- 
bOitv  of  pure  water  at  any  temperature  between 
82'''and  128®  Fahrenheit  has  been  deduced  by 
Mr.  ^^"""^  ftom  the  eaqwriments  of  Ml  Grasai 
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(drntpta  Remhu,  XIX. ;  PAOot.  Ifag.  Jmw  1861> 
— ComprettibiUly  per  Atmotpha^ 

1 

"■   40  (T  + 461*0.0  ' 

T,  temperature  in  degrees  of  Fahrenheit,  d,  den- 
sity of  vater  at  that  temperatore  under  one 
atmosphere,  the  maximum  density  of  water  un- 
der tfae  pressure  of  one  atmosphere  being  taken 
tM  unity.  At  the  temperature  of  maximum 
density,  89**  Fahr.,  the  compressibility  of  water 
per  atmosphere  Ib  O'OOOOo,  and  its  modulus  of 
elasticity,  20,000  atmospheres. 

OBimpnuihiiitki  tfaomt  lAqvidt^  per  AtmMphtre, 
/Tom  M,  OnasPt  expermeHti, 

Saturated  squeooi  solation  of  nitrate 
of  potash 0-000080656B 

Batoratad  aqueous  solution  of  caibon- 

ate  of  potash O-OO0O3OS8M 

Arttflcialsea  vater 00000446029 

Saturated  aqueons  solution  of  chlo- 

rideofcalclam O'COOOSOdSSO 

iBther O-OOOUIST  to  0*00013078 

Alcohol O-0000624ft  to  0K)0008587 

The  compresBlbllity  of  ntber  and  alcohol  increases 
irith  the  presiure, 

6.  A  Solid  body,  besides  resisting  change  of 
▼oluroe  like  a  liquid,  possesses  also  Rinidity^  or 
the  property  of  resisting  change  of  figure. — As  in 
the  case  of  liquids,  the  utmost  alteration  of  vol- 
ume of  which  a  solid  body  is  capable  hy  any 
pressure  which  can  be  applied  to  it,  is  always  a 
very  small  fraction  of  its  entire  volume. — The 
elastic  pressures  at  the  surface  of  a  solid  body  or 
particle  are  not  necessarily  normal,  but  may  have 
any  direction,  from  normal  to  tangentiaL 

7.  In  popular  language  the  words  Strain  and 
Strttt  are  applied  indifferently  to  denote  either 
the  system  of  pressures  at  the  surfkce  of  a  solid 
body  whereby  its  volume  and  figure  are  altered, 
or  the  alteration  of  volume  and  figure  of  the  body 
and  its  parts  thereby  produced.  For  the  sake  of 
clearness  in  scientific  language,  certain  authors 
have  recently  endeavoured  to  appropriate  the 
word  Strain  to  the  alterations,  of  what  nature 
soever,  in  the  \-olume  and  figure  of  a  solid  body 
and  of  its  partu,  produced  by  forces  applied  to  it, 
and  the  word  Streu  as  synonymous  with  Elastic 
Pressure,  or  combination  of  elastic  pressures. 
This  nomendature  will  be  used  in  the  present 
article. — Fracture  of  a  solid  occurs  when  a  strain 
is  carried  so  far  as  to  cause  actual  division  of  the 
solid  into  parts.  The  strains  and  fhictures  to 
which  a  solid,  considered  as  a  whole,  is  subject, 
may  be  dassilied  according  to  the  following  table. 
To  each  kind  of  strain  there  corresponds  a  kind 
of  stress;  being  the  external  force  which  pro- 
duces that  strain  and  the  equal  and  opposite  force 
wherewith  the  solid  resists  that  strain. 

Umgltadtoat.  {cJmpTei8lon.\'S!lIhiS*gandCleaTing. 

i  Distortion    ..Sheariof^ 
Tnrrion         ..Wrenching. 
Bendiog       . .  Breaking  acrossi 
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8  AbodyissaidtobePeiykCl^fZMlievUdi, 
if  atrained  at  a  constant  temperatore  by  Um  ap> 
plication  of  a  stress,  recovers  its  original  ▼olame^ 
or  volume  and  figure,  when  such  stress  is  with- 
drawn, and  gives  out,  during  such  lecoreij,  a 
quantity  of  mechanical  work  exactly  eqsal  to 
that  originally  exerted  in  producing  the  atniB. 
Deviations  from  this  properly  oonstUnte  Imper' 
fed  ElatUcUy,  Gaaes,  and  liquids  perfectly  ftes 
from  viscosity,  are  perfectly  elastic. — ^The  elas- 
ticity of  every  solid  is  sensibly  perfect  when  the 
strain  does  not  exceed  a  certam  limiL  This  has 
been  proved  to  be  the  case  even  for  solids  so  plastic 
as  moistened  clay.  For  every  solid  tliere  are  UmilSi 
wiiich  if  a  strain  exceed,  se/,  or  permanenl  altar* 
ation  of  volume  or  figure,  is  produced ;  aod  audi 
LimiU  of  EUuticity  are  less,  and  often  eonader- 
ably  less,  than  the  strains  required  to  pn)doos 
fiwctnre.  It  has  been  proved  by  Mr.  Hod|^- 
son  that  these  limits  depend  on  the  duratia 
of  the  strain,  being  less  for  a  long-oontinned 
strain  than  for  a  brief  strain.  The  ekdiciif 
Iff  pohtrne  in  solids  is  in  general  much  novs 
nearly  perfect  than  the  ekuUidty  offigan.  It 
is  true  that  the  density  of  many  metals  is 
permanently  increased  by  hanunering,  nJliqg 
and  wiredrawing,  and  that  of  some  other  mate- 
rials by  intense  pressure  (Fairbaim;  RqMMtof 
the  British  Assodation,  1854 ;)  but  the  stresses 
wtiich  operate  during  these  processes  are  veiy 
great. — The  dsgree  to  which  the  dastidty  of  a 
solid  substance  is  imperfect  is  sometimes  mea- 
sured by  means  of  experiments  on  the  disappear- 
ance of  vis-viva  during  the  collision  of  two  balls 
of  the  substance  experimented  upon.  The  me- 
chanical work  expended  in  permanently  altering 
the  volume  or  figure  of  an  imperfectly  dastae 
body  produces  heat  according  to  the  same  law 
with  work  expended  in  friction.  See  Hbai^ 
MRCHAMXCAii  Actios  of.  A  body  which  is 
capable  of  undergoing  great  alterations  of  fignre^ 
and  whose  dastidty  of  figure  is  very  imperfect, 
is  t^phitio  $oUd,  The  gradations  are  imensiMe 
between  plastic  solids  and  ruooais  Kqmdi,  in 
which  there  is  a  resistance  to  change  of  fignrs^  bat 
no  tendency  to  recover  any  particular  |^gnr&— > 
Rite  qf  Temperature^  so  far  as  we  yet  know,  in- 
creases eUkstidty  of  volume  in  all  substances,  sad 
at  the  same  time  diminbhes  the  amount  and  the 
perfection  of  dastidty  of  figure,  so  as  to  make 
solids  more  plastic  and  liquids  less  visoona.-' 
See  Hbat.    . 

9.  TheCTAwtate^Serei^ofasdUdisthestress 
required  to  produce  fracture  in  some  spedfied  wav. 
The  EloMtic  Strength  is  the  stress  required  to  pro- 
duce the  greatest  strain  of  a  specific  khid,  comdsteot 
with  perfect  elastidty.  Strength,  whethsr  ulti- 
mate or  elastic,  is  the  product  of  tvro  quantitiesi 
which  may  be  called  Toughness  and  St^lmsi. 
Toughness^  ultimate  or  dastic,  is  hers  used  to 
denote  the  greatest  stndn  which  the  body  wiO 
bear  without  fracture,  or  without  imperfection  of 
dastidty,  as  the  case  may  bo: — St{fness,  which 
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■Ighft  tSto  be  edied  Barthat,  is  used  to  denote 
the  imtio  botne  to  that  stnin  by  the  etnas  re- 
qaiied  to  prodoee  it, — being,  in  het,  a  moduhu 
^tkutiaijf  of  eorae  epedfied  Idnd  MaUeabh 
end  Dmtik  solids  liaTe  vltimate  tonghnees  greatly 
WOTwding  tiieir  daade  tongbnesa.  BriUU  solidi 
hue  thd^  nkiraate  and  &^tio  toagfaness  equal 
er  wuAj  eqirai  RmKanee  or  J^pring  is  the 
^jHBtitT  of  ateoftanibal  work  required  to  produce 
the  Ifanitittg  strain  of  perfect  elasticity,  and  is 
eqnil  to  tlie  pndnct  of  that  strain,  by  the  mean 
tinm  in  Us  own  diiection  which  takes  place 
dsringthe  prodnetioa  of  tliat  strdn :  —such  stress 
Wig  either  exactly  or  nearly  equal  to  one-half 
eftlw  itress  oonwponding  to  the  limiting  strain. 
H«o»  the  resQienoe  of  a  solid  is  exactly  or  nearly 
tm  hilf  ef  tlieptodoct  of  its  elastic  toughness  by 
In  destie  strasgth ;  in  other  words,  one-half  of 
the  pndnet  of  the  sqnaie  of  its  elastic  toughness 
ty  iii  stiifmsB  — Karh  sdild  has  as  many  different 
Idads  ef  Tonglineaa,  Strength,  and  Resilience  as 
Ihae  an  £fllR«nt  wajs  of  straining  it. 

l<k.  The  theory  of  the  dastidty  of  solids  has 
lisn  redneed  to  a  body  of  nuUkematiealprmciples 
sjufcalle  to  those  oosies  in  which  the  strains  of 
lia  paitides  of  the  body  are  so  smallf  tiiat  qoan- 
titiai  in  the  stmsiis  depending  on  the  squares, 
indaels,  and  Uglier  powers  of  the  strafais  may 
be  ifg^lwl  wit^Hit  appreciable  error,  and  that, 
CBOKqoently,  Uooht^B  £a  v,— "  nt  Tensio  sic  Vu  *' 
~b  senibly  tme  for  all  rdations  between  strains 
This  ooodition  is  fulfilled  in  nearly 

the  strains  are  within  the  limits 
«f  psrfbet  dastidty — the  exceptions  bebig  a  few 

pliable  and  at  the  same  time 
toi^gh,  such  aa  caootdiouc.    The  mathe- 
theory,  as  tlnis  limited,  consists  of  three 
parti,  iu^  the  Beaolatkn  and  Composition  of 
the   Resdotioa    and   Composition  of 
sad  the  relations  between  Strains  and 


IL  Let  a  solid  of  any  figure  be  ooncdved  to 
bs  idesDy  dtrided  into  a  number  of  indefinitely 
■DsB  cobes  hj  three  series  of  planes  parallel  re- 
ipeeriidf  to  three  oo-ordmate  planes.  Each  such 
deaRBiaiy  enlie  b  distinguished  by  means  of  the 
^ntat  X,  y,  z,  of  its  centre  from  the  three  oo- 
adiaate  planes.^ If  the  solid  be  strained  in  any 
maaar,  each  of  tlie  elementary  cubical  particles 
«>■  have  its  dimensions  and  figure  changed,  and 
vtB  beeome  a  paiaDelopiped  which  may  be  right 
cr  flUiqiBe — ^its  size  being  coocetTed  to  be  so 
Mdl,  that  the  cnrratore  of  its  faces  is  inap- 
pndafale^ — ^The  Siatple  or  Elementary  Strains  of 
vfca^  a  panide,  cubical  in  its  free  state,  is 
■wptiMe,  are  six  in  nnmber,  tIz.:  —  three 
hagMimI  or  dared  sfrtiuu,  being  the  three 
pwnwiUunal  vaiistMnis  of  its  linear  dimensions, 
vbkh  am  dongBtioos  when  positive,  and  cum- 
pnnoos  when  negative;  and  three  traneveree 
^rma$f  bdng  the  three  dutortiaUf  or  Tariations 
of  the  asigles  between  its  iaees  from  right  angles. 
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cording  to  some  arbitrary  but  fixed  rule,  and  are 
expressed  by  the  proportions  of  the  arcs  subtend- 
ing them  to  radius.  When  the  values  of  these 
six  strains  for  every  partide  are  expressed  by 
functions  of  the  co-ordinates  x,  y,  z,  the  state  of 
strain  of  the  solid  is  oompletdy  expressed  mathe- 
matically.— ^The  six  dementary  strains,  in  the 
cases  to  which  the  theory  is  limited,  are  very 
small  fractions — The  method  of  reducing  the 
state  of  strain  of  the  solid  at  a  given  pohit,  as 
expreesed  by  a  system  of  six  dementary  strains 
relativdy  to  one  system  of  rectangular  axes,  to 
an  equivdent  system  of  six  dementary  strains 
relatively  to  a  new  system  of  rectangular  axes, 
is  founded  on  the  following  theorem .  Let  «b  fi,  y, 
be  the  longitudinal  strains  of  the  dimensions  of  a 
given  parUde  along  x,  y,  z,  x,  /»,  v.  the  distor- 
tions of  its  angles  in  the  planes  y  z,  z  x,  x  y. 
Concdve  the  surthoe  of  the  second  order  whose 
equation  is 

«x*-|- j3y*-{- yz*  + Xy  z -[- ^zx -f- f  xy  ■■  1. 

Transform  this  equation  so  as  to  refer  the  same 
surface  to  the  new  axes  of  co-ordinates ;  the  six 
coeffidents  of  the  transformed  equation  will  be 
the  dementary  strains  referred  to  the  new  axes. 
Other  ways  of  resolving  strains  have  been  pointed 
out  by  Professor  W.  Thomson,  Cambridge  and 
Dublin  MaihenuUical  Journal,  May,  1855. — 
The  sum  of  the  direct  strains  m-j^  fi-^-y,  repre- 
sents the  cubic  dilatation  of  a  particle  when  pod- 
tive,  and  the  cubic  compresdon  when  negative. 
The  state  of  strain  of  a  transparent  body  may 
l>e  ascertained  experimentdly  by  its  action  on 
Polarized  Light  On  this  subject  experiments 
have  been  made  by  Fresnd,  Sir  D.  Brewster, 
M.  Wertheim,  and  Mr.  Clerk  MaxwdL 

12.  Let  &  e,  Ci  be  the  projections,  paralld  to 
X,  y,  z,  respectively,  of  the  di^alaeement  of  a 
particle  in  a  strained  solid  firom  its  podlion  when 
the  solid  is  fiec,  expressed  as  functions  of  x,  y,  z. 
Then 

—  ,     y  =s     —  . 
d  y  d  z 


d{ 
dx 

dy 


A 


da 

dz 


df    .    d^ 
dz  ^  dx 


dx  ^  dy 

18.  The  dastic  pressures  exerted  on  and  by 
an  origbally  cubical  particle,  which  constitute 
the  state  of  stress  of  the  solid  at  the  point  where 
that  particle  is  dtuated,  may  be  resolved  into  six 
EUmentary  Streseee,  viz. : — three  Normal  Streuee, 
perpendicular  respectively  to  the  three  pairs  of 
faces,  and  tending  directly  to  dter  the  three  linear 
dimensions  of  the  particle—and  three  pairs  or 
Tangential  Streuesy  that  is,  pressures  acting  along 
the  double-pafrs  of  faces  to  which  they  are  ap- 
plied, and  tendfaig  directly  to  dter  the  angles 
vhich  an  considered  as  podtive  or  negative  ao-  i  made  by  snch  double-pdrs  of  fiaces.    To  reduce 
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the  state  of  strtti  at  a  given  point  exinmaiad  by 
a  system  of  six  eleoientary  stresses  rsfened  to 
one  system  of  Tsctangular  oo-otdinates  to  an  equi- 
valent system  of  eHementary  stresses  referred  to  a 
new  system  of  rectangolar  oo-ordinates,  let 
pj,  Pgf  P3,  be  the  three  normal  stresses,  and  Qi, 
QSf  Qs*  ^®  ^l^'^  tangential  stresses;  oonoeive 
the  sarfaoe  where  equation  is, 

Pix  * + Paj'  •  +  P»2*+  2Qiyz + 2Q2ZX + 2Q3xy 

transform  tMs  equation  so  as  to  refer  the  same 
surface  to  the  new  set  of  axes ;  the  six  ooeffi- 
dents  of  the  transformed  equation  will  be  the  six 
elementary  stresses  referred  to  the  new  axes.  For 
the  complete  Investigation  of  this  subject,  see  M. 
Lame's  Lemons  ntr  la  Thhrk  MatkimatigpiA 
de  V  ElaaticUi  des  Corpt  SoUdes,  Paris,  1852. 

14.  The  P&teiUial  Energy  of  Elattidfy  of  an 
originally  cubic  particle  in  a  given  state  of  strain 
is  the  toorh  which  it  is  eapoMe  of  performing  in 
returning  from  that  state  of  strain  to  the  free 
state ;  and  is  the  product  of  the  volume  of  the 
particle  by  the  following  ftmction : — 

u  =*  ^  (•Pi+i3P9+y**»-i-^<Ja+/*Q«-+'''<J8)« 


This  function  was  first  employed  by  Mr.  Green, 
CumbHdge  ISrantaCtione^  vol.  vii, 

16.  According  to  Hooke's  Law  eadi  of  the  six 
elementary  stresses  Fi,  &c.,  may,  without  sensible 
errar,  be  treated  as  a  linear  function  of  the  six 
elementary  strains,  «,  &c.,  each  multiplied  by  a 
particular  Co^^deat  or  Moduha  of  Elatticitg. 
By  expressmg  all  the  stresses  in  terms  of  the 
strains,  the  Potential  Energy  u  is  transformed 
into  a  homogeneous  qu4dratic  function  of  the  six 
elementary  strains,  which  must  have  twenty-one 
terms,  and  consequently  twenty-one  CoefficknU, 
multiplymg  respectively  the  six  half-squares,  and 
the  fifteen  binary  products,  of  the  six  elementary 

strains.    The  coefficient  of  -  •*  in  u  is  that 

of  «  in  Pi ;  the  ooefficieat  of  »  0  in  u  is  that  of 
ftin  P2  and  also  that  of  jS  in  pi ;  and  so  on. 

16.  According  to  Hooke's  Law  also,  each  of 
the  six  elementary  strains  may  be  treated,  with- 
out sensible  error,*  as  a  linear  function  of  the  six 
elementary  strpsses,  so  as  to  transform  u  to  a 
homogeneous  quadratic  ftmction  of  the  elementary 
stresses  Pi,  &c.,  having  twenty-one  terms,  and 
twenty-one  coefficients  expressing  diflerent  kinds 
of HftofrOtty.  Theword  "PUability"  ishereused 
in  an  extended  sense,  to  include  liability  to  alter- 
ation of  figure  of  every  kind,  whether  by  don- 
gation,  linear  compression,  or  distortion. 

17.  Coefficients,  whether  of  Elasticity  or  of 
Pliability,  may  be  thus  classified :— Direct,  or 
L(mgUiudmdl,  when  they  express  relations  be- 
tween longitudinal  strains,  and  normal  stresses  in 
the  same  direction.— LotoroZ,  when  they  express 
reladons  between  bngitndinal  stnuns,  and  nor- 
mal strases  in  direetions  at  right  angles  to  the 

244 


ELA 

strains.— TVaMMTie,  when  they  express  rdations 
between  diitoirtiotts,  and  tangential  stresses  in  tiis 
same  direction...ONi^Me,  when  they  express  any 
other  relatiocs  between  strains  and  stresses. 

18.  AniJa»«^JS2(MtJafy]sany  diiectiooiDa 
solid  body,  with  respect  to  which  some  Und  «f 
symmetry  exists  in  the  nlatioos  between  strsias 
and  stresses.  Yarioos  kinds  of  axes  have  \xm 
pointed  out  bv  Mr.  Haughton,  TVons;  Bog.  IriA 
4c<^  XZJIL,  and  Mr.  Bankine,  see  PkHetth 
pkieal  Tramaetumif  1856.  In  particular,  aa 
J«tt  ^2>cre6<  £&u^ici(|gf  is  a  direction  in  a  solid 
body  such,  that  a  longitudinal  strain  in  tbat 
direction  produces  a  normal  stress,  and  no  tan- 
gential stress  on  a  plane  normal  to  that  dirccdsB. 
Evety  such  axis  is  a  direction  of  maximum  or 
minimum  direct  elasticity  relativdy  to  the  direc- 
tions acyacent— By  the  aid  of  the  Calculus  of 
Forms,  and  of  an  improvement  in  the  Geomeby 
of  Oblique  Co-ordinates,  it  has  been  shown  by 
Mr.  Rankine  that  every  homogeneous  solid  most 
have  at  leatt  three  axes  of  Direct  Elastkaty ,  which 
may  be  rectangular  or  oblique  with  respect  to 
each  other, — ^that  the  number  of  such  axes  in- 
creases as  the  symmetry  of  the  action  of  elastie 
Caroes  becomes  greater, — and  that  their  various 
possible  arrangements  correspond  exactly  with 
those  of  the  normals  to  the  £ioes  and  edges  of  tbs 
various  IMmitive  CrgttaUme  Forms, 

19.  In  an  Itotropie  or  Amorpkom  SoGd  die 
action  of  Elastic  Forces  is  alike  in  all  directions 
Every  direction  is  an  Axis  of  Elasticity.  The 
coefficients  of  Oblique  Elasticity  and  Oblique  Pli- 
ability are  all  nulL  The  number  of  diflteoa 
coefficients  of  Elasticity,  and  of  diflbrent  oodfi- 
dents  of  Pliability,  is  three.  The  foOamog 
notation  and  equatioos  show  their  relations  to 
each  other : — 


ELABTICnTEB. 


Direct a  = 


a  — h 


Lateral,   b 


Trsnsvene, 


a«  — ab— 2t« 
h 

B«  — ab— 2fa« 

A  —  B   . 


Elasticity  of  volume,    -  -. 

a 


2      ' 

A-t-2B 


8 


Direct, 


pUABiLrms. 

A-j-B 

a«-(-ab--2b«' 


a  = 


(othemv'ise,  the  extensibilit}*). 
Lateral,  ^  =  — s 


B 


lYensveEse, 


Cubic  compressibility,  b  =»  8  a «—  6  Ii. 
The  quantity  to  which  the  term  " Modduef 
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OMlkSbf^  ma  iist  appKed  by  Dr.  Tonng,  it 
tht  ndpiMsl  of  the  Exteonbility,  or  Longi- 
tidnlPliabifitr;  that  is  to  say, 


~  B3    A 


2b* 


A  +  B 

Tkb  qamtitj  mpnmm  the  ratio  of  tbe  oomal 
«f«i<Mi  the  transvene  aectioD  of  a  har  of  an 
mtnpk  aoUd  to  the  loogitiidiiial  stndn,  only 
lie  ior  »  fvftdtbifm  to  vary  in  iit  traat' 
<fiwNntNut,  oiit  not  midflr  other  curcum- 
In  the  eommoDly  received  theory  at  the 
d  materials,  it  has  been  emmeooriy 
ttin  tr  granted  that  Yoong's  Modolus  expresses 
thai  ntfo  ander  all  drcomstances.  The  magni- 
lade  of  some  of  the  erron  to  which  this  assmnp- 
tioB  leads  is  shown  hi  Mr.  W.  H.  Bariow*s 
OfoinMBts  on  the  fleznie  of  Cast  Iron  Beams, 
{m  PkiUmpkieai  TVamtaetiotu,  1856).  The 
«f  Tming*s  Moduhis  have  been  deter- 
experimcntaUy  for  almost  every  solid  rab- 
«f  importance,  and  tables  of  them  have 
tea  pobBsfaed  in  treatiaee  on  mechanics.  (See, 
BpsRieBlar,  Leqommr  la  B&itttmoe  du  Afat&i- 
mx,ptrkGiBSnlM6rm,^tm,lSbB.)  Thoseof 
the  Ttnatene  Elasticity  o  have  been  dednoed 
fnm  czpahneots  oo  Tornon,  of  which  many 
hnre  been  made,  especially  by  Bevan  and  Savart 
lbs  only  complete  sets  of  Coefficients  of  Elasti- 
cfty  aad  Pli^ality  whidi  have  yet  been  com- 
piteiars  thooe  for  Bnas  and  Crystal,  deduced 
fan  the  expaimenta  of  M.  Werthefan,  (Atmaltt 
di  Clime,  8d  series,  voL  28X  and  are  as  follows : 
^  aait  of  pnsBoie  being  oae  jM>iiad  on  tAe  sjitars 


Orytiai. 
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M.  The  gcaeral  problem  of  the  Internal  Equi- 
Ormmtfam  Eiaatie  SoUd  is  this:— ^ven  the 
fat  fa*  of  a  lolid,  the  values  of  its  coefficients 
if  cfatieily,  tlie  attractions  acting  on  its  partides, 
Mflthsstwans  ^iplied  to  its  surface;  tofindits 
disi«eof  fiona,  and  the  stnbsofall  itipartides. 
TliiprobleB  is  to  be  aolved,  in  general,  by  the 
liiii  an  ideal  division  of  the  solid  (as  already 
teifted)  into  BMlecnks  rectangolar  in  thdr  free 
■ale,  sad  nfciiad  to  rectangular  oo-ordhiates. 
Fv  inCiopie  sofida,  aome  particular  cases  are 
mat  leadOy  solved  by  means  of  spherical,  cylln- 
McaL  or  otherwise  curved  co-ordinates.  (See 
Laaai  iE^apew,  Ac;  Mnzwell,  Edmbur^  TVant- 
XX;    Rankine,    Mamtal  ^f  ApplM 
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21.  BCany  attempts  havo  been  made  to  sim- 
plify the  theory  of  elasticity  by  the  aid  of  ffsfpo- 
tketu  as  to  occult  molecular  structures  in  bodies. 
That  most  cultivated  has  been  the  hypothesis  of 
Bosoovich,  that  bodies  are  systems  of  physical 
pointa  or  centres  of  force,  occupying  space  solely 
in  virtue  of  attractions  and  repulsions  between 
them.  A  neceasaiy  consequence  of  this  hjrpo- 
thesis  IB,  that  for  all  isotropic  bodies,  a=8c. 
Tliis  consequence  is  contradicted  by  experiment : 
therefore  the  hypothesis  is  unteni^le.  Another 
hypothesb  ia  that  of  ^pinus,  Franldin,  Mossotti, 
and  otliers,  wliidi,  to  atomic  nuclei,  lilce  the  phy- 
sical points  of  Bosoovich,  superadds  elastic  atmo- 
spheres enveloping  them.  As  to  the  Hypothesis 
of  Molecular  Vortices,  aee  Hbat,  Mechasigal 
AcxxoN  OP,  sees.  84,  86.  This  hypothesis  has 
been  serviceable  in  the  theory  of  the  relatbns 
between  elasticity  and  heat; — but  when  the 
theory  of  elasticity  is  considered  in  itself,  it  is 
unquestionably  best  to  avoid  hypotheses  alto- 
gether. 

22.  The  sutject  of  Elasticity  has  been  inves- 
tigated mathematically  and  experimentally  by  a 
multitude  of  authors  too  great  to  be  completely 
enumerated  here;  but  amongst  them  may  be 
specified  the  names  of  Galileo^  Leibnita,  Huyg- 
hens,  Hoolcc,  Boyle,  Newton,  the  BemouiUis, 
Euler,  Bosoovich,  Coulomb,  Dupin,  Marriotta, 
Bobison,  Toung,  Rennie,  Bevan,  Tredgold, 
Brewster,  Fresnel,  Gauss,  Savart,  Navier, 
Poisson,  Oersted,  Colladon,  Sturm,  Mosaotti, 
Cauchy,  Lam^  Clapeyron,  Grasai,  Bagnault, 
Wertheim,  Sl  Tenant,  Poncdet,  Morin,  Green, 
Stokes,  M'Cullagh,  Haughton,  KeDand,  Hodg- 
kbison,  Fairbaim,  P.  Barlow,  W.  H.  Barbw, 
Forbes,  W.  Thomson,  J.  Thomson,  Gordon,  Jel- 
lett.  Maxwell,  Rankine.  As  to  the  vibrations 
of  Elastic  Solids,  see  Sound. 

Electrical  Kgg :  long  known  as  an  interest- 
ing philosophical  toy,  and  a  favourite  in  the 
popular  lecture-room.  As  in  other  by  no  means 
unfrequent  cases,  however,  it  has  suddenly 
assumed  the  position  of  a  philosophical  instru- 
ment of  high  import,  revealing  phenomena 
worthy  to  arrest  the  attention  of  such  men  as 
Grove,  Gassiot,  Rwfamkorff,  Quet,  Plucker,  and 
I^.  Robinson  of  Armagh.  We  shall  rapidly 
indicate  the  nature  of  the  appearances  that  are 
sustaining  inquiries  so  sedulous  and  grave,  and 
present  afterwards  a  raumi  of  the  present  state 
of  the  problems  thus  originated. 

I.  The  Instbuxbht  itself  ia  exceedingly 
simple  and  well  known.  It  consiats  of  an  oval 
glass  vessel,  like  that  hi  fig.  1,  so  constructed, 
that  the  air  or  gas  within  it  can  be  attenu- 
ated by  means  of  connection  with  an  air-pump ; 
and  ttuough  which  approximate  vacuum  an 
dectric  discharge  may  be  pasaed  by  aid  of 
the  rods  indicated  in  the  same  figure.  At  the 
ends  of  these  rods,  balls  are  represented,  as  the 
positive  and  negaUve  electrodes ;  but  these  may 
be  repkced  by  platinum  pomts,  or  by  discs. 
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n  object  of  tba  txpaHmcnrcr. 

Tbe  primary  lequlillioo  nude  of 

thU  It  pmnU  an  electric  iparii 

or  cnmiit  to  pua  tbrrngti  u 

attenuated  ga^  it  U  dear  that 

tbe  Rmner  it  1>  by  no  meaiu 

conflncd  to  the  one  npnscDled  1 

nried 

I  accordloglj.  It  occnrrrdtoMr. 
GaMiot,  that  by  empbying  the 
TorriceUiao  racuiun,  and  then 
I  bermelicsll]-  Haling  Uw  tutie, 
I  tba  eamt^nni  appendage  of 
the  air-pump  might  be  dle- 
penied  with.  He  carried  out 
hit  Idea  moat  nicceeaflillr,  and 
vith  a  rich  harvtat  of  reanlta. 

)Tbeir  shape  li  alwon  in  flga.  2 
and  B,  where  Ibe  l>eat  platinum 
irira  conatitnte  poinl-electrodee 
in  the  one  caae,  and  exlcmal 
Fir  1-  itripe  of    fdl    In    the  other, 

tbr  the  induced  dischargn.  But 
(be  nraU  important  addition  to  onr  inatru- 
mental  reeonraa  in  thi*  caee.  unqueitlaoabl]' 
came  tnm  U.  Gciaelsr  of  Bonn,  who  not  only 


mcceeded  b  ataling  lubee  flUed  wUb  variadn  rf 

ga*M  of  all  degreee  of  deosily,  but  coacdved  the 
Idea  of  dlvenlfjlng  the  shape  of  the  Inbia,  eo 
that  (he  eflteli  of  anolho'  elemmt  might  be 
lasted  and  determined.  He  ha*  made  iha 
acmrdingl;  aa  globes,  as  p«r-ihipes — one  </ 
which  ii  drawn  in  Sg.  10  (ace  below).  One  of  hii 
favnurite  furma  ■■  rather  con  iplei  [ — thetrntnii 
an  ellipeoid,  not  unlikethe  originalflgg:  tbetwe 
ends  containing  the  platinum  dectrodea  an  ^ob^ 
and  thtae  are  connected  willi  the  ceolral  dUpvU 
by  tubea  of  difierent  diameleni  In  dni^g 
Iheee  fonns,  moat  of  which  preeent  pecolln 
phenomena, — Gtieiler  has  had  the  great  adian- 
lige  at  the  aid  and  oonnsel  of  Pltlcfcer.  Hr. 
Ladd,  of  Cbancer/  Lanc^  Iioodon,  haa  re- 
cently Imported  a  numb«  of  Gelaaler  tabes. 
so  that  they  may  eauly  reach  ttw  bands  of 
Brillsb  inquirers. 

II.  Tumnowtothe  Phkkoksiiji. — Tba  go- 
enJ  phonomena  are  these.  The  electrical  eg^ 
as  known  originally,  was  auppoead  to  '""■t-4 
no  appearance,  save  the  brilliant  one  repreaaried 
Id  flg.  1.  After  the  air  had  been  suffideMly 
exhaosted,  and  a  aocceasion  of  electric  spaitt 
was  belig  sent  through  tba  appnnlmata  Taemnt, 
tba  aegulxa  pole  (the  lower  coa  In  Iba  IgoN) 


a  bine  anreola,  while 
from  the  podtlTe  or  upper  pol^  streams  or  bUIowa 
c(  anpeifc  Soy  red  passed  downwards  to  the 
neighhourfaood  of  the  n^atlva  pole,  from  which, 
boweva,  they  wen  always  aepanced  by  a  iaik 
tpact,  vuyiog  in  breadth  with  change  of  drcam- 
atancee.  Thisflneeipeiinientconld  be  prolonged 
for  honn — aa  long,  indeed,  as  the  vacuum  was 
kept  np,  and  the  suceeulDn  oF  gparlcs  continued. 
It  was  commonly  emploiol  lo  indicate  the  pro- 
bable nature  of  the  northeni  auroraa.— In  1853, 

aspecL  An  observatiiMi  on  the  part  of  Ur. 
Grove — which  most  have  been  aa  accidental,  and 
may  yet  provB  as  rerlile  aa  the  famous  one  by 
Ualns — called  his  atlenlion  (a  the  [ntcrior  stnic- 
Inn  of  these  derelopmcnu  of  light.  He  found 
that,  In  certain  circumstaaces  of  exceedingly  fie- 
quent  occurrence,  the  light  Is  itrat^td.  The 
blue  enrclope  of  lbs  negative  pole  la  not  single; 
but  consists  of  at  least  throe  ennlopea,  the  cen- 
tral one  bdng  the  darkest  It  li,  however,  in 
the  etreamers  from  the  poelllre  pole  that  this 
•tntificatlon  latum  distinctly  aeen.  Ita  aspects 
vaiy  with  drcomstanoee;  but  Bg.  1  may  be  ac- 
eapiadaaanffldaiilyduaactariatki  eye  sketch  of 
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.    There  are,  h> 


till  t 


the  pbenomnia,  II 
must  eiBTciae  a  principal  away, 
viz.,  the  power  of  the  electric  i 
current  or  of  the  electromotor,  I 
and  the  quality  of  the  attenu-  I 
ated  gas.    Other  cdrcumatances  i 
inler^re ;     fur    insuace,     the 
quality  or    the  gas    may    be 
cbauged  by  the  persistent  ac- 
tion of  the  current,  a.  jr.,  Oiy- 
gen  may  pass  Into  Oione,  and 
compound  gaiea  are  generallv 
decompoeed.     Of  these  circnn> 


expwldon  we  shall  '■** 

largely  fbllaw    the    track    of    Dr.    BobiaaoB, 
'     '  '     '  "     subject  with  hb  usid 
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Mgadljr  cod  ftMifblneM.     (See  Pir9eMdmg»  qf 
At  Ajfti  iritk  Academf  fat  Jtokuary  and  De- 
eaete,  1846,  aad  PJUlomipkkal  Magtmiu  for 
ipril,  1859). 

He  feOowing^  dagnm,  fig.  5,  vQl  impress  fiw 
litter  tkia  anj  desoiptioD,  the  ptunomenon  as 
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^^»Jkei  bj  Dr.  BoUrnon,  when  the  medloin 
ii  As  noehrer  was  attenuated  pore  Hjdiogeo. 
Ihi love  apper  hall  is  the  poeitive  electrode;  the 
■^pAre  riiietreda  a  point,  helow  whieh  a  disc 
bdlseaplaeed.  The  diao  and  stem  of  the  ne- 
fHiwe  deetiode  bad  ita  naoal  three  envelopes; 
Wtihe  hntt  from  the  ball  aeeme  to  have  been  of 
^  gnsl  ipleadottr.  Aa  the  woodcut  shows, 
k  em  iMBpelp^hapcd,  and  consisted  of  a  socoes- 
eea  rf  BMnbd,  eeparated  from  each  other  hy 
ifeMaqaBrter  of  an  inch.  This  mam  of  me- 
iW«eialis  imroiaikm  aroond  the  kqgitndi- 
■IfllL  Kow  these  phenomena  an  common  to 
d  Mh  ezpaiments.  In  all  cases  we  have  the 
■f<il  s%iBi  and  by  theae  dark  bands ;  but  when 
Ae|BMr  it  Ugh,  iMr  enrratme  is  revened  to- 
vi>iiteeBdaffbe|KMifive  stream.  Tn  all  cases 
w  hsie  thsir  ratadoo,  and  the  quieocenee  of 
^  ^ht  arnvid  the  negative  electnde,  which 
h  lliBisi  tnvariablv  divided  Into  two  enveloiies, 
^■dcRd  bj-  a  dnskr  interval. 

The  fea^gs^i;  ffcaBonaena,  therefore,  most  be 
w^ts  the  only  agency  invariable  in  their  pro- 
^^im,  viL,  a  dlscfaargie  Ummgh  an  imperfect  bat 
■"Ub  eoadnetor. — The  manner  of  dischai^ 
1  to  fidBtatie  tba  e\'dlution  of  these  ap- 


pearances, is  stated  by  Dr.  Robfaison  to  be  the 
foUowmg :— 1.  The  electrodes  should  be  guarded 
pofaita,  that  is  to  say,  pointed  platinum  wires,  sur- 
ronnded  by  small  giass  tubes  up  to  the  very  point. 
Geissler,  we  believe,  always  employs  such. — 2. 
The  positive  electrode  should  be  the  upper  one.  In 
the  reverse  arrangement,  the  ascending  currents 
of  heated  air  seem  to  cause  confusion. — 8.  A  veiy 
weak  electromotive  power  wUl  give  no  strata  or 
menisci ;  while,  on  the  other  hand,  a  very  stixmg 
force  conceals  them.  A  spark  of  a  ient/i,  or  even 
a^^^  of  an  inch,  fuls  to  evolve  them  even  in  a 
Torricellian  vacuum :  very  powerful  discharges, 
again,  cause  the  bright  streaks  to  throw  out 
doody  appendages  into  the  dark  intervals;  and 
sparks  of  five  inches  altogether  overcome  that  m- 
sistanoe  of  the  imperfect  conduction  to  which  the 
phenomena  are  probably  owing, — entirdy  filling 
these  faitervals  with  light  It  is  found  also  that 
a  more  perfbct  attenuation  of  the  medium  com- 
pensates to  a  certain  degree  for  the  greater 
IBBeUeness  in  the  discharge. 

If  from  these  general  phenomena  and  their 
oonditfona,  we  turn  to  the  variations  due  to 
the  use  of  different  gases  as  media,  con- 
densed description  becomes  exceedingly  difiicnlt 
There  are,  howe%'er,  two  phenomena  even  here, 
of  a  comparatively  general  nature,  that  ought  to 
be  especially  noted.  (1.)  In  many  cases  the 
Fsrifled  gases  became  pkospkoreteent  under  the 
influence  of  the  discharge;  that  is  to  say,  they 
conthine  to  give  out  light  after  the  cessation  of 
that  discharge.  The  circumstances  under  which 
such  appearances  take  place  are  now  being 
studied  by  Edmund  BecquereL  This  pbj'siclst 
thinks  that  he  can  distinguish  two  sorts  of 
penUUnee. — Firsts  in  the  case  of  rarefied  hydro- 
gen, sulphuretted  hydrogen,  protoxide  of  nitrogen, 
and  chtorine,  fkint  gleams  of  persistence  are 
disoemed;  but  the  action  appears  limited  to  the 
intemal  turf  ace  of  the  i;iaM  tube,  Becquerd 
shows  clearly  enough  that  this  cannot  be  due  to 
photphomoeitee  of  the  glass  itself;  "  therefore^** 
he  oondodes,  **tbe  effect  presented  by  tubes  con- 
taining these  gases  appears  to  be  the  result  of 
the  elsaritatioH  of  the  glass,  or  of  the  adherent 
gaseous  stratum."  It  is  not  likely  to  be  due  to 
the  clectiization  of  the  gbss,  because  It  does  not 
appear  in  all  cases  when  an  inductive  current  is 
transmitted  through  a  glass  tube.— iS!ecoiK%, 
with  oxygen,  with  sulphurous  acid  gas,  with  air 
slightly  impregnated  with  phosphorus,  &c,  the 
effiict  b  different.  When  an  inductive  discharge 
passing  through  rarefied  oxygen,  for  instance,  is 
anddenly  stopped,  the  whole  tube  appears  to  be 
illuminated  with  a  yellow  tint  that  persists  for 
several  seconds  after  ttie  in'.emiption,  and  de- 
creases with  more  or  less  rapidity  until  it  dis- 
appeani.  The  illuminating  action,  as  seen  in 
such  cases,  evidently  takes  place  between  tlie 
actual  molecules  of  the  gas,  and  does  not  pass 
along  the  walls  of  the  tube,  for  on  making  usn 
of  sgAens  of  large  capadt;*,  instead  of  tubes, 
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the  oil&v  mtui  of  the  gas  beeotoes  opaUno. 
Becqaerel  remarks  that  the  phenomenon  pro- 
bably depends  on  a  peeoliar  action  prodooed  bj 
the  electric  emrmUt ;  for  solar  light,  or  even  the 
electric  UgM  itself,  does  not  give  rise  to  any  such 
phosphorescence.  And  he  asks, — **Is  it  the 
result  of  vibrations  impressed  npon  the  molecales 
of  the  gases,  or  of  a  peeoliar  state  of  mdecalar 
^nsion  persisting  for  a  few  moments,  or  of  some 
other  physical  or  chemical  eaBse?**---(2.)  With 
some  media,  thejifooresoea^  rays  of  Mr.  Stokes  are 
very  largely  developed ;  em|doying  others,  not  a 
trace  of  Uiese  rays  can  be  discerned.  For  instance, 
when  saffidently  rarefied  atmospheric  air  is  the 
mediam,  the  fluorescent  rays  appear  in  abundance ; 
and  this  also  occotb  if  we  substitute  dther  of  its 
mafai  oonstitnents,  oxygen  or  nitn^gen.  On  the 
other  hand,  hydrogen,  sulphur,  and  carbon,  are 
pre-eminently  anH'JhuM'esoent;  hydrogen  above 
them  all.  This  singular  quality  accompanies 
the  bodies  named  through  their  componentB, 
although  sometimes  the  one  and  sometimes  the 
other  antagonist  element  prevails.  Ammonia, 
for  instance,  is  not  sensibly  fluorescent^-the 
energy  of  the  hydrogen  prevailing  over  that  of 
the  nitrogen.  But  cyanogen  is  very  fluorescent ; 
the  nitrogen  in  this  instance  overmastering  the 
carbon.  The  remote  cause  of  this  well  marked 
distinction  is  as  yet  unknown.  Nevertheless, 
the  enumeration  just  made  cannot  fail  to  suggest 
the  inqnif}', — whether  fluorescence  or  anti-flaoiv 
eflcence  depends  in  any-  degree  on  the  eteetro- 
fUffoUve  or  eUctro-poiitwe  character  of  the  media. 

The  strata,  as  we  have  said,  greatly  vary  with 
the  media,  in  the  eohur  of  their  light  With 
atmospheric  air  the  mass  of  the  menisd  are  violet, 
and  seem  enveloped  in  a  faint  yellowish  light. 
With  hydrogen  the  light  is  a  pale  greenish- blue. 
With  oxygen  and  nitrogen  the  colour  is  nearly 
the  same  as  with  common  air.  The  oxygen, 
however,  seems  to  pass  into  ozone.  Nitrogen 
yields  a  positive  light,  more  pink  than  that  of 
air ;  while  the  envelopes  of  the  negative  electrode 
are  indigo.  On  continuing  the  exhaustion  in 
the  latter  case,  the  stream  assumes  the  hue  of  a 
tawny  brown.  With  carbonic  oxide  the  stream 
is  a  bright  green,  yellowish  at  the  positive  end, 
bluish  at  the  other.  The  stream  is  also  groea 
with  carburet  of  sulphur,  coal-gas,  vapour  of 
chloroform,  vapour  of  alcohol,  v^x>nr  of  camphor, 
&C. ;  while  livid  blue  and  lilacs  are  evolved  when 
the  media  are  rarefied  sulphurous  add  gas,  cyano- 
gen, naphtha,  ammonia,  &c.,  &o.  It  remains  for 
inquiry  to  determine  how  Ikr  these  singular  va- 
rieties may  be  found  connected  wlh  the  dmrity 
of  the  medium  aiuf  Ue  ekctrio  conducting  power, 

III.  Whatever  the  origin  of  the  singnlar  stri» 
we  have  been  describing,  they  may  certainly  be 
considered  as  lines  or  discs  of  diectric  force.  And 
accordingly  it  was  no  rash  conjecture  that  the 
neighbourhood  of  a  magnet  would  make  itself  be 
felt  by  changes  on  their  form  and  distribution. 
Gasaiot  has  made  several  allusions  to  this  new 
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part  of  the  subject  hi  the  Baknian  Looton  of 
last  year,  establishing  that  otntilleations  arisiqg 
from  the  direct  disdunrge  taken  from  two  pofat 
dectrodes,  tend  to  rotate  around  the  poles  of  a 
magnet,  according  to  the  wdl  known  law  of  mag- 
netic rotations.  Whenaredproeatlngffiseliargeis 
efiteted  (obtahied  by  coating  two  portfens  of  a 
Torricellian  tube  externally  with  stripes  of  tin- 
foil), this  discharge  was  found  by  Gassiot  to  be 
divided  by  the  magnet— the  tvra  dividona  hav- 
Uig  a  tendency  to  rotate  in  difltatsit  directions. 
—The  nmst  exteouve  experiments  on  the  sob- 
ject,  however,  are  due  to  Piiidcer  of  Bonn.  His 
memoirs — originally  printed  in  FaggtaAortTi  An- 
flkrfm,  No.  diL  and  dv.,  aid  reproduced  in  an 
English  dress  in  the  second  vdnma  of  the  PhSo- 
Softool  Magazme  of  1858— are  so  reptefce  with 
uew,  curious,  and  diverdfled  facta,  that  a  satis- 
factory analysis  of  them  within  oia  brief  space 
is  imposdbie.  Putting  aside  tim  changes  of 
colour  and  every,  feature  apparently  depending 
on  the  varying  nainre  of  the  medium,  we  shall 
treat  only  of  &e  oonttant  portimi  of  the  pheno- 
mena described.  Pliidcers  rttsarches  refer 
mainly  to  phenomena  connected  with  the  stmia 
and  the  negative  electrode ;  but  ha  has  recorded 
valuable  information  also  regarding  the  in- 
fluence of  magnetic  action  on  tlie  general  camnt, 
or  on  the  strata  or  menisd  streandng  from  its 
opposite.  Taking,  for  instance,  a  Gdnler's  tube 
of  the  form  already  described — via;:  a  central 
ellipsoid,  joined  to  two  terminal  spheres,  within 
whidi  the  platinum  pointa  wars  plaosd— he  stales 
that  on  feeling  the  magnet  approach,  the  light 
entering  the  ellipsoid  heoomeaeonesotratedhitoa 
lumhiotts  arch,  as  in  fig.  6,  traversing  the  upper 
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part  of  the  bulb  in  the  equatorial  plane  of  the 
magneL  On  entering  the  dlipsdd,  the  stratifi- 
cation of  the  light  became  finer ;  at  the  upper 
part  of  the  arch  where  the  concentration  of  light 
was  greatest,  the  dark  intervals  became  nior» 
and  more  numerous  and  distinct—in  feet,  itprs- 
sented  the  aspect  of  a  repeBed  arch  qf  etm^ieif 
%At— Let  us  turn,  however,  to  the  researdies 
of  our  phyddst  as  to  the  strata  around  ^e 
negative  dectrode.  It  will  be  recollected  that  in 
the  ordinary  disdiaige,  and  in  the  ordinary  pheno> 
mena  of  stratification,  the  negative  electrode  Is 
surrounded  in  its  immediate  neighbourhood  by  an 
envdope  of  variondy  cobured  and  findy  strati- 
fied light — separated  by  a  daric  intervd  ftom  ttie 
stratified  mass,  strsaming  from  the  oppodte  pole. 
These  fine  laysn  are  spherical  when  the  podtive 
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UmJUudn  ilnlf  it  qibnieil:  and  tiwjr  have  a 
cfiiodffical  Ibrm  when  the  aiectitMle  pn^ecta  into 
te  taba  aa  a  wii^  Now  thia  atratificatioD  is 
qrila  brakan  vp  bj  the  nd^iboartiood  of  a  mag- 
ait,  and  thrown  ioto  the  form  of  magnetic  ciurea. 
Flfiekary  m  all  theae  inquinea,  made  modi  use 
a  the  bngjaha  GdadarV  tnba^  deacribed  aboye, 


and  the  followbig  are  a  few  of  his  ranilta.  Pra- 
vinus  to  the  approach  of  the  magnet,  in  the 
globe  containing  the  negative  electrode,  a  dilTuae 
violet  light  existed,  sorronnded  by  a  pale  green 
light,  clinging  to  the  internal  snrfiiioe  of  the 
g^Uss.  On  placing  the  globe  between  the  arma- 
tures of  a  powerful  magnet,  as  below  (fig.  7) 


Fl«7. 


FIff.8. 


Fig.?. 


Bght,  collected  into  a  borixontal, 

,  bright,  and  oniibnnly  luminous  disc, 

^ownda  the  tube  by  a  well  defined  oon- 

.     On  ita  oppoaite  side  this  disc  was 

.^ by  a  nanvw  atrip  of  beautiful  bright 

^^ktt  fiUteg  the  curvatures  of  the  glass. 

Oa  dianglDg  the  porition  of  the  tube,  in  refer- 
*— .  to  the  magnaC,  the  dianges  passed  on  this 
&K  which  are  lepreiented  hi  figs.  8,  and  d.  In 
ftS-  9  <^  di*c  rotated  hi  the  direction  of  the 


arrow.  Fliicker  concludes  in  general  terms,  that 
the  planes  or  curved  surfaces  in  which  tbe  diffused 
light  spreading  around  the  negative  pole  becomes 
concentrated,  are  formed  of  Imea  of' light  wftich, 
proceeding  from  the  separate  point*  ^the  posi- 
tive elet^rode^  coincide  with  magnetic  curves.  He 
employed  next  a  long  tube,  tapering  conically 
towards  one  end,  laying  it,  as  represented  below, 
in  an  oxio/ position.  In  fig.  10,  one  set  of  rei>ultfl 
are  depicted.     The  stratification  having  lefer- 


iatUi:  it  (Sd  not  aztcnd  to  the  sides  of  the 
take  throN^gh  ite  lower  part  But  the  light  be- 
bagiBg  to  tba  negative  electrode  waa  thrown 
iato  two  eonenatiie  ares,  whose  centres  coincide 
vhfc  the  middle  point  between  the  higher  sur- 


Fig.  10. 

MBS  ta  Iba  poaitive  dectrode  waa  modifled  only  {  again  aasumed  the  form  of  magnetic  curvas.   By 

the  change  thua  efifected,  a  remarkable  commix- 
ture of  the  light  occurs,  and  new  colours  appear 
when  the  ring  opens  and  ita  light  approachea 
that  of  the  other  part  of  the  tube.  The  former 
of  these  was  violet,  the  latter  reddish ;  a  beautiful 
blue  light  being  formed  on  their  approximation.— 
On  inverting  the  poles,  the  light  moves  backwards 
and  forwards  in  the  neighbourhood  of  tbe  negative 
electrode,  and  collects  at  the  place  where  the 
surface  formed  by  magnetic  curves  toochea  the 
glass. 

Piacker  has  been  able  farther  to  discern  the 
precise  agreements  of  theae  curious  phenomena 
with  the  well  established  dynamical  reUtiooa 
existing  between  electric  currents  and  tlie  mag- 
netic force.  The  gas  through  which  the  current 
passes  must  be  viewed  physically  as  simply  an 
(Jbeobitdg  fexibU  conductor:  and  Pliicker  first 
laya  down  the  following  new  electro-magnetic 


bees  efthe  two  armatnreBi  Move  nowthe  tube 
totheposilioo  shown  in  fig.  11,  and  the  pheno< 
■■a  are  wholly  changed.    These  two  area  have 
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principles — ^Ifim  ahttUutdy /ejabh  eondudor^ 
truoeried  by  a  current^  i»  subjected  to  the  action  of 
ai^  system  whaieoever  of  magnetic  foreee,  it  it 
necessary^  and  at  the  tame  time  n^ient  for  equi' 
Uhriuns  thai  the  curreHt  assume  the  form  of  a 
negative  curve,"  Now  there  are  three  set*  of 
circamsUnces  under  which  this  principle  may 
act  with  different  results:  —  (1.)  Suppose  the 
electric  dischar^  to  take  place  between  two  fixed 
points,  as  in  the  case  of  the  common  voltaic  arch. 
Under  influence  of  a  magnet,  this  arch  will  take 
the  form  of  a  magnetic  curve,  ifitt  two  exlremi- 
iiet  lie  on  the  same  magnetic  curve.  If  this  is 
not  the  case,  curious  transformations  occur  not 
hitherto  investigated. — (2.)  One  of  the  extre- 
mities of  the  discharge  ma}*  be  fixed,  while  the 
other  is  merely  under  the  condition  of  being 
somewhere  on  a  given  surface.  This  happens 
with  the  luminous  dischar^  around  the  negative 
electrode  in  Geiesler's  tubes — the  discharge  then 
terminating  at  one  side  in  that  electrode,  and  at 
the  other  In  the  internal  surface  of  the  glass. 
From  this  condition  all  the  phenomena  discovered 
by  PIticker,  connected  with  that  electrode,  are 
readil}'  deducible.— (8.)  Or  lastly,  both  extre- 
mities of  the  discharge  may  be  found,  not  in 
points,  but  on  two  surfaces,  or  two  portions  of 
given  surfaces.  This  happens  in  experiments 
with  the  ellipsoidal  swelling  or  centre  of  the  tube 
of  Geissler.  This  ellipsoid  being  placed  on  the 
armatures  of  a  powerful  electro-magnet,  so  that 
its  axis  be  perpendicular  to  the  line  of  the  poles, 
there  is  necessarily  formed  in  its  interior,  at  a  dis- 
tance fitom  the  two  electrodes,  a  luminous  vault, 
presenting  the  form  of  a  magnetic  surface,  ter- 
minating in  all  its  parts  in  the  internal  side  of 
the  glass.  PIticker  seems  to  have  found  the 
complete  explanation  of  this  portion  of  the  curious 
inquiry.  This  memoir  b  in  Poggendorff,  vol.  dv. 
IV.  The  important  question  remains,  how- 
ever, what  is  the  cause  of  these  stratifieattonsf 
We  have  been  able  to  describe  the  main  phe- 
nomena; but  nothing  in  the  previous  part  of 
this  paper  tends  to  explain  why  they  exist  at 
all.  Several  speculations,  indeed,  have  been 
hazarded,  but  none  of  them  grasp  the  sulgect ; 
— nor,  perhaps,  are  the  phenomena  themselves 
fully  or  adequatelUf  known.  At  a  compara- 
tivdy  early  period,  for  instance,  after  Grovels 
discovery,  the  idea  of  interference  was  not 
mmaturally  saggested,— -an  idea  peremptorily 
negatived  by  Gassiot,  who  artificially  pro- 
duoed  "  interferencu**  of  two  currents,  without 
evolving  any  analo|9ous  strias.  II.  Morren  of 
Marseilles  is  probably  not  fkr  from  the  tmth, 
when  he  writes— "  J'attriboe  la  stratification  a 
une  variation  dans  T  intensity  de  la  tension  de 
relectrit<^  qui  circule,  mais  surtoat  a  r  insuffissanoe 
des  corps  conductives  gazeux,  a  travers  desquels  le 
ooorant  passe;*'  but  he  is  quite  in  error  when  he 
imagines  the  phenomena  represented  by  the  forms 
of  lirushes,  &c,  received  on  a  piece  of  glass,  of 
lateral  disruptionB  ftom  m  strong  cunent,  forced 
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along  a  wire  lying  on  the  face  of  tlie  glass. 
Rigorously  examined,  there  is  no  resemblaDOt 
whatever  between  these  explosion-pictures  and 
the  electric  stratification.  Mr.  Grove,  to  whose 
lightest  opinions  every  consideration  is  dne^  has 
recently  been  inclined  to  attribute  the  pheno- 
menon to  the  interaction  of  two  diachafges  from 
the  induction  coil — one  of  the  currents  being  the 
true  induction  current^  and  the  other  an  esrirt 
current  In  Dr.  Robmson^s  more  recent  pep«, 
however,  this  solution  appears  sattsfactoiily  dis- 
posed of  {PkUosophicai  Magazine,  A|nil,  1859), 
so  that,  in  so  far  as  this  goes,  we  are  as  mndi 
in  the  dark  as  e\'er.  A  recent  note^  by  MX. 
Quet  and  Seguin,  seems  to  have  advanced  ens 
step.  They  have  modified  the  original  concep- 
tion of  M.  Morren,  and  given  experimental  proof 
of  iu  reality,  as  thns  modified.  An  attenuated 
gas  bemg  simply  a  flexible  or  very  mobfle  con- 
ductor, they  have  rightly  asked,  whether  similar 
stratifications  might  not  be  produced  experimen- 
tally, by  directing  the  current  through  imperiiBct 
and  mobile  conductors,  of  a  sort  that  would  kavs 
traces  of  the  passage  of  the  current  in  a  visible 
form  ?  They  took  accordingly  a  plate  of  glass, 
narrow  and  of  some  length,  and  having  strewed 
it  0%'er  with  charcoal  dust,  they  broq^  an 
induced  current  to  act  at  its  extremitia.  After 
the  discbarge  had  continued  for  aome  time,  tlie 
dust  arranged  itself  in  transversal  lines,  sepa- 
rated by  a  small  interval, — presenting  an  ap- 
pearance entirely  analogous  to  the  stratifiNM- 
tions  of  the  Electrical  Egg.  Precisely  the 
same  appearances  were  evolved  in  the  midrt 
of  a  dark  or  smoky  flame,  such  as  that  ftom 
the  burning  oil  of  turpentine,  when  the  di»> 
charge  paswd  through  IL  Their  conclusion  is, 
that  these  stratifications  may  be  expldned  by 
the  propagation  of  electricity  through  the  con* 
ducting  dust,  causing  a  repolsion  between  the 
particles  of  the  dost  ^  The  ftxregoing  experi- 
ments,** they  say,  **  prove  that  gases  eUetrited 
are  sn1:(ject  to  electric  attractions  and  repulaioaB, 
that  imperfectly  conducting  and  mobile  media 
are  disposed  by  these  eleotric  influences  into  beds 
of  different  doisittes,  and  that  this  dispofitioB, 
giving  rise  to  diiftrences  in  tension,  originatotiie 
luminous  strata."  The  electric  Inflnencwi  paas- 
ing  through  an  attenuated  gas  thus  orif^te 
condensed  and  rarer  beds:  ^*that  tlie  dilated 
beds  conducting  electricity  in  the  same  way  as 
Is  done  by  the  metallic  particles  in  the  com- 
mon expwiment  of  the  illuminated  sheet,— the 
two  fluids  acquire  on  both  sides  of  the  man 
imperfectly  conducting  beds  such  a  tension  as 
enables  electricity  to  traverse  them  under  the 
form  of  a  dischaiige,  and  therefore  to  illuminate 
them.'* — It  is  easy  to  see,  that  supposing  Ktf. 
Quet  and  Seguin  to  be  correct,  they  have  done 
little  more  than  produce  analogous  appearaaesa. 
One  thing  alone  is  plain  :—aettiogasfaleaD  ips- 
daltiee  and  vaiiationa,  we  have  hefim  ns  the 
fact,  that  the  anmit  pMHa  ilunqgh  Une  !■• 
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palkA  and  abbOt  ooodncton  In  sach  «  way  that 
■BOBm  aooaa  beeooM  -cfajirged  tip  to  the 
fm/L  of  dtMuption;  ao  that  we  are  forced  on 
the  dificBlt  inqnirf,— in  what  manner  does  the 
*Bode  of  motion*'  which  we  term  Electricitg 
inmagaia  icaetf  throogh  aoch  oondoctors?  per- 
haps abooo  the  atill  more  general  one, — ^hiwhat 

dMa  this  mode  pass  into  that  other  mode 
whidi  we  term  Uffkl?  Inquiries  like 
tfaMtare  rapidly  coming  within  oar  reach;  and 
vhBe  iadaleing'in  all  Dr.  Robinson's  hopes,  we 
apee  with  him,  that  the  flnt  essential  step  most 
to  a  thonmgh  **  autfaematical  investigation  of  a 
tfaroqghan  imperfect  oondnctor.** 
Ibmisim.  See  Ihaois. 
Bf^rMMg.  The  electrical  ma- 
chiae  coDaists  of  n  drenlar  glass  plate  from  -|^  to 
^flf  an  inch  in  thickDeas,  and  the  diameter  of 
vUeh  may  TSiy  at  pleasnre.  Tlie  plate  is  tra- 
vcBHdat  its  centre  by  a  metallic  axb  fixed  solidly 
ts  lbs  i^asa.  This  azia  rests  on  two  wooden 
■pports  fixsd  TerticaUy;  and  is  so  placed  that 
(te  1^  plata  is  sito^cd  between  the  two  sop- 
ports,  and  at  an  eqoal  distance  frmn  either.  A 
haadls  tzed  en  the  extremity  of  the  axis  serves 
ts  gire  a  nUtoty  nM>tion  to  the  plate.    The 

pBft  of  the  handle  is  made  of  glass  or 
Toy  bod  cQiMhietor  of  the  electric  inflnence. 


T«s  pein  of  booa-hair  cushions  are  made  to 
di%  tfas  one  the  npper,  and  the  other  the  lower 
pat «f  the  plate;  eoahions  whidi  by  their  ehu- 
^M^axtaeonaiderablie  pressoreon  the  plate. 
TebcOkate  the  liberation  of  dectridty,  the  snr- 
fcn  «f  the  leather  of  each  cnshion  is  coated  with 
■  itlgim  of  alnc,  or  of  mosaic  gold  (dento- 
■1|liiMBteftin).  Finally,  the  vitreons  electricity 
trnning  round  tho  glass  plate  is 
by  eyfindfical  oondncton  generally  of 
^that,  with  thefar  ends  near  the  plate,  are 
ihsriberiaaitany  and  snppoited  on  glass  piUars 
'  ~  ta  tba  table.— In  this  macUne,  the 
ita  with  the  ground  by  means 
■Is and  the  table:  sometimes 
a  Millie  chain  ~ia  added  ftofccOitata  this  oom- 
thas  the  n^ofcM  eleebkity  which 
the  podtive  is  given  off  to  the 
lawayaaitb  liberated:  shoold 


we  wish  to  collect  it,  the  cushiooa  themaelves 
must  be  insulated  by  glass  supports,  and  the  con- 
struction of  the  machine  slightly  modified*  Both 
electricities,  or  any  one  of  them,  may  thus  be  mani- 
fested and  collected  by  means  of  this  machine. 
Formerly,  in  the  construction  of  electrical  ma- 
chines, glass  mutfii  or  cylinders  were  employed, 
instead  of  drcular  plates;  but  although  very 
powerful  machines  of  tlie  cylindrical  sort  have 
been  constructed,  the  disc  or  plate  is  now  almost 

always  used The  power  of  the  plate  machine — 

other  things  being  equal — depends  on  the  size  of 
the  plate:  the  largest  ever  made  is  the  gigantic 
one  at  present  in  tho  Panopticon  in  Ldoester 
Square,  London,  constructed  after  the  designs  of 
Mr.  Marmaduke  Clarke,  of  a  plate  whoee  dia- 
meter is  about  eUven/eet!  It  can  produce  cfiecta 
rivollhig  those  of  thunder. — The  electricity  given 
by  the  machine— as  contradistingubhed  from 
that  of  the  battery — ^is  always  in  a  state  of  high 
tendon. 

Slectiicflil  REschUse— Araiatroii|t*a.  ffjf- 
dro-Ekdric  Mackine, — A  most  powerful  method 
of  obtaining  electricity  in  a  state  of  high  tensiun ; 
discovered  accidentally  by  a  workman  who  dis- 
cerned electric  sparlts  emitted  by  a  locomotive 
engine;  reduced  to  practice  by  Mr.  Armstrong; 
and  subsequently  thoroughly  investigated   by 
Faraday.    The  electric  excitation  taking  efibct 
when  steam  at  a  high  temperature  issues  from  a 
tube  attached  to  the  steam  boiler,  it  was  at  first 
imagined  that  the  aingular  result  is  in  somehow 
ooimected  with  the  process  of  evaporation  or  va- 
porization; but  Mr.  Faraday,  by  a  series  of  per- 
fectly satisfectory  experiments,  has  shown  that 
this  change  of  state,  has  nothing  to  do  with  the 
matter.    It  ii  purdy  a  case  of  electricity  created 
byJricHon :  and  the  frictfon  is  the  violent  rubbing 
of  particles  of  water  (carried  rapidly  forward  by 
the  force  of  the  steam)  against  the  orifice  tbroo^ 
wliich  they  issue.    Dry  aUam  wiU  not  produce 
any  effect;  nor  do  efiiects  follow  when  water  is 
mixed  with  any  saline  or  other  material  that 
converts  it  into  a  good  conductor.    The  particles ' 
of  other  liquids  carried  forward  with  the  same 
force,  produce  in  every  case  the  effects  which  we 
should  expect  from  them  empbyed  as  ruUers. 
Dry  air  produces  no  effect ;  but  powden  of  differ- 
ent substances,  carried  by  a  stream  of  dry  air, 
also  evolve  the  electridty  natural  to  them  under 
frictioiL-rThis  simple  explanation  grasps  the 
entire  case ;  and  suggests  many  forma  of  appara- 
tus.   Mr.  Armstrong  has  made  a  very  effisctiva 
one— of  an  insulated  steam  boiler,  with  openings 
conveniently  placed,  throogh  which  moist  steam, 
or  steam  carrying  particles  of  pure  water,  may 
rush,  with  whatever  violenoe  ia  dedred.    The 
mottthpieoea  of  the  issue  pipes  an  usually  of 
wood. 

Blacnrtesa  H achlaa— BhasMk^riPa.  Sea 
IxDucnvB  Elbctbigal  Magiiiiib. 

Etedvicitj.  In  some  of  the  ancient  Greek 
writioga  it  ia  mentioned  aa  a  then  wdl  known 


261 


£LE 

fiwt,  that  wlicn  a  |deoe  of  amber  Is  sntjected  to 
Tjgorous  frictioii,  it  acquires  the  temporary 
power  of  attracting  light  bodies  fh>m  a  distance. 
A  similar  property  appears  to  have  been  observed 
by  the  ancients  in  one  or  more  bodies  besides 
amber ;  but  the  &ct  of  snch  a  peculiar  develop- 
ment of  force  by  fiiction  is  stated  in  the  andent 
writings  in  special  connection  with  the  latter 
substance,  probably  because  the  property  was 
first  observed  in  thi&t  substance  and  most  gene- 
rally known  in  connection  with  it  The  Greek 
name  of  amber  is  Electron,  and  hence  the  term 
Electricity,  a  term  that  has  been  universally 
adopted  as  the  name  of  that  peculiar  agency 
first  observed  in  rubbed  amber,  and  as  the  name 
also  of  the  science  of  that  agency.  The  great 
use  of  the  name  of  a  sdenoe  is  to  indicate  clearly 
the  subject  matter  of  the  science;  and  in  this 
respect  the  term  electricity  is  perhaps  as  good  as 
any  other  that  could  be  devised  even  in  the  pre- 
sent state  of  knowledge.  But  the  name  has  a 
great  additional  interest  to  the  student  of  nature 
from  its  historical  connections:  it  forma,  in  fact, 
a  permanent  memorial  of  the  smallness  of  those 
b^innings  from  which  this,  the  most  extensive 
(^  the  physical  sciences,  has  sprung.  We  cannot 
attempt  to  give  in  this  article  even  the  briefest 
sketch  of  the  progress  of  electric  discovery.  We 
may  only  observe  that  Electricity  is  a  science  of 
purely  modem  growth.  Down  indeed  till  the 
17th  century,  the  science  made  no  real  advance 
beyond  the  ftmdamental  fact  already  stated,  if 
we  excq)t  a  slight  extension  of  the  list  of  sub- 
stances exdtable  in  the  same  way  as  amber. 
But  since  the  appearance  of  Gilbe!rt*s  work  on 
magnetism  in  the  year  1600  till  the  present  day, 
the  phenomena  of  electricity  have  been  studied 
very  dosely  and  laboriously  by  many  eminent 
phOoeophers.  In  consequence  c^  thdr  unwearied 
exertions,  directed  as  they  have  been  by  the 
sound  inductive  spirit  of  the  modem  philosophy, 
discovery  has  followed  discovery  in  rapid  succes- 
sion ;  new  and  wide  fidds  of  inquiry  have  been 
sucoesdvdy  opened  up,  while  tiie  older  fidds 
were  yet  evidentiy  unexplored;  and  powerfiil 
means  of  further  discovery  have  been  permanentiy 
secured  from  time  to  time  by  the  invention  of 
new  sdentific  instraments  and  the  perfecting  of 
the  old.  So  that  in  the  present  day,  the  science 
of  dectricity  contains  a  very  large  and  varied 
body  of  most  interesting  physi<»l  knowledge, 
and  is  replete  also  with  dear  illustrations  of  the 
prindples,  methods,  and  resotuxxs  of  the  indno- 
tive  philosophy.  It  will  not  be  out  of  place  to 
make  now  a  brief  statement  or  two  in  recom- 
mendation of  the  study  of  this  branch  of  sdence. 
And  first,  if  we  look  into  the  records  of  the 
sdences,  we  observe  a  veiy  peculiar  feature  in 
the  case  of  dectridty.  On  several  occasions  in 
the  course  of  discovery,  this  science  has  spoken 
for  Itsdf  to  the  world  as  no  other  has.  By  the 
marvellous  nature  of  its  results  it  has  forced  the 
attention  even  of  the  most  ignorant,  and  roused 
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the  admiration  of  aH   Witness  the  aimiiltaiieoul 
discoveries  of  the  Leyden  Phial  and  the  Ekdne 
shock.    Witness  also  Uie  astonishing  mduen- 
ment  of  Franklin,  in  drawing  down  a  chaige  of 
lightning  from  a  thnnder-doud,  taking  it  hoiiB 
with  him,  and  experimenting  upon  it  at  iitg 
leisure.   After  such  things,  Elecbidty  must  have 
taken  its  place  among  tiie  most  popular  aod 
the  best  known  of  the  sdences.    Further,  if  vs 
look  to  the  practical  applications  of  knowledge^ 
electridty  holds  in  this  respect  a  very  hi§^  plaoe 
in  £sct,  and  a  still  higher  in  legitimate  expecta- 
tion.   The  Lightning-Conductor,  so  valuable  as 
a  means  of  preserving  life  and  properlj;  tbe 
Electric  Tdegraph,  so  widdy  employied  already 
for  the  purpose  of  express;   and  die  Electio- 
Plating  processes,  so  useful  in  the  arts,  and  so 
oondudvc  to  the  comforts  and  degandeti  of  life: 
these  are  instances  of  what  dectridty  has  dooe^ 
and  earnests  of  what  it  may  have  yet  to  doi.    So 
that  in  the  practical  view  dectridty  takes  its 
plaoe  among  the  most  valuable  of  tiie  sdeocesb 
But  in  oondusion,  we  cannot  see  the  full  impor- 
tance of  this  branch  of  physical  sdenoe,  till  ws 
take  a  liberal  and  comprehendve  view  of  it,  as 
one  section  of  the  great  study  of  nature.    And 
in  this  respect,  the  singular  importance  of  dec- 
tridty appears   chiefly  in  the   doaeness  and 
variety  of  those  rdations  that  have  been  dis- 
covered between  the  electric  agency  and  the 
other  forces  of  nature.    It  is  now  drariy  estab- 
lished that  Electridty  is  intimatdy  connected 
with  Magnetism,  Light,  Heat,    the   dteniical 
forces,  and  the  molecular  forces;  and  that,  m 
fact,  we  can  detect  the  presence  of  dectiidty 
dther  as  cause  or  efiect  in  almost  every  phyded 
action  which  is  accessible  to  us.    By  the  di»- 
coveiy  of  such  relations  the  varied  phenomena 
of  nature  are  bdng  drawn  together  towards  a 
great  central  theory ;  and  if  aha  hopes  of  philo- 
sopbers  are  to  be  realized  in  regard  to  one 
sci^ce  of  the  natnral  forces  that  will  embrace 
all  the  branches  of  mechanical  and  diemicd 
knowledge  under  a  few  common  prindples,  there 
can  be  no  doubt  that  dectricity  will  be  the  pria- 
dpal  guide  to  such  a  sdence,  and  wHl  hdd  the 
prindpal  plaoe  in  it    These  remarics  are  suffi- 
cient for  our  present  purpose ;  and  we  may  now 
attempt  a  brief  statement  of  the  simpler  ftao- 
mena  and  laws  of  dectridty. 

In  treatises  upon  this  sulject,  the  devdop- 
ment  of  an  attractive  power  in  amber  and 
other  bodies  by  friction  is  usually  the  ftcc 
first  mentioned;  and  thb  not  mexdy  because 
it  was  the  fact  first  discovered  in  deeuidty, 
but  because  it  is  in  itsdf  one  of  the  simplest 
facts,  and  the  most  easfly  brought  out  in 
experiment  We  can-  develop  t^  attractive 
power  very  easfly  by  means  of  a  rod  or  tube  ef 
common  glass.  Let  the  rod  be  well  dried,  which 
may  be  insured  by  heating  it ;  and  let  it  thea 
be  vigorously  rubbed  with  a  dry  dlk  handker- 
chief.   This  is  all  that  is  .necessaiy  for  exciting 
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m  thUilftlug  the  xod  of  glaas.     When  the 

tiiiaJmmt  nicende  bert,  a  i^^t  cndJiog  may 

bi  kmd  during  the  progresB  of  the  friction. 

Btt  efcn  iHnb  tfaii  dfect  is  not  prodnced,  the 

cbdae  Mate  of  the  ^aas  may  be  made  manifest 

bj  ito  mufhaninil  actions ;  ibr  if  the  excited 

pert  of  the  nd  be  brought  near  to  any  very 

%fat  bodieB,  SDch  as  iMts  of  paper  or  barbe  of 

iBStfaen,  the  bodies  win  fly  throng^  the  air  from 

s  distasce,  and  attach  thonaelTes  to  the  smfaoe 

of  the  rod.    The  attractlTe  power  of  the  glass 

dismpcais  Toy  soon,  bni  it  may  be  restored  by 

a  nfffSAoD,  of  the  frictieo.     To  manifest  this 

mk  eUwr  merhanJral  actions  of  dectrificd  bodies 

is  a  eonTCDicnt  way,  we  make  nse  of  a  simple 

sfpamtBS,  ealkd  the  Electric  Pendnlmn,  which 

ii  ihofrB  in  the  acyoined  flgnre.    In  this  form 

of  dectrosoope,  the  light  body 

employed  is  generally  a  pith 

ban,  oiie-fifth  or  one-fonrth  of 

an  indi  in  diameter ;  and  it  is 

attadied  by  a  thread  or  fine 

\l\  \   ^K^  to  a  fixed  support,  which 

%  b  bent  into  snch  a  form  as 

\  not  to  intflrfbra  with  consider- 

"^^  aUe  movements  of  the  balL 

We  ahaU  snppose  that  the 

thread  is  a  film  of  raw  silk, 

al  that  the  support  is  of  glass.    With  this 

iiaipls  apparatus  we  can  easily  manifest  some  of 

tbe  doMotaiy  laws  of  the  electric  forces.    A 

tfsB  led  is  excited  by  friction,  and  brought 

mar  the  baD  of  the  pendulum  in  the  same  hori- 

anatal  plane  or  neariy  ao :  the  force  is  imme- 

dMidf  mads  evident  by  the  attraction  of  the 

laD,  ad  the  consequent  displacement  of  the 

ibnad  ten  the  vertical  positkm.    If  the  excited 

sod  be  vitUrawn  to  a  greater  distance  from  the 

the  thiettd  returns  towards  its  vertical 

ibowing  that  the  electric  attrition 

as  the  difltance  between  the  bodies  is 

If  a  dry  pane  of  glass  be  interposed 

the  cxdled  nd  and  the  baU  of  the 

there  is  no  change  observed  in  the 

action  of  the  rwl  upon  the  ball; 

Ami^  Chat  the  electric  attraction  can  be  trans- 

■iBBd  thioi^  solid  bodies  as  well  as  through 

fk.   Farther,  if  the  exdted  nd  be  bnugfat  so 

M*  as  to  attract  the  pith  baU  up  to  contact 

«iib  itidt  «c  observe  that,  after  contact  for  an 

ivnt.  the  baU  fSdb  away  from  the  rod  into  its 

«^BB>1  position,  and  even  beyond  it;  and  if  the 

ndbe  BOW  made  to  appnach  the  ball,  the  thread 

SB  from  the  vertical  position,  but  in 

a  direUkHi  as  to  indicate  that  the  electric 

fcti  sfrtf  oQBtact  is  repuUve.    It  wiU  be  easy 

»  sbNTte  in  thb  case  that  the  pith  baU  itself  is 

aew  dMged  or  permanently  exdted ;  for  if  the 

loA  be  alftogether  withdrawn,  the  ball  wiU  now 

ict  WfbanfcalTy  upon  light  bodies  brought  near 

toit, hi piedsdy  the aame  way  as  it  waa  itself 

' «  by  the  excited  md.    We  see,  therefore, 

vheo  the  dectric  afibction  has  been  de- 
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vdoped  in  glass  by  friction,  it  can  be  transfbrred 
from  the  glass  to  another  body  by  mere  contact ; 
and  it  is  this  feet,  as  we  shall  soon  find,  which 
explains  the  change  of  the  dectric  force  from 
attraction  before  contact  to  repulsion  after  con- 
tact A  few  additional  statements  may  be  here 
made  in  regard  to  the  transference  of  dectridty 
from  an  exdted  or  charged  body  to  another 
body.  And  first  it  may  be  observed,  that  con- 
tact between  the  bodies  is  not  neceesaiy.  An 
exdted  glass  rod  will  part  with  more  or  less  of 
its  charge  to  another  body,  such  as  a  piece  of 
metal,  when  it  is  brought  very  near  it,  without 
actually  touching  it  In  this  case  the  dectridty 
gives  indications  of  its  passage  by  a  slight 
spai^  between  the  bodies,  accompanied  by  a 
snapping  sound,  phenomena  which  are  identical 
in  tiidr  nature  with  the  thunder  and  lightning 
of  the  ateoBpliere.  As  dectridty  may  be  trans- 
ferred frtnn  an  exdted  glass  rod  to  another  body, 
so  it  may  be  transferred  from  the  latter  to  a 
third  body,  dther  by  contact  or  spark.  We  are 
therefore  able  to  conduct  a  charge  from  one 
body  to  another  Ihrough  an  intermediate  body. 
Thus,  if  a  long  metafile  wire  be  suspended  by 
threads  of  silk,  and  if  one  end  of  the  wire  be 
dectrified,  a  pith  bafl  suspended  in  contact  with 
the  other  end  of  the  wire  will  be  immediatdy 
repdled  by  it ;  showing  that  the  dectridty  has 
been  conducted  along  the  wire,  and  that  part  of 
it  has  been*transferred  to  the  pith  b&U.  Here, 
however,  we  meet  with  a  remarkable  dass  of 
distinctions  among  bodies.  If  a  rod  of  glass,  or 
a  rope  of  silk,  had  been  used  instead  of  the  wire 
in  the  last  experiment,  no  charge  would  have 
been  transmitted  to  the  pith  baU.  Glass  and 
silk  are  therefore  called  nonconductors,  while 
the  metals  and  other  bodies  that  act  similarly 
are  called  conductors.  For  further  information 
upon  this  point  see  the  artide  upon  CoHDUcnoir. 
llie  facts  now  mentioned,  with  others  of  the 
same  dass,  admit  of  important  experimental 
applications  in  the  Insidatum  of  conductors. 
Generally  a  conductor  is  insulated  when  it  is 
placed  in  such  rdations  to  sumunding  matter 
that  a  charge  bestowed  upon  the  conductor  shall 
be  retained  by  it  Arrangements  to  this  effect 
are  of  eaeential  importance  in  a  large  dass  of 
electrical  experiments ;  and  they  are  very  simple, 
both  in  prindple  and  practice.  We  insulate  a 
body  by  envdoping  it  upon  all  sides  with  non- 
conducting matter.  The  atmospheric  air  is  a 
good  nonconductor,  and  we  therefore  insulate 
a  conductor  when  we  suspend  it  in  air  by  a 
nonconducting  thread,  or  support  it  in  air  by  a 
nonconducting  nd.  But  the  insulation  in  such 
cases  win  be  rendered  very  imperfect  by  the  pre- 
sence of  moisture  to  any  great  extent  in  the  air; 
for  water  is  a  very  good  conductor,  both  as  a 
liquid  and  as  a  vapour.  For  details  in  regard  to 
insniation,  and  the  dissipation  of  charges  from 
dectrified  conductors  see  the  artide  upon  Insuukr 
Tuur.   We  have  hitherto  eooddend  only  one 
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of  el«c(rical  exclUtdon,  that  of  gliUB  wlien  rnbbed 
"with  Bilk.  We  may  now  take  up  another  case 
equally  simple,  that  of  a  stick  of  sealing  wax 
wiien  rubbed  with  woollen  cloth.  The  two  cases 
taken  together  will  give  a  simple  proof  of  the 
ftindamental  fiict,  that  there  are  two  distinct 
species  of  electricity.  It  has  been  already  stated, 
that  when  the  insulated  ball  of  an  electric  pen- 
dulum has  been  attracted  up  to  contact  with  an 
exdtod  rod  of  glass,  it  receives  a  charge  of  elec- 
tricity and  is  repelled  by  the  rod,  and  conducts 
itself  thereafter  in  the  same  way  as  the  rod  itself 
does,  attracting  generally  those  bodies  that  the 
rod  would  attract,  and  repelling  those  that  the 
rod  would  repel  Excited  sealing  wax  gives  pre- 
cisely the  same  results.  But  a  new  efiect  is 
observed  when  we  charge  the  ball  of  the  pendu- 
lum by  contact  with  glass,  and  bring  an  excited 
stick  of  wax  near  to  it :  the  ball  in  fact  is  at- 
tracted by  the  wax,  instead  of  being  repelled  as 
it  would  be  by  excited  glass.  A  similarly  attrac- 
tive action  is  exerted  by  excited  glass  upon  a 
ball  that  has  been  previously  chaiged  by  contact 
with  excited  wax.  The  dectricities  devdoped 
in  the  glass  and  in  the  wax  must  be  distinct  from 
each  other,  since  they  thus  exert  contiwy  actions 
in  similar  circumstances,  each  attracting  a  body 
that  would  be  repelled  by  the  other.  The  one 
dectridty  is  called  the  Vitreous  or  Positive,  and 
the  other  the  Resinous  or  Negative.  In  another 
instructive  form  of  the  above  experiment,  we 
diaige  one  pair  of  insulated  pith  balls  from 
exdted  glass,  and  another  pair  from  exdted 
wax,  and  observe  their  mutual  actions  when 
brought  near  each  other.  We  find  thus,  that 
nmiUrly  charged  bodies  are  mutually  repelled, 
while  those  dissimilarly  charged  are  mutually 
attracted. — From  the  law  of  the  mechanical 
actions  now  stated,  we  derive  a  simple  method  of 
determining  the  species  of  dectridty  with  which 
a  body  is  charged  in  any  actual  case.  Let  the 
insulated  ball  of  an  dcctric  pendulum  be  chaiged 
with  a  known  dectricity,  dther  Vitreous  or  Re- 
sinous ;  and  let  the  body  which  we  wish  to  exa- 
mine be  brought  up  from  a  distance  towards  the 
ball.  Then  if  the  body  repd  the  ball,  it  has  a 
charge  dmilar  to  that  of  the  ball ;  and  if  it  at- 
tract the  ball,  it  is  dther  disdmilarly  charged  or 
not  properly  charged  at  all.  The  former  action, 
that  is,  the  repulsive,  may  be  depended  upon  in 
all  cases  as  indicating  the  existence  of  a  charge 
upon  the  body  dmilar  to  that  upon  the  ball 
We  say,  therefore,  if  a  body  repd  the  ball  when 
vitreondy  electrified,  that  the  body  is  also  vitre- 
oudy  dectrified.  Such  a  statement  cannot  be 
understood  in  its  full  and  proper  import  without 
the  generalization  of  our  notions  in  rdation  to 
the  two  electricUia.  We  have  defined  the  Vitre- 
ous and  Rednous  dectricities,  as  those  which 
•re  derived  from  the  excitation  of  glass  and 
sealing  wax  by  friction  with  silk  and  wool  re- 
fpectivdy ;  and  we  suppose  that  the  test-bsQ  of 
the  pendulum  is  electrified  from  either  of  these 
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sources.    If  we  now  obtain,  by  any  meaiH^  a 
conductor  which  repds  the  baU,  we  say  that  tUs 
conductor  and  the  ball  are  similariy  dectrified, 
that  is,  both  vitreoudy,  or  both  resinoosly.    And 
by  this  we  mean,  not  merdy  that  the  ball  ii 
meclianically  afiected  by  the  new  diarge  in  ths 
same  way  as  it  would  have  been  afiected  bj  a 
Vitrtotu  or  Ruinovt  chaiige,  according  to  the 
original  and  restricted  sense  of  these  terms ;  but 
also,  that  the  new  charge,  when  once  identified 
so  far,  say  with  what  we  have  called  the  Vttr^ 
ous  Electridty,  by  the  simple  determination  ol 
its  mechanical  action  upon  the  ball  of  the  pendu- 
lum, may  be  now  identified  with  that  electridty 
in  all  respects.    In  other  terms,  every  actad 
chaige  is  identifiable  in  all  its  properties,  dther 
with  what  we  have  called  the  Vitreous  or  with 
what  we  have  called  the  Resinous  dectridtv. 
And  this,  of  course,  is  the  only  adequate  naaon 
for  the  unqualified  extension  of  the  terms  Vitre- 
ous and  Resinous  to  any  other  charges  bendes 
those  which  have  been  obtained  by  the  exdtatioo 
of  glass  and  sealing  wax.    The  two  dectridtici, 
as  already  stated,  are  called  also  Podtive  and 
Negative,  the  Negative  bdng  the  Resinous. — ^In 
these  introductory  remarks,  there  is  only  another 
point  that  we  shall  refer  to,  that  is,  the  effect  of 
the  mutual  contact  of  two  oppodtidy  electrified 
conductors.      The  best  way  of  exUbiting  ths 
efiect  is  to  allow  the  two  conductors,  say  two 
pith  balls,  to  attract  one  another  up  to  mutod 
contact    At  the  instant  of  contact  there  is  an 
evident  modification  of  the  dectric  forces.    Ths 
two  bodies,  fall  away  from   each  other;   and 
thereafter  they  either  repd  one  another,  or  ezed 
no  mutual  action  at  alL    The  oppodte  cfectriei- 
ties  appear  to  have  united  and  destroyed  each 
other  wholly  or  partially  at  the  time  of  oootaeC 
A  similar  annihilation  of  the  dectric  forces  may 
be  efiteted  by  bringing  the  two  bodies  into  coo- 
tact  with  a  third  conductor.     The  condoctor 
opens  a  path  to  the  two  charges,  and  fulfils  the 
function  of  a  mutual  contact  of  the  bodiei 
These  facts,  along  with  those  already  stated  under 
the  head  of  Conduction,  will  give  an  etementarf 
conception  of  Electricity  in  Motion,    Contnoted 
with  other  facts,  they  suggest  a  simple,  thoa^ 
not  a  perfect  division  of  dectric  science  into  two 
brandies,  Electro-Statics  and  Electro-Dynamica 
In  the  former  of  these  branches  we  study  die 
various  phenomena  tliat  are  presented  by  etefwa- 
artf  charges  of  electricity ;  and  in  connection  with 
these  phenomena  we  study  also  the  laws  of  tba 
development  and  disappearance  of  diaiges,  or  in 
other  terms,  the  laws  of  excitation  and  ditekargt, 
In  Electro- Dynamics,  which  is  now  much  tin 
more  extensive  branch  of  the  science,  we  con- 
sider the  phenomena  of  dectridty  in  motion,  or 
the  laws  of  discharge  in  general,  and  more  ttpb- 
dally  the  laws  of  continuous  dischaige  or  of 
dectric  currents ;  and  here  also  we  meet  a  qtedd 
and  important  dass  of  facts  in  regard  to  tlMD  ex- 
dtation  of  electridty.    In  the  present  aitida  ws 
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Ad  tika  np  the  principal  pdnts  of  Electro- 
SCalici  •>  bri^  as  poadUe,  referring  the  reader 
to  vaifaMS  Bobccidiiiate  articles  for  additional  in- 


L  Of  Emiaikm  we  have  had  already  two  in- 
ttuHOy  in  the  friction  of  g]a»  with  silk,  and  in 
tlMt  of  renn  i^ith  wool  or  Air.   We  have  detected 
isd  compared  the  charges  which  are  developed 
ia  tbcM  cases  opoo  the  glass  and  the  resin,  and 
««  kare  taken  them  as  the  standard  representa- 
tins  d  At  two  dedriaiki;  hat  we  liave  not  yet 
cxaaioed  the  electiic  state  of  the  mbber  in  either 
cue.    Ihe  examinatioD  may  be  simply  eflected 
by  wmpping  a  silk  handkerdiief  round  a  non- 
eosdocting  rod,  and  then  rabhtng  it  with  a  tube 
«f  ^aaSk    By  this  action  the  glass  will  be  posi- 
MLj  dectrified,  as  we  know ;  and  if  the  silk  be 
fTimined  by  the  action  of  the  electric  pendulum, 
«  other  nmilsrmeansy  it  is  found  to  be  also  elec- 
teiM,  bat  negatively.     A  similar  examination 
«f  tbe  seeond  case  would  show,   that   when 
PHsa  is  aegalively  electrified  by  friction,  its  mb- 
ber ii  bIm  electrified,  bat  positively.  These  &ct8 
•SI  siggeslive  of  a  law  of  exdtation,  which  is 
had.  to  be  aniTcnal,  that  when  one  of  the  elec- 
ttkitieB  is  evolved  by  any  means,  the  other  is 
svshed  by  the  same  means  along  with  it    Ex- 
f  liiBg  BOW  oar  inquiry  upon  excitation  by  frio- 
tioa  to  other  substances  besides  glass  and  resin, 
sad  thdr  mbbcn,  we  can  hardly  find  any  couple 
ifbofiathatare  incapable  of  being  electrified 
bjr  a  pnficriy  managed  friction  of  the  one  against 
ths  oibcr.    In  the  inlkncy  of  electric  science, 
bodies,  including  all  the  metals,  were  un- 
to be  nnexdtable  by  friction,  and  they 
was  thenfiDie  called  Andeetrics  or  Nonelectrics, 
ia  ditiaction  from  the  excitable  class,  which 
csOed  Ekdrics  or  Idiodectrics.    This  was 
'  to  the  discovery  of  the  electric  conductive 
of  bodies    a  discovery  that  completely 
n|>iand  the  appearance  of  unexdtability  pre- 
■M  by  the  metals  and  some  other  substances. 
If  snd  of  irao,  for  example,  be  held  in  the  hand, 
ad  tabbed  with  woollen  doth  or  any  other  sub- 
it  win  remain  perfectly  unexdted.    But, 
the  high  conductive  powers  of  the 
we  explain  the  absence  of  charge  after 
ia  this  case,  by  supposing  that  the  dec- 
tridtj',  as  soQo  aa  it  is  devdoped,  is  conducted 
>«qr  from  the  metal,  through  the  hand  and 
My  flf  the  operator,  into  the  ground.    To  test 
lbs  tnih  ef  this  explanation,  we  have  only  to 
the  metal  in  rdatkm  to  the  hand  that 
it    We  may  attach  it  firmly,  for  in- 
to a  g^asa  handle^  and  hdd  it  by  the 
In  these  drcumstanoes,  the  metal  con- 
ilidf  mder  Iriction  as  an  Idiodectric,  le- 
eoivisg  a  swwiMe  diarge,  and  retaining  it  for 
jost  aa  a  rod  of  ^ass  would.    By  the 
of  precautions  similar  to  the  above,  in 
tiiat  leqniieit,  we  find  that  all  bodies, 
ciBipt  tbe  gmes,  appear  to  be  capabls  of  deo- 
tteiiBn  by  frkdon,  tboogh  in  very  different 
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degrees.  There  is  one  doss  of  cases,  however^ 
that  presents  great  difficulty— that  is,  when  the 
two  bodies  employed  are  both  good  conductors 
It  is  only  in  spedal  forms  of  experiment  that  we 
ean  obtain  any  sensible  charge  in  such  cases; 
and  this  might  have  been  expected.  Still, 
tliough  we  cannot  obtain  a  sensible  chaige,  we 
have  sati»factory  evidence  otherwise  of  the  de- 
vdopraent  of  the  dectridties  by  friction.  In  ex- 
tending the  assertion  of  excitability,  as  we  have 
done,  to  all  bodies  except  the  gases,  we  have  in- 
cluded, of  courae,  the  liquids.  These  are  exdt- 
able,  both  by  mutual  friction  and  by  friction 
against  solids.  Of  the  latter  case,  we  have  a 
good  instance  in  Armstrong's  Hydro-Eleetrie 
Machine,  in  which  the  rvbber  is  water  in  the 
form  of  small  drops.  The  drops  are  suspended 
in  a  rapid  current  of  steam,  and  are  driven  along 
with  it  through  an  irregular  channd  of  wood, 
against  the  sides  and  projections  of  which  they 
are  powerfully  dashed  and  rubbed  by  tiie  force  of 
the  steam.  By  the  friction  thus  accomplished, 
both  the  wood  and  the  steam  are  dectrified,  and 
the  dectridties  are  easily  collected.  The  Hydro- 
dectric  machine  appears  to  be  the  most  powerfid 
instrument  of  excitation  that  we  yet  possess. 
The  simple  apparatus  represented  in  the  adjacent 
figure  may  be  usefully  employed  in  illustration 
of  the  laws  of  exciUtion.  The  discs  are  formed 
of  glass,  wood,  resin,  or  any  other 
substances,  tho  same  or  different, 
and  they  are  both  Aimished  with 
insulating  handles.  We  can  diange 
the  nature  of  either  of  the  rubbed 
sui&ces  at  pleasure,  by  covering 
the  fiioe  of  one  of  the  discs  firmly 
with  different  kinds  of  cloth  or 
paper,  or  by  coating  it  with  vamiah 
or  other  similar  substances.  In  Fig.  £ 
evei^"  variety  of  experiment  thus 
obtained,  we  find  that  when,  by  the  mutual 
friction  of  the  discs,  one  of  them  is  positivdy 
dectrified,  the  other  is  at  the  same  time  nega- 
tivdy  dectrified.  We  find  also  that  the  two 
opposite  charges,  which  are  simultaneously  de- 
vdoped, are  in  every  case  equal  to  each  other. 
This  equality  we  infer  from  the  perfect  equality 
of  the  mechanical  actions  of  the  discs  upon  the 
insulated  ball  of  a  pendulum,  and  still  more 
surely  from  the  neutralization  of  the  electric  ac- 
tions of  the  discs  upon  all  external  bodies  when 
the  exdted  fisces  are  placed  in  mutual  contact 
We  find  also  that  the  quantities  of  the  opposite 
dectridties  which  are  devdoped  in  any  case  of 
exdtation,  leave  no  free  dectridty  when  they 
unite  in  discharge ;  and  hence  we  derive  the  im- 
portant law,  which  is  found  to  be  universal,  that 
the  quantities  of  opponte  electridties  which  are 
neutralized  in  discharge  are  equal  to  each  other. 
— When  two  bodies,  then,  are  subjected  to  mu- 
tual friction,  they  are  oppotiUly  and  equally  dec- 
trified. But,  can  we  certainly  foresee  which 
body  of  a  given  couple  shall  be  positively  dectri* 
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fied,  and  which  negatiTely  ?  This  qoestioii  leads 
us  to  a  branch  of  the  sabject  that  has  been  veiy 
thoroughly  studied.  And  first,  it  appears  thivb 
the  detennioation  of  a  particular  electricity — say 
the  positiye — to  one  element  rather  than  the 
other  of  a  nibbed  ooaple  is  dependent,  to  a  great 
extent,  upon theitaleir0o/*tAe6(K2Mi.  Wehavehad 
proofe  of  this  fiust  already,  in  glass  and  sillE  as 
one  couple,  and  in  resin  and  woollen  cloth  as 
another.  In  these  and  some  other  instances  it  is 
barely  if  at  all  possible,  to  change  the  final  dis- 
position of  the  electricities  upon  &e  two  bodies  by 
any  variation  of  the  drcnmstanoes  of  the  experi- 
ment. If  we  now  form  a  number  of  couples,  and 
observe  the  positive  and  n^gatiye  body  in  each, 
it  will  appear  that  the  relation  between  the  ele- 
ments of  a  couple,  as  positive  and  negative,  is 
still  preserved  when  the  bodies  are  coupled  sepa- 
rately with  other  bodies.  It  is  evident,  there- 
fore, that  bodies  may  be  tabulated  in  the  order  of 
their  positive,  or  negative  tradencies,  when  sub- 
jected to  friction ;  and  such  tables  are  accordingly 
given  in  the  elementary  works  on  Electricity.  If 
any  two  bodies  contained  in  such  a  table  be 
rubbed  against  each  other,  the  one  which  is  far- 
thest on,  say  in  the  table,  is  always  negatively 
electrified.  The  following  table  is  one  that  is 
generally  adopted : — Fur  c^  a  cat,  polished  glass, 
woollen  cloth,  feathers,  wood,  paper,  silk,  gum-lac, 
rough  glass.  It  b  not  to  be  supposed,  however, 
that  the  tadtA  will  constantly  come  out  in  accord- 
ance with  the  amngementof  bodies  now  indicated. 
Very  slight  changes  in  the  drcumstanoes  of  theex- 
periment  are  often  sufficient  for  the  inversionof  the 
electricities  on  the  two  bodies  after  fiietion.  And 
we  have  now  to  notice,  therefore,  some  of  the 
circumstances,  besides  fhe  nature  of  the  rubbed 
bodies,  which  afiect  the  determination  of  a  parti- 
cular electricity  to  a  particular  element  of  the 
couple.  The  sttOe  qfthe  tmfaoet  of  the  couple  is 
one  of  these  circumstances.  Tlius,  polished  glass 
is  a.  highly  positive  body,  while  rough  g^ass  is 
higlily  negative.  Two  ribbons,  again,  which 
consist  of  Sie  same  stuff,  but  which  are  of  differ- 
ent colours — ^the  one  white  and  tlio  other  black- 
are  strongly  electrified  by  mutual  fijetian — ^the 
black  being  always  negative.  These  are  instances 
of  the  influence  which  the  state  of  the  rubbed 
surface  exerts  upon  the  phenomena  of  excitation, 
and  they  are  cases  of  what  appean  to  be  a  uni^ 
versal  law — that,  by  roughening  or  blackening 
the  suifiice  of  a  body,  we  render  the  body  more 
highly  negative^that  is,  more  susceptible  of 
bdng  negstively  electrified  by  friction  against 
other  bodks.  The  pr'<yi>orU(m  of  the  parti  rubbed 
of  the  two  euT&oes  is  another  important  element 
Two  ribbons,  for  example,  an  electrified  by 
mutual  friction,  though  they  are  similar  to  each 
other  in  every  respect,  when  the  one  is  robbed 
longitudinally  across  the  other.  The  latter  is 
always  negatively  electrified;  and,  in  general, 
whenthefrictionalactionisconcaitratedmoreupon 
one  of  the  surikoes  than  upon  the  other,  the  teo- 
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deney  of  the  former  surfinoei  in  virtue  of  the  un- 
equal distribution  of  the  friction,  is  alwajs  oe- 
gative.    Another  important  drcumstanoe  is  tbi 
relation  of  the  two  bodies  rubbed  ui  regard  to 
Umperatwre.     When  we  subject  two  periectly 
similar  bodies  to  mutual  friction  ^ymmetricsllj 
there  is  no  exdtation  produced;  but  tbe  result ii 
diffigrent  if  one  of  the  bodies  has  been  beated  be- 
fore the  friction ;  the  bodies,  in  ftct,  are  nam 
electrified  after  friction,  the  heated  bodyboQg 
negative.    We  find,  also,  as  we  should  expect, 
that  if  we  take  any  coupto  of  dectiioB,  and  best 
the  positive  'body  beforo  friction,  the  amouBt  of 
electricity  now  excited  by  a  given  amout  tf 
friction  Is  lees  than  formerly;  the  podtive  body, 
in  fact,  has  become  more  negative  or  leas  positiTe 
by  the  increase  of  its  temperature,  and  theooq)fe 
has  been  to  that  extent  weakened.      And  in 
many  cases,  where  the  positive  body  can  stand 
a  sufficient  increase  of  temperature,  we  am  aUe 
actually,  by  changing  the  temperature,  to  revens 
the  relation  of  the  two  bodies  as  positive  and 
negative,  and  to  obtain  considerable  duuges  hi 
the  other  direction.    While  we  restrict  onrseiTeB 
to  chaiges  of  senaitive  intensity,   Friction  is* 
practicsUy,  the  most  important  cause  of  excita- 
tion; but  there  are  two  other  causes    pressure 
and  heatr— <hat  may  not  be  alU^gether  overiooked. 
Two  bodies  may  be  sensibly  electrified  by  a  mere 
pressure  of  the  one  against  the  other.    This  is 
true  of  the  most  of  bodies,  but  the  phenomfps 
are  presented  very  remarkably  by  soma  ci]FStal- 
line  and  laminat^Jd  stractures.    Oalcareoos  spar, 
airagonite,  mica,  topaz,  and  some  other  bodieB, 
are  very  sensibly  electrified  by  pressure  Ar  an 
instant  between  the  fingers,  and  the  electridQr 
thus  developed  is  retained  by  the  bodies  m  sen- 
sible intensity  for  hours,  and  even  sometimes  fv 
several  days.    In  the  case  of  excitation  by  prte- 
sure,  as  in  tiiat  due  to  friction,  the  bodies  of  sny 
couple  have  definite  and  pretty  constant  rdations 
to  each  other,  as  the  one  positive  and  the  otber 
negative,  and  these  relatioos  are  affected  in  the 
same  way  in  both  cases  by  an  unequal  distribu- 
tion of  heat  between  the  bodies,  and  by  a  dificr- 
ence  of  polish  in  the  snxfiuKSb    Considering  the 
important  part  that  heat  plays  in  excitation,  we 
might  expect  that  the  agengr  of  heat  akneiraaM 
be  sufficient,  in  favourable  circumstances,  (or  the 
deviuopment  of  electricity,  and  this  is  actusBy 
found  to  be  the  case.    The  dectriiying  actkm  «f 
heat  has  been  specially  studied,  as  eThihitfd  by 
the  tourmaline — acrystal  that  we  obtsin  dneflv 
from  Ceykm.    When  the  temperature  of  a  tonr- 
maline  is  either  increasing  or  diminishing  wi^ 
two  definite  limits,  the  crystal  is  found  to  be  elec- 
trified positively  at  one  extremity,  and  negstivety 
at  the  other.    When  the  heatiing  or  the  oooGBg 
is  eflected  rapidly,  the  intensity  of  the  deetrio- 
ties  evolved  is  very  consideraUQ,  as  appears  by 
tiie  attraction  of  light  bodies  from  «  distance  to 
the  snifiioe  of  tiiA  ciystaL    If  a  toarmaliwehsi 
been  retafaied  finr  some  thneat  aigr  ooMtiDt  tsob 


866 


ELE 

l«n»i«,  h  g!rcs  bo  dflctrieiigiUi  but  when  w  \ 
a4l  or  sobtoaot  bMt,  the  dectric  pola  begin 
■BMdiit^j-  to  appear,  and  remain  active  till  we 


cUbv  of  the  limiting  tempentnres.  It  is 
a  leaeikable  CkI  thai  tlie  diepoeition  of  poles 
far  iaefcaring  tempeiatuies  is  oontniy  to  that 
ftr  diiinidilng  temperatares;  so  that,  if  the 
tBCTMBns  b  regdaily  heated  to  a  certain  point, 
lad  Ihea  v^larlj  cooled,  the  electricities  first 
Aoppeir  at  the  eztrenka  temperatnre,  or  shortly 
ite  it,  and  itoall j  reappear  aft  the  ends  of  the 
OTrtsI,  baring  changed  places.  There  are  many 
otMsIs  vfakb  are  now  known  to  possess  electric 
pnfotiei  anakgoos  to  those  of  the  tonnnaline; 
bat  we  win  not  enter  ftother  into  the  sabject  aft 
pemL—In  electricsl  experiment  it  is  very  tn- 
qsnthr  Mcessaiy  to  obtain  powerful  chaiges, 
lad  the  best  SMsns  to  this  efRect  have  been  con- 
Jetaed  in  that  important  instrument,  Uie  Electric 
Marliiif  The  most  common  form  of  the  instm- 
MDt  iithat  rqraented  in  the  article  Eijutbigal 
Xmszscs.  It  consists  of  several  parts,  which  we 
■ay  deicribe  in  wmnertinn  with  thdr  separate 
teedoH  of  cKdtatioD,  oo^lectioo,  and  insulation. 
The  aesne  of  excitatioo  are— first,  a  glass  plate 
whitb  is  toned  roinid  a  fixed  horizontal  axis  by 
■eoi  of  a  bsndle  attached  to  it ;  and  secondly, 
Bpsir  of  rabbsrs  which  are  kept  in  contact  with 
tit  two  soifwes  of  the  plate  above  its  centre,  and 
a  ^rfaibziy  disposed  below  the  centre.  The 
nfabcooaubtof  leatlieni  soi&oes  coated  with 
m  SHis^sm,  and  both  pairs  are  attached  to  the 
verticat  eappDrt  of  the  axle  of  the  plate,  and,  by 
■woBi  of  iatarposed  cushions,  are  pressed  con- 
itad^  egdnet  the  moving  surfsoes  of  the  glass. 
WloB  the  plate  is  well  dried,  and  the  amalgam 
eftksiebben  fresh,  the  tuning  of  the  plate  will 
^labSij  excite  both  the  glass  and  the  coshionsi 
A  iencr  positively.  Tte  next  part  of  the  ap- 
pMsiis  that  by  whkh  we  oollect  and  accumu- 
hli  the  dectiidty  thus  excited.  Two  conduct- 
bf  ndi,  in  the  Ibnn  of  hollow  metallic  cylinders, 
■e  filed  ra  positions  parallel  to  the  axle,  and 
vitk  their  ends  near  the  extremities  of  the  hori- 
snaddiimetcr  of  the  plate.  fVom  each  of  these 
«adi  pnceed  two  metallic  arms  towards  the  centre 
</  dsi  |)bti^  on  ei^Maite  sides  of  the  plate,  and 
ikn  to  its  soriaoe.  The  suKaces  of  the  arms 
*^ich  ibee  the  plate  are  fnmi^ed  with  points, 
vtseh  fcfoor  the  desired  eflbct,  as  we  shall  after- 
«adi  see,  shhoq^  they  are  not  necessary  to  it 
it  ■  eridnit  that  when  we  woik  the  machine  by 
the  plate^  the  part  of  the  glass  surCaoe 
vtahliM  ben  excited  by  friction  against  either 
«f  the  nbbos  onmes  immediately  under  the  m- 
iamee  of  the  metallic  arma,  and  parts  with  its 
dbuikitf  to  ths  oondncting  c}'linden.  In  the 
aM^fae  npRscnted  in  the  figure,  the  electricity 
CKiled  upon  the  rubber  is  ooodocted  away  into 
the  pond,  aa  its  aecnmnlation  on  the  rubbers 
vssid  pel  a  stop  to  the  process  of  excitation ; 
hat  is  other  fticms  of  the  marhine  thetwoeleo- 
nUtlB  sre  both  collected.     Further,  the  two 
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cylindeiB  are  connected  by  a  rod  of  metal  at  their 
ends,  remote  from  the  plate,  and  the  one  piece  of 
conducting  matter  thus  formed  is  called  the 
Prime  Conductor  of  the  machine.  The  third 
part  of  the  apparatus  is  for  insulation,  or  for 
effecting  the  retention  of  the  charge  upon  the 
Prime  Conductor.  This  function  is  fulfilled  by 
the  insulating  power  of  the  glass  rods  that  sup- 
port the  Prime  Conductor.  The  apparatus  no^r 
described  is  a  very  important  instrument  of 
science.  It  enables  us  to  exhibit  the  properties 
of  stationaiy  charges  in  a  much  mora  convenient  ' 
and  clearer  manner  than  we  could  do  by  the  ele- 
mentary methods  of  excitation,  with  glass  rods 
or  sticki  of  wax ;  but  it  is  especially  valuable  in 
experiments  upon  the  communicstion  of  electri- 
city, and  upon  the  various  efiects  of  discharge. 

2.  We  may  now  attend  to  the  plienomena  of 
Induction.  In  the  ai^aoent  figure,  b  represents 
an  insulated  metallic  cylinder,  whidi  has  several 
pairs  of  pith  balls,  attached  by  conducting 
threads  to  different  points  of  its  surface.    The 
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cylinder  being  uncharged,  let  an  electrified  ball, 
A,  be  brought  up  towards  one  of  its  extremities. 
We  know  that  if  the  distance  between  b  and  a 
be  sufiSdently  small,  the  dectricity  of  ▲  will  be 
partly  transferred  to  b,  by  dischaige  through  the 
air.  But,  before  the  distance  has  been  thus  Our 
diminished,  there  is  a  sensible  development  of 
electricity  hi  b.  The  pith  balls  of  several  pairs 
in  the  above  arrangement  are  seen  to  diveige 
firom  one  another,  and  the  divergence  increases  as 
A  approaches — showing  that  the  pith  balls  and 
the  cylinder  to  which  £bey  are  attached  are  eleo- 
trified,  without  dischaige,  by  the  mere  neighbour- 
hood of  A.  In  this  simple  experiment  it  is  ob- 
served, further,  that  the  electricity  is  developed 
in  greatest  intensity  at  the  extremities  of  b,  and 
that  there  is  no  saisiUe  development  about  the 
middle  of  the  cylinder.  If  the  electrified  ball,  a, 
be  now  withdrawn,  tlie  pith  balls  collapse,  and 
the  cylinder  loses  all  traces  of  charge.  Here 
then  we  have  a  method  of  devebping  electricity 
which  is  in  remarkable  contrast  with  the  two 
methods  already  noticed — excitation  and  com- 
munication ;  for  the  charges  devebped  by  the 
latter  methods  in  insulated  conductors  are,  in 
every  case,  persistent  or  self-sustaining,  when 
the  originating  agency  has  been  suspended.  This 
remarkable  property  of  the  charges  induced  in 
insulated  conductors  is  explained,  as  we  might 
have  expected,  by  the  fact  that  the  inducti\'e 
action  of  a  devdope  in  b,  not  merely  one  electri- 
city, but  equal  quantities  d  tketwo  electricities^ 
TUs  tact  is  easily  proved  by  observation.    Let 
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an  insulated  pith  ImU  be  charged  by  oontact 
ivith  A,  and  ki  it  be  brought  near  the  balls  of  B 
when  they  an  diverging  under  the  inductive 
action  of  a.  It  will  be  seen  that  the  pith  ball 
attracts  those  baHs  of  b  which  are  at  the  extre- 
mity next  to  A,  and  repels  those  which  are  far- 
thest from  A.  The  cylinder  is  therefore  oppo- 
sitely electrified  at  its  two  extremities  by  the 
influence  of  a,  and  the  chaiige  similar  to  that 
upon  a  is  at  the  extremity  remote  from  a.  The 
two  electricities  appear  also,  as  already  stated,  to 
diminish  in  intensity  as  we  proceed  firom  the  ex- 
tremities of  B  towards  the  middle,  where  there 
are  no  electric  signs  at  alL  These  tacts  are 
equally  weQ  proved  without  the  attachment  of 
pith  balls  or  other  electroscopes  to  the  cylinder. 
By  means  of  the  Proof  Plane — a  very  small 
metallic  disc  attached  to  a  long  insulating 
handle — ^we  can  draw  small  charges  from  difibr- 
ent  parts  of  the  sur&oe  of  B  by  contact,  and 
then  we  can  test  the  species  and  intensity  of  the 
chai^  upon  the  Proof  Plane  by  means  of  an 
electroscope.  It  can  he  proved  further,  by  direct 
observation,  that  the  opposite  charges  developed 
in  B  are  equal  to  each  other;  but  this  ai^iears 
to  be  sufficiently  proved  by  the  fact,  that  when 
A  it  withdrawn,  the  two  chaiges  on  b  are  mutu- 
ally destroyed.  Suppose  now,  that  while  b  is 
under  the  inductive  influence  of  a,  we  nninsulafa 
b,  or  connect  it  with  the  ground,  the  chaiige 
upon  B  that  is  remote  from  a,  or  similar  to  that 
upon  A,  immediately  disappears;  and  if^  after 
this,  we  first  insulate  b,  and  then  withdraw  the 
body  A,  we  find  that  b  is  chaiiged,  and  with  an 
electricity  opposite  to  that  upon  a.  This  result 
may  be  explained  by  a  reference  to  our  original 
arrangement  of  pith  balls  in  connection  with  b; 
for  wben  b  is  uninsulated,  it  is  connected  with 
the  conducting  mass  of  the  earth,  just  as  one  of 
the  pith  balls  is  connected  in  the  original  arrange- 
ment with  the  mass  b.  And,  more  particularly, 
the  relation  between  b,  when  uninsulated,  and 
the  immensely  greater  conducting  body  of  the 
earth,  is  precisely  similar  to  the  relation  between 
B  when  insulated,  and  the  smaller  conducting 
mass  of  a  pith  ball  attached  to  the  end  of  b  that 
is  nexi  to  a  ;  so  that,  as  the  pith  ball  will  be 
charged  with  one  electricity  in  the  latter  case, 
the  cylinder  b  will  be  similarly  charged  in  the 
former,  and  will  retain  its  charge  when  it  is  de- 
tached from  the  earth  by  insuktion. — Hitherto 
the  charge  upon  a  has  been  considered  as  merely 
acting  inductively  upon  b  ;  but  this  is  not  an 
adequate  view  of  the  electric  relations  of  the  two 
bodies.  The  inducing  charge  is  itself  affbcted 
inductively  by  the  electricity  which  it  develops 
and  sustains  in  b.  It  is  aflSscted,  not  in  the  way 
of  loss  or  gain  of  electricity  upon  the  whole,  but 
in  the  way  of  distribution.  If  we  examine  dif- 
fisrent  points  of  the  surfiuie  of  a  by  means  of  a 
proof  plane  and  an  etectrometer,  we  find  that  the 
intensity  of  the  electricity  on  the  parts  of  the 
sur&oe  which  are  next  to  b  is  much  greater  than 
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on  the  parts  remote ;  so  that,  as  the  dunge  of  a 
attracts  the  opposite  dectridty  in  b  toivvds  a, 
the  latter  attracts  the  opponte   diarge   of  a 
towards  b.     If  we  now  consider  the  case  of  two 
insulated  conductors,  which  are  both  dectrified, 
and  brought  near  to  each  other,  we  can  express 
their  mutual  inductive  actions  in  tiiese  terms— 
that  the  opposite  electricities  are  mutually  at- 
tracted, and  the  similar  electricities  mutually  ^^• 
pelled.    Referring  to  our  original  airangeoieBt 
of  the  ball  a  and  the  cylinder  b,  suppose  the  two 
bodies  to  be  insulated  and  snnilarily  elecliified. 
Then,  if  ▲  be  brought  up  towards  one  extremity 
of  B,  the  pith  baHs  at  that  extremity  wiB  ool- 
lapse,  and  those  at  the  other  extremity  will  hare 
their  divergence  increased — showing  that  tibe 
electricity  A  a  repels  the  similar  ekctridtjr  of 
the  other  body.    If  b  had  been  oppositely  deo- 
trified,  its  diarge  would  have  been  attracted  or 
determined  with  greater  intensity' towards  die 
parts  of  the  surface  a^acent  to  a.     And  in  both 
cases,  and  indeed  in  dl  cases,  the  actioD  oi  the 
diaige  of  B  upon  a  is  precisely  similar  to  that 
of  the  diai^  of  A  upon  B.    Itmaybenoweaafly 
understood  that  an  insulated  condnctor  wlndi  is 
electrified,  say  positively,  may  have  a  distribn- 
tion  of  negative  electricity  induced  over  a  ootam 
portion  of  its  surface,  and  this  whether  the  induc- 
ing ohai^  be  positive  or  negative.    Suppose 
that  the  indudng  charge  is  positive,  and  modi 
greater  than  the  charge  upon  the  body  examined, 
then  the  first  efibct  of  induction  will  be  a  dimioD- 
tion  of  the  intensity  upon  the  parts  of  the  body 
ac^acent  to  the  indudng  charge,  with  a  oones- 
ponduig  increase  of  intensity  on  the  parts  re- 
mote.    As  the  bodies  approximate  tliis  efieci 
increases,  until  the  positive  electridty  is  cnttidy 
repelled  from  one  part  of  the  sur&ce;  and  upon 
this  part  the  negative  dectridty  will  be  eiieHed 
if  the  distance  between  the  bodies  be  still  dimi- 
nished.— The  precise  consideratioo  of  the  laws  of 
induction  cannot  be  here  attempted ;  but  it  may 
be  stated  that,  in  every  attainable  system  of 
inductive  actions,  the  two  dectridtaes  appear  to 
conduct  themsdves  as  two  material  fluids,  wfaiefa 
are  self-repulsive  and  mutually  attractive  with 
forces,  varying  inversdy  as  the  square  of  the 
distance,  and  directly  as  the  product  of  the  fluid 
masses.    And  we  indude  in  this  statement  the 
case  of  unduurged  conductors  by  assuming,  ss 
the  phenomena  oompd  us  to  assume,  that  every 
insiJated  conductor  possesses  an  unlimited  flmd 
of  the  two  dectridties;  and  that  these  disetrid- 
ties,  though  mutually  neutralized  and  inactive, 
are  yet  subject  to  the  attractive  and  repulsive 
actions  of  hidnction,  just  as  free  diaiges  are: 
Suppose  now  that  we  have  a  system  of  conduc- 
tors placed  near  one  another,  and  that  one  or 
more  are  dectrified.    The  whole  system  will  ho- 
mediatdy  fidl  into  a  particular  dectric  state. 
Each  conductor  will  have  a  stationary  distribu- 
tion of  one  or  both  dectridties  upon  its  sufeoe— 
a  distribution  sustahied  by  the  inductive  actioai 


25i$ 


4 


1 


Hi.  4. 


ELE 

flf  aO  the  Bmrg%  oriigiiial  and  induced,  throogli- 
Art  the  mleiii.     And  H  is  evident,  from  the 
•bote  itatcneBt  ef  the  Um  of  indocCioii^  that 
lit  qMidoB  of  the  dfctlTibQtion   of  dectricity 
fa  9Kk  a  micni  isjnet  a  qoestion  of  eqnOibrinm 
«f  flnda,  which  am  nbjeoted  to  definite  forces, 
tftiaetiTe  and  lepolsiTa.    This  taram  one  of  the 
rvfadpil  SBtjccts  of  fairestigation  in  theMathe- 
■iiial  ThioKy  of  Electiidtjr.     The  acQaoent 
tpnaaaU  a  afanple  experimental  ar- 
wU^  va  QW  to  Faraday,  and  which 
■  flf  gicak  TdM  tat  the  sfanplidtj  and  deamess 
vih  wiridi  it  brings  oat  some  important  prin- 
d|ifai  of  indndiva  aoliOD.    The  Tosid  a  is  an 
InsiilatBd  pewter  ice-pail,  abont 
a  liMt  in  heiglit    It  la  connected 
by  a  wim  with  a  ddlcate  electro- 
meter,  s.    c  fa  a  metallic  baD, 
insniatwi  bj  a  silk  thread  tiuee 
or  Ibnr  Ibet  in  length.    If  the 
ball,  c,  be  chaiged  and  let  down 
faito  a,  aa  in  the  figure,  tlie  dec- 
troflcope,  B,  will  at  once  diveige 
with  a  diaige  dmilar  to  that 
npon  c.     n^  effisct  the  reader 
iriD  ondeistand  from  what  pre- 
If  c  be  podtirely  diaiged,  the  negatiye 
win  be  attracted  to  the  interior  sur- 
Cks  «f  A,  and  dbe  poaitiTe  will  be  repelled  to 
tie  exisciar  sarfhee,  and  stfll  move  stronglj  to 
Ik  nsHie  body,  b.     As  the  ball  enters  a,  the 
<liiugeBiB  of  the  deetroaoope  will  increase  dU 
cii«rwd  indies  beloiw  the  edge  of  the  Tossd, 
■d  it  win  tlien  ranafai  constant  for  aU  lower 
parites  of  a     ¥nm  tiiis  we  inftr,  that  in 
tka  bw  positkNia  tiia  entire  bductive  action 
«f  Che  balTs  diarge  ia  eonrted  npon  the  inner 
•vfae  of  A,  wliOe,  in  tlis  higher  podtioos, 
F«t  flf  ttMt  actftoo  la  apent  npon  internal  con- 
^elai.    Ofcoooaes,  weherespiBakoftheindno- 
tinaElian  as  U  is  mmSNg  mtrnffitted  by  its 
the  dectroaoopeu    It  may  now  be 
that  a  diaiged  coodoctor,  placed  in 
of  a  large  room,  and  apart  from  other 
win  yet  perfom  its  inductive  ftmo- 
<i«  SI  oempletdT  as  if  It  were  in  the  drcwn- 
of  the  bi^  c ;  Ibr  the  pbuse  of  A  win  be 
by  the  waOa  of  the  room,  which  wiU 
be  fliecliUtal  witii  a  diaige  oppodte  to 
tteofttecoadiKlor.aiideqnaltoit,  aswediaU 
•eismMBflhij).    When  thabaB  o  is  suspended 
ii  fbi  vMd  ai  a  snOdent  ^stance  to  prevent 
ths  vessd  At  and  its  attadied  deetro- 
•eas  of  dther  dectiidty.    This 
■^  be  proved  by  withdrawing  c  from  the  vea- 
«l|Whai  B  win'ooUapee  periictly  if  the  appa- 
aim  fa  ia  good  order.    When  c  fa  suspended  in 
tbs  nmd,  the  diteigjente  of  b  fa  therefixre  a 
of  the  diarga  induced  upon  the  inner 
of  a;  and  if  o  tondi  the  interior  surihce 
d  A,  sbA  esmmnieata  its  charge  to  the  vessd 
■i  As  ehstooaoope,  dia  dirergence  of  b  wiU  lie 
e  ■snam  ef  Oa  o^skud  d^ugs  of  the  baD. 
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But  tlie  diveigence  of  b  is  absolutely  unchanged 
by  internal  disctuiTge  between  c  and  a  ;  and 
hence  Faraday  infe»,  from  direct  experiment, 
that  **  the  electridty  induced  by  c  and  the  dec- 
tridty  m  c  are  accurately  eqiud  in  amount  and 
power."  For  developments  upon  thfa  subject, 
into  which  we  cannot  enter,  the  reader  fa  refinred 
to  Faraday*  t  Experimental  Retearchet^  voL  ii., 
page  280.  The  most  important  additions  that 
have  been  made  to  Electro-Statice  in  recent  times 
are  contained  in  the  discoveries  of  Faraday, 
and  in  hfa  peculiar  views,  with  regard  to  the 
nature  of  inductive  action.  For  information  upon 
these  points,  consult  the  artide  on  iHDt'cnoiv ; 
see  alao  ELECTRnsonnB  and  Electropborus, 
ibr  dmpk  iqypUcations  of  the  prindples  alwve 
stated. 

8.   We  may  now  condder  the  laws  of  the 
Ehetric  Foroet.    We  have  seen  that  sfanilarly 
duu-ged  bodies  repd  one  another,  while  thorn* 
oppositely  cbaiged  attract ;  and  also,  that  exdte<l 
dectrics  attract  uncharged  bodies  which  are  con- 
ductors, a  case  that  fa  evidently  reducible  by  the 
prindples  of  induction  to  that  of  charged  bodies. 
It  should  be  observed  in  passing,  that  these  at- 
tractions  and  repoldons  are  quite  dutinct,  in  fret, 
from  wliat  we  have  called  the  attractions  and  re- 
pulsions of  the  dectridties  in  our  statement  of  the 
laws  of  induction.    The  experimental  inveetiga- 
tion  of  the  laws  of  the  dectric  forces  was  a  work 
of  great  diiBculty ;   and  Coulomb  had  the  high 
merit  of  commencing  and  completing  it.    The 
chief  instrumental  means  that  he  employed  in 
thfa  woric  was  the  Balance  of  Tornon,  a  fine  ap- 
paratus of  hfa  own  invention,  whose  generd  Ibnn 
and  prindple  we  need  not  here  describe,  as  a 
separate  article  has  been  devoted  to  it    When 
tiM  Torsion  Balance  fa  formed  especially  for 
dectric  experiment,  the  lever  or  needle  suspended 
by  the  tordon  thread  fa  a  slight  rod  of  noncon- 
ducting matter,  bearing  at  one  end  a  small  and 
light-conducting  sphere.    The  other  dectrified 
body,  or  the  carrier,  fa  in  the  dmplest  case  a 
similar  conducting  sphere;  and  it  fa  attached  to 
a  long  insulating  stem  by  which  we  introduce  it 
through  an  opening  in  the  glass  case  into  the 
tero-podtionjof  the  first  sphere.    To  determine, 
by  means  of  ttifa  apparatus,  the  rdation  between 
the  dectric  force  and  .th^  mutual  dfatance  of  tlie 
bodies,  thecanying  baH  fachaiged  and  intro- 
duced into  its  proper  podtion,  when  it  shares  its 
chaige  with  the  other  bsll  and  repek  it  to  a  oer- 
tahi  dfatance.    At  thfa  distance  the  force  of  tor- 
sion fa  evidently  equal  to  the  electric  repufalon. 
By  causing  the  force  of  tovskm  to  take  various 
ddlnite  values,  as  we  can  do  at  pleasure,  we  are 
able  (0  keep  the  moveable  baU  in  equilibrium  at 
various  measurable  dfatanoes  from  the  fixed  ball ; 
and  thfa  while  the  two  chaiges  are  sendbly  con- 
stant    And  then  by  comparing  the  different 
forces  of  tornon  with  the  corresponding  distances 
of  the  balls,  we  find  that  the  mutual  repuldon  of 
the  balfa  fa  iuversdy  proportiond  to  the  equare 
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of  tbelr  distance.  The  attractive  force  of  the 
two  balls  when  o|ypoeitely  charged  U  found  to 
obey  the  same  law.  Thia  case  ia  managed  bj 
first  charging  the  moveable  ball  and  remoying  it 
by  the  torsbn  force  to  some  distance  from  its 
zero-position,  and  then  charging  the  carrier  with 
the  opposite  electricity  and  putting  it  into  posi- 
tion in  the  apparatus,  and  observing  the  simul- 
tanraua  values  of  the  torsion  force  and  the  dis- 
tance as  in  the  former  case.  For  determinmg, 
further,  the  relation  between  the  electric  force  and 
the  quantities  of  electricity  upon  the  balls,  we 
must  be  able  first  of  all  to  obtain  isolated  charges 
which  are  quantitatively  related  to  one  another 
in  a  perfectly  definite  way ;  for  otherwise  we  can 
institute  xio  onmparison  between  difilerent  forces 
and  the  corresponding  charges.  To  obtain 
charges  thus  related  to  one  another,  Coulomb 
adopted  a  very  simple  method.  He  took  two 
perfectly  similar  conducting  balls,  of  which  one 
WAS  chaiged  and  the  other  not :  he  placed  these 
in  contact  with  one  another ;  and  he  took  it  as  an 
axiom  that  after  separation  the  balls  were  equally 
charged,  and  each  therefore  charged  with  half  the' 
quantity  of  electricity  originally  possessed  by  the 
one.  In  this  way  several  submultiples  of  a  given 
charge  could  be  obtained  and  experimentally 
compared  in  the  Torsion  Balance.  Suppose  that 
the  two  balls  in  the  balance  were  chaiged  and  in 
position,  and  that  the  torsion  force  and  the  dis- 
tance of  the  balls  were  noted;  that  then  the 
carrying  ball  were  withdrawn  and  put  in  con- 
tact wi&  a  perfectly  similar  and  equal  unchaiged 
ball,  and  finally  restored  to  its  position  in  the 
apparatus.  The  force  of  torsion  that  would  be 
now  required  to  preserve  the  original  distance  of 
the  balls  would  be  less  than  formerly,  the  repul- 
sion of  the  balls  having  diminished.  The  charge 
upon  the  carrier  might  be  again  halved  by  a 
similar  process :  the  chaige  upon  the  moveable 
ball  might  be  also  subdivided  at  pleasure ;  and 
the  subdivisions  of  both  charges  might  be  con- 
ducted in  any  order,  separately  or  together.  In 
this  way,  and  by  a  great  number  and  variety  of 
experiments.  Coulomb  proved,  that  the  attnu^ve 
and  repukive  forces  of  the  balls  vary  as  the  pro- 
duct of  their  diaiges.  The  laws  above  stated 
may  be  simply  expressed  in  one  mathematical 
formula.  Let  p  and  g  be  the  charges  upon  two 
small  spheres,  d  the  distance  between  the  centres 
of  the  spheres,  and  f  the  attractive  or  repulsive 

P  Q 

force :  then  p  «=       .    We  can  even  indude  in 

this  formula  the  directions  of  the  forces  as  attrao- 
ti%*e  or  repulsive,  if  we  agree  to  afibct  all  vitreous 
charges  with  the  sign  -{-,  and  all  resinous  charges 
with  the  sign  — ;  for  on  this  understanding,  all 
positive  values  oif  p  derived  trwa  the  fomiula 
will  indicate  repulsions,  and  all  negative  valoes 
attractioDs  Such  are  the  simple  laws  which 
regulate  the  attractions*  and  repulsions  of  small 
chanced  balls,  or  of  charged  points^  if  we  may  so 
speak.    Retftiiig  as  tliese  laws  do  upon  rigorous 
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experimental  pounds,  they  have  been  Bnivenallr 
adopted  as  first  principles  by  the  cultivaton  of 
the  matheinatical  theory.  They  have  been  qno- 
tioned,  however,  in  recent  times,  espedallj  by  Sir 
W.  Snow  Harris,  who  has  attempted  an  experi- 
mental revision  of  this  and  other  dementair 
points  in  the  theory  of  electridty.  The  results 
which  he  obtained  were  certainly  such  as  to  tfaio v 
some  doubt  at  first  upon  the  recognized  laws  of 
i}).e  dectric  forces;  but  it  is  now  understood  by 
those  familiar  with  the  subject,  that  the  results 
of  Coulomb's  labours  have  been  absolutdy  on- 
touched,  if  not  rather  confirmed.  The  reader 
who  desires  fhll  information  upon  these  pdnts 
may  consult  a  paper  by  Professor  W.  Thoinsoii, 
in  the  Phihtophical  Magazine  for  July,  1854. 
It  win  be  evident  that,  within  certain  limitB,  the 
method  of  experimental  inquiry'  described  abore 
might  be  stiU  followed,  though  the  dectrificd 
bo^es  were  of  various  forms  and  magnitodf^ 
But  there  is  another  method,  which  we  owe  still 
to  Coulomb,  and  which  may  be  followed  m  esses 
that  would  be  unmanageable  by  the  method  of 
torsion.  If  one  of  the  deetrified  bodies,  lor 
example,  were  very  much  greater  than  the  other, 
the  smaller  body  might  be  attached  to  the  end  of 
alight  nonconducting  lever  and  made  to  oscil- 
late round  a  fixed  point  in  front  of  the  lar^'v 
body.  The  electric  attraction  in  this  case  would 
supply  the  place  of  gravitation  in  the  oomnuA 
pendulum ;  and  the  values  of  the  attraction  for 
difierent  distances  of  the  bodies  would  be  propor- 
tional, according  to  the  law  of  the  pendulum,  to 
the  squares  of  the  number  of  osdllatioas  per- 
formed in  a  given  time  at  those  distances.  Bj 
varying  the  distance,  and  observing  the  numUr 
of  oscillations  performed  in  a  given  time,  ve 
could  therefore  approximate  to  the  law  of  the 
force  in  any  given  case.  It  should  be  observed, 
that  this  method  of  oscillations  was  also  em- 
ployed by  Coulomb  for  the  direct  oonfirmatioD  uf 
those  fundamental  results  already  described  is 
obtamed  by  the  method  of  torsoo.  As  the  itA 
result  then  of  these  experimental  researdies  of 
Coulomb,  we  have  obtained  a  general  mathiy 
matical  formula  of  gn^at  simplidty,  vhiiti 
expresses  the  entire  law  of  the  electric  Corces 
in  the  fundamental  case  of  two  duugcd 
points.  And  in  more  complex  cases  msuy 
accurate  numerical  results  have  been  ob- 
tained, which  are  of  use  not  for  suggestiog 
a  general  mathematical  expression  of  the  hiir 
of  force  in  the  case  of  given  oonduchws,  but 
for  testing  and  confirming  the  nsnks  of  s 
simple  mathematical  theoiy  founded  upon  tSw 

p  o 
equation  p  «»  — z,  and  upon  the  laws  of  bdtic- 

tion  and  distribntton.  For  scNne  devdopDenti 
upon  these  points  see  a  subaeqneDt  aittds  cm- 
oeming  Imaobs,  Elvctrioau  W«  ahoold  nrt 
leave  this  subject  without  refoiring  to  the  diffi- 
pation  of  elecdidty  from  the  cha^ied  bodies  'n 
the  course  of  experiment.    In  the  researchn  cf 
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Cfliknb  and  of  thoie  wbo  have  followed  in  his 
miftf  thit  w  iDond  to  be  a  most  impoitaot  de- 
Bert.  It  ii  in  (act  very  evident,  that  in  viitae 
«f  tbfl  dinipation  the  cfaatipes  experimented  on 
wfll  be  ceotininny  changing  in  qnantity,  and 
drii  iedqandently  of  the  will  of  the  operator. 
Without  entering  faito  details,  it  may  be  stated 
ifaiC  Caalomb  ootamfy  and  completely  orereanie 
dm  diflienhy  In  his  lesearcfaes,  partly  by  pre- 
tfotiiig  ths  diasipatioD  as  Ihr  as  posstbie,  and 
tbereafter  by  taking  fUly  into  aoootrnt  the  efitets 
«f  the  dierfpatlon  that  remained. 

4.  We  may  noweonsider  briefly  the  DUtribu' 
ties  of  electricity  npon  conductors.  It  is  a  Am- 
daamtri  proposition  in  this  branch  of  the  sntrject, 
diat  a  diarge  brstowed  upon  an  Insnlated  con- 
dedor  Is  distribated  whoUv  over  its  external 
kod  not  in  any  dfgiee  thronghoot  its 
or  over  hiterior  surtkces.  We  exdode,  of 
the  ease  of  an  interior  surfeoe  which 
cardops  a  chaiged  and  insulated  body,  a  case 
«dl  exemplified  hi  Faraday's  arrangement  of  the 
is  pail  A  and  the  endoeed  carrier  c.  In  proof 
«f  the  prapQsitioa  diat  we  have  nofw  stated  some 
ttildag  expertmentB  might  be  addooed.  The 
sffantnsemplo}^  in  one  oT  these  is  represented 
h  the  adjaocBt  cat.     It  consists  of  an  insnlated 

condnetiog  sphere,  and 
two  hemispbeiieal  con- 
ducting shdis  which 
are  attached  to  insulat- 
ing handles.  The  dlidls 
fit  accurately  to  the 
snriiu3e  of  the  sphere, 
so  as  to  envdop  the 
^ilme,  m  oontact  with  it  and  with  one  another. 
Whm  we  charge  the  sphere  and  then  cover  it  with 
Ae  hoMpherieal  shdls,  we  find  that  the  surface 
('tfe  latter,  that  ia,  the  external  snr&ce  of  the 
vhofe  coodneting  mass,  is  now  electrified.  And 
■iB  MR,  wbm  the  sbdls  are  withdrawn  by  thdr 
^■aliilim  haadks,  we  find  that  they  are  sepa- 
nufy  deetriAed,  and  that  the  sphere  is  perfectly 
^inhnsed,  presenting  no  trace  of  its  original 
ciKtriaty.  This  is  a  dsar  proof  that  the  charge 
vas  distrihated  wholly  over  the  external  smfaoe. 
it  ibtlMr  lllttstration  take  a  hollow  metaltic 
T^hdo;  sadi  as  the  ioe  pail  a  in  the  diagram 
i^iadaeCion.  I^etaaeh  a  conductor  be  charged, 
adtethe  electric  stAle  of  its  variooa  parts  be 
toftd  by  the  proof  plane.  It  will  be  fonnd  that 
ikefnof  plane  teedves  a  sensible  charge  from 
av  pomtaf  the  ezteraalsorftoe,  but  none  what- 
**vfiMi  a  point  of  the  interior  surface ;  a  dear 
pmf  thst  the  dectridty  is  distributed  in  aocord- 
_with  the  propodtkn.  Like  results  may  be 
with  perlbnted  dwQs  of  oondnctlng 
r,  whatever  be  the  forms  of  the  sheila,  pro- 
^'ttd  thqr  have  doaed  or  neariy  dosed  sarihoee. 
%%BierepreseDtioneof  thecoiioDB  arrange- 
whieh  Fanday  has  made  in  illostration  of 
A  oonieal  bag  of  muslin  has  its 
by  a  metallk  ring  which  ia  sup- 
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ported  by  an  insulating  stem.    A  silk  thread  at- 
tached to  the  apex  of  the  cone  passes  through  the 
ring.    When  we  charge  the  ring  and  the  bag  and 
employ  the  proof  plane,  we  find  no  trace  of 
dectridty  upon  the  interior 
surface  of  the  muslin,  while  we 
reodve  considerable  charges 
from  its  outer  surface.    By 
drawing  tlie  thread  we  turn 
the  cone  inside  out,  and  we 
find  that  the  entire  charge 
has   changed   surfaces,    the 
inner  snrface  bdng  still  desti- 
tute  of  dectridt}^      As   a 
last  illostration :  if  we  dig  a  small  and  sharp 
cavity  in  a  spherical  or  other  conductor  and  then 
charge  the  conductor,  we  find  that  the  proof 
plane  takes  no  diaige  whatever  l^m  the  bottom 
or  the  sides  of  the  cavity.    IVom  these  and  other 
instances  we  conclude,  that  when  a  charge  is 
bestowed  upon  any  connected  body  of  condnctin;; 
matter,  it  is  distributed  wholly  over  the  external 
surface,  and  not  in  any  degree  through  the  inte- 
rior of  the  mass,  or  even  upon  ntrfaceM  that  are 
property  interndorouvdoped.  In  all  ftirther  ques- 
tions therefore  about  the  distribution  of  charges, 
we  can  have  respect  only  to  the  dectzic  intensi- 
ties at  the  various  pdnts  of  conducting  surfacen. 
The  generd  question  of  distribution  has  been 
so  far  stated  and  answered  in  our  remarks  upon 
induction.    The  general  statement  there  made 
may  be  now  repeated  and  explained,  and  so  far 
proved:  that  in  all  inductive  and  distributive 
actions  the  two  dectridtles  conduct  themselves  t» 
if  they  were  sdf-repulidve  and  mutually  attractive 
with  forces  varying  inversdy  as  the  square  of 
thedistanoe  and  directly  as  the  product  of  thpquan- 
tities  of  ekdridty.    it  must  be  noticed  that  in 
this  statement  we  extend  the  assertion  of  a  sdf- 
repuidve  force  Iwth  to  the  mutual  actions  of 
dmilar  diarges  and  to  the  actbn  of  every  dngle 
charge  upon  itsdf.    When  conductors  of  certain 
forms  are  insulated  and  dectriied,  the  amplest 
examination  is  suflSdent  to  diow  that  the  charges 
are  not  uniformly  distributed.    If  the  conductor, 
for  example,  be  a  long  cylinder  with  hemispheri- 
cd  ends,  the  attraction  of  light  bodies  will  he 
evidently  twice  as  powerftd  at  the  ends  as  at  the 
middle  of  the  cylinder ;  a  result  that  indicates  a 
greater  aocnmulation  of  dectridty  at  the  ends 
than  at  tlie  middle.    But  a  much  more  accurnte 
method  of  investigation  than  this  is  required  for 
the  tme  determination  of  the  distribution  in  any 
case ;  and  Coulomb  supplied  such  a  method  by 
means  of  the  Torsion  Balance  and  the  Proot 
Plane.    When  the  Proof  PUne  Is  pnt  in  contact 
with  any  part  of  an  dectrified  conducting  sorlhoe, 
it  becomes  dectricaUy  an  dement  of  the  sorfhoe ; 
and  when  it  is  removed  it  retdns  a  charge  equal 
to  the  quantity  of  dectridty  resident  upon  tlie 
dement  that  was  covered  by  the  proof  plane. 
By  snooesdvdy  diachaiging  tiie  proof  phme,  and 
applying  It  to  different  i)oints  of  the  given  sur- 
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face,  we  obtain  a  aerieB  of  small  chaiges  whidi 
have  thifl  definite  relation  to  one  ani^ber,  that 
tbey  are  the  quantities  of  electricity  resident 
npon  equal  superficial  elements  in  the  given 
distribution.    Now  the  natural  measure  of  the 
electric  intensity  at  any  point  of  a  charged 
surfiMe  is  just  the  quantity  of  electricity  resident 
npon  a  given  and  very  small  superfldal  element 
situated  at  the  point  in  question;  so  that  by 
means  of  tlie  proof  plane  we  can  exhibit  the 
various  electric  intensities  of  any  particular  dis- 
tribution in  the  form  of  isolated  charges  that 
can  be  quantitatively  compared  with  one  another 
apart  tnm  all  disturbing  actions  by  means  of 
th0  Torsion  Balance.    This  is  the  simple  theory 
of  the  employment  of  the  Proof  Plane  in  the 
experimental  study  of  the  laws  of  distribution. 
The  theory  of  the  employment  of  the  Torsion 
Balance  in  this  investigation  is  equally  simple. 
The  proof  plane,  when  charged  by  contact  with 
the  surface,  is  introduced  to  the  position  of  the 
fixed  ball  of  the  balance,  where  it  attracts  the 
moveable  ball  and  gives  it,  as  we  otherwise 
know,  A  constant  proportion  of  its  own  diarge, 
and  then  repels  it  to  a  certain  distance.    By 
giving  a  proper  value  to  the  force  of  torsion  we 
can  keep  the  balls  at  any  assigned  distance  fix>m 
each  oUier.      When   the  torsion  foiDoe  which 
corresponds  to  the  assigned  distance  is  noted, 
the  proof  plane  is  withdrawn  and  applied  to 
another  point  of  the  sur&oe,  and  the  moveable 
ball  is  peifrctly  dischaiged.    The  experiment  is 
repeated  in  the  same  form  for  the  new  point  of 
appUcatfen  of  the  proof  plane,  and  the  force  of 
torsion  for  the  same  distance  as  before  is  deter- 
mined.    The  process  may  be  repeated  for  any 
other  points  of  the  charged  sur&oe.    Now  since 
the  .dfatances  between  the  two  small  chaiged 
bodies  in  the  balance  are  the  same  in  the  several 
experiments,  the  toision  forces  which  have  been 
detennined  are  simply  proportional  to  the  pro- 
ducts of  the  charges  upon  the  two  bodies.    But 
these  products  are  proporttonal  to  the  squares  of 
the  original  diaiges  upon  the  proof  plane,  since 
the  latter  body  gives  a  constant  proportkm  of  its 
charge  to  the  bdL  And  the  chaiges  drawn  from 
the  surface  by  the  proof  plane  are  therefore  pro- 
portional to  the  square  roots  of  the  observed 
forces  of  torsion.     By  the  simple  calculations 
thus  indicated,  we  can  determine  accurately  the 
original  diarges  of  the  proof  plane  and  the  elec- 
tric intensities  which  are  measured  by  theuL    It 
should  be  noticed,  however,  that  the  results  thus 
obtained  require  conection,  because  of  the  gradual 
dissipation  of  the  given  charge.    It  is  evident 
that  two  successive  contacts  of  the  proof  plane 
cannot  give  the  thmhmeoiu  intensities  at  the 
points  examined,  for  the  charge  of  the  conductor 
diminishes  in  some  degree  during  the  interval 
between  the  contacts.     The  serious  dtflknlty 
thus  arising  was  met  suecesafhlly  by  Coulomb 
in  his  researches  upon  this  subject    He  deter- 
mined the  laws  of  the  dissipation,  and  corrected 
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his  results  aooordingiy.    The  mods  of  ccTeelisa 
that  he  generally  adopted  in  his  experiments  is 
worthy  ^  special  noike  fbr  its  rigoor  and  ain- 
plidty.    The  electric  intensity  at  one  point  of 
the  snrikoe  was  detennined  by  a  single  observa- 
tion with  the  proof  plane  and   the  balanca 
After  the  shortest  poesible  interval  of  tioDe^  the 
intensity  at  a  second  point  of  the  surfbce  was 
similarly  determined;  and  after  an  equal  interval 
the  intensity  at  the  first  point  was  agun  obaerred. 
The  second  result  and  the  arithmetical  mean  ef 
the  first  and  last  results  were  then  taken  as  the 
accurately  simultaneous  intensities  at  the  pointB 
examined.    When  greater  accuracy  was  desfaed, 
the  mean  of  a  greaternumber  of  residta  was  taken; 
for  in  this  way  the  unavoidable  emxs  of  sepa- 
rate experiments  had  their  influence  vpon  the 
final  result  eliminated  or  greatly  diminished. 
By  the  method  of  investigation  that  wa  have 
now  descril)ed,  every  actual  case  of  &tribatian 
may  be  sak|Jected  to  rigorous  examinatiow.    A 
few  of  Qie  simpler  heta  observed  m  regard  to 
distribution  may  be  new  stated.    Upon  an  in- 
sulated conducring  sphere  the  distribution  of  a 
duuge  is  uniform,  subject  always,  however,  to 
unlimited   variations   in    virtue   of   inducthps 
actions  ihnn  without    Upon  a  prolate  spheroid 
the  intensity  of  the  electricity  at    the  poles 
exceeds  that  at  the  equator.    The  eonvcree  hoUi 
in  the  case  of  an  oblate  spheroid.    In  general, 
the  distribution  of  a  diarge  upon  a  oooducttag 
suT&ce  approaches  to  or  departs  Ihnn  mnfennity 
according  as  the  form  of  the  charged  suriaoe 
approaches  to  or  departs  from  perfoct  itmnitMBS, 
and  the  dectridty  is  always  distributed  with 
greatest  mtensity  at  the  extremities  of  the  giest^ 
est  dimenskm.    One  case  of  distribution  may  be 
here  quoted  firom  Delarive*s  work  on  Ebctiici^. 
An  insulated  cylinder,   2  indies  in  diamrter 
and  83  in  length,  terminated  by  hemispherical 
surfaces,  was  charged  and  examined  by  Coulomb's 
method.     The  values  of  the  intendty  at  the 
middle  of  the  cylinder,  at  ten  indies  fkom  the 
extremity,  and  at  the  extremity,  were  (bond  ti^ 
be  as  100, 125,  and  230.    The  dectrie  faitenrity 
at  any  point  of  a  charged  sar&oe  depends,  as  ve 
have  seen,  npon  the  general  ibnn  of  the  smfoce 
and  upon  the  position  of  the  point  in  the  sarfMa> 
It  depends  also,  and  essentially,  npon  the  value 
of  the  curvature  in  the  immediate  neighbonrtwal 
of  the  point  in  question.  The  greater  the  curva- 
ture at  any  point  the  greater  b  the  intensity  if 
other  things  are  equaL    And  so  poweiftil  is  this 
influence  of  curvature,  that  if  a  eondnctiag 
surface  be  formed  with  very  sharp  and  pronunent 
edges,  an^^  or  points,  it  will  be  impoesiUe  to 
retain  any  chaige  upon  the  body ;  for  the  inten- 
sities at  the  saUent  parts  of  the  sarfooe  rise  to 
the  limiting  value  of  discharge  through  the  ab, 
and  this  while  there  is  hardly  a  sensible  chaigB 
upon  the  body  as  a  whole.    The  two  inflawiwa 
that  we  have  mentioned,  that  of  the  ^atant  paits 
of  theaurCsoe,  and  that  of  thficnrvatnra  at  the 
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|«iillB  qwitiao,  nwy  be  to  oomUned  that  tfaa 
oM  ihaO  aoDi]]  tiie  oCber.  An  anglei  or  point, 
far  «xhi|iIb,  however  shaip  and  prominent,  will 
Ittie  aodbdiaiging  ndhKooe  if  it  be  10  enveioped 
I7  otiber  dirtnt  parte  of  the  body  as  to  be  oon- 
ridenUy  inlenial  in  rdatioB  to  the  entire  oon- 
deelaig  mfiMB.  Then  and  other  fads  lead  us 
10  tht  coadariflp,  that  eveiy  iniuiated  chaige 
poMMi  a  propeity  wUefa  is  equivalent  to  a 
fan  cfsdf-npolsioa  or  expansion.  For  a  view 
«f  tlis  evkknoe  bj  iHUch  oar  famer  statement 
of  thi  qnsniitative  fair  of  this  Ibroe  is  supported, 
«f  Bsgr  refer  the  reader  to  the  aitide  entitled 
FoKia,  Elsctuc  Same  fanportant  results  are 
sbtsBsd  wlHn  two  inanlatert  ooodoctors  are 
pbeal  ia  oeotact  with  each  other,  so  as  to  pre- 
MrtsBeeondactingsiiifSBoe.  When  a  suifaoe  of 
thblfad  Is  chaigcd,  H  Is  observed  that  the  Uw 
of  dlMiibBtian  depends  ooiy  on  thidjbrwu  and 
MfsiMBt  cf  the  two  bodies,  provided  they  are 
boik  good  eondurtorsL  Whether  the  two  bodies 
of  ti»  asae  or  of  diflercnt  kinds  of  con- 
r,  and  whether  both  bodies  be  solid 
Ifa  one  be  solid  and  the  other  hc^low  even  to 
tfaitSMet  Oinnees  actpally  attahiable,  the  dis- 

li  BSDsibly  the  same  lor  the  same  forms 
of  the  two  bodies.  And  hence 
«e  draw  tiM  important  inftrenoe,  that  there  is 
as  cketzfcal  relatioo  among  the  diilerent  kinds 
«f  Bstlcr  saalogooa  to  that  of  specific  capacity 
fafast  One  of  tlie  most  interesting  cases  of 
dNiiwduB  is  that  upon  two  spheres  wliicfa  are 
is  nnaisnt  with  each  other.  Tliis  case  was  expe- 
ifawiiHy  studied  by  CSoulomb  with  great  aoca- 
oftf.  It  was  afterwards  taken  up  by  Poisson 
is  iii  dweJopBients  of  the  mathematical  theoiy ; 
mi  te  smnl  (joantitative  results  that  he 
•Mfad  wsiriilwl  so  dosdy  with  those  of  Cou- 
faab  Si  to  eoofinn  vcfy  powerfully  both  the  first 
priM^  of  the  theoiy  and  the  difiicult  mathe- 
■siirsl  pruBsmm  Ibonded  upon  them. 

^  Btttn  praoeeding^  to  the  sulject  of  dit^ 
c^wfi,  we  BH^  atteod  briefly  to  the  laws  of 

and  to  the  principles  of  the 

mmBj  adopted  Ibr  the  accumulation  of 

Wa  haww  seen  that  when  two  insulated 
i  ihcftlfad  ooBducton  are  pot  in  contact  with 

r,  thsy  aime  tlie  given  cfaaigs  between 
ifaa  h  a  |am»utthm  dqwnding  iqpon  the  forms 
«i  BsgulUMlBs  of  the  snifiioeB.  In  thess  dr- 
omMmem,  the  portion  of  tlie  total  charge  that 
kMehed  by  one  of  tlie  conducting  surfaces  in- 
^BHBi  as  die  BMgDitnde  of  that  snrfapft  increases 
■irtiilj  to  tiiat  of  the  other  surface,  thouj^ 
aiteuttlyfa  the  earae  ratia  In  much  the 
*MM  way,  if  an  electric  wartiine,  or  dectropho- 
m^  sr  ete  aetiTe  aonree  of  eleetridty,  be  put 
b  cemwiion  with  an  insniatnd  conductor,  it 
*fl  give  a  diarge  to  it  very  nearly  proportional 
*•  ifa  m^gailiiifa  of  the  oondncting  surface. 
teoifaesiaipfeBtwayof  obtafaing  facreasing 
from  a  givfn  aource,  say  finom  a  given 

kept  M  a  ghen  rate  of  woHc,  fa  to  fa- 
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crease,  or  to  virtually  increase,  the  snifaoe  of  the 
Prime  Conductor.  This  was  done  by  Yolta,  in 
his  invention  of  the  Secondary  Conductors,  which 
are  nothing  more  than  a  system  of  well  insulated 
conducting  cylinders,  which  have  their  extremi- 
ties rounded  to  prevbat  the  rapid  dissipation  of 
the  diaiga  When  these  (flinders  are  placed  in 
connection  with  the  piime  conductor  and  with 
one  another,  they  prewnt  a  laige  conducting  sur- 
face to  the  source,  and  receive  a  charge  proper- 
tionaOy  great  This  method  of  accumulation  is 
snl:!)ect  to  grave  incom^eniences  in  practice,  as  it 
often  requires  an  unmanageable  extent  of  con- 
ducting surface,  and  is  always  attended  with  a 
rapid  loss  of  the  charge  by  dissipation  m  the  air. 
The  other  method,  now  to  be  described,  is  free  to 
a  great  extent  fiom  such  inconveniences,  besides 
possessing  the  advantage  of  an  actual  accumula- 
tion independent  of  an  increase  of  surface.  We 
know  that  a  charge  of  any  desned  intensity  may 
be  developed  and  sustained  in  an  wmnUated  con- 
ductor. All  that  is  necessary  to  this  efiect  is, 
that  another  conductor  be  insulated  and  charged 
and  brought  into  the  ndg^bonrhood  of  the  far- 
mer, but  not  fato  conducting  connection  with  it 
The  opposite  electricity  of  the  uninsulated  conduc- 
tor is  at  once  attracted,  and  the  other  electricity  is 
repelled  into  the  ground.  The  distributkm  of 
the  inducing  charge  is  also  affected,  a  greater 
portion  of  the  charge  being  now  determined  to 
that  part  of  the  surface  that  is  a^acent  to  the 
uninsulated  body.  Suppose  now  that  the  charged 
conductor  is  in  permanent  connection  with  the 
prime  conductor  of  the  madihie,  and  electrified 
to  the  utmost  intensity  attainable.  When  the 
uninsufated  body  is  brought  up  towards  its  sur- 
face, the  distribution  upon  the  prime  conduc- 
tor and  the  connected  |>ody  will  be  immediately 
changed  according  to  the  abo^e  fair ;  and  if  the 
machine  be  still  wrought  the  diminished  intensi- 
ties of  the  distribution  will  be  restored  to  their 
former  values,  as  we  know  by  direct  observation. 
Here  then  we  have  an  instance  of  accumulation 
of  electricity  upon  the  prime  conductor  and  con- 
nected bodies  by  simple  inductive  actfaiL  The 
amount  of  accumufation  depends  upon  the  dis- 
tance between  the  two  conductors,  augmenting 
rapkily  as  this  distance  diminishes,  and  sutject 
indeed  to  no  limit  of  its  increase  except  such  as 
arises  from  the  nature  of  the  interposed  noncon- 
ductor or  dielectric,  which  admits  of  discharge 
throu^  its  mass  when  the  intensities  of  the 
charges  have  reached  certain  values.  To  make 
the  limiting  fatensity  as  great  as  possiUe,  we 
employ  glass  or  oUier  solid  nonconductors  as  the 
medium  between  the  two  conductors.  The  ad- 
jacent cut  represents  tiie  glass  plate  condenser, 
one  of  the  simplest  arrsngements  that  can  be 
adduced  m  ffiustratfen  of  this  subjject  Two 
squares  of  metallic  foil  are  pasted  on  the  oppo- 
site sides  of  a  square  of  g^ass,  so  as  to  leave  a 
eonsideraUe  edge,  y,  of  the  c^ass  uncovered  all 
round.    To  the  upper  parts  of  the  two  aheeta  of 
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foil  two  pith  baU  pendnlmns  an  attached,  aa 
leprasented  in  the  figure.  We  chaige  the  ap- 
paratus by  uninsulating  one  of 
the  metallic  sheets,  B,  and  oon« 
necting  the  other,  a,  with  the 
prime  conductor  of  the  machine. 
As  the  machine  is  wrought,  the 
pendulum  a  rises,  while  b  re- 
mains at  rest  in  contact  with  b; 
and  the  condenser  is  foDj  charged 
when  a  has  reached  a  statkmazy 
position.  If  now  b  be  first  insu- 
lated, and  the  connection  between 
A  and  the  prime  conductor  be 
then  broken,  the  apparatus  will 
remain  chaiged,  and  the  posi- 
tions of  the  two  pendulums  will  be  unchanged. 
We  infer  from  the  diveigenoe  of  a  that  the 
metallic  sheet  with  which  it  is  oonnected  is 
electrified,  but  this  electricity  is  not  to  be  con- 
founded with  the  charges  that  have  been  ae- 
cwmdated  in  the  apparatus.  The  divergence  of 
a  is  due  in  fact  to  a  free  chai^ge  disposed  upon 
the  external  snriaoe  of  A,  a  charge  that  a  re- 
ceives independently  of  the  inductive  action  of 
B.  Besides  this  free  charge  there  are  two  oppo- 
site and  powerful  charges  disposed  upon  the  in- 
ternal suifaces  of  a  and  b.  This  is  an  inevitable 
inference  from  the  simplest  principles  of  induc- 
tion; but  it  may  be  otherwise  proved  in  the 
present  case  by  direct  observation.  When  the 
apparatus  has  been  charged  and  insulated,  so 
that  a  is  repelled  and  h  not;  let  the  knuckle  be 
presented  to  the  sheet  a— «  sparic  passes ;  the 
pendohim  a  fslls  at  once  to  permanent  contact 
with  A,  and  6  at  the  same  time  ascends.  By 
drawing  a  chaige  fbom  A,  we  have  thus  liberated 
a  part  of  the  chaigeof  b  from  its  internal  sur&oe, 
where  the  entire  chaiigewas  originally  confined 
by  the  inductive  action  of  the  more  powerful 
chaiige  upon  a.  The  pendulum  a  remains  in 
contact  with  the  metallic  sheet,  because  the 
entire  chaige  of  a  is  confined  to  the  internal  sur- 
face by  the  action  of  the  now  more  powerfrd 
charge  of  b.  Chai^ges  which  are  thus  confined, 
so  as  to  produce  no  taiductive  efibcts  at  external 
and  accessible  points  are  said  to  be  disffmaed  or 
dimnutlated.  By  presenting  the  knuckle  now  ton, 
we  partially  dischaigo  it;  the  pendulum  b  falls 
and  a  rises  as  before.  By  again  discharging  a, 
the  pendulum  b  rises  a  second  time ;  so  that  we 
have  thus  liberated  a  second  part  of  the  entire 
chai^  originally  accumulated  on  the  inner  sur- 
&ce  of  B.  In  this  way  we  may  draw  dozens  of 
successive  duuges  from  the  two  plates  before  the 
condenser  is  (Uachaiged;  a  dear  proof  of  the 
accumulating  power  of  the  arrangement,  if  we 
observe  how  much  electridty  is  withdrawn,  for 
example,  by  the  first  partial  dischaige  <k  a. 
The  arrangement  possesses  the  Anther  advantage 
of  retaining  the  accumulated  charges  for  a  great 
length  of  time.  The  facts  now  stated  find  prao- 
lical  application  in  two  of  the  most  useful  dec- 
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trical  instruments,  the  Condenser  atid  the  Lq^ 
Jar.    Both  instruments  are  founded  upon  tfee 
prindplee  of  disguised  dectiidty;  but  thejm 
of  difi'erent  forms,  which  are  suited  separatdjto 
the  two  ends  usuaUy  aimed  at  in  the  aoctunnb- 
tion  of  diarges.    libe  use  of  the  Coodcnscr  ia,  to 
condense  weak  charges,  or  to  inoeaae  tbe  mlai- 
sity  of  dectridty  delved  from  a  given  wnite  hj 
drawing  upon  the  quantity,  so  as  to  nnake  (be 
duuge  measurable,  or  at  least  sensible.    Fort 
view  of  the  form  and  theory  of  this  instrentait 
see  the  artide  on  CoHDEzrasB.    The  use  of  tbe 
Leyden  Jar,  on  the  other  hand,  is  to  aocumnlsle 
great  quantities  of  dectridty  for  the  purpose  of 
powerful  disduuge.    For  a  description  of  tbe  in- 
strnment,  we  may  refer  to  the  artide  on  Batibrt, 
Elbctbic;  but  it  may  be  here  stated  that  tke 
Leyden  Jar  is  virtually  the  same  as  tbe  gkm 
plate  ooHdemer  already  described ;  only  the  ^ms 
didectricis,  in  the  one  case,  a  square  pkto,  and  in 
the  other,  the  wall  of  a  wide  mouthed  pfaiaL 
The  mouth  of  the  phial  is  dosed  hy  a  noncoa- 
ducting  plug,  and  this  is  pierced  by  a  condvdiBg 
rod,  whidi  is  terminated  without  by  a  knob  and 
within  by  a  chain  or  wire  that  touches  tbe  fai- 
teraal  metallic  coating  of  the  Jar.    The  instru- 
ment is  duuiged  by  coimecting  the  knob  with  die 
Prime  Conductor,  and  the  outer  coating  with  tbe 
ground,  or  vice  vena.    The  greatest  part  of  the 
dectridiies  thus  accumulated  may  be  disdiaiged 
instantaneouriy  through  any  sufiidently  ooDdnct- 
Ing  path  established  between  the  knob  and  the 
outer  coating.     And  we  can  increase  in  any  de- 
gree the  power  of  discharge  obtainable  in  tfab 
way  from  a  given  machine,  by  connecting  a 
number  of  Jars  together,  giving  them  virtaaDy 
one  outer  coating  and  one  inner  coating,  an 
arrangement  which    is  called   an    Electric  cr 
Leyden  Battery. 

6.  We  may  now  condder  very  briefly  some  of 
Uie  dmpier  phenomena  of  Ditckm^  Ihese 
phenomena  are  presented  on  a  grand  and  lorific 
scale  in  the  effects  of  lightning,  such  u  tbe 
fusion  of  metals,  the  splintering  and  rendiag  of 
trees,  the  diattering  of  the  hardest  ^)dc^  and  die 
destruction  of  animal  and  vegetable  life ;  eflkte 
that  can  be  exhibited  on  a  very  tbrmidsbfe, 
though  a  mudi  smaller  scale,  by  the  Leyden 
Battery.  Generally,  when  a  discharge  passes 
throng  matter  of  an  inferior  conducting  power, 
it  produces  a  very  sensible  mechanical  distuibaDCs 
among  its  partides.  For  the  exhibidon  of  theee 
efibcts  we  make  use  of  the  Leyden  Jar  or  Battery 
and  the  Universal  Dischai^  or  other  similar 
instrument  The  universal  disdiaii^er  is  a  simple 
arrangement  of  insulated  metallic  rods  or  wins, 
by  which  Ve  are  enabled  to  establiah  an  mUr- 
rupted  conducting  path  between  the  ooadngs  d 
the  battery.  In  the  interruption  of  the  cScoit 
we  place  &e  body  that  we  wish  to  examine;  and 
it  is  supported  in  that  position  by  a  nonconduct- 
ing table  placed  under  it  When  the  intonp- 
tion  of  the  drenit  is  short  ODOugh,  and  the  chsijie 
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«#  thi  bottoy  atrang  aMragfi,  tlM  dlicfaarge 
Ike  bodT,  and  produees  tlie  d«0ired 
m  toua  m  the  aid  d  iht  dictdt  b  brcmght 
19  to  llH  kBob  of  Che  battery.    In  thu  way 
pins  «f  wood  and  itoiie  and  other  nonoondnc- 
W»  «•  TfokBtly  Iraetiirtd  and  prqjectcd  oat  of 
tbt  chealt    To  thia  class  of  actions  we  most 
idhr  tfaeeeeaaooal  frnctme  of  the  walls  of  Ley- 
dea  J«a  by  dbchaige  between  the    coatlngB 
itaeagb  the  gfaM  when  the  jan  are  too  stnmc^ 
The  dinpthre  action  of  disduuige  can 
hi  eertam  cases  to  one  part  of  the 
Base  that  la  placed  in  the  drcoH. 
eKperinMot  of  the  pleroed  card  Is  an 
The  hitemiption  of  the  dreuit  fai  this 
is  tenainaied  by  two  metallic  points ; 
■d  the  body  tf atwaed  by  the  dischatge  isa  card 
rf  itif  papv  or  pasteboard,  which  b  placed  ob- 
iqiMty  ia  the  faitaRiipUoD  of  Che  circuit,  so  that 
ito^ppoiile  sarfhees  are  rery  near  the  discbai^- 
^  poinlB.    When  the  dischatige  passes,  the  card 
u  fiveed,  bat  not  rent  or  otherwise  beared.  The 
•hB  perfbration  b  generaUy  doee  to  the  nega- 
dfe  point,  and  pRsenta  a  biurr  upon  each  surface 
tf  Hm  peper  as  if  it  had  been  formed  by  two 
tbiwh  drawn  violently  through  the  cvd  in 
ifpaats  directiona.     By  dischaige  a  smaD  hole 
mtj  be  piened  even  through  a  sheet  of  glass 
vhboat  the  ^ass  befaiff  cracked  or  otherwise  hi- 
J«il    All  that  ia  necessaiy  for  thb  effect  is, 
thst  the  poiats  of  the  dischaiger  be  placed  op- 
pBrib  ID  each  other,  and  in  contact  with  the  sor- 
tuam  sf  the  glass,  and  that  one  of  the  points  be 
ciniipedwithadrop  ofdL    Snch  facts  clearly 
fwvethit  when  diadiaige  traverses  a  nonoon- 
nass  it  prodooes  great  mechanical  oom- 
oeng  tta  particha.     In  the  case  of 
BqriAi  sad  gasca  we  cannot  expect  sudi  penna- 
sat  lenhs  ai  we  ha%-e  found  in  the  case  of  solids ; 
hit  baa  also  we  liaT«  dear  pnxils  of  powerftU 
acdon.    Thus,  if  the  two  ends  of  the 
of  the  dreuit  be  made  to  dip  near 
sch  other  under  the  suifooe  of  water,  the  dis- 
chfliBs  pnjects  the  water  out  of  its  path  with 
pvt  Ira;  and  in  another  ammgement,  where 
^  wifesr  ii  nmtained  In  a  wdl  dosed  phial,  the 
prcidooed   by  a  powerful  discharge 
thapldal,  and  dbpenes  the  glass  and  water 
b  d  dbeedons.     In  air  and  the  gases  the  oom- 
■odoni  prodooed  are  as  erident  as  in  solids  and 
^phhi  prodndng  aoonda  and  expansions  of  Tari- 
aeoording  to  the  strength  of  the 
The  tnddennesB  and  intensity  of  the 
are  wdl  ffluatrated  in  the  electric  mcr- 
%>,  1  fluQ  and  strong  phial  of  glass  which  b 
pstmed  by  two  wires,  and  has  its  mouth  doeed 
^  i  ban  cf  eoii:.      When  a  dischaige  passes 
dam  ^  whes  and  through  the  air  or  gas  en- 
dHsd  ■  the  phial,  the  sadden  expansion  projects 
the  eoik  with  oooaldeFable  force.      Kinnersley's 
thwaaanner,  represented  in  the  adjacent  cut,  000- 
A<i  of  a  large  upright  tube  of  glass,  dosed  at 
b^  eods,  and  o^eulug  at  the  boltjui  iuto  a  small 
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tube  which  b  bent  upwards  and  open  at  the  top. 
The  ends  of  the  large  tube  are  traversed  by  con- 
ducting rods  which  are  terminated  within  by 
knobs.    The  tubes  contain  water,  as  represented 
m  the  figure,  to  a  level  considerably  above  the 
mouth  of  the  small  tube :  so  that  the 
air  surrounding  the  knobs  is  confined  to 
an    air-tight   chamber.     Accordingly, 
when  a  discharge  traverses  the  rods  and 
the  intojacent  air,  the  water  b  launched 
upwards  in  the  smaller  tube  with  a 
sudden  and  ixnreiAil  force,  and  imme- 
diatdy  falb  again,  but  not  accuratdy  to 
its  original  levd.    Tlie  apparatus  gives 
in  thb  way  a  very  degant  proof  of  the 
sudden  and  transient  expansion  produced 
by  discharge  through  air ;  but  it  proves   Fig.  8. 
also  the  esdstenoe  of  a  more  permanent 
though  smaller  expansion,  by  the  permanent  rise 
of  the  levd  in  the  smaller  tube.    The  latter  ex- 
pansion b  due  to  heat  which  b  devdoped  in  the 
air  by  dischai^ge,  and  which  b  lost  not  suddenly 
but  by  degrees.    The  calorific,  illuminating,  antl 
inflaming  actions  of  dischaiige  are  exhibited  m  a 
great  variety  of  beautifid  experiments  that  we  have 
not  space  here  to  notice.    The  appearance  of  the 
dectric  spark  and  its  inflaming  power  are  known 
to  alL    Of  the  heating  power  of  dischaigB  we 
ha\'e  had  an  instance  in  the  experiment  with 
Kinnerdey's  Thermometer.    More  martced  efiects 
<■  thb  kind  are  produced  by  the  passage  of  con- 
dderabb  chaigei  through  attenuated  masses  of 
metal,  such  as  thin  leaves  and  fine  wires.    It 
requires  no  considerable  diarge  to  raise  a  fine 
iron  wire  to  a  red  heat.    With  stronger  db- 
cbaiges  the  metal  is  instantaneoudy  fused  into 
dropa,  or  even  dbpersed  in  vapour.     In  thb  way 
a  wire  of  metd  which  b  immersed  in  a  vessd  of 
cold  water  can  be  mdted  into  drops  in  an  instant. 
The  last  effect  of  discharge  that  we  shall  notice 
b  the  PhgiiolDgicalj  or  the  dectric  shock,  which 
rises  in  iutendty  with  the  strength  of  the  dis- 
cliaige,  from  a  slight  nervous  commotion  to  the 
instant  destruction  of  life.     When  we  touch  the 
outer  ooating  of  a  charged  phid  with  one  hahd, 
and  bring  the  other  up  to  the  knob,  the  discliarge 
of  the  dectridtiea  b  effected  through  the  body ; 
and  a  peculiar  sensation  b  fdt,  which,  to  be 
underBt<]K)d  must  be  experienced.    It  might  per- 
haps be  described  as  a  sudden  and  violent  swell- 
ing of  the  muades  of  the  arms,  in  its  gentler 
forms.    With  weak  charges  the  shock  U  fdt  in 
the  hands  only ;  with  stronger  charges  it  b  felt 
in  the  arms.    When  it  b  fdt  painfully  in  the 
chest,  a  stronger  charge  would  be  dangerous. 
The  dreuit  may  be  formed  as  wdl  by  a  number 
of  persons  with  hands  johied  as  by  one ;  and  in 
thb  case  the  two  free  hands  at  the  ends  of  the 
dreuit  are  brought  up  respectively  to  the  outer 
ooating  and  the  knob.    The  shock  b  fdt  at  the 
same  instant  by  all  the  members  of  the  circuit. 
There  b  a  Camous  experiment  of  the  French 
philosophers  upon  record,  m  which  a  11  hole  ngi- 
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by  dlaclurge  tWnn  a  Leyden  Jti.  Tb«  ibxick  lim 
In  iiilaiulv.  aa  we  have  said,  wttb  the  Miengtb 
of  dbcbarge-  It  requiie*  no  very  poi  '  ' 
charges  to  kDl  mice,  Uids,  rabUls,  and 
small  aoimala;  and  in  many  exp«iiinenta,  dit- 
cbarges  are  emptojnd  that  woold  ha  nffldoit 
fhr  the  dealniclkii  of  anj  animal.  The  tttta  of 
the  animal  frame  aftv  death  by  electrlo  db- 
diarge  or  by  li^lniiig  has  beoi  made  tbg  nib- 
feci  et  diligent  invntlgaljoa,  but  no  deteimiDa- 
tlon  haa  becD  urived  at  in  ngaid  to  the  orgtn 
or  Mt  </  organB  eipedallj  iqjnied.  Bnt  then 
am  be  little  donbt  that  dcub  by  electric  di»- 
diarite  la  due  cUefly  If  not  wholly  to  an  eicea- 
•Itb  ahock  In  the  DVTooa  (yiton.  ForaddilioDal 
inliirmatlat]  npon  the  lawa  of  diachaTge 
article  on  that  •otject.— Upon  the  thcorka  of 
electricity  ice  cuDot  here  dwell  at  any  length. 
We  •ban  Dterclj'  elate  their  flindanwntal  aaemnp- 
Otnu.  According  to  FnaJdin'i  TKtary,  the  phe- 
nomcna  of  electricity  an  doe  to  the  apedal 
propertln  and  actkna  of  a  inbtle  kind  of  matter 
called  the  Electric  Fluid.  Thia  flnid  is  aelf- 
repnldre,  and  attracta  the  eommon  kinda  of 
■natter,  and  la  leactivdy  attracted.  WbEoabody 
il  in  a  natnral  n  eladrically  imexdtcd  sute, 
Iba  attradlTO  fine  of  the  matter  ia  balanoed  by 
the  Klf-repaUve  force  of  Itie  electric  fluid,  and 
the  body  il  said  to  be  fuluraled  with  electridty. 
U'hcD  a  body  pcaeeaHa  more  or  leas  of  the  electric 
flnld  than  corresponds  to  the  state  of  aaturaticn. 
It  b  Bulled  or  charged,  potitmfy  at  by  excen 
in  the  Mate  of  viutoua  cbai;ge,  and  tugatictfy  in 
the  stite  of  reainons  charge.  Thcae  amunptionji 
tfive  apparently  almple  ezpIanalion>  of  gome  of 
tbe  daneotaiy  Eacta,  eapedally  of  Uie  ekctric 
fbrat,  the  aimpler  Cm)*  i4  iDdw^ian,  and  the  lava 
ofdiaiga,  AoeofdiiiglallMlbenTofDiilkyaiMl 
Sj-mnar,  than  an  two  electik  Buiik,  tb*  Thnooa 
and  the  Eednoaa.  Each  fluid  ia  lelf-reiiaUv^ 
•iKt  each  attracta  the  otlio.  Tbe  Huofy  of 
■Ingle  fluid  and  that  of  two  flaidi  appears  to  I 
of  mndi  the  same  value,  as  Ibe  facia  expIaiiK 
by  tlie  one  an  generally  capable  of  bring  equally 
wall  explained  by  the  other.  The  fenner  tlMory, 
however.  Is  liable  to  the  speclBl  ol^ection  that 
it  ueoeaaarily  Infen  a  malaikl  force  of  repolrion 
tmoag  the  vmtmoa  kindi  i4  matter.  For  a  brief 
statsmnt  of  Faraday's  theray  gee  Ivnvcnos. 

BlMMelVi  AfpSeatiau  of.  Electricity  is 
no  loogar  an  abalract  or  nnappBed  sdeDCe:  It 
ha*  beooma  an  avallabte  antiae  of  powar  to  the 
MtAxnaat,  tbe  Clcxii- J/afar,  tbe  B»ipnmr  dvll 
Md  miUtary,  the  B^nciri,  tb«  Chwri,  tbe 
Ohmvtr,  tlie  A-cMsa  CiJdv,  &«.,  and,  In  diocl,  to 
aH  persona  hitenated  in  tbe  practical  woit  of 
advandog  dvUization  throogh  the  iDstmnien- 
talily  cf  KlcDae.  It  is  bnt  *  voy  dl^t  account 
that  we  can  give  In  this  dlctkoar;  of  Its  Tirloua 
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OnakBvatitai,  Baotaimaiuw,  TsLxtcun,  sat 
Thumdu-Bod.  WaaxpnasIywataevMdm 
that  ooly  a  brirf  notloa  of  Uw  riKbry  of  M 
■vats  ''Enable  agent  can  be  promhad  wodv  m^ 
of  the  beads  now  meotloDed. 

KleclricliT)   OwiwbUlMt  •«  Mm 
cat  EqnlnUciBt  sT.    Intbew       '  "' 
preflxed  to  thii  rolnme,  aa  wt 

FOMS,  COBBKI.ATIO)I  iXa 

the  gmtd  prindple  now  lying  at  tin  fo 
all  pbyiio,  hn  been  lUuitnted  and  cnfbetiail.  Tla 
qiadal  qoMlao  at  preaant  la,  wlietber  tUa  eoie- 
btloDbaldi  tntbacMe  <<  Eketitd^t  wfaitkcr 
otiKi  (6n»,  ai  tbey  aeeai  t     "        


appear,  it  only  lake*  on  SMns  other  Biada  ef 

energyi  and,  flnallf,  wltellHr,  ■' ' ~~  

riety  of  drcnnialance,  it  baa  a  del 

the  general  Ihct  of  oonelalloB,  It  baa  long  beta 
estabtbbed  aa  bahaglng  to  the  electric  toea 
FrktioD  or  mechankaJ  effint  erdvea  It;  and,  ia 
Its  torn,  it  can  reaiixa  imponaiit  ■"■^"i'™' 
(Acts.  Heat  srolves  It,  and  tba  fbrea  ao  pt*' 
duced  erolvee  beat  Eleclild^  oalla  iMo  eila- 
tence  patent  magnetio  polaiitlea ;  aDdttMBagaet 
pndoon  powerflJ  dectrio  oamDti  in  a  itfl  tf 
win.  Tlw  earrant  looeeoe  ctieailcal  affliidi^ 
and  nnietinHa  ooinpd*  bodice  to  ooenUne;  while 
those  changes  in  sflinili^  that  ooviatltale  ike 
Bonrce  of  energy  In  the  pile  or  the  piraidc  hsi- 
lerv,  give  rise  to  alectok  eoerglee  wtueb  «e 
well  nigh  IrreelstlUe— energies  that  dinolre  tba 
cloant  and  firmest  atomic  unloDS,  and  wbiA  In 
the  telegraph  are  going  tkr  to  aoolbilal*  hcdi 
space  and  time.  Tbe  main  qnealkn,  bowenr, 
Ins, — amid  all  such  transfonDalkia  do  «t 
_nlze  the  disappearance  aitd  prodocdm  cf 
fbrces  tiiat  ore  hm^  vprnv^tut:  imleB  eqid?a- 
leocs  Is  eatabliibBd,  tbn  is  no  pnof  cf  IdettilT. 
It  ia  only  jnat  to  state  that  acisDce  owea  Ibe 
■tsrting,  and  by  br  the  greater  part  of  the  da- 
ddatioo  <£  this  Inqniry,  to  the  lagaclty,  the 
BocuTBcy,  and  unwearied  patlenca  of  Ur.  Jnfc 
•KDetlinsi  worfcbig  apart,  and  at  other  Usee  in 
eonnectloD  with  hk  frimd  and  fellow-dacDnra, 
hanr  WflUam  Thomacn.  We  can  gitehw* 
the  brirfast  outline  of  tbe  rMolB  arrlred  at 
by  Hr.  Joule  and  •  ftw  other  phyticiMSr— Is 
a  recent  btaesting  letter  to  the  editor  sf  Ibe 
Philoiopiacal  Uagatuu,  Hr.  Grove  annoaneea  a 
cnrious  eiperlmeal,  Inangorattng  tn 
novel  mode  of  biTeeligating  Ihii  m 
snbataiKa  It  aeemi  this :  Take  a  Leyd 
charged,  and  thereftn  on  the  pabt  o 

by  the  apaik:  bring  into  Ita  nclgbl 

Cuthbenaoo'i  eleetromeler  — It  will  npd  tbt 
ball  of  the  eleetromeler,  and  so  exerciH  a 
mechanical  e%ct.  That  mnment  tba  Vadat 
dimlntihcs,  and  the  Jar  )■  no  longer  on  tba  piint 
..  j,__,.___.  ,  .i^„i„  qmrnuiy  of  deetiWy 
id  we  have  instead  a 
banted  efltat    U  Aa 
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dedrie  concot  eausflB 
thi  iliaetkHi  at  two  pieoai  of  an  ftppantaa,  if 
tkat  two  ^kem,  yiddiqg  to  this  attnctioc,  ure 
Ml  ■  Bocign,  a  wiiiaMo  and  definite  dimination 
«f  tht  iBttodty  of  tho  cnrreot  is  olMen'ed:  the 
imwis  alio  bolda  true — Bat  the  pbeaomena 
■qr  be  better  iUnstrated  by  special  detail    It  is 
mD  laowa  that  when  the  currant  passes  through 
a  thia  wire,  hsat  ia  generated.    Now  that  heat 
maj  be  ■eainied  by  aunoaodbg  the  wire  with 
The  incraaae  of  the  temperature  of  the 
is  the  Bseasnre  of  the  heat    But  by  snr- 
a  piece  of  soft  iron  by  this  wire  in  a 
eai,  mmgnHir  knt  ia  prodnosd;  and  it  can  be 
pot«l  that  the  qaantity  of  electricity  which, 
vbes  tnuiilQnBed  into  beat  by  the  resistance  of 
thi  msdiMn,  bqaoqgfa  to  mise  the  temperature  of 
ayoni  of  water  by  1  degree,  produces  an  attract 
ignetic  ibree  by  wliidi  a  weight  of  772 
auy  be  raised  a  loot  higli---tlie  exact 
■srhsiiii  si  eqnivaleot  of  tliat  definite  amount  of 
hstt.    Again,  wImd  the  conductor  is  cot  in  two, 
'  its  two  ends  dipped  into  a  vessel  of  water, 
itself  as  an  analytic  force, 
the  water  into  its  aerial  elements, 
aiypa  and  hydrogen.     These  may  be  re-united, 
md  en  their  re-oakMi  they  prodnoe  heat    Now, 
aeeoBie  imresUgation  has  established,  that  an 
dsone  conent  of  known  strength,  which,  when 
tnamuted  by  a  eonductor  into  heat,  is  enough 
tshsstODs  poond  of  water  1",  liberates— when 
•apbfsd  on  the  deoomposition  of  water — an 
sasaat  of  hydrogen  by  which,  when  it  is  burnt, 
exailly  ens  poond  of  water  can  be  raised  from 
^  IB  l^~I]lllstraftioos  of  this  sort  could  be 
bnoght  wUhoat  end,  sbowmg  that  electricity, 
&t  the  other  energies,  merdy  transfonns  itselt— 
ikst  viih  ngard  to  St  akot  the  maxim  holds, 
"  FssDS  aerer  diea.**->It  is  highly  important  to 
kaow,  h  irfarsnce  to  this  dass  of  inqoiries,  that 
s&s  through  Joole*s  experiments  and  tbeoreticd 
deLiedaas  firooi  dwminl  prindples,  the  dectro- 
■«n  tees  of  any  battery  can  be  laid  down 
aith  aecwat^  in  thcrnul  units,  so  that,  begin- 
d^g  at  its  vtiffMt^  we  aan  trace  the  action  and 
^^trj  tl  the  entire  fierce  until  It  evolves  its  final 
<ft&    See  on  this  sttb|ect  an  instructlTe  paper 
br  ftofcssor  W.  Thomaon,fai  PkUtmpkkal Maga- 
tmkt  DeoBosber,  1856. 

ly*  Afaphtrle.  1.  It  may  be 
to  avoid  drcunlocation  in  this  article, 
.  body  in  eommnn&cation  with  the  eartii 
y*teas  ol  matter  posseuhig  dectrlc  oooduu- 
Ifal^ws^h  to  prsTcnt  its  dcctric  potential  * 
^  dMbd!^  sennblj  ftom  that  of  the  earth, 
iS  li  cdM  part  oi  the  earth.    Moist  stone, 
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and  rode  of  all  kinds,  and  all  vegetible  and 
animal  bodies,  in  tbdr  natural  condidons,  except 
In  drcumstances  of  extraordinary  dryness,  possess, 
either  superficially  or  throughout  their  substance, 
the  requisite  conductivity  to  fulfil  that  condition. 
On  the  other  hand,  various  natnrd  minerds 
and  artifidd  compounds,  such  as  glass, — various 
vegetable  gums,  such  as  India-rubber,  gutta 
percha,  rosin, — and  various  animal  products,  such 
as  silk  and  gossamer  fibre, — when  either  in  a  very 
dry  natural  or  in  an  artifiddly  dried  atmosphere, 
resist  electrical  conduction  so  strongly  that  they 
may  support  a  body,  or  otherwise  form  a  material 
communication  between  it  and  the  earth,  and 
yet  allow  it  to  remain  charged  with  dectricity 
to  a  potentid  sensibly  difiiering  from  the  earth's, 
for  fractions  of  a  second,  for  minntes,  fbr  honre, 
fat  days,  or  even  for  years,  without  any  fresh 
exdtaUon  or  continued   source   of  electridty. 
Agdn,  dr,  whether  dry  or  saturated  with  vapour 
of  water,  and  probably  dl  gases  and  vapours, 
unless  ruptured  by  too  strong  an  dectromo- 
tive  force,  are  very  thoroughly  destitute  of  con- 
ductivity—that is  to  say,  are  veiy  perfectly 
endowed   with   the  property  of  resisting   the 
tendency  of  electridty  to  pass  and  esublish 
equality  of  potentid  between  two  bodies  not 
otherwise  materially  connected. — 2.  Hence,  when 
"  the  surface  of  the  earth  "  is  spoken  of,  the  sor- 
(aoe  separating  the  solids  and  Ikjuids  of  tlie  earth 
from  the  dr  will  be  meant ;  and  when  the  more 
qualified  expression  **  outer  surfiice  of  the  earth  ** 
is  used,  inner  surfaces  ot  veddes.  or  the  surfaces 
bounding  completely  endoeed  spaces  of  air,  must 
be  understood  to  be  exduded.  Thus,  the  sur£Me  of 
a  mountdn  peak;  the  surfiu^  of  a  cave,  up  to  the 
inmost  recesses  of  the  most  Intricate  passages; 
the  surfiice  of  a  tunnel ;  the  surface  of  :be  sea,  or 
of  a  lake  or  river;  all  the  surface  of  a  sheet  of 
unbroken  water  in  such  a  fall  as  that  of  Nia- 
gara; the  surfiice  of  blades  of  grass  and  flowers, 
and  of  soil  bdow;  in  a  wood,  the  surface  of 
sml,  and  of  trunks  and  leaves  of  trees ;  the  sur- 
&oe  of  any  animd  resting  on  the  earth;  the 
outside  of  the  roof  of  a  house;  the  whole  inskle 
surface  of  a  room  with  an  open  window ;  all  be- 
long to  the  outer  surface  of  the  earth. — 8.  On 
the  other  hand,  tlie  moon,  meteoric  stones,  birds 
or  insects  flying,  leaves  or  fruit  falling,  seed 
wafted  through  the  air,  spray  breaking  away 
from  a  cascade  or  from  waves  of  the  see,  the 
llquM  particles  of  a  cloud  or  a  fbg.  present  sur- 
faces not  bdonging  to  the  earth,  and  between 
which   and  the  earth's   surfisoe   differences  of 
potential,  and  lines  of  electric  force,  may  and 
generdly  do  exist    4.  The  whole  surface  of  the 
earth,  as  defined  above  (§  2).  is  at  eveiy  moment 
electrified  in  every  part,  with  the  exception'  cf 
neutral  lines  dividing  portions  which  are  nega- 
tively (reshioudy)  from  portk>na  whldi  are  pod- 
tivdy  (vitreously)  electrified,    llie  negativdy 
electrified  portions  are  of  very  much  greater  ex- 
t«>nt,  at  all  times,  tuan  those  podtivdy  electrified ; 
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and  there  may  be  times  when  the  whole  sqrfiioe 
ia  negacivelj  electrified,  becaoee  in  all  localitiee 
in  which  electrical  obeeirations  have  been  hitherto 
made,  with  poeeibly  one  remarkable  exception,* 
the  earth*e  surface  ie  always  foond  negative,  day 
and  ni^t,  daring  f^ir  weather,  and  only  occa- 
sionally positive  in  brolien  weather,  or  daring 
an  actual  fall  of  rain  in  the  immedUte  nei)$b- 
boarhood,  if  not  exactly  on  the  place  of  ob«er- 
vation.  If,  then,  at  any  one  time  there  chances 
to  be  fair  weather  ovtf  the  whole  oarth,  it  may 
be  presnmed  that  the  whole  oater  aarface  of  the 
earth  is  then  negatively  electrified,  unless,  judg- 
ing from  the  poesible  exception  above  alludeid 
to,  we  are  still  to  expect  positive  electrification 
in  some  extreme  positions. — 5.  As  yet  nothing 
is  known  regarding  the  electrification  of  air 
itself,  or  of  donds  or  other  matter  suspended 
in  the  air,  except  what  can  be  inferred  (see 
below,  §  6)  from  the  electrification  of  the 
earth's  surface,  and  its  variations,  with  which 
alone,  as  Peltier  has  remarked,  the  observa- 
tions of  "atmospheric  electricity"  hitherto  pub- 
li^ihed  have  dealt  (see  below,  §§  17-19). 
It  is  impossible^  in  the  nature  of  things,  to 
investigate  the  bodQy  electrification  of  a  non- 
conductor by  any  observation  whatever  of 
electric  action  without  it,f  or  in  any  way  what- 
ever, except  by  something  equivalent  to  a 
determination  of  the  magnitude  and  directun  of 
the  resultant  force  at  every  point  of  its  mass.| 


*  At  Gnnjara  stutlon,  on  the  Peak  of  TenerifliB, 
**  Darinff  ttie  wbola  period  of  obMimtton,  by  day  and 
nlffht,  the  electricity  was  moderate  in  qoAntiiir,  and 
always  reslnooa.  This  was  ditTing  the  period  of  N.  £. 
trade  wind,  and  within  its  Intlaenoe,  thoiurh  above  its 
elottda**  [Profeaaor  Piaxsl  Smyth  "a  Account  of  the 
Teneriffe  Astrooomical  Experiment^  PkOotopMeai 
TranptcHont,  1868,  and  separate  publication  ordered 
by  the  Lords  of  the  Admiralty.]  The  **  electricity  ** 
here  rettirred  to  was  tliat  ttoqalred  by  an  iniaUited 
conductor  carrying  a  burnlnfr  match  in  the  air  at  some 
ttlstanoe  fhrni  the  earth.  If  it  were  really  neffuiye, 
the  earth's  electrification  at  the  place  most  have  been 
positive;  but  the  teat  as  to  qoall^  may  have  been 
deceptive,  owinjr  to  the  highly  insuJating  condition  of 
both  outer  and  Inner  turfiioea  of  the  f^laai  ahade  inclo«- 
loff  the  fcold  leave^  and  to  the  dreorattanoe  of  the  test- 
ing; piece  of  nibbed  sealinir  wax  having  been  applied 
puflslbly  too  near  the  gola  leavea,  Instead  of  beside  a 
remote  part  of  the  Insulated  rod.  Pntfessor  Smyth 
assurea  the  writer,  that  he  considers  the  tieetncal 
experiment  as  not  sufficiently  complete  or  oonflrmed 
to  allow  any  conduaion  to  be  built  on  it,  and  rogards 
it  rather  aa  an  indication  of  the  Importance  of  making 
electrical  observations  with  better  ^iparatua,  and  more 
available  time  for  using  it,  than  the  tint  Teneriffe 
aclentiflc  expedition  afibrded. 

t  Aocordhig  to  Green's  remarkable  theorems,  triply 
rediscoTered  by  Gauss.  Ghasles,  and  the  writer  of  tnu 
article,  all  diflferent  distributions  of  electricity  within 
a  solidi,  which  produce  the  same  potenttal  at  Its  sur- 
iiaoe,  produce  the  same  force  at  every  paint  without  it, 
and  the  problem  of  finding  a  distribution  of  electricity, 
within  the  interior  to  produce  a  given  dl^tribuiiuu  of 
potential  at  the  surfhce,  is  indeterminate. 

}  Let  X,  T.  Z,  be  the  components  of  the  resultant 
force  on  a  unit  of  electricity,  if  placed  at  any  point 
X,  y,  j;  In  a  maas  of  air  or  other  non-conductor;  and 
let  t  denote  the  electrical  density  of  the  snbstance, 
that  is  to  say,  the  quantity  of  electrldty  per  unit  of 


bulk  actually  possessed  by  the  air  In  the  neighbour- 
hood of  this  point    Then,  by  a  well  known  prjpodtlon 
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Towards  tliit  Choroagh  investigation  of  the  <»> 
trihation  of  eleetridtj  within  a  ponHWudactiBg 
mass,  it  may  be  remarked,  that  a  detenniBstios 
of  the  normal  component  of  the  furoe  all  raud 
a  closed  surface  i^  just  sufficient  to  allow  (fat 
aggreffate  quantity  of  electricity  pneysad  br  all 
the  matter  sitnated  within  it.§     Hosoe  ob»- 
vation  in  positions  all  roand  a  raaaa  of  air  a 
necessary  for  determining  the  qnantity  of  electri- 
city which  it  contains ;  and.  therefore,  the  baibos 
must  be  put  in  requisition  if  knowledge  of  tlie  dis- 
tribution of  electricity  through  the  atmoepheR  U 
to  be  simght  for. — 6.  Without  leaving  the  oartk, 
however,  although  we  oannot  thoroogfaly  iaw- 
tigate  the  electrification  of  the  air,  we  can  mske 
important  infterences  about  it  from  obsenratioaiflf 
the  electric  density  over  the  earth's  saTface^  br  s 
principle  of  Judging  whfeh  may  be  thus  ex- 
plained :— -if  the  earth  were  simply  an  eleetrifiid 
body,  placed  in  a  perfectly  insulating  median  of 
indefinite  extent,  and  not  sensibly  infloenecd  hy 
any  other  electrified  matter,  or  by  reflex  infli 
from  any  conductor  or  dielectric  in  ita 
its  electricity  would   be   distribated   over  its 
surface  according  to  a  peHcctly  definite  law,  da* 
pending  solely  on  the  form  of  the  snrfises^  and 
dedncible  by  a  sofflciently  poweiftii  mathemati- 
cal analysb  Anom  snfiSdently  perfect  data  ef 
^*  geometry**  (in  the  primitive  sense  of  the  tsns), 
or  of  what,  in  more  modem  language^  is  caOed 
(seodesy.     If  the  surfiuw  of  the  earth  were  tndy 
spherical,  this  law  would  be  simply  nnifgrmi^. 
A  truly  elliptic  oblatenees  of  the  earth  wooU 
give,  instead  of  uniformity,  a  distribution  cf 
electric  dmsity,  in  simple  proportion  to  the  ps^ 
pendicular  distance  between  a  tangent  (that  is, 
horizontal) .  plane  through  any  point  and  thi 
earth*s  centre;  according  to  which  the  deetrie 
density  at  the  equator  would  be  greatest,  sad 
would  exceed  that  at  either  pole,  where  itimaU 
be  least,  by  ^^  a  difference  which,  Ibr  the  pie- 
sent,  we  ma^'  disregard. — 7.  The  whole  anoont 
of  electricity  over  the  surface  of  any  great  ngioo 
of  mountainous  country,  or  of  forest  land,  erof 
soil  and  veg<»tation  of  any  kind,  or  of  straets  and 
houses  in  a  to^n,  or  of  rough  sea,  would  be  verr 
approximately  the  same  as  that  on  an  area  of 
unruffled  ocean,  equal  to  the  **  reduced"  ares  <f 
the  irregular  surface ;  but  the  distribution  of  the 
electricity  over  hill  and  valley,  over  the  leaves 
and  trunks  of  trees,  and  the  suH^aces  of  plants 
generally,  and  on  the  soil  beneath  them,  over 

of  the  mathematical  theoiy  of  attraction*  we  have 

f  Let  N  be  the  normal  component  of  the  ftvrc  it 
any  p<rfnt  of  a  doaed  snrfiwe,  tf  a  an  etement  ot  the 

surfiice,./*the  sign  of  iotegratloo  for  the  whole  nrte; 
and  Q  the  whole  quantity  of  electricity  wlthla  >t 
I'hen,  by  a  well  known  theorem  ut  Gre«»\  t«4i»- 
coTered  aa  alluded  to  in  a  preceding  note,  we  tuxt 
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fben«&,  pttpwidimUr  walU,  and  OTerhanging  or 
Hiuifcitiid  loffbeai  of  trnfldiags,  and  the  soifaoet 
rf<iw<i  and  eoclcatd  oomts  bcAwem  them,  and 
ovtr  the  bollowB  and  cnets  of  waves  in  a  etnrmy 
f&k,  voald  be  extiemely  iir^ipilar,  with,  in  gene- 
ral ^raater  deetife  deattty  on  the  more  promi- 
ead  convex  portioDs  of  rarfacea,  and  Ids  on 
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•imple  "harmonic"  law,  or,  more  general! rt 
according  to  a  certain  de6nite  cliaracter  of  non- 
abmptneei  of  variation  eaulj  specified  in  ma- 
thematical language,  t  the  external  inilaencing 
deetrlcity  might  be  at  anv  distance,  however 
great,  for  all  we  could  discover  by  obeerrations 
near  the  earth^s  surfoce.     Bat,  little  as  we  know 


lis  mon  covered  and  ooacare— quite  insenrible,    vet  regarding  the  diurnal  law  of  electric  varia- 


iadMl,  ia  any  snch  p(«itioo  m  the  interior  of  a 
cave,  the  soO  beKnr  treea  in  a  forest— even  where 
BoariHIsrsbto  angular  openings  of  !»ky  are  presented, 
or  lbs  foef  or  Ooor  of  a  tonnd,  or  covered  oham- 
bsr.  even  slthoogh  open  to  a  considerable  angle 
diky.~8.  If  thnsaperfoctelectro-geodeBygave 
s  **  fsdnccd*  electric  density  eqnal  over  the  whole 
smh,  we  might  infer  tliat  the  electrification  of  the 
csfth  b  not  infiiNnoed  bv  any  electricity  in  the  air. 
iBBonifaig  to  wikat  has  been  stated  alx>ve,  there 
■ijht  IB  thai  case  be  either  no  electricity  in  the  air, 
km  the  esith^  atmosphere  to  the  remotest  star, 
md  (seoonimg  to  Faraday's  views)  the  lines  of 
dsetiie  fores  riring  from  the  earth  might  termi- 
ttis  in  the  surfaces  of  the  moon,  meteoric  stones, 
■n,  phnets,  and  stars ;  or  there  might  be,  at 
ssy  dhtanoe  consklerably  exceedmg  the  height 
«f  the  highest  mountain,  a  nnifurmly  electrified 
oasam  of  equal  quantity  and  opposite  kind  to 
the  earth's,  balancing  tluough  all  the  exterior 
ifaee  lbs  feres  due  to  the  terrestrial  electricity, 
sad  BBithg  the  manifeitations  of  electric  force 
tothe'stamphere  wiihfai  it;  or  there  might  be 
say  ef  tlw  miinita  variety  of  distributions  of 
dtdndir  in  space  round  the  earth,  by  which 
iht  eketrie  dLUsity  at  the  earth's  surface  would 
bemufiiMneed. — 9.  But,  in  reality,  tlte  electric 
varies  great! ▼,  e\'en  In  serene  weather, 
'thsssrth's  snriaoe  at  any  one  time,  as  we  may 
Mk  from  (1.)  the  fiscu  (esrabliAhed  lur  Europe, 
sai  probably  true  in  all  the  temperate  zones  of 
bsck  hraihuheres),  that  in  any  one  place  the 
of  the  surface  observed  during 
is  ranch  greater  in  winter  than 
is  wsma;  and  that  It  varies  according  to  some- 
thfec  of  a  regular  periodicity  with  the  hoars  of  the 
^nrsad  aigiit;  aaid  (2.)  the  consideration  that 
ttat  i$  ofitt  acfane  weather  of  day  and  niglit, 
sbI  sf  sassmer  and  winter,  at  one  and  the  same 
Iw^  ii  diffBreoi  temperate  iittrtions  of  the  earth. 
Vs  aay,  therefciu,  consider  it  as  quite  estab- 
fehad,  ikat  ev«n  m  serene  weather,  the  electrifi- 
Misa  of  the  aarth*a  surfiwe  is  largely  influenced 
hr  external  electrified  matter.     Although  we 
enaoi  (§  5)  dkioover  the  exact  locality  and 
4tatribatian  of  this  infiuendng  electricity  from 
fa  cftcts  St  the  earth's  surfaos  alone,  jret  it  is 
fsaaiufrem  the  character  of  the  dbtributkm  of 
the  tkreitrial  electric  density  as  influenced  by  it, 
IS  ai^gn  a  superior  limit  to  its  height*     If  at 
sayoee  inrtant  the  elsctric  density  reduced  to 
fee  sss  kvel  wen  distributed  according  to  a 


tion  in  serene  weather,  it  is,  we  may  say  with 
almost  perfiect  certainty,  not  such  as  could  give 
at  any  instant  a  distribution  over  the  whole 
earth  possessing  any  such  gradual  character  as 
that  referred  to;  and,  tlierefore,  we  may,  in  all 
probability,  fVoro  the  character  of  the  diurnal 
variation  itself,  say  that  its  electric  origin  is  not 
at  a  distance  of  many  radii  from  the  suriaoe.  On 
the  other  hand,  when  we  consider  that  in  tem- 
perate regions  the  velocity  with  which  the  earth's 
surface  is  carried  round  in  its  diurnal  course  is 
ftvm  600  to  900  miles  per  hour,  we  see  clearly 
that  any  law  of  diurnal  electric  variation,  estab- 
lished on  observations  e\*en  so  frequent  as  onco 
every  hour,  could  not  possibly  fix  the  locality  of 
the  origin  to  within  100  miles  of  the  surfece; 
and  as  we  have  as  yet  nothing  to  go  upon  in  tho 
way  of  published  observations  more  ftvquent  than 
three  or  four  times  a  day,  towards  establishing 
either  the  existence  or  the  character  of  the  diur- 
nal law,  we  cannot  consider  it  as  proved  by 
observadon  that  the  influencing  electricity  which 
produces  it  is  even  as  near  as  the  50  or  lOo 
miles    limit  which  U  commonly  (bnt  in  the 
opinion  of  the  writer  of  this  article,  most  unrea- 
sonably) assigned    as  an  end  to  the    earth's 
atmoephere. — 10.  The  great  saddenness  of  the 
electric  variations  during  broken  weather,  and 
their    close    correspondence    with    beginnings, 
changes,  and  cessations  of  rain,  hail,  or  snow, 
compel  us  (by  a  common  sense  estimate  founded 
on  an  unconscious  application  of  the  mathe- 
niatfeal  law    stated    in    the    footnotes  to  the 
preceding  §  9)  to  believe  that  their  origin  agrees 
in  position  with  that  of  the  showers,  and  to  give 
it  a  ** local  habitation**  Ad  a  nanjo— Thunder- 
cloud.^1 1.  The  writer  of  this  article  has  observed 
extremely  rapid  variAtions  of  terrestrial  dectri- 
ficatkm  during  perfectly  serene  weather.    Thun, 
in  a  calm  summer  night,  with  an  unvarying 
ck>udlftis  sky  ovdhead,  and  not  the  faintest  ap- 


serics  i. 


less  rapidity  than  the  geometricul 
. .  we  might  be  sore  that  there  ts 


•1- 


U 


the  oo-efllcleDts  of  the  series 

s'  fnucfteas,**  exprenina  the  terrestrtsl 

~  to  the  les  lerel,  conTerged 


nltlmately  with 
I     I 

elertritlty  In  the  sir  st  Mni«  div^nnce  from  the  centre 
of  the  earth,  nut  excee-JIng  m  tiirtM  the  rsdiusoftho 
esrth's  stti-fiice.  For  the  prtodpics  on  which  this 
sawitlou  Is  founded,  see  s  sliort  article,  entitled  **Note 
on  Certain  Points  in  the  Theory  of  Heat,**  Camlbridg% 
Mothenuttkal  Journal^  Noroiubcr,  1848* 

t  For  instance,  if  in  aimplit  proportion  to  the  cosine 
of  the  aitguUr  distance  from  any  point  of  the  esrth's 
sarflire.  or  ninre  generally,  if  exprenlt'Ie  by  any  finite 
of  **  Laplace's  ftuictlons.^  or  still  more  gener- 


nnnit>eri 

with  co-dBcient«  oonventtng  nltiniaittly  more  rspldly 
than  any  geometrical  serlea. 


all>,  if  exmeaslblc  bya  soles  of  "LaphK.e*8ftmcBoof, 
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pQcniioe  of  anroral  light  to  be  seen,  he  has,  in 
a  temporary  electric  ciieerratory  in  the  Island  of 
Arran,  fiNind  Urge  variatiom  (as  mudi  as  tnm 
acertain  degree  to  double  aod  back)  in  the  coarse 
of  a  mtnuto  of  time.    The  infloencing  electridtj 
by  which  these  variations  were  produced,  cannot 
possibly  (unless  on  the  extremely  improbaUe  hy- 
pothesis of  their  being  due  to  highly  electrified 
extra-terrestrial  matter   moving  very  rapidly 
with  reference  to  the  earth)  have  been  wty  far 
removed  from  the  earth's  eurfaoe.    It  is  not  im- 
possible,  and  we  have  as  ytt  nothing  to  malce 
It  decidedly  improbable,  that  they  were  due  to 
fluctuations  up  and  down  of  aerial  strata,  perhaps 
tliose  of  the  great  atmospheric  currents,  in  high 
regions  of  the  atmosphere.    Judging,  however, 
from  still  more  reosnt  observations  refecred  to 
below  (§  14),  we  may  think  it  more  probable 
(hat  these  remarkable  variatioas  in  the  observed 
electric  force  were  due  chiefly  to  positively  or 
negaiivdy  electrified  masses  moving  along  within 
a  few  miles  of  the  locality  of  observation. — 
12.  Bfltaroing  to  the  subject  of  the  distribution 
<if  electricity  over  the  earth  s  surfiMS  At  any 
instant,  we  may  remari^  tliat  if  over  an  area  €i{ 
several  miles  in  diameter,  of  perfectly  level,  bare 
country,  or  of  sea,  the  electrical  density  is  sen- 
sibly luiiform,  we  could  not,  without  going  up  in 
a  balloon,  and  observing  tlie  electric  furee  at 
points  in  the  air  above,  form  any  judgment 
whatever  as  to  the  distance  from  the  earth  at 
which  the  influencing  dectridty  is  situated.    I^ 
on  the  other  hand,  we  find  a  vay  sensible  varia- 
tion in  tiie  electric  density  between  two  points  of 
A  piece  of  level,  open  country,  or  at  sea,  not  many 
mUes  apart,  we  may  infer  as  quito  certain  that 
there  is  influencing  electricity  not  many  miles  up 
in  the  air,  and  not  nniformly  distributed  in  level 
strata.   Nothing  can  be  easier  than  to  make  this 
trial — only  to  observe  simultaneously  with  simi- 
lar instruments,  similarly  placed,  at  two  neigh- 
bouring stations,  in  a  suitable  locality — and  most 
int^esting  and  importflht  results  are  to  be  derived 
from  it,  as  soon  as  arrangements  can  be  made  for 
oontinuing  the  requisite  observations  day  and 
night,  during  various  vicissitudes  of  weather, 
especially  during  a  time  of  perfect  serenity. — 
18.  Ootrespondmg  statements  apply  to  a  moun- 
tainous oonnlry,  with  this  modification,  tliat  a 
very  varied,  instead  of  a  uniform  distrtbutbn  of 
electric  density,  is,  in  such  a  lucality,  as  explained 
above  in  §  7,  the  natural  consequence  of  freedom 
from  the  disturtjing  influence  of  near  electrified 
maases  of  air  or  cloud.    The  problem  of  accu- 
rately determinbig,  from  purely  geometric  data 
(§  6),  this  nndtstuibed  distribution  over  even  the 
amoothest  hillside,  would  infinitely  transcend  hu- 
man mathematical  power,  although  an  approxi- 
mate solution  may  be  readily  given  for  any  piece 
of  coontcy  over  the  whole  of  which  both  the 
inclination  and  tlie  ratio  of  the  height  above  the 
general  level  to  the  radius  of  curvature  of  the 
aoriaoe  are  amalL    For  a  rugged  mountainous 


oountxy,  the  most  peribct  geometric  data,  and 
the  most  strenuous  matliematical  efiforts,  oodd 
soaroely  lead  us  towards  an  approxhnate  erthaate 
of  the  ineqoalities  of  electric  density  which 
diffisrsnt  localities  must  present  withoot  aay 
disturbance  fifom  near  eleotiified  atmosphera. 
Hence,  in  a  mountainous  country— unleaB  we  find 
electricity  strong  m  some  locality  where  from  the 
configuration  of  the  surface,  we  comsctly  jadge  it 
ought  to  be  weak  if  undisturbed,  or  weak  when 
it  ought  to  be  strong,  or  unless,  at  least,  we  find 
some  very  decided  deviation  tnm.  aay  sorh 
amonntof  difibrenoebetween  twosUtions  as,  with- 
out  being  able  to  make  a  precise  cakolation,  we 
can  estimate  for  the  difierence  due  to  figure— wi 
cannot  judge  as  to  the  influence  of  aerial  efedri- 
fication  from  simultaneous  absolute  determina- 
tions at  anyone  instant  alone  But  of  one  tUag 
we  may  be  sure,  that  although  the  abeohite 
amounte  of  the  electrification  at  any  two  atationi 
not  far  apart  may  difler  lai^y,  they  mast  re- 
main in  an  absolutdy  constant  proportioo  to  en 
another,  if  there  is  no  electrified  air  or  dood  neat. 
— 14.  Uenoe,  if  we  find  observations  made  simnl- 
teneottsly  by  two  electrometen  in  neighbonritig 
positions,  in  a  mountainous  coontry,  to  bear 
always  the  same  mutual  proportion,  we  may  not 
be  able  to  draw  any  Inference  as  to  electrified  air; 
but  if;  on  the  oontraxy,  we  find  their  propottidn 
varying^  we  may  bt  perfectly  certain  that  there 
are  varying  electrified  masses  of  air  or  doud  not 
far  off.  A  first  application  of  this  test  is  described 
in  the  foDowhig  extract  from  the  Prooeedmgs  of 
the  Utemy  and  Philueophical  Society  of  Han- 
chester  for  October  18,  18d9  :^ 

"•  The  following  extract  of  a  letter  received  frna 
Piufessor  W.  Thomson,  F.R.S.,  Olasgow,  Hono- 
rary Member  of  the  Society*,  dbc,  waa  read  by 
Dr.  Joule :~~ 

»« I  have  a  ver^'  simple  ^'domeatk:*'  appantoi 
by  whwh  I  can  observe  atoraapberic  electtidty  la 
an  easy  way.  It  consiste  merely  of  an  insdidei 
can  of  water  set  on  a  teble  or  window  sill  mnitt 
and  dischaiging  by  a  small  pipe  through  a  fine 
nossle  two  or  three  feet  from  the  walL  Whh 
only  about  ten  inches  head  of  water  and  a  dit- 
cbaige  so  slow  as  to  give  no  trouble  in  repkniib- 
mg  the  can  with  water,  the  atmospberie  cArt 
is  collected  so  qukkly  that  any  difihrenos  of 
potentials  between  the  insulated  coodaetor  and 
the  air  at  the  place  where  the  stream  from 
the  nozzle  breaks  into  drops  b  done  away  with 
at  the  rate  of  five  per  cent  per  half  second, 
or  even  fester.  Htece  a  very  modersts  de- 
gree of  hisulatioa  is  sensibly  as  good  as  perfect, 
so  far  as  observing  the  atmospheric  eihet  is 
concerned.  It  is  easy,  by  my  plan  of  drjing 
the  atmosphere  round  the  insnlatlog  stems  by 
means  of  pamioe  stone  moistened  with  salphnrk 
add,  to  insure  a  degree  of  hmlation  hi  all 
weathers,  by  wlilch  there  need  not  be  more  than 
five  per  cent  per  hour  lost  by  it  ftom  the  atmo- 
spheric apparatus  at  any  tune.   A  Uttle  atteotisa 
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k  ti^  tbe  aula'  put  of  tbe  Biodiictor  dsir  or 
ififc  Im  b  noMMuy.  Tbi  appantu  I  am 
fta^  M  InraKla7  Modd  od  a  tible  bcdde 
tritfar  on  ttianeiKid  floor,  wbkh  wu  kept  opra 
■koa  n  Ineli  to  In  tbe  dlsduiglng  tnbe  pn^rd 
n<  viflKigt  comfnK  in  amlut  with  tba  frune. 
Tki  nol*  wn  ail;r  About  two  iatt  and  a-ball 


(ta»  tka  wan,  and  uaarlr  on  a  lavd  with  Iba 
•MndL  Tba  divtdad ring  clactronMtv Hood 
m  At  lakb  bnide  it,  and  aoted  In  a  verr  •adt- 
bta7>V(tal  bad  nippUed  It  wUh  a  Unpifaa 
>bM.MnAdBgof  aconunon  thin  wblta  kUm 
*ad^  wUdi  ioaulalad  lanaikaUr  irall,  teHMd 
'Ibi  Gtmu  ilaaa  Jar— lbs  aaoond  tl  tba  Idsd 
■luik  I  bad  triad,  and  which  wmU  DM  buU  ba 


ELK 
chtrse  br  half  a  da}:). — I  found  Tram  1SJ°  to 
14°  oTtoidon  nqnlnd  to  bring  the  Index  to  isni^ 
wbaD  nrged  aaido  b;  the  •lectroiiiollTB  (bree  of 
Mo  ibw-coppcr  water  odia.  The  Levden  phUI 
held  10  wcjt,  that  the  MmfUlil;  of  the  electio- 
niotar,  mewiired  In  that  war,  did  not  fall  mora 
than  from  131°  to  tSj"  lii  three  dap.  Tbe 
itninfiberlc  eflect  raDg.^ftom  80°  to  above  4!0' 
during  Ibe  Ibur  dars  which  I  hadloiettil;  Ihat 
ia  10  lay,  tbe  dectromotlra  ftra  per  Ibot  oT  air, 
maaiBiadberboptally  from  tbe  tide  of  Iba  booae, 
wa*  from  S  to  abort  126  iliia-«opper  water  mIK 
Tba  wnthar  waa  alouM  perftctlv  lettled,  dlber 
calm,  IV  with  ili^'ht  eatt  wind,  and  in  geneial  BD 
eailcri;  liaza  in  the  air.  The  elictrDtneln'  Iwlca 
witUn  half  aa  hour  went  aboi-e  420'',  tbar* 
being  at  tlie  Uina  a  lyeah  tetnponiy  bneze  from 
tlw  not.  What  I  had  preyioiulj-  obaarved  n- 
eanllag  tba  aSbct  of  net  wind  wm  amply  con- 
finned.  laTaiiabljr  tha  electrometer  show^  verr 
high  poaidva  In  Sne  weather,  before  and  daring 
eatt  wind.  It  goHTali;  roaa  very  much  abortly 
befbra  n  iliglit  pnfT  of  wind  from  that  quarter, 
and  continued  lilgfa  tUt  the  braen  would  begin 
10  alMia.  I  navar  onca  obaervtd  Iba  eleetnimeter 
gring  np  unonwUy  high  during  Ur  urealher 
wltbout  eatt  wind  foUowing  Immedialelj  One 
erenlng  in  Auguit  I  did  not  percelre  (ht  lait 
wind  at  all,  witen  warned  bj  tha  electrometer 
lo  expect  it ;  bat  1  took  tlw  precaution  of  bring- 
ing xaj  boat  iq>  lo  a  lafe  part  of  the  beach,  and 
Immediately  found  by  waiei  coming  in  lhat  the 
wind  mutt  be  blowing  a  ihort  dlitance  nut  at 
:h  it  did  D'lt  gat  go  tar  aa  (be  ahora. — 
■%bt  Goniineccaneut  of  the  a^'tro- 
oaodtif  which  1  pointed  ont  at  deairatile  at  Iba 
BrItith  Anodatim,  and  in  tbe  oonna  of  two 
dajrt^  namdy,  October  lOlb  and  11th,  got  toma 
nrj  decided  leadla.  Uaebrtane,  and  one  of  my 
tbrmar  bbotaloiy  and  Agamemnon  airitlanli^ 
Ruaill,  came  down  lo  Atran  fbr  Hut  porpoaa. 
Hr.  fiuaaeU  and  I  went  np  OoatftU  on  Uie  luth 
Inatant,  with  tba  praUbIa  aleetiomaCB  (tee  Fig.  3), 
and  made  obterralioaa,  while  Mr.  Hacbrlane  re- 
mained at  lararckiy,  cuManttyobtarring  and  ra- 
cording  tbe  bidicadnit  of  Iba  lionte  elactiomeur. 
On  tbe  11th  inttant  the  tame  prooot  waa  oon- 
''--',  loobiVTfl almultaoeonat]'  at  tbe  hooae  an.l 
or  other  of  aeTeral  •(alionn  on  ttM  waj  up 
GoatfcU.  I  have  aoC  f  et  reduced  all  the  obscr. 
TatkMii;  bat  I  tea  enough  to  leara  no  doubt 
wbalarcr  but  that  clouiUeta  manea  of  air  at  no 
grtat  dlatance  from  tba  earth,  canainly  not  nore 
than  a  mile  or  tw(^  influence  tha  dectronteter 
largdj  bj  dwtridty  which  Ib^  cany.  Tbla  I 
coMlnda  becanea  I  Bod  no  conitancy  in  tha 


Indioatlana  at  tbe  dlStnot  atatloi^  Between 
the  hooie  and  tba  naanat  atadon  the  rdatlva 
rarlatloo  waa  leaat.  Betwaao  tlw  Itouae  and  a 
ttatioQ  about  half  «^  sp  GootM,  at  a  dtatance 
ettUnatad  at  two  milmand  a-halfla  a  right  lin^ 
tba  nnmbar  txpntdng  the  ratio  Ttiial  from 


1 


ilMUl  113  (0  SGO  In  tbe  tonne  at  mboul  tlim 
Iioura.  On  two  dlSbrott  oianiiDg*  tfaa  nKo  of 
tfas  hoOM  to  ■  Mitlod  iboat  lixty  jard*  diilanl 
OD  tba  TOid  boulg  tbe  m*  ims  97  uid  96  nqiec- 
(ivelj-.  On  the  tlMmooa  at  Ibe  lllb  iDsUot, 
during  ft  (ttah  tvnipnrary  bireze  of  eait  wind, 
Lloiring  up  ■  little  fpray 
iMtioD,  mnt  of  vbich  would  fall  tbon  of  tba 
baun,  the  ratip  wu  lOS  in  bvour  of  tba 
FlectTOmeln'- both  Maudirg  M  the  time  Ten' 
lilgb — tha  buuw  iboat  860°.  1  bara  littta 
doubt  but  tbat  thia  was  oning  to  tba  urgalli 
altetridty  cairiFd  bj  tha  ipny  from  tba  as  . 
which  wonld  diminieh  relatively  the  ImUca- 
tluni  of  ttaa  road  eleclmmeUr." — IS.  Tbaelac- 
tromelen  referred  to  iu  tha  preceding 
tract  wan  on  two  ditferent  plans.  Tha  flnl,  or 
"  divided  ring  electroRwter,"  conaiati  of— ^1),  A 
ring  of  luetal  divided  into  tectora.  of  which 
•ome— one  or  aion — are  Insolaied  and  conneclad 
witb  tba  condnclor  to  be  electrically  toitad,  and 
the  remainder  connected  with  the  earth.  (2), 
An  Index  of  metal  eupported  by  a  glua  Q^ 
a  wiiB,  itralched  In  the  line  of  Ihe  ixla 
ring,  and  capable  of  having  it>  fixed  end  turned 
throogh  angle!  meaeured  by  acirrlaand  pointer. 
(S),  A  Leydun  phial,  with  iU  iamlated  coating 
electrically  connected  with  the  Index.  (4),  A 
cue  to  protect  the  index  Irmn  enrmitn  of  air, 
and  (0  keep  an  artificially  diiecl  atmosphere 
rounri  Ihe  Insulating  aupporta — glaz«d  to  allow 
the  index  to  be  aeen  ftom  wltbont,  bnt  with  tha 
Inner  >nrt>ee  of  tbe  glaaa  Mreened  (eledrioall}') 
by  wire  cloth,  perforated  metal,  or  tinfoil,  to  do 
away  wilb  insular  re6ections  on  tbe  index.  In 
(be  inilrument  repreaaated  In  the  drawing  (Ko. 
i)  above,  tha  ring  ia  divided  into  only  two  parts, 
which  are  equal,  and  aeparated  by  a  ipnce  of  air 
about  ^  of  an  Inch.  Each  of  thB<e  half  ring* 
ia  inppOTled  on  two  glass  plllara;  and  bj-meanBof 
•crewa  acting  on  a  ^t  wbich  beora  tbne  pkllam, 
it  la  adjusted  and  Bxed  In  Its  pmpor  poaition. 
Tbe  index  is  of  Ibin  sheet  stntnUiinm,  and  pro- 
jeclK  In  Mdy  one  direction  tram  the  glass  " 
bearing  it.  A  stiff  vertical  wire,  rigidly 
necied  with  it,  nearly  in  the  prolongation  of  the 
flbre,  bean  a  conQteipoise  conaidenbly  below  the 
level  of  the  Index,  and  beav;  ennugb  to  keep 
tlie  indei  borinmlal.  A  thtil  pUlinam  wire 
hooked  to  the  lowerend  of  this  vertical  wire,  dips 
In  lulpbaiic  acid  In  the  bottom  of  the  L^-den 
phial.  The  L^^en  phtal  Is  charged  rither  pod- 
titcl}'  01  negatively;  and  Is  ftiund  to  retain  Its 
cbitrgo  for  montha,  loaing,  bowerer,  (^dna'ly, 
ac  aume  'slow  rate,  leas  getierolt;  tbaa  one  [wr 
cent,  per  day  of  its  amount.  The  Index  it 
tbtis  when  Ihe  instrument  ia  in  nsa,  kept  In  a 
state  of  charge  corresponding  lo  tlie  poleotial  of 
tlia  inside  coaling  of  tbe  phiaL  ^Vhen  one  of 
the  hair  rings  is  connected  with  tbe  earth,  and 
a  chai^  of  alectilclty  cotnmanlcated  tn  the 
othtr,  the  index  novea  from  or  towards  the 
laRer,  according  ns  tbe  charge 
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0  it  is  of  Ihe  same  or  the  oppodte  kioJ  i 

greater  than   that  of  any  other   hitbvto 
alrucledi  and  by  tbe  aid  of  the  lor^on  bit 

that 
rfec 

ange- 

difficulties  in  tbe  use  of  it,  <a|)e- 
cially  as  regards  the  compari- 


wilh  dlflaiHit  degten  oftke- 
triScallon  of  tba  Index,  and 
tha  reduction  of  tha  reqbs 
to  absolute  rneawre^  bilhsu> 
obviated  only  by  a  dally  Bp. 
plication  of  Deimann's  method 
of  reference  to  a  tiDC-cenia 
water  battesr,  which  DdiuBB 
himself  appliea  once  for  aQ,  te 
one  of  bis  electromelera  (nt- 
lenhisfila«  fibre  breaks, « hen 
he  inost  make  a  hnh  dets- 
nibation  of  the  sentibility  of 
tbe  Instrument  witb  Its  new 
tbn).    ThebigifaaeDdUli^ot 


->Vina»)e 
■d  ring  ell 
■y  easy,  as 


imwtlj  edb  am  raqoirad;  and  a  oonparhoD  with 
•  fev  «aod  cdb  of  DaaiaDIi  nay  be  made  by  its 
M,  to  aiovtaio  tha  abaoble  tiIim  and  tiM  oon- 
rtwyoftbawacvedlk  The  dUBoohj  thai  met 
k  dtagitfav  dona  away  with  in  another  hind  of 
diiilnBiilM,  aba  •^ketanataiic,**  of  which  only 
em  hai  yet  been  eoaatraeled— the  electrameter 
cf  the  perttble  apparataa  abown  In  the  third 
In  It  the  index  la  attached  t  right 
te  the  adddla  of  a  floe  platlnam  wire, 
MIy  itnlehed  batwaen  the  iaelda  ooatinga 
«f  two  Leyden  pUali,  aad  oonrieta  sfanply  of  a 
iwylght  bar  of  ahimfainin,  extending  equaUy 
oa  the  tva  lidca  of  the  aopporting  wire.  It  ie 
updid  by  two  ahert  ban  of  metal,  flxed  on  the 
tea  dto  of  the  top  of  n  metal  tnbe,  which  ie  enp- 
fMlii  by  ttw  tanida  eoatfaig  of  the  lower  phial, 
aad bm the Ina wire  he  ita axle.  Aoondoctorof 
irfuMe  ihapa^  beailmf  an  electrode^  to  connect 
alftlht  bodr  la  be  tealed,  *■»— «<»f^  Ineide  the 
fannftbirhntiiiMiiiit.  in  the  neighbonifaood  of 
lb  ladex,  nd  when  dactrifled  in  the  same  way, 
« (hi  cMtrery  way,  to  the  Inside  ccatinge  of  the 
Liydm  pldale,  enasea,  by  ita  inflnenoe,  the  re- 
pidm  bctnasn  the  lodax  and  the  fixed  bars  to 
bedfaafambedorinaaaaed.  The  nppcr  Leyden 
jMel  ii  BWf  eahle  abont  a  fixed  axis,  thiingh 
bj  A  poiniis  and  cfarde,  «Bd 
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In  ona-half  of  the 
to  bring  the  Index  to  a 
tomsasuad.    The 
ibcr  of  dcgiaea  of  torrion 
cf  potentials  betwcM  the 
the  Inner  coating  of  the 
In  aaii«  the  faMtmmentv  the 
b  inft  pat  in  connection  with 
tesatfssndthaiMBien  laqinfaad  to  bring  the 
l»  lis  fixed  paeitioa  is  read  odL    This  ii 
the  aens  or  anrth  readiag.    The  teeted 
ii  then  ebetrified,  and  the   tondon 
In  the  atmospheric  application, 
ii  esDsd  the  eir  laadfaig.    Theaxcaes— 

its  sqaare  rsot,  above 
finttf  the  lero  renfingi  memarmthe  eloetnH 
Mlivt  face  between  the  earth  and  the  point  of 
Thie  reenlt,  when  poeitiTe  shows 

potential  in  the 

*;  IT  *e  bdex  ia  lasfaioni.     By  ths  aid  of 

of  auanre  roots,  the  hidicatione  of 

be  reduced  to  definite 

nhneet  m  qaidLly  ae  they 

Once  for  all,  the  eenei- 

U%  ef  the  nMCmnient  can  be  determined  by 

nn  ebsolotB  ulrrtitimfifinr  or  a 

In  the  portable  apparatus  a 

ie  nsfri    linlead  of  the  water- 

wfalch  the  writer  finds 

fiv  a  fixed 

thehasalaled  Tfln^wttgr  fee  the 

na  tba  abr  aft  ita  end.--16.  As 

(f  4),  U  ie   the 

of  the  earth's  soifiws  which  has 

or  Tirtaafly  bsen  the  sat(}ect  of 
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roeasorement  in  all  obstfratlons  on  atmospheric 
dectiicity  hitherto  made.  The  methods  which 
hare  been  followed  may  be  divided  into  two 
dassss— (1),  Those  In  which  means  are  taken  to 
ledoce  the  potential  of  an  insulated  cendootor  to 
the  eame  as  that  of  the  air,  at  soma  point,  a  few 
feet  or  yards  distant  from  the  earth.  (2),  Thoee 
in  whidi  a  portion  of  the  earth  (see  alMve,  §  1) 
is  insnlated,  removed  ftom  its  position,  and  tested 
by  an  efectrometer,  in  a  diArent  poeition,  or 
under  cover.  The  firit  method  was  veiy  imper- 
fectly carried  oat  by  Becearia  with  his  loog  '*  ex- 
ploring wire^**  stretched  between  ineolating  enp- 
ports,  on  elevated  portions  of  buildings,  tree 
tops,  or  other  prominent  poeitions  of  the  earth 
(aee  above,  §  1);  also,  veiy  imperfectly  by  meens 
of  "Yolta's  lantern"— an  endoeed  fiame^  sup- 
ported on  the  top  of  an  insnlated  conductor.  On 
the  other  hand,  it  is  put  in  practice  very  per- 
ftctly,  by  meane  of  a  matdi,  or  flame  burning  in 
theopen  air,  on  the  top  of  a  well-iosalated  con- 
ductor—a |dan  adopted,  after  Yolta*s  suggestion, 
by  many  observani ;  also^  even  moie  decidedly, 
by  means  of  the  water^roppbg  system— de- 
scribed b  the  precedbg  extrsct — which  has  re- 
cently oocurted  to  the  writer,  and  has  been  Ibimd 
by  him  both  to  be  veiy  satiifiMstoiy  b  its  action, 
and  extmBcly  easy  and  convenient  b  practice. 
The  prindpb  of  each  of  thcee  methods  of  the  fiiet 
daas  may  be  explabed  beet  by  first  considsr- 
ing  the  methods  of  the  second  dass,  as  ibllows:— 
17.  If  a  large  eheet  of  metal  were  laid  on  the 
eerth  b  a  perfectly  levd  district,  and  if  a  dron- 
lar  area  of  the  eame  metal  were  bid  upon  it,  and, 
after  the  manner  of  Coalomb*e  proof  plane,  were 
lifted  by  an  ineolatsd  handle,  end  removed  to  an 
dectrooeter  within  doors,  a  measoie  of  the  earth's 
dectrification,  at  the  time,  would  be  obtained ; 
or,  if  a  ball,  placed  on  the  top  of  a  conducting  rod 
b  the  open  air,  were  lifted  from  that  podtion  by 
an  ineiilatbg  supporti  and  carried  to  an  electro- 
meter withb  doMS,  we  ehould  alao  have,  on  pra- 
dtfdy  the  same  prbdple,  a  measure  of  the  earth's 
dectrifieation  at  the  tfane.  If  the  height  of  the 
ball  b  this  second  plan  were  equal  to  one  dxteenth 
of  the  drcumfereoceof  the  diiic  used  b  the  firit 
plan,  the  dectrometrie  Indications  would  be  the 
same,  provided  the  diameter  of  the  ball  is  small, 
b  compariaon  with  the  height  to  which  it  is  raised 
b  the  air,  and  the  dectroetatic  capadty  of  the 
dectrometer  is  small  enough  not  to  take  any 
consMerable  proportion  of  the  dectricUy  flnm  the 
ball  b  ita  application.  The  idea  of  experiment- 
ing by  means  of  a  disc  laid  flat  on  the  earth,  is 
meidy  suggested  fi>r  theeaka  of  ilbstrstion,  and 
would  obvioudy  be  moot  Inconvenient  b  piao- 
tice.  On  the  other  hand,  the  method,  by  a  car- 
rier ball,  instead  of  a  proof  plane^  is  prededy 
ths  method  by  which,  on  a  stnall  scale,  Faraday 
inveetigated  the  distribution  of  dectridty  h^ 
dnoed  on  the  earth'a  snrfiMS  (see  above,  |  IJ,  by 

en  o^w^^^^^p  o^M  n  wo^v^^^^ie  ^paa^pnav^OF  a  aea^^ft   vn^^v  ^^aanne^p  an^^^^oa^M^^iBa 

applied  on  a  twitsMft  scaler  fbr  t*ft*Pff  the  natural 
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electrification  of  the  earth  in  the  open  air,  has 
given,  in  the  hands  of  Delmann  of  Creuznach, 
the  most  accurate  resnits  hitherto  published  in 
the  way  of  electro-meteorological  obeerration.* — 
18.  Iff  now,  we  conceive  an  elevated  oondnctor, 
first  bdongring  to  the  earth  (§  1),  to  become  in- 
ralated,  and  to  be  made  to  throw  ofi^,  and  to  con- 
tinue throwing  off,  portions  firom  an  exposed  posi- 
tion of  its  own  surface,  this  part  of  its  surface 
will  qnidcly  be  reduced  to  -  a  state  of  no  electrifi- 
cation, and  the  whole  conductor  will  be  brought 
to  such  a  potential  as  will  allow  it  to  remain  in 
electrical  equilibrium  in  the  air,  with  that  portion 
of  its  surface  neutraL  In  other  words,  the  po- 
tential throughout  tlie  insulated  conductor  is 
brought  to  be  the  same  &«  that  of  the  particular 
eqni-potential  surface  in  the  air,  which  passes 
through  the  point  of  it  from  which  matter  breaks 
away.  A  flame,  or  the  heated  gas  passing  from 
a  burning  match,  does  precisely  this :  the  flame 
itself,  or  the  highly-heated  gas  close  to  the 
match  bemg  a  conductor  which  is  constantly  ex- 
tending out,  and  gradually  becoming  a  non-con- 
ductor. The  drops  into  which  the  jet  issuing 
IVom  the  insulated  conductor,  on  the  plan  intro- 
duced by  the  writer,  produce  the  same  efiects, 
with  more  pointed  decision,  and  with  more  of 
dynamical  energy  to  remove  the  rejected  matter 
with  the  electricity  which  it  carries  from  the 
neighbourhood  of  the  fixed  conductor. 

Eiectricitn  Telocity  of.— The  velocity  of 
the  transmission  of  electricity  has  been  a  snb- 
jeet  of  careful  inquiiy,  and  of  extremely  in- 
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terertang  experiments,  on  the  p«rt  of  se««nl 
distinguished  PhpieutMf  foremost  among  whajn 
rank  Professor  Wheatstone  and  MM.  Fiseaa 
and  Gonnelle.  The  nature  of  the  appnatns 
used  has  been  alluded  to  under  Chbono- 
sooPB ;  and  also,  at  some  length,  under  Liobt, 
Vklocitt  of.  The  chief  results  are  the  fbOov- 
ing: — Mr.  Wheatstone  fonnd  that  decCridtr, 
can  travel  at  a  rate  one  and  a^kaif  times  greater 
than  that  of  light:  in  other  words,  "that  tl« 
electric  spark  would  go  round  our  globe  between 
aeven  and  eight  times  in  one  aeooodL"  Aoooiding 
to  Fizean  and  Gonnelle  (whose  resulta  are  vhtoallf 
confirmed  by  Mr.  Mitchd  of  Cincinnati),  the 
l)eginning  of  an  electric  ewraU  may  be  traaf- 
mitted  along  a  copper  wire  at  a  vdodty  which  is 
not  greater  than  tkree-Jiflh*  the  velocity  of  ligbL 
Still  greater  discrepancies  are  sliown  1^  exten- 
sions of  experiments,  with  the  same  olject  ia 
view,  to  varied  drcnrostances  of  inaolatioa  and 
length  in  the  conductors  experimented  on.  For 
instance,  trials  in  Queenstown  Harbour,  in  July, 
1856,  when  the  two  porti<»is  of  the  first  Atlantic 
cable^  on  board  H.M.S.  Agamemnon  and  the 
n.S.  steam  frigate  Niagara,  were  for  the  fint 
time  Joined  into  one  conductor,  2,500  atatata 
miles  in  length,  gave  about  1)  aeconda  as  the 
time  of  transmission  of  a  signal  from  indodion 
ooils,  throQg^  that  length;  corresponding  to  a 
vdodty  of  1,400  miles  per  second.  The  following 
table  contains  some  of  the  chief  resulta  hitherto 
published  as  evaluations  of  the  **  vdodty**  of  the 
tnmsmisdoo  of  dectridty :— 


ww||^*  per  sooQDda 

t  Wheatstone  in  1884,  with  copper  wire, « • 288,000 

t  Walker  in  America  with  tdograph  iron  whe^  •••  18,780 

t  O^Mitchell,    ditto,                       ditto, 28,524 

t  Fizeau  and  Gonnelle  (copper  wire), 112,680 

t  I>itto,                        (iron  wire), 62,600 

X  A.  B.  G.  (copper)  London  and  Brussds  telegraph, 2,700 

X  Ditto       (copper)  London  and  Edinburgh  telegraph, 7,600 

Induction  ooils  through  2,500  miles  Atlantic  cable^  tested  by  heavy  needle 

galvanometer,  Queenstown,  1857, 1,430 

Daniell's  battef>'  through  3,000  miles  Atlantic  cable,  tested  by  mirror  gal- 
vanometer, Devonport,  1858, •••• 4.. 


Kow  it  is  obvious,  from  the  results  whi^h  have 
been  quoted,  that  the  supposed  **  vdodty"  of 
transmission  of  electric  signals  is  not  a  definite 
constant  like  the  vdodty  of  light,  even  when  one 
definite  substance,  copper,  is*  the  transmitting 
medium,  but  is  largdy  infiuenced  by  the  circum- 
stances in  which  the  conductor  is  placed,  bdng, 
fot  instance,  much  greater  when  the  wire  is  insu- 
lated in  air  on  poles  than  when  it  is  surrounded  by 

*  Through  some  mlsappreheniion,  Mr.  Ddmann 
lilraself  has  not  perceirea  that  his  own  method  of 
observation  really  consists  in  removing  a  portion  of 
the  earthf  and  bringing  It  insulated  with  the  electricity 
which  it  possessed  in  $Uu,  to  be  tested  within  doors, 
otherwise,  he  could  not  have  otiiected,  as  he  has,  to 
Peltier's  view. 

*  Uebfg  and  Kopp*s  Report,  1850  (translated),  p.  108. 
X  Athenasom,  \Atti  January,  1854,  p.  M. 
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gutta  percha  and  iron  sheathing,  and  dther  sub- 
merged, or  in  ooib  as  on  board  ahip.  Further,  it 
is  to  be  remarked  that  even  in  conductors,  in  prs- 
cisdy  dmilar  lateral  circumstances,  the  apparent 
**  vdodty*^  is  greater  the  smaDer  the  length 
of  the  conductor  used.  Lastly,  we  may  aDode 
to  the  fact  that  some  experimenters  and  writers 
have  maintained,  that  the  vdodty  of  the  trans- 
mission of  dectric  signals  difibrs  with  the  source 
of  excitation,*  bdng  on  the  whole  greater,  the 
more  intense  and  sudden  is  the  dectric  impube 
applied ;  while,  on  the  highest  anthori^,  it  has 
been  maintained  that  the  vdodty  of  transmiseiiMi 
is  quite  independent  of  the  intensity  of  the  aonroe* 
Among  all  these  discrepandes  between  the  state- 
ments of  careful  experimenters  and  writm  of 
high  intdligenoe,  how  is  the  truth  to  be  under- 
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tfMd?  W«  ejnaot  doabi  th*  gemral  aoconicy 
«ftMri«Hillt;  and  if  tbdr  itatemeots  and  con- 
tra cooCradietoiy,  ira  may  ba  sura  that 
is  ta  be  foood  in  a  eomprehan- 
ma  tkegij  of  the  nb|aet.  It  woold  carry  na 
■ndi  bijoDd  tba  Kmita  of  tiM  prewnt  artide  to 
do  am  thas  BkeCcfa  ranr  aliglitly  the  chief 
roialt  of  afectro-djiianuc  tfaeoiy  whkh  an  in- 

THTad. 

In  the  tint  place,  it  must  be  considered  that 

thrM  propartics  of  dectridty,  in  the  present  state 

•f  mIbbos  hoc  anderstood  except  as  quite  distinct 

fnm  one  anotber,  are  concerned  in  the  transmis- 

«■  of  an  electric  sigDAl  akmg  an  insolated  oon- 

laetari-~(l%*'Chatge*  or  electrical  acenmulatioii 

h  a  cundiield  aol^facled  in  any  way  to  the  pro- 

oaefdeetrifteatioo.   (2),  ^'Eleetro-magnet'ic  in- 

dedlon,**  or  riectrooiotlTa  force  excited  in  a 

eoadaclor  by  Tariationa  «f  dectric  currents,  either 

is  a^isoent  coodaclors  or  in  different  parts  of 

bs  ova  length.    (S),  Besistance  to  conduction 

tknngb  a  adid.    We  may  lllustrafee  these  three 

peprtiei  efebctridty  in  an  doogated  condootor, 

Mcb  as  a  tdegrraph  wire,  by  considering  their 

bjdndynaiBieal  analogies  for  water  in  a  canal  or 

in  a  tdbe: — (1%  Acenmiilation  of  a  greater  or  less 

^andty  of  water  Id  any  part  of  the  canal  or  tube. 

(Sj^lMrtboftbewater.   (8),  Yiscosity  or  fluid 

friotioa   If  the  fltsi  did  not  exist,  as  would  be 

the  eae  if  the  water  were  Incompressible,  and  if 

h  aen  iadosed  in  a  perfectly  rigid  channel  or 

tsb^  empbtriy  fiOad  by  it,  the  vdodty  of  water 

fevfag  akag  tba  canal  would  necessarily  be  the 

anttbraaghoot  Ita  length.    In  these  imaginary 

If  a  piston  is  pressed  into  the  tube 

end,  the  eflbct  In  moving  the  water  must 

taunultaneoQaly  along  the  whole  length, 

sai  (he  vfioci^  ef  transmtssbn  of  a  water  pressure 

■pel  aast  be  infimta  (although,  of  couae,  the 

■■Ti—  ftnogth  of  current  producible  by  tlie 

fcm  #pfied  cannot  be  acquired  in  an  instant,  be- 

enMsftbebaertla  of  tbe  water).    But,  in  reslity, 

k  somewhat  compressible,  and  therefore, 

ia  a  perfectly  rigid  tube,  the  Immediate  oon- 

of  puhiiig  forward  a  piston  at  one  end, 

■e  a  coodcnaation,  and  therefore  aocu- 

of  water  in  the  near  parts;  and,  accord- 

i*K  la  the  dycamical  theory  of  sound,  the  firrt 

^■tedy  readiea  a  distant  part  of  the  tube  after 

ft  idle  tbam,  corresponding  to  a  constant  velo- 

d^,  edlsd  the  Tdodty  of  lonnd,  which  depends 

nhif  oa  the  compreadbiKty  and  the  inertia  of 

At  tni   If  the  tnbe  indosfaig  the  fluid,  instead 

d  hehg  perfectly  rigid,  be,  as  erery  real  sub- 

■,  to  a  greater  or  leas  degree,  somewhat 

the  transmisBion  of  an  impulse  will 

be  ■BiMui — in  general  retarded — and  to  a  Tery 

digree,  if  k  consist  of  sudi  a  substance  as 

rhen  the  compreadbllity  of  the 

wMv  ItMlf  w3l  not  eoma  sensibly  into  play,  and 

lbs  felt  appredabia  impolse,  reodved  at  the  re- 

Mti  ad,  win  coma  la  a  thne  depending  on  the 

isirtla  ef  the  floid  and  tba  latcnl  yiddi^  of  th^ 
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tube,  and  corresponding  to  a  rdodty  much  in- 
ferior to  that  of  sound  ia  the  fluid  itselt  Nearly 
the  same  law  of  motion  will  be  followed  under 
the  influence  of  gravitatbn,  instead  of  elastldty, 
by  water  in  a  canal,  when  a  quantity  of  water, 
not  enough  at  any  time  to  inorease  or  diminish 
the  depth  of  the  canal  in  any  part  by  a  difibrence 
condderable  in  proportion  to  the  whole  depth,  is 
admitted  or  drawn  off  from  either  end.  It 
lastly,  the  ^dseodty  of  the  fluid  is  taken  into 
account  In  any  cf  these  cases — and  If,  to  make 
tlie  law  of  resktanoe  to  the  motion  of  the  fluid 
through  Its  channel  be  the  same  as  that  of  the 
resistance  to  conduction  of  electridty  through  a 
solid  wire,  we  suppose  the  whole  interior  of  the 
channd  to  be  filleid  vith  porous  or  spongy  matter, 
or  to  be  closely  set  with  transverse  barriers,  filled 
with  minute  apertures,  the  hydro-dynamical  pn^ 
blem  presents  precisely  tlie  same  elements  for  a 
mathematical  calculation  of  the  results,  and  the 
law  of  motion  is  expressed  by  the  same  partial 
difibrential  equation  as  we  have  in  the  electrical 
problem  to  determine  the  laws  of  the  transmia- 
don  of  electric  signals  through  telegraphic  lines, 
either  extended  on  poles  tlirough  the  air,  or  in- 
sulated under  the  sea  in  the  usual  manner  of 
submarine  cables.  In  a  line  insulated  in  the  air 
on  poles  the  dectrostatic  capadty  is  extremdy 
smaU,  and  the  transmission  of  signals  follows 
laws  agreeing  closdy  in  character  with  those  of 
the  transmisdon  of  pressure  impulses  through 
water  or  air  contained  in  a  long  rigid  tube.  Ac- 
cordingly, a  definite  velocity  of  propagation  of 
deetric  impulses,  depending  on  the  inertia  and 
the  capad^  for  cliarge,  is  to  be  looked  for,  Ha 
has  been  done  in  a  first  artide,  published  by 
Kirchof,  on  the  subject ;  and  a  law  of  extinction, 
identical  with  that  of  sound  in  a  rigid  tube, 
when  sensibly  influenced  by  the  viscodty  of  the 
fluid,  will  be  required  to  complete  the  theory  by 
expressing  the  effect  which  resistance  to  conduc- 
tkm  produces  on  the  motion  of  dectricity  through 
the  wire,  as  the  same  able  mathematician  has 
found  in  a  subsequent  investigation,  recently  pub- 
lished. This  theory  points  to  a  velocity  of  pro- 
pagation for  deetric  signals  in  a  telegraph  wire 
oonsidenbly  greater  than  that  of  light,  and  is  so 
far  in  aooordimce  with  Wheatstone*s  olncrvatlon ; 
but  it  must  be  admitted  that  the  foundation  is 
incomplete  on  one  important  point — the  electro- 
magnets induction  which  determines  what  we 
have  called  the  *' electric  inertia;*'  and  until 
this  lacuna  Is  filled  up,  it  cannot  be  con- 
ddered  that  we  have  a  precise  determinatkm  of 
the  vdodty  of  an  electrical  impulse^  or  of  the 
time  of  an  dectrical  oscillation  through  a  tele- 
graph wire  in  any  ctrcurastances.  That  it  must 
be  so  great  as  not  sendbly  to  contribute  to  the 
retardations  of  signals,  or  in  any  other  way 
aflbct  the  practical  working  of  submarine  lines, 
is  a  ftindlamental  assumption  made  by  W. 
Thomaon  in  his  mathematical  theory  of  the 
<obmaruM  tdagraph,  and  Justified  by  the  fol- 
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lowing  eooridemtioas : — (1),  That  mf  agmcj 
depending  on  dectrle  Inertia  most  ghre  liae  to 
nUrdatiMit  and  certain  otber  effects,  in  ompla 
proportion  to  the  lengths  of  line  need ;  and  there- 
fore, that  if  any  andi  eflbets  bear  a  coneiderabte 
part  in  the  remarkable  phenomena  obeenred  in 
ugnalling  throngh  sabmarine  Knee  of  <00  miLes 
and  vpwarde  in  length,  they  mutt,  ih  lines  of 
shorter  length,  give  resnlts  veiy  diffnent  firom 
those  sctnally  observed.  (2),  That  the  character 
of  the  phenomena  aetnally  observed  In  submarine 
lines  prssents  no  feature  attributable  to  eieetric 
inertia.  (8),  That  a  mathematical  investigation, 
not  yet  published,  shovrad  that  mutual  eleetro- 
nAignetic  induction  between  the  difierent  eonduc- 
ton  eltber  of  an  ordinary  multiple  wire  cable  (in 
Ivhich  the  gutta  percha  coats  of  the  different 
wires  are  each  moistened  aU  around  by  the  sea 
.water),  or  of  a  cable  with  two  or  more  wires 
insulated  in  sne  continuous  mass  of  gutta  perdia, 
and  consequently  dectro- magnetic  **  inertia,**  in 
a  single  submarine  oonductor,  cannot  be  ssnsible 
in  comparison  to  what  he  caUed  **  peristaltic 
induction,*'*  if  the  length  of  the  line  be  more 
than  one  hundred  miles;  although  in  lines  often 
miles  or  Isss^  effects  of  the  former  dase,  being  in 
proportioD  to  the  length  of  the  line,  may  actually 
pfeponderata  over  effects  of  the  latter,  which  are 
in  prop(Nrtion  to  the  square  of  the  length  of  the 
linok 

The  theory  founded  upon  this  assumption, 
excluding  the  second  of  the  three  properties  of 
eieetric  action  mentioned  above^  must  of  course 
reet  on  the  first  and  third;  and  its  ftmdamental 
prindples  are  therefore  the  law  of  charge  and  the 
Uw  of  conduction.  The  rstardatlons  which  it 
shows  (depending  on  downen  of  ylscosity,  not 
slownem  of  ''hiertia')  follow  the  Uw  which 
Fourier  long  ago  discovered  in  his  beautiful 
mathematicd  theory  of  the  conduction  of  heat 
through  a  long  bar  (the  ^linear  propagation  of 
heat*5^  Thus  an  instantaneous  application  of 
dectromotlve  force  at  one  end  of  an  faidefinitdy 
extended  line,  gires  rise  to  a  long  gradual  swdl, 
and  still  mors  gradud  subsidence,  of  electric 
cuirent  through  any  distant  part  of  the  conductor, 
the  instant  when  the  maxhnum  strength  of  this 
current,  or  its  maximum  rate  of  increase,  or  its 
maximum  rate  of  diminution,  or  when  any 
stated  proportion  of  the  maxhnum  b  reached  by 
the  ridng  or  fidling  flow  at  any  point  of  the 
.line,  is  later  than  the  time  of  the  inltid  impulse 
by  an  intervd  increasing  in  proportion  to  the 
square  of  the  distance  firom  the  origin.  The 
beginning  of  the  current  is  instantaneous  all 
dong  the  line,  according  to  this  theory; — is  in 
redity  ddayed  only  by  dectric  inertia,  and  that 
not  at  dl  sendUy,  and  is  practlGaUy  observable 
after  a  smaller  and  smaller  faitervd,  the  more 
sendtiTe  the  tostrnment  employed  to  detect  it 

Thus,  in  Quetnstowa  Harbour,  in  1867,  the 


^  IntoctkMi  of  charse  by  dectrostatie  ftorce. 
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ordinary  telegraph'  gdvanoraetens  ad  i4kjb 
employed  in  observing  the  transmission  of  d^nb 
through  the  2,600  mOes  of  cable  on  board  the 
two  ships,  gave  thdr  Indicatiena  aflar  a  vetaida- 
tlon  of  if  seaonds  from  the  inatanl  of  As 
appUcation  of  an  dectro-magnetie  impnlBB  st 
the  remote  end.  At  Keyham,  in  1858,  bsfbn 
the  cable  was  agdn  taken  to  sea,  a  qid^s  sod 
more  sendtive  instrument — ^Thomson's  wknt 
gahra&ometer-*gave  »  sendble  tadiestlon  of  the 
ridng  current  at  one  end  of  8,000  miles  of  cabls 
about  a  second  alter  the  application  of  a  Diankirs 
battery  at  the  otber. 

Obeerratkms  with  the  same  InatnuieBt,  or 
with  different  instruments  of  the  same  digrse  of 
seodbility,  and  with  coils  pressnting  no  smsJUe 
resistances  in  comparison  with  the  whok  iuhh 
tance  in  the  line,  would,  if  the  insulalion  of  the 
line  were  perfect,  show  ratardatlons  proportSond 
to  the  squares  of  the  distances  travelied  over  bv 
the  impulse,  provided  the  battery  power  Is  varM 
in  dmple  proportion  to  the  distance.  In  other 
words,  the  *Wdocity  "  of  propagation  nught  be 
ssid  to  be  Inversdy  proportiond  to  the  distance 
travelled.  A  rigorous  verification  of  this  law 
cannot  be  obtainiBd  in  practice,  because  perfiect 
insulation  Is  unattalnable$  but  one  ■>*<^»"g  fiKt* 
alluded  to  above,  is  dearly  explained  by  it — tliat, 
on  the  whole,  the  greater  the  length  of  line  used, 
the  less  has  been  found  tlie  apparent  vdodty. 

With  reference  to  the  velocity  of  propa^iAion 
of  Ngdarly  continued  periodic  hnpnisea,  wbeths 
firom  battery  or  fkom  indnction  colla»  applied  at 
one  end  of  a  loi^  submarine  wire^  the  msthn 
nsaticd  theory  has  given  results  identied  with 
those  which  Fourier  fbund  in  his  investigation  cf 
the  pn^Mgation  of  the  summer  heat  and  wintsr 
cold  into  the  earth ;  and  it  thus  vpftmn  that,  ia 
a  telegraphio  line  cf  Indefinile  length,  with  a 
regular  harmmiic  variation  of  potential  applied  at 
o  ic  point— (1),  The  retardations  of  —Vfa«*,  of 
zsiros,  and  of  minima  of  potentid  and  of  cuiieai, 
are  in  dmple  proportion  to  the  distances  alci^ 
the  line.  (8),  The  magnitudes  of  tbs  eftct 
diminish  in  geometricd  progresskn,  at  tqod 
intervals  of  greater  and  greater  distance  ak^g 
the  Ifaie.  (8),  The  velodty  of  propagation  of 
the  phases  mentioned  in  Ka  1  is  inverse^  pro- 
portiond to  the  square  root  of  the  periodic  time. 

For  fturther  information  on  this  aatijeel,  sse 
ELBcnuo  Tklboraph. 

Rki-'khbhces. — Faraday,  Lecture  to  Boyd 
Institutwn,  January  20,  1854;  Jtmrnal  of  the 
Institution  and  Pkilatopkietd  iiagaziM  ;  W. 
Thomson,  Proceedings  of  the  Boyd  Society  (re- 
gularly republished  a  fSnr  months  after  each  dale 
inthePAOoMpAMof  Jir<^astiie),  **<>n  the  Tbeorr 
of  the  Electric  Tdflgraph,'*llay,  1855 ;  "OnHa- 
tud  Peristaltic  Induction  between  the  wires  of 
a  multiple  dectric  caUe,**  Higr  or  June^  1856  ^ 
Letter  to  tiie  Athmauas  October,  1856 ;  EjreboC, 
PoggendosTs  AmtdUitf  Band  (X,  page  198,  Band 
CILf  pago  529. 
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Cta(MaU|fea.  Tb«  SEUHnMd  BUdris, 
— 0<illwlf»dwt»mM»ofdrciitUiic«; — 
FM,  V  a  OHliKtir  be  diargcd  Ut  k  (Uta  of 

«!■  »^idiM,  ■  <iBn[itlM    sr  diKJuvp  take* 


■IktaiailBwkk  tha  metaii  of  «fah£  th« 

l!^%  b«n  (k*  Hrmiub  of  iha  wlna  frwn 
It  hM  ydM  if  a  galranie  amogBOHUt  a  no- 
Mia  if  ipaika  ■■  q^A  a*  ta  ffz  M  «0(i- 
Imm  MiMni,  m^  ha  gbtainad,  pratidad  tha 
«■■»<■(  ka  pmrarfbL  Ibhi  wltc  '  ' 
nm  Ika  lerminali  Hay  ba  nltai 


mkm  ta  tbk  war,  in  «n  of  Ui  axpaimala, 
^id  M  ihat  ff  SM  fu  JMa.  Somb  ix». 
paMttattaoMaf  Ma,  Ugbt  wu  arolvad  aqri- 
<«|M  M  Ikat  tf  S7S  (bmUm,  ud  Fiiaaa  and 
f-rrf  titttnjiiif  4<  atonwnti  of  Bonca'a 
fik-tltnui  Aa  l^t  la  m  inUoiity  at  aboot 
■a4M  «r  laa  hmlk  that  «f  tlH  wnclMKlad 
■i.  Rav  tht  Ugheat  MUiaocr  arar  pndiKed 
br  jka  Dnaao^  HgM,  or  tb*  eonbasihw 
a  ta  a  JK  of  oxygm  and  hjdngca,  k 
'— -    "  -"-Tda^  BAiMh  fuittt  that 


Aac^NH  nfrind  *•  avwlf*  tUa  •■traMdloarf 
W  1 1  lia  ft  ttMy  tMiUog,  ana  eaiuMt  ba  nr- 
'-'—'  -  -■-     a  «f  a  B*"**)  ""J  ■«"n»B 
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dUBoikf  «Mod  at  fim  in  tba  way,  origlnattBg  In 
ttaa  muU  of  Uw  duutnal.  But  nwaiiB  wcra 
found  to  mav*  ana  Inmlnal,  ao  tbat  the  dtareoal 
point*  raiglit  ba  kept  at  a  nnibna  distcooe.  Tha 
JtigabUort «(  Stwka  and  Petria  in  thli  coantry, 
d  Aehvaao,  Fmioialt,  Bratoci.  and,  b«tt  of  all, 
of  Duhaaq,  In  Fruca,  an  ail  that  can  be  dealiadi 
bat  tba  ordhury  na*  of  tUi  light  is  fbrbidda  br 
lit  TCTj  tplandaiU'.  It  qidia  daiilea  tnrf  ooa 
near  It,  and  can  ba  aodtind  only  at  a  ooiialdar> 
tbia  dittanoa.  tt  will  naver  thtnTora  be  appllod 
la  Ilgtit  Dp  aar  bootaa  nr  ttreeta,  bat  it  wooU  ba 
fBvalnable  ta  ilgfatboaata,— L«t  do  procaad,  bow- 
e*«r,  b>  a  aidtntllla  analysli  of  tlia  Eleotrio  UgtaL 
TUt  aulytii,  aa  ■Ictady  hlnisd,  mmt  oooritc  of 
twa  pita  an  analvtia  of  tha  Eltelrla  Spark,  and 
aoaBalfritiftba  light  produced  by  CwVhIi.  or 
oottna  tha  Inttmncnt  of  analjnia  la  tha  juisn ; 
m  Boit  »»«■»<■»«  tha  deetric  ipeetra,  exaetty  «a 
«a  da  Iba  tpaetran  ylddad  by  a  aolar  tuj. 

I.    Tm  ELaonio  Sfakk.— Tha  ipactnun 
-•■'-'  bj  tha  alactiie  apaik  coaakla  at  %< 
anAiptiag  (Mb  oUnc-    --  ■--■—-' 
M  thtragh  wbKA  tho  ipi 
Iba  odier  to  Ihi  aetal  of  tb«  oi 
tvo  an  «MUy  aapartted  by  varying  tba  oonduo' 
tor  oMla  tt*  ga*  or  air  Mraaini  tbata^e. 

(1.)  n*  qiaetnun  Oat  I*  iodtptodtm  of  tha 
DMal  ef  the  coDdnMtv,  h  likt  tba  tdar  ipadmiu 
iniTened  by  ft  gnat  moltltDd*  of  linai,  which, 
baw«nr,  an  the  nvcna  of  FrwatDbohr'a,  ina*- 
niDch  at  wiiD*  the  lattir  an  daric  Una,  the 
fimnw  are  brilliant  oaet.  Tha  eompatten  be- 
twoa  the  t*o  qnttim  will  be  niada  mora  auy 
by  aid  of  the  annaxad  diagram  T^nroiwi  by 
Angttraoi,  ta  which  ihay  are  plaoed  ttda  by 
ddeU-ihaopiiarbcii^  the  electric  ipectranu  Tbt 
InmhMot  Hn*  have  tha  «olonr  of  tba  tpMa  in  tb* 
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tbe  air  spectrain  disappear  from  tbe  oxygen  onei 
and  reappear  in  tliat  yielded  by  tlie  spark  paaring 
Uirough  nitrogen.  Tlie  iiydrogen  spectrum  is 
exceedingly  peculiar,  and  to  render  it  more  defi- 
nite, Angstrom  places  a  waving  line  below,  in- 
dicating the  degree  of  the  iUuminatioa  of  each 
bright  region.— One  general  remark,  we  think, 
may  be  luzarded,  as  fiurly  deducible  firom  these 
appearances,  viz. : — tlie  whole  phenomena  most 
have  a  close  relation  to  the  aeriform  bodies  through 
which  the  dispersed  light  passes;  so  that  the 
theory  of  Frauenhofer^s  dark  lines  ought  to  be 
sought  for  in  actions  of  the  Earth's  atnKwphere, 
and  of  the  atmospliere  of  the  Sun. 

(2.)  The  second  spectrum,  or  that  derived 
ih>m  the  combustion  of  the  metallic  particles  car- 
ried from  either  pole  by  the  electric  dischaiige, 
and  often,  if  not  always  volatilized,  is  an  ex- 
ceedingly curious  one.  This  spectrum  does  not 
yield  complete  transverse  lines,  but  only  parts  of 
such,  appearing  to  proceed  from  both  edges  of  the 
prism,  and  becoming  extinguished  before  they 
reach  the  centre.  Each  metal  has  lines  peculiar 
to  itself.  One  or  two  lines,  indeed,  such  as 
ft  and  m,  seem  common  to  all  the  metals,  but 
on  the  whole  they  ai-e  very  independent  of  each 
other.  Wheatstone — to  whom  this  class  of  re- 
searches is  very  largely  indebted-— observed,  that 
when  the  poles  are  formed  of  different  metals,  the 
spectrum  contains  tlie  luies  of  both ;  and  when  a 
chemical  composition  of  two  metals  is  employed 
the  spectrum  also  yields  the  lines  of  both,  and 
not  a  new  s^'stem. — It  were  useless  to  speculate, 
in  our  present  state  of  knowledge,  on  the  causes 
of  these  most  curious  appearances. 

II.    LiQUT  FROM  THE  £lECTK1G  CdSRBXT. — 

The  best  mode  of  studying  the  phenomena  of 
this  species  of  electric  illumination,  is  tlirough  its 
manifestations  in  the  Electrical  £oo  {q.  v.), 
or  vacuum  tubes.  There  are  two  sets  of  circum- 
stances here  also  that  merit  attention. 

(1.)  The  student  who  has  read  the  article  Just 
referred  to,  will  recollect,  that  around  the  two 
))oles,  lights  of  different  colours  are  collected 
during  the  discharge — a  light  of  fiery  red  ad- 
hering to  the  positive  pole,  while — separated  from 
the  r^  light  by  an  obscure  space — a  blue  tioge 
envelops  the  negative  or  warmth  pole.  Neither 
of  these  lights  are  homogeneous,  as  may  be 
readily  proved  by  the  method  of  absorption ;  but 
Dov^  of  Berlin  appears  to  have  first  thought  of 
studying  them  by  aid  of  their  spectra.  Ue  easily 
disposes  of  the  idea  that  any  differential  pheno- 
mena can,  in  this  case,  be  due  to  peculiar  coUeo- 
tions  of  gases  around  these  poles ;  for  M'hen  the 
poles  are  altered  on  the  instant  by  the  commutator 
of  Rhumkorff*s  machine,  the  spectra  change  with 
them.  The  following  are  the  appearances  he 
witnessed:— The  current  being  pasMd  through  a 
pear-shaped  Geissler  tube,  in  which  the  electrodes 
are  platinum  points,  the  spectrum  of  the  blue 
light  showed  a  large  black  streak  in  the  blue, 
a  second  similar  one  at  the  limits  of  the  bine 
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«nd  green,  m  very  small  streak  at'  the  limifa  *f 
the  yellow,  and  nothing  in  the  red.    The  Kgbt 
at  the  positive  pole  gave  a  crimson  violet  and 
blue  band,  several  small  srreoks  In  the  green,  a 
very  black  streak  at  the  limits  of  tbe  yellow, 
and  a  small  dark  streak  in  the  middle  of  tbe  rsd. 
Changing  the  tube  for  one  of  another  sIm^m^  the 
spectrum  of  the  blue  light  remained  unaltered, 
but  in  the  positive  spectrum  two  additional  ■aaU 
dark  streaks  appeared  within  the  blue  band.    If 
brass  electrode;!  (points)  are  employed  in  the  eom- 
mun  electrical  egg,  the  phenomena  are  altered  is 
a  very  few  partKulars  only,  viz.:  the  Dcgathv 
spectrum  displays  no  new  bands,  but  between  its 
two  broad  bands  the  light  appears  greeoish;  and 
a  few  more  bands  appear  in  die  blue  of  the  spre- 
tmm  of  the  red.  Substituting  a  ball  fbr  a  point  at 
the  negative  pole^  it  seemed  as  if  the  two  ligba 
came  to  oootiUn  a  portion  of  each  other;  nevo^ 
theless  in  every  case  the  spectra  remained  differ- 
ent and  distinct — Dov^  does  not  attempt  to  spe- 
culate concerning  the  causes  of  tliese  aingular  ap- 
pearances, but  be  suggests  a  valuable  pvaclicsl 
application  of  them.     It  has  long  been  a  fevoar- 
ite  conjecture,  that  tbe  northern  aurora  is  really 
due  to  electric  currents  passing  through  a  Mgitly 
attenuated  atmosphere— the  fiery  red  at  the  posi- 
tive pole  of  a  vacuum  tube  intimately  mstni- 
bling  the  red  which  characterizes  many  anroias. 
**  Now,**  says  Dov^  **  the  peculiarities  picsented 
by  the  electric  light  m  vacuo  are  so  marked,  that 
it  appears  easy  to  decide  definitively  by  prismatic 
analysis,  wheUier  the  light  of  the  Aurora  borealis 
is  or  is  not  of  an  electrical  nature."    An  aasimi- 
lation,  to  a  certain  extent — not  precisely  as  Dove 
indicated— has  been  accomplished  by  Dr.  Bo- 
binson,  of  Armagh.    Under  article  eLectskul 
Eoo  we  have  noticed  the  marked  pnasenoe  cf 
fluorescence  in  tbe  light  produced  by  electric 
discharges.    Dr.  Robinson  writes  as  follows: — 
**0n  the  oocasion  of  an  aurora  of  more  than 
average  brightness,  on  14th  Ifarch,  1858,  I 
availed  mysdf  of  the  opportunity  to  try  wiMllMf 
this  light  was  rich  in  those  highly  refraagibk 
rays  which  produce  fluorescence,  and  which  are 
so  abundant  in  the  light  of  the  dectiic  discharge*; 
and  I  found  it  to  be  so.    A  drop  of  desolph«te 
of  quinine  on  a  porodain  tablet  seemed  like  a 
luminous  patch  on  a  faint  ground;  and  oystais 
of  platino-cyanide  of  potassium  were  so  bcjgjht 
that  the  label  on  the  tube  whwfa  contained  them 
(and  which  by  lamp-light  could  not  be  dstin- 
guished  horn  the  salt  at  a  littk  distance)  asauMd 
almost  black  by  contrast.    Their  efiects  wen  m> 
strong  in  relation  to  the  actual  intensity  of  the 
light,  that  they  appear  to  afford  an  additional 
evidence  of  the  electric  origin  of  the  phenonma.** 
(2.)  The  spectra  produced  by  tlie  light  evolved 
by  the  current  passing  through  rarefied  gun 
that  show  tbe  stratifications,  have  been  recsntlr 
exaihined  by  Pliicker.    They  are  exceedingly 
brilliant,  and  differ  wholly  fhmi  those  belonghy 
to  the  dectrical  aich  of  light  in  the  air,  or  in 
78 
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«f  onfiaarf  dooiHy.  They  are  besides  so 
tfnlaeUve^  thmt  PlQcker  sees  in  them  the  snrest 
■eds  of  detennffdog  wUeh  gas  it  is  that  remains 
is  Ihs  tube.  The  Geiaskr  tnbe  used  was  one  of 
a  peeaBar  shape.  In  length  above  two  feet,  it 
hsd  IB  the  miiddle  an  dlipeoidal  ok-  eylindrical 
«idcaiag.  The  ends  thnmgh  which  the  platinum 
daetrodes  passed,  were  wider  and  iriiorter  cjUn- 
dm;  and  these  were  connected  with  the  middle 
pieee  tjr  two  tabes  of  different  diameter,  the 
aammcr  being  a  rather  wide  thermometer  tube, 
lo  the  spectra,  ftvm  this  tube  and  all  others,  the 
dsHc  Bttemls  of  the  stratification  are  of  oouTBe 
chsoged  to  kiisitiidiiud  ones,  traversing  all  the 
caioQCB  of  the  speetium ;  and  every  such  spec- 
tma  diflers  horn  the  ordinaiy  solar  spectrum  in 
thii.— the  ooknin  do  not  merge  into  one  an- 
other. On  the  eoBtimnr,  ihey  are  sharply  de- 
smtaied;  and  the  separate  spsces  of  colour  are 
sias  dtnded  into  wdl  defined  li^jhter  and  darker 
ttxipBL  The  foDowittg  are  PlGcker's  notes  con- 
caraiBg  the  spectra  from  these  stratificationa,  as 
■sniiesled  by  attenuated  hydrogen,  oxygen,  and 
iaaildsof  bovon: — 1.  Mjfdiigen  gax%  a  oompara- 
thdydssple  spectrum,  in  which  five  bright  bands 
ef  ablest  equal  breadths  were  prominent ; — ^A,  a 
brigbt  violet  band  beyond  the  linuts  of  the  spec- 
ttm ;  three  bands  in  the  gresn,  of  which  one,  B, 
boeoded  the  green  towards  the  violet,  D  forming 
the  boaadary  on  the  other  side,  and  C  between 
thm  Isst  about  twiee  as  tu  ttom  B  as  from  D: 
iaaBy,  a  beantifbl  yellow  band,  £.  The  order 
ef  isiaBrity  of  the  bands  in  the  green  is  D,  C,  B, 
D  bent  the  brightest,  and  of  a  j'ellowish  tinge. 
The  led  is  very  prominent ;  a  thick  black  Ihie 
eeean  near  its  fivther  boundary ;  it  is  separated 
fieei  the  ycOow  band,  £,  by  another  broad  black 
beni  D  is  separated  from  £  by  a  broad  gray 
iBtomd.  The  violet  light  is  confined  to  the 
barf  A.  The  spooe  bMwten  A  and  B  is  divided 
iHs  a  csopletely  Uaek  space,  and  one  of  an  in- 
drfsite  dsrk  eolonr.  The  bUck  space  sharply 
bsaadlBg  bmid  A  la  three  times  as  broad  as  a 
tfehd  «f  the  whole  space  between  A  and  B,  or 
B  and  D.— How  (kr  is  science  as  yet 
bsieg  entitled  even  to  venture  a  guess  con- 

jthe  cansea  of  such  phenomena!— 2.  As  to 
^^fM,  ether  pnszling  dicumstances  occurred 
dnisg  the  aeintiny  of  its  spectrum.  A  pale 
M  aeJeared  tight  in  the  narrow  part  of  the 
<ile  gsvs  a  remaiitably  bright  band  at  the  end 
^  the  led,  and  two  beantifu]  orange  coloured 
hndi,  srpamted  by  a  narrower  and  a  perfectly 
UMk MB.  In  the  green,  bright  bands  appeared; 
lb  lUct  was  very  dark.  Bid  ike  ^Mctnpn  hegtm 
^  fisajBL  The  violet  greir  more  intense,  black 
Miks  appearing  In  it,  and  the  bright  line  to 
ahich  the  red  waa  originally  confined  became 
Hv  Md  pder.  Bri^t  red  bands  appeared 
**«  a  wider  space  alternating  with  daik  ones. 
By  iaaesriag  tlie  power  of  the  induction  current, 
^  ipertrMSi  was  leudesed  constant  for  a  short 

bat  it  soon  began  again  to  change,  dinii- 
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nishfaig  rapidly  in  intensity;  while  the  light  in 
the  narrow  tube  passed  hito  violet    The  cDs- 
charge  grew  discontinuous,  and  finally  the  cur- 
rent etUtrefy  cmaed  to  traverse  the  tube.    The 
spectrum  first  seen  was  clearly  that  due  to  atten- 
uated oxygen,  and  these  changes  must  have  been 
owing  to  its  gradually  losing  its  free  condition 
under  continued  electric  influence.  Perhaps  it  may 
have  first  passed  into  ozone ;  at  all  events,  in  tlie 
end  tlie  tube  behaved  as  a  non-condactinji:  vaconm. 
—8.  The  spectrum  of  gaseous  Fhtoride  of  Bo- 
ron differs  greatly  from  both  the  former,  and  ia 
exceedingly  beautifuL    While  it  shows  bright 
colours  throughout,  red  together  with  orange 
and  yeUow,  takes  up  about  a  fiflh  of  the  whnla 
space :  of  the  other  four-fifths,  two  are  occupied 
by  the  green,  the  remainder  by  the  violet  Tbtfre 
is  no  apparent  transition  from  the  violet  to  i  lie 
green— the  blue  seeming  entirely  wanting.    Yel- 
low and  orange  form  two  shaiply  bounded  briglit 
bands  of  about  equal  breadth,  both  together  be- 
ing about  half  as  wide  as  the  red ;— -from  this 
latter  the  orange  is  separated  by  a  strong  black 
line.    Near  the  bonndaiy  of  the  red  there  is  a 
second  great  black  line.  The  space  of  the  red  be- 
tween these  two  black  lines  is  divided  into  six 
equal  parts  by  five  Jlne  blsck  lines ;  and  on  the 
other  side  of  the  strong  black  line  first  mentioned, 
there  is  In  the  orange  and  yellow  also  the  same 
number  of  fine  blade  lines,  at  the  same  distance 
from  one  another.    In  the  green,  about  twice  as 
fkr  fh>m  the  violet  as  from  the  yellow  boundary, 
there  is  a  bright  green  band,  about  as  broad  as 
the  yellow  band.    This  green  band  divides  the 
green  space  into  two  parts,  which  difiler  impor- 
tantly firom  one  another.    That  part  which  lies 
next  the  yellow  has  a  bright  shining  band  in  its 
middle,  and  the  green  on  either  side  of  this  band 
is  not  uniform,  but  becomes  gradually  dai*ker 
towards  its  extremities.    The  remaining  portion 
of  the  green  and  violet  have  quite  a  characteristic 
appearance.    This  space  seems  divided  into  mIx' 
tean  bands,  tm  of  which  belong  to  the  violet 
Each  separate  band  is  brighter  towards  the  red, 
becombg  gradually  darker  in  the  opposite  di- 
rection.    These    bands   are   broadest    toward;) 
the  middle  of  the  violet    The  broadeit  of  all  is 
on  the  one  side  of  a  bright  shining  violet ;  on  the 
other  side  it  is  completdy  black.    At  this  part, 
the  spectrum  presents  to  the  telescope  the  a]> 
pearanoe  of  a  strongly  illumined  fluted  column. 
— ^The  three'  spectra  now  described  are  essen- 
tially different  from  those  belonging  to  the  elec- 
trical arch  of  light  in  the  air,  and  from  metah 
glowing  and  burning  in  it    The  electrical  arch 
of  light  in  the  air  is  never  free  from  matter 
(carbon  or  metal),  whose  incandescence  gives 
rise  to  new  bright  lines  in  the  spectrum;   but 
Plucker  thinks,  with  evident  justice,  that  tlie 
varied  appearances  described  above  are  closely 
connected  with  the  chemical  constitution  of  the 
attenuated  gases.     He  concludes  his  memoir 
with   the   following   provocative  questions:— 
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Bow  may  the  speetram  of  A  mixed  gas  be  de- 
riTed  flram  the  ^wctim  of  Its  cooetitaeato  ?— How 
are  the  speetra  of  a  oompoond  gae  related  to  oae 
another  before  and  after  its  chemkal  deoompoei- 
tioo  bj  the  corrent?->How  does  the  chemical 
oombination  which  the  gas  effects  with  the  elec- 
trode, inflnnnre  the  spectrum  ?— Do  isomeric  gases 
give  rise  to  similar  8pectra?~The  stndeot  is 
further  rsferred  to  these  carioiis  memoirs  by 
Pliicker;  to  the  original  resesrebes  by  Asgstrom 
(both  of  which  are  reprinted  in  the  PhU.  Mag.\ 
end  to  the  previous  memoin  by  Wbeatstone. 
He  will  find  further  interesting  iolbrmation  of 
another  Und  in  Feddersen's  paper  on  the  Electrio 
SpMHk,  in  PhSL  Mag,,  Supplementary  Ko^  Jan^ 
1859. 

BIcctHc  I<lglit»  mtrmOmmtimm  •£    See 
Elscthical  Ego. 

BledM-Ckeasiairr.  That  eleetridty  pos- 
sesses the  power  of  effecting  chemical  changes, 
may  be  seen  in  the  instance  of  the  combination  of 
oxygen  and  hjrdrogen,  when  a  spark  from  the 
common  electricsl  madiine  Is  passed  through  a 
mixtare  of  those  gases.  The  same  thing  b  no- 
ticed in  the  formation  of  nitric  acid  firom  the 
constituents  of  tlie  atmosphere  during  thunder- 
storms, and  the  peculiar  odour  experienced  dur- 
ing the  working  of  an  electrical  machine,  believed 
to  indieate  the  formation  of  ozone.  These  may 
be  given  as  instances  of  diemical  actton  produced 
by  the  agency  of  electricity  or  electroHihemical 
effects ;  and  the  sdenoe  which  treats  of  them 
might  be  caUed  Electro-Chemistiy.  But  this 
term  has  more  particularly  reference  to  a  Cur 
larger  and  more  important  serial  of  actions, 
whkh  are  produced  by  the  agency  cf  the  voltaic 
current— actioiis  which  have  besn  found  to  be 
regulated  by  laws  definite  and  moet  important 
in  their  practical  applications  in  the  aits,  and 
also  as  regards  the  extension  of  chemistry  itseU^ 
bodi  in  theory  and  processes.  It  ii  more  parti* 
cnlaily  in  efibcting  separation  of  the  constituents 
of  a  compound,  or  in  chemical  deoompositkm  that 
the  chemical  efliects  of  the  voltaic  current  are 
manifested.  Bodies  differ  greatly  as  to  the  fodlity 
with  which  they  yield  to  the  decomposing  powen 
of  eleetridty.  Thus,  k)dide  of  potassium  readily 
yields  to  the  action  of  a  single  pabr  cf  small 
jdates,  whfle  water  requires  the  aiJ^Ucation  of  a 
batteiy,  and  sulphuric  add  can  scarcely  be  de- 
composed even  by  the  most  energetic  currents. 
The  decomposition  cf  water  may  be  taken  as  a 
type  of  the  mode  in  which  eleotro-diemical  dft- 
con^Msitions  are  effiwted.  When  the  ooodncting 
wires  from  the  two  poles  or  deetfodes  of  a  bat- 
tery are  immersed  in  water  at  a  distance  of  half 
an  inch  from  each  other,  bubbles  of  gae  immedi- 
atdy  begin  to  appear  on  the  wires,  and  rin 
through  the  liquid.  They  may  be  cdleeted  in 
separate  tubes  hdd  over  the  wires,  and  cen  be 
proved  to  possem  the  properties  of  oxygen  and 
hydrogen^  mid  when  mixed  and  exploded,  to  be 
capable  i^^  of  prodndng  water. .  The  quantity 
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of  water  deoompoeed,  and,  of  ooinn,  of 
produced,  is  found  to  be  always  proportional  to 
the  energy  of  the  current,  and  may  be  tsken  as 
one  of  the  readiest  and  best  measurm  «f  its 
power.    Annexed  is  a  figure  of  the 
known  by  tbe'name  of  a 
voltameter,  or  indicator  of 
the  power  of  a  battery.    At 
the  npper  part  of  the  figure 
are  represented  two  niall 
bnss  cups  containing  mer- 
cuiy,  into  which  the  con* 
ducting  wires  of  tlie  battery 
aredii^ped.  Framtheseeupa 
deeoend,  through  a  cori^ 
two  pieoes  of  copper  wire, 
to  which  are  roldered  two 
etripe  of  platinum  foO,  of 
one  or  two  square  indies 
of  surfiuA     The  coric  is 
fitted   to   a   wide-nedced 
bottle,  filled  with  water,  to  which  1-Stfa  cf  soi- 
phuiic  add  has  been  added.    A  bait  tube  to 
cany  oif  the  mixed  gases  is  insertsd  in  lbs  eock. 
The  platinum  plates  may  be  about  one-fomth  «f 
an  ivch  apart    The  gases  an  neasoed  in  a 
graduated  pneumatic  Jar,  and  the  energy  cf  the 
battsiy  Judged  of  by  the  ▼olnme  given  off  la  a 
given  time.    The  sulphuric  add  does  not 
go  deoompodtbn,  but  is  found  greaUy  to 
the  deoompodtkm  of  tlie  water — probably  by 
promoting  its  conducting  power.     Sted  plates 
may  be  substituted  for  platinum,  if  the  water  be 
eatnreted  with  carbonate  of  potash  instead  of  ad- 
phnric  add.    Proposals  have  at  diifonat  dasss 
been  made  to  employ  the  galTaaio  battoy  aa  a 
morer  of  machineiy,  by  exploding  the 
evolved  by  it,  from  water,  in  a  ^Undsr 
piston,  but  hitherto  no  practiafole  reanlt 
followed.    It  might  be  expected  that,  as 
molecule  of  water  ia  compoaed  of  oxygen 
hydrogen,  the  decomposition  of 
occur  at  some  one  point  of  the  interval  beti 
the  two  plates  or  dectrodes,  and  that  the 
for  of  the  liberated  gasea  to  the  pdss  sdgiit  be 
observed;  yet  the  moet  minato  hispectiwi  of  tke 
Intervening  space  by  mieneoopic  means   hm 
foilsd  to  detect  any  endi  tmsport  cr  the  d^ght^ 
est  indication  of  a  cnrrent  among  the  paitidea  a< 
the  liquid.    It  is  undoubtedly  poerible,  oonider 
ing  how  iafiniteslmally  minute  we  know  tiki 
ultimate  atome  of  substances  to  be,  that  the  da> 
compoeition  of  water  nii^  be^  at  eveiy 
oceunino,  not  merdy  at  one  point  of  the 
venii^  didn  of  liquid  partides  between  dm  two 
polee,  but  simultaneoody  at  all  the  poinfei^  and 
that  thus  there  would  be  equal  and  opposito  acts 
of  ounento  of  gassone  noleonles  praceedfeBlp  to- 
warde  thdr  respective  poles,  so  that  the  one  eeries 
of  mechanlcd  dfoets  would  counteract  the  other, 
and  prevent  the  iq>peannoe  of  a  visllda  alienn 
among  the  liquid  partkksk    This  wOl  not  appear 
so  improbable  If  we  noMnber  tfao 
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'Of  wdKidM,  vlddi  nnisti  fWin  the  known 

of  Uw  atoino  of  motter,  go  to  fonn 

thojmillit  vkibli  ^obnle  of  ooe  of  the 

■nee  of  eny  pevesptioie  cnmnt 

the  pelee  dwrifig  the  droompflrittMi  of  e 

eooBpomid  le  generally  expkined  es 

fcOoni  s^Snppoeingv  ee  befcra,  thecese  of  weter, 

which  li  cemjiieid  dT  oxygen  end  hydrogen,  end 

thel  we  hecfo  n  BondMr  of  molecoleB  whoiw  oom- 

porilion  befan  the  ciirient  hee  poMid  Is  eymbol- 

iaelhi  the  upper  Uae  of  ktten,  end  efter  the 

OH    OH    OH    OH 

O    HO    HO    HO    H 

int  pnnege  of  tbn  onxent  by  the  lower  line. 

If  the  two  tenninnl  neoleoolee  era  eeted  on  by  the 

pbkrity  of  the  polee  of  the  betteiy  in  oontect 

vtt  than,  end  by   eUnetian  of  their  dectiic 

I  two  geeneue  mokeoles  of  eedi,  eeper- 

other,  the  oxygen  nmeinlng  et 

tfatpnitlvn  pole,  end  the  hydrogen  et  the  negn- 

llfe;  bel  lib  oaygm  et  the  nqgetive  pole,  in- 

HMd  ef  pniriiV  name  the  whole  line  of  liquid  to 

Ihi  pnUre  pole,  wMnly  by  iti  elterad  electiie 

Mill  dwwnpoiiing  tlee  next  eton  of  weter,  nnit- 

1^  widi  iii  hjidrag'P  *Bd  mttiog  ite  oxygen 

ftettedBBoeqnee  tiMnext,  end  eo  oninroccee 

lion,  tlni  tnnenrfttipg  n  wsve  of  finoe  from  one 

pii  to  the  ether  retlecff'  then  e  medienicel  tnne- 

Inraeib    Indeed  U  ie  now  believed  thet  the  pee- 

«gi  «f  cnnent  deetilcity  ekng  eny  oonductor, 

a,  fcr  intenee^  n  wfan,  eonriete  of  thie  transfer- 

eeai  «f  ftiee  from  ooa  peitide  to  enother,  or 

I  Dy  n  emm  or  oecompoemone  ena  leoom* 

in  •  w»y  eumewbet  rimfler  to  this, 

by  dm  pnmegi  of  n  flnU,  es  hee  eo 

theiwromite  explenetkm.    Snbetenem 

I  ef  bdeg  deeompoeed  by  eleotrie  cuncnte 

dsetralyteBi  end  the  procem  of  deoom- 

eftm  cnued  elsetf  olyrfs.  Bfaieiyooin- 

)  em  ecpented  into  dielr  dsmente,  the  one 

tothepoekhre  polo  being  celled  eleetio- 

B^pthi^endthe  other  eeOed,  with  vefrmce  to 

1^  ilselm-poeidve,  going  to  the  negetive  pole. 

HHi  eed  Hehid  enbetnnem  era  deeompoeed  into 

^fk  peazimeto  eonethiiente;   ftr  Inetenoe,  e 


ef  enipheto  of  eodn  befaig  snljeeted  to 
siiort  tfane  frm  eulphnrie 
•ciiwiil  be  fMmd  nt  the  one  pole  end  eodn  et 
tti  elher.  Tim  diief  eleetro-diemloel  lews 
diecofwred  era  m  ibllow :— The 
enbetenm  in  seperattng  from  e 
ehmys  peesm  to  the  seme  pole, 
tbsfemejby  of  ncoaiponnd  which  is  decomposed 
ii  fnpertianel  to  the  qoentity  of  electricity  which 
The  neentify,  by  weight,  of  dlflkent 
wUcb  cnn  in  the  seme  time  be  de- 
by  tim  ennee  cnnent  is  prapoitloned  to 
the  enmber  lepiewniing  the  diemioel  eqnivelents 
« Hmde  weights  of  the  Qompoonde.  Thne  80 
9'ims  ef  enipheto  of  oopper  will  be  deeompoeed 
by  ihe  seme  anient  vhftdb  win  hi  the  eeme  time 
$  gnine  ef  wnler,  or  58  of  common 


Difiadtimnra  oAen  experienced  in  tracing 
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ont  the  direct  effects  of  the  camnt,  owing  to 
whet  era  celled  secondery  lesnlts,  thet  is,  the 
combinetion  of  the  liberated  sobetencm  with  the 
meteriele  composing  the  poles  of  the  bettery,  or 
with  othen  mixed  with  the  liquid.  Thus,  if  in 
the  epperatns  Ibr  the  deomiposition  of  weter,  tlio 
pole  when  the  oxygen  ought  to  eppesr  were 
comitoeed  of  en  oxiiUmble  substenoe  insteed  of 
pletinum,  es,  for  instenoe,  dnc,  then  en  oxide  of 
lino  would  be  Ibrmed,  end  little  or  no  oxygen 
would  appeer  in  the  fonn  of  gas.  This  drcnm* 
stsnce  of  the  electrodes  having  an  affinity  for  the 
newly  liberated  or  naecent  elements  cen  be  taken 
advantage  of  for  the  production  of  eflects  other- 
wise ecuedy  attainable,  and  also  for  enabling  a 
small  batteiy,  or  even  a  slni^  pair  of  plates,  to 
eflbct  the  deoompositkm  of  compounds  wUch 
only  yidd  to  exceedingly  powerftil  currents  in  the 
or&ieiy  epperatue.  Thue  the  most  interesting 
end  importent  nsolts  of  Electro-Chemistry,  era 
the  decompositione  of  the  elkaUes,  soda,  potasm, 
and  the  eerths,  lime,  magnesia,  rilice,  &c.,  into 
their  oonstitnent  metels.  This  wes  aocompltshed 
by  Davy  by  meene  of  the  coloesel  betterim  of 
the  B<iyal  Institution  of  London,  and  stQl  reqnlrm 
by  the  best  ordinary  arrangements,  cnnents  of 
greet  enogy.  The  little  double-celled  epperatns 
of  Becqneral.  es  modified  by  Golding  Bird,  eflects 
the  deoompoeitioo  of  the  alkdies  end  earths,  and 
indeed  of  moot  other  compounds,  by  the  long- 
continned  actkm  of  a  fbeble  current,  aided  by 
well-cboeen  affinities,  in  an  ele^t  and  most 
eonvenient  manner.  This  littto  apparatos  is 
lepresentod  in  the  ennexed  woodcut.     A  glass 
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cyUnder  d,  l*6-inch  in  diameter  and  4  indns  in 
lengtli,  ie  doeed  at  the  lower  end  by  a  plug  of 
plester  of  Peris  0-7-inch  thick.  This  eyUnder  ie 
fixed  by  means  of  corics  inside  a  cylindrical  glen 
vessel  a,  about  8  inchm  deep,  end  8  inchee  in 
diameter.  A  piece  of  sheet-copper,  6  inchm  long 
end  8  inchm  wide^  having  a  copper  conducting 
wira  V,  soldered  to  it,  is  coiled  up  and  pbuicd  in 
the  eniall  cylinder  with  the  plaster  bottom;  a 
piece  of  sheet  zinc  of  equal  size  is  loosely  coiled 
up,  end  placed  in  the  external  cylinder,  being 
furnished  with  a  conducUng  wira  like  the  other. 
The  laiger  cylinder  being  then  filled  with  week 
selt  and  water  (common  salt),  and  the  smaller 
with  a  saturated  sdntlon  of  mdphate  of  copper, 
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the  apparatus  constitutes  a  small  baUeiy,  a  modi- 
fication of  that  known  as  DanieU*  (see  B  attest), 
which  irill  Iceep  in  action  for  several  weeks,  and 
nay  be  used  for  decomposing  such  solutions  as 
acetate  of  lead,  iodide  of  potassium,  &&^  but  may 
be  made  eflScsdous  for  more  important  efibcts 
bj  combining  it  with  the  second  arrangement,  as 
seen  in  the  cut   The  vessels  of  this  are  arranged 
precisely  as  in  the  case  described,  only  Into  the 
external  one  is  placed  a  weak  solution  of  common 
salt,  and  into  it  is  immersed  a  small  plate  of 
amalgamated  sine  (see  BATTEar)  soldered  to 
the  wire  coming  from  the  copper  of  the  small 
cell  in  the  other  apparatus.    The  inner  cell  is 
filled  with  the  solution  to  be  experimented  on, 
and  into  it  is  immersed  a  plate  of  platinum  foil, 
soldered  to  the  wire  from  the  zinc  of  the  other 
celL    If  solutions  of  tlie  muriatic  of  tin,  zinc,  anti> 
.  mony,  silver,  &c ,  be  introduced  into  the  smaller 
tube  beside  the  platinum,  after  a  time  varying 
from  a  few  minutes  to  some  weeks,  the  reduced 
metal  appears  on  the  platinum  plate.    If  a  solu- 
tion of  fluoride  of  silicon,  prepared  by  passing  a 
current  of  the  gaseous  fluoride  into  alcohol,  be 
introduced  into  the  apparatus,  the  platinum  in  con- 
tact with  it  in  the  course  of  a  few  hours  becomes 
tarnished,  and  in  a  few  hours  more  is  covered 
with  a  dense  coating  of  metallic  .silicon,  which 
soon  becomes  converted  into  a  white  powder  of 
pure  silica  by  combination  with  the  oxygen  of 
the  air.      Metallic  potassium  and  sodium  can 
likewise  be  obtained  from  the  apparatus,  by  put- 
ting a  small  capsule  of  mercuiy  in  the  bottom 
of  the  decomposing  cell,  and  pouring  over  it  a 
solution  of  chloride  of  potassium,  and  bringing 
the  platinum  in  contact  with  the  mercury.    The 
metals  enter  into  amalgamation  with  the  mer^ 
cury,  which  is  aflerwimls  driven  off  by  heat. 
Under  the  head  Electrottpb  will  be  found 
some  information  regarding  the  practicsl  applica- 
tion of  Electro-Chemistry  to  the  arts.    And  be- 
sides these  applications,  it  may  be  mentioned 
that  it  is  now  extensively  useful  in  the  processes 
of  preparing  different  metals  on  the  laige  scale 
from  their  ores,  and  also  that  proposals  have 
recently  been. made  whereby  different  metallic 
compounds,  such  as  those  of  mercury,  and  lead 
may  be  extracted  from  the  living  system  in  cases 
wtae  they  have  basn  introduced  as  medicine  or 
as  poison.    Becquend  and  others  have  made  an 
interesting  and  important  use  of  the  chemical 
action  of  dectric  currents  in  obtaining^  by  their 
means,  the  formations  of  crystals,  maay  of  which 
had  previously  been  found  in  nature,  but  could 
not  be  formed  by  any  artificial  process,  leading 
to  the  supposition  that  the  electric  currents  which 
travene  the  earth  may  have  in  many  instances 
been  the  cause  of  their  deposition.    Many  of  the 
simple  or  compound  crystals  referred  to  can  only 
be  formed  by  the  long-continued  acdon  of  an 
exceedingly  ieeble  current    Am  an  example  of 
one  of  BeoquereFs  arrangements,  the  follovring 
may  be  mentioned: — ^A  glass  tube,  in  the  form 
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of  an  inverted  syphon  is  taken,  and  a  small  i^b^ 
of  moist  day  inserted  at  the  junction  of  the  two 
limbs.  Into  the  one  limb  is  poured  a  solntko  of 
bicarbonate  of  soda,  and  into  the  other  a  sdntSon 
of  sulphate  of  copper  to  an  equal  hdght  A  bent 
film  of  sheet-copper  is  plunged,  one  end  into  each 
solution.  Aftcar  a  time,  silken  ciyatals  of  the 
double  carbonate  of  soda  and  copper  are  sen 
floating  in  the  solution.  Such  invesdgatioiis  hsve 
an  obvious  bearing  on  gedogicsl  speoslatioo. 

Electrode.  Synonymous  with  the  term  poh 
in  galvanic  arrangements :  it  is  the  mhiitsnrf,  or 
rather  surface,  whether  of  air,  water,  metal,  or 
any  other  body,  which  bounds  the  extent  of  the 
decomposing  matter  in  the  direction  of  tiw  eleetric 
current    See  Amodb,  A^noir,  &c. 

Bleetro-I^TBanilca.    This  term  is  appind 
to  tliat  branch  of  Electric  Sdenoe  which  treats  of 
the  effects  which  are  ascribed  to  tlie  motiim  ti 
electridty  as  contradistinguished  from  those  due 
to  its  mere  accumulation  as  in  Electro-Stades. 
Strictly  speaking,  many  of  the  effects  treatad  of 
under  the  head  of  Electro-Statics  are  doe  to  the 
transference  of  dectridty  from  point  to  pdnt, 
such  as  the  combustion  of  wires,  the  Inmiaom 
and  heating  efiect  of  the  spark,  the  sensation  of 
the  dectric  shock,   and   many  others.     StilL 
generally,  the  term  Electro-Dynamics  is  oonflocd 
to  what  relates  to  the  Voltaic,  Thenno-KIcctrie 
and  Magneto-Electric  currents.    This  adenoe  is 
entirdy  of  modem  origin,  dating  from  no  fhitfaer 
back  than  1790,  the  period  of  Galvani^s  great 
discovery,  and  in  the  interval  has  extended  so 
rapidly  and  in  so  many  directions,  that  it  will  be 
imposdble  in  the  limited  space  which  can  be  de- 
voted to  it  in  this  work  to  attempt  a  compile 
expodtion  of  all  its  branches.    Under  the  head 
Batteky  will  be  found  sd.  account  of  the  mean't 
by  which  dectric  currents  are  produced,  so  we 
shall  here  confine  oursdves  chiefly  to  an  explana- 
tion of  the  laws  which  govern  them,  their  effects, 
and  some  of  the  practical  nses  to  which  they  hare 
been  put    The  world  has  long  been  UaSSiit  with 
the  celebrated  experiments  of  Galvani,  which  led  to 
the  discovery  of  tlie  voltaic  pile,  and  thediAreot 
opinions  which  wen  entertained  as  to  the  oqgin 
and  natore  of  the  qualities  and  poi^'ers  poasessed 
by  tliis  remariEablo  instrument    Galvani  himseif 
entertained  the  idea,  tliat  the  new  (broe  was 
nothing  dse  than  the  nervous  influence^  or  IHe- 
giving  current,  which  passed  in  the  metalljc 
circiut,  and  produced  the  X'benomena  broiigbt 
to  light  by  his    faivestigations.      Volta,  with 
keener  perception  soizmg  on  the  fsct  of  the 
metals  in  contact  bdng  of  difiercnt  kind,  attri- 
buted the  eflbcts  of  the  pile  to  the  action  of 
dectridty,  whidi  he  asserted  was  rendered  free 
by  the  contact  of  the  metals.    More  recent  in- 
vestigators, observing  that  the  powers  posBcwed 
by  voltaic  combinations  were  greater,  as  the 
chemical  acUons  accompanying  them  were  more 
energetic,  adopted  the  theory,  that  while  the 
newly  discovered  power  was  dectridty,  yet,  thst. 
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dtt  dedridtx  iras  not  the  dlect  of  tbo  oootact 
flf  the  dilfcreat  metals,  bot  was  due  to  the 
chwnidi  acUoQ  i»hich  aooonipanied  it  Not- 
wkhstaniiiiig  of  the  many  attempts  which  have 
beoi  made  to  oaoatmct  a  lational  and  oonaisteiit 
theoiy  of  the  Toltak  pole,  and  whUe  it  has  been 
pio?«d  that  the  powers  possessed  by  the  pile  are 
doe  to  dectricttj,  it  cannot  3'et  be  said,  that  the 
qoMtion  residing  the  origin  of  this  electrical 
exdtciBcnt  haa  been  aatj^iiiictorily  answered. 
T«n  theories  may  be  aaSd  at  present  to  divide 
tks  opinions  of  Ekctridana.  The  one  is  a  modi- 
fieatioa  at  that  of  Volta.  It  was  adopted  by  the 
jDmliioas  Ampere,  and  is  still  in  various  degrees 
ia  fcToor  with  many  ls\-estigaton.  Its  funda- 
■cntal  hypothesis  is,  that  the  elementary  mole- 
coleiuf  matter  possess,  inherent  in  their  substancBi 
md  nrnpanUe  from  them,  portions  of  electric 
iidd.  Those  of  the  elements  which  poescn 
Mgitive  dectrielty,  are  called  electro-negative, 
ad  have  a  tendency  to  appear  at  the  positive 
pole  of  the  battery  in  Electrolytical  decom- 
lootions;  and  those  that  possess  positive  electri- 
dtyj  er  dectro-pontive  bodies,  separate  at  the 
M|8thre  pole^  Of  the  flnt,  or  electro-motives, 
«•  Oxygen,  Chloriiie,  lodhie,  Fluorine,  &&; 
nd  of  clectro-positiTca,  Hydrogen,  the  metals,  &c. 
Bat  as  olemcutary  bodies  do  not,  except  in  their 
exhibit  electrical  properties,  it 

to  aMppoee  that  each  molecnle  attracts 
it  an  atmospiMn  of  the  opposite  electricity 
to  itt  ovn,  which  fiigiilses  its  presence  and  prfr- 
vmts  the  properties  of  free  electricity  being  ob- 
Mrel  Sapposing  now  that  two  particles  of 
«x]r|Bi  and  hj-tlragen  sboold  be  broaght  into 
9tA  oihei^s  vidnity,  the  two  woold  be  similar  to 
taodhsiged  Lsyden  jan,  only  that  the  positiTe 
dKtrieky  woold  be  in  the  mterior  of  the  ene, 
■d  OB  the  exterior  of  the  other,  and  vice  mtm. 
At  aoderate  distanoea  all  electric  action  would 
be  dii^pused,  bat  if  pnssore  or  other  canse  of 
iffmxaaatiaQ  be  applied,  the  two  opposite  atmo- 
spbom  B^jht  be  brought  so  dose  together,  as  to 
■iiti  m  opposition  to  ^  dij^guising  power  of  the 
isids  »»'*»*gS"g  to  the  intaarior  molecules,  then 
tbi  sttnsphcres  beiqg  rendered  neutral  oonld  no 
ka^v  di^nise  tlie  aetioo  of  the  opposite  dectri- 
chiei  of  the  aM>iecn]es  themselves,  which  would 

and  if  equal  quantiii^  of  electricity 
each  would  be  rendered  neutral, 
«if  the  fpigntitin  wen  unequal,  might  have  an 
nam  of  poativu  or  negative  fluid,  which  would 
MBGt  mnd  itsdf  en  atmosphere.  This  theory 
that  by  the  contact  of  diilbrent 

deetiidty  is  rendered  free,  and  the 
of  tUs  free  electridiy,  constitutes  what 
h  edisd  the  Ebtsiiv  motfse  force  of  the  oombUi*- 
tioQ,  and  that  the  accompanying  chemical  action 
iiody  a  result  ^  the  electro-motive  foroeu  Thus 
li  the  cass  of  tlie  ovdinaiy  voltaic  pair,  consisting 
if  esppff  and  line  with  acidulated  water  between 
tbsB,  the  contact  of  the  add  with  the  zinc  gives 
i&a  to  an  docUo-motive  foroe,  by  which  the 
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positive  electricity  is  impelled  towards  the  dno^ 
while  the  contact  of  the  acid  with  the  copper, 
produces  an  electro-motive  force,  whidi  accumu- 
lates ni^tive  electricity  in  the  copper,  and  theHO 
two  forces  thus  conspiring,  the  metals  an  put 
into  states  of  opposite  dectric  tension,  which 
state  is  imparted  to  the  wires  in  contact  with 
them.  This  tension,  though  in  all  cases  feeble 
compared  with  the  manifestations  of  frictional 
electridty,  yet  can  be  dearly  evidenced  by  the 
dectroecope.  If  we  now  suppose  the  two  wires 
to  be  introduced  into  a  substance  such  as  water, 
consisting  of  a  combination  of  an  ekctro-podtive 
and  an  dectro-negative  molecule,  the  negative 
pole  will  attract  the  positive  molecule,  vis.,  the 
hydrogen,  and  if  its  tension  be  strong  enough, 
will  separate  it  from  the  oxygen,  and  at  the 
same  thne  communicate  to  it  as  much  negative 
dectridty  as  to  form  its  atmosphere.  The  hydro- 
gen, tberefore,in  a  neutral  state,  will  esc^w  from 
the  oombhution  as  free  gas,  while  the  particle  of 
liberated  oxygen,  bdng  still  in  an  undisguised 
n^ative  state,  will  act  on  the  nearest  mdecule 
of  water,  and  being  assisted  by  the  repulsion  of 
the  negative  poile,  will  efiect  its  deoompodtion 
uniting  with  its  hydrogen  and  setting  (iree  its 
oxygen,  which  effects  a  dmilar  decomposition  on 
the  molecule  In  its  vicinity,  and  so  on  along  the 
whole  line  of  molecules  between  the  poles,  till  at 
last  a  mdecule  of  oxygen  appears  free  at  the 
podtive  pde  from  whidi  it  derives  positive  fluid 
to  form  its  atmosphere  and  escapes  as  neutrd  gas. 
According  to  tins  view  the  passage  of  dectridty 
along  a  compound  chain  of  molecules  capable  of 
deoompodtion  consists  of  a  series  of  compositions 
and  decompodtaons  dong  the  line  from  partide 
to  particle,  and  not  of  the  transport  of  one  par- 
ticls  from  one  pole  to  the  other.  In  the  same 
way  the  passage  of  the  current  along  a  line  of 
horaqgeBOous  partides,  sudi  as  a  metallic  wire, 
consists  of  a  dmilar  series  of  dectrical  trans- 
ferences: thus  the  atoms  of  copper,  being  podtive, 
aro.sttirounded  with  atmospheres  of  negative 
fluid,  and  the  whole  diain  of  partidea  is  in  a  state 
of  equilibrium  fit>m  the  disgnlring  power  of  the 
equd  quantities  of  the  two  fluids ;  but  when  a 
vdtdc  pde  is  put  into  communication  with  one 
end  of  the  wire,  say  that  it  is  the  positive  pole, 
it  will  attract  the  atmosphere  tnm  the  partide 
of  copper,  which  will  thus  be  left  fne  and  posi- 
tivdy  exdted  to  act  on  the  atmosphere  of  its 
next  neighbour,  of  which  it  will  partially  de- 
prive it,  rendering  it  in  its  turn  active  to  act  on 
the  next,  and  so  on  along  the  whole  line  of 
particles  till  the  last,  which  will  be  left  hi  a  state 
of  positive  tension,  or  in  other  words,  partially 
deprive^  of  its  disguising  atmosphere.  In  thb 
state  it  would  remdn,  and  the  whde  wire  would 
be  in  a  state  of  tension,  but  if  the  negative  pole 
be  applied  to  the  last  mdecule  this  tension  wOl 
be  fautantly  relieved  by  the  oommunicatioa  of 
the  requisite  quantity  of  negative  fluid  to  Ibrm 
the  atmosphere,  and  thus  the  same  soies  of 
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actions  may  noommenoe  aad  ao  on  ooatina- 
oudy  oonstituting  the  atrrmi.  The  same  nsult 
would  eosae  were  we  to  suppose  the  oommeDoe- 
meat  of  deoompositioiis  to  have  occurred  at  the 
negative  pole  of  the  battery.  We  have  seen  that 
the  result  of  two  oppositely  electrical  partides 
h^ng  pushed  into  each  other's  vicinity  would  be 
the  union  of  the  two  atmospheres,  and  then  the 
attrsctioo  of  the  molecules  themselves  into  dose 
alllanoeas  a  compound  molecule.  It  is  dear  that 
if  the  two  uniting  molecules  possened  equal  quan- 
tities of  oppodte  fluids  the  compound  would  itself 
be  neutral  and  would  require  no  atmosphere  or 
excess  of  opposite  fluid  to  disguise  its  dectiical 
state,  but  if  one  of  the  uniting  molecukB  poooeoscd 
an  ezoess  of  fluid,  then  the  compound  would  not 
bo  neutral,  but  would  require  a  partial  atmo- 
sphere for  its  neutrsllzation.  If  we  suppose  the 
uniting  partideB  to  be  of  the  same  kind,  that  is, 
both  positive  or  both  negative,  such  as  two  metals, 
then  the  two  atmospheres  would  expand  over  the 
united  molecules,  in  an  equal  degree  on  each  if 
the  two  were  of  equal  original  tension,  but  if  the 
one  were  more  poeitire  than  the  other,  as  in  the 
case  of  copper  and  zinc  particles  brought  into 
contact,  then  the  atmospheres  would  pass  from 
the  points  of  contact  and  expand  themsdves  on 
each  particle,  but  not  in  an  equal  degree  nor  }*et 
in  the  same  degree  as  before  contact,  but  in  a  less 
degree  on  the  partide  of  greatest  tension :  and  if 
the  two  were  removed  from  contact  an  excess  of 
atmosphere  would  lemahi  on  the  least  podtive  of 
the  two,  in  this  case  the  oopper,  and  thus  the 
eojppa  having  on  its  partides  an  excess  of  noga- 
tive  atmosphere,  would  be  left,  after  separation, 
negative  with  r^ard  to  the  sine  and  to  other 
bodies,  giving  an  explanation  of  the  dectro- 
motive  force  produced  by  the  contact  of  hetero- 
geneous substances.  Acoor^ng  to  this  view 
then,  the  source  of  the  dectridty  of  tha  voltaic 
pile  is  in  the  electro-motive  fbroe  devdoped  by 
tlie  contact  of  the  different  substances,  and  the 
accompanying  chemical  action  only  serves  con- 
tinually to  dischaige  the  tendon  so  produced  by 
affording  means  In  the  fbrmatlon  of  the  atmo- 
spheres of  the  new  products  for  the  escape  of  the 
liberated  dectridty,  so  as  to  allow  of  the  conti- 
nued devdopment  oi  more  by  contact,  and  thus 
tlie  cmraU  or  eoiUmuai  charge  and  dUehargt  is 
kept  up.  The  other  view,  to  whidi  allusion  has 
been  made,  rsgards  the  chemical  action  as  the 
cause  of  the  devdopment  of  the  dectridty.  Be 
this  as  it  may,  it  fortunatdy  happens  that  the 
laws  which  relate  the  strength  of  the  current 
when  the  electro-motive  power  has  once  been 
produced  have  been  ascertained  in  a  precise  man- 
ner, and  are  independent  of  dther  theory.  These 
laws  have  been  named  the  laws  of  Ohm,  after 
their  discoverer.  Before  Ohm*s  investigation,  it 
had  been  noticed  that  the  efficiency  of  a  current 
in  producing  any  of  its  characteristic  efiiBcts,  such 
as  deflecting  a  magnetic  needle  or  prodndhg  che- 
mical aclioD,  was  enfeebled  mure  and  more  as  the 
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conducting  wire  of  the  drcult  was  larger,  but 
yet  it  could  not  be  predsdy  stated  that  ths 
strength  of  the  current  was  less  in  the  same  pro- 
portion as  the  wire  was  lengthened.  Ohm  flnt 
todc  into  condderation  the  resistaDoe  not  only  cf 
the  whv  but  of  the  materials  of  the  pile  or  bat- 
tery i:sdf,  and  taking  care  properiy  to  estimate 
each  of  these,  he  found  that  the  law  oooU  be 
exactly  stated  that  tfte  forct  oj  the  ctaraU  ma 
mva^e^ prcporOonalio  ike  emmt^aUAermt' 
Umeu»  As  may  be  supposed  also,  tlwfcroe  of  tiw 
current  varies  aocordbig  to  the  energy  of  the 
source  of  dectrid^  itself,  that  b  to  the  nature  and 
the  activity  of  the  galvanic  combination.  Tims 
if  E  be  taken  to  deirate  the  energy  of  the  semes 
ofthecnirentor  the  dectio-motive  feros^sndn 
to  represent  the  whde  resbtance  encoontered  by 
the  current  in  the  circuit,  then  r,  the  flwos  of  tlM 
current,  will  be  denoted  thus 

R 

F  denotes  the  effidency  of  the  cnrent  to  pradoes 
magnetism  or  diemical  action  or  heat  or  any  of 
its  other  efibcts,  and  is  called  the  forosof  the  ov- 
rent  k,  or  Uie  dectro-motive  foroe,  does  not 
depend  on  the  size  of  the  pUtes  of  the  battery 
but  denotes  its  state  of  activity,  which  will  of 
course  vary  aeoofding  to  the  oombinatMB  em- 
ployed and  the  strengths  of  the  Uqnid  solntiBU, 
but  would  be  as  great  for  any  piate,  howerer 
small,  as  for  the  largest  possible,  b,  the  nrist- 
anoe,  faidudes  the  resistance  of  the  who,  the 
hiteiposed  liquid,  if  such  bo  indnded  m  the 
drcult  as  in  the  voltameter  (see  Eubctbo- 
Chbmibtrt),  and  the  resistance  of  the  metds 
and  the  liquid  of  the  batterf  itsdt  Thb  re- 
sistance of  the  batteiy  can  be  aaoertafaied  hi  any 
case  by  experiment  It  is  found  that  thb  portion 
of  the  resistance  b  diminished  by  faieresiiiig 
the  size  of  the  plates,  and  in  exact  propoitkii 
as  the  suriaos  b  increased;  ao  that  in  thb  way 
large  plates,  though  they  do  not  facreese  the 
dectro-motive  force,  yet  greatiy  oontribats  to  ths 
force  of  the  current  by  diminishing  the  resiatSDee. 
At  bast  thb  b  tiie  way  of  expresdng  their  mMr 
ner  of  action,  and  it  answen  perfootiy  in  eskn- 
lation.  In  regard  of  the  wire,  experiment  provei 
that  by  doubUng  the  length  the  resistaoee  ii 
doubled  and  the  current  proportionally  entebbd; 
by  trd)ling  the  length  the  current  b  dhnbiriwd 
hi  a  threefold  degree,  so  that  the  vesistanee  of  ths 
wire  b  directiy  as  tiie  length.  Experiment  dss 
proves  that  a  wire  gives  a  more  energetb  enr* 
rent  the  thicker  itb,  and  exactly  in  proportion  ss 
tlwwireb  rendered  thinner  the  current  it  con- 
veys from  a  given  battery  b  enfeebled,  so  that 
the  resbtance  of  tlm  wire  b  inversdy  pnportiond 
to  its  section.  If  we  now  denote  the  whob  i»- 
dstanoe  by  n,  as  before,  and  tlie  resistaaoe  of  the 
battery  itself  by  B,  and  that  of  the  wire  byw, 
we  shall  have^  sapposing  no  otlier  obstadeite 
be  indnded   in   the  dreoiti    a  :=  n  -f~  w. 
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Bil  B  variet  dilcctly  as  tbe  distance  l^etiretti  tbib 
plalM  whidi  m  dnota  by  d,  mod  ioTeiwIy  as 
Untv&n  of  the  plain  •,  and  wt  may  pnt 

Mss.^      Again  w  TazleB  directly  as  the  length 

•f  the  wiic^  and  iBTOidy  as  the  area  of  its  aee- 

iion»  it  natr  Iberdbre  be  represented  by  —  , 

uta  /ii  the  length  of  tbe  wire  and  « its  sectkm. 
Vaofv  we  brtwdnca  tlMae  values  of  w  and  b  into 
thi  tmola  ftir  p,  wn  ahall  have  r  expreeeed  in 
leftheehanmta  upon  which  it  depends,  giving 
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n«n  tUs  fonniila  it  ia  obvioos  that  we  can  in- 

oeMS  the  Ibne  of  the  cunent  by  increasbig  the 

HiklatM  of  the  wire  or  dimuiishing  its  length, 

«;  if  these  be  not  pneticable,  by  increasing  the 

NBtee  of  the  plates  of  the  voltaic  elements  or 

teiaiibiag  the  distance  between  them,  or  lastly, 

>y  iDGraasng  b  by  employing  more  enel'^petic 

einanlk  The  fetmolajast  given  wUdi  embraces 

Uln's  lavs,  serves  lor  piedicting  the  efibct  of 

chHiiIng  the  length  or  thicfcnesi  of  the  conduct- 

isg  wfae  or  varyfaig  the  the  and  distance  of  the 

|iatai  ef  a  vnltaie  pair  in  any  eaee  where  we 

kH^  totfae  saoM  kind  of  dement  andoondncthig 

vIm;  bat  If  we  wirii  to  oonstmct  a  ibnnnia 

vliih  than  enable  ns  to  calcalate  the  efl^  of 

saevehaiecleBicnt  or  condneting  wire  from  thoee 

rfaaslher,  then  we  mast  introduce  two  other 

■vBboli  wUeh  may  be  replaced  by  the  real 

qaaMite  whidi  they  denote  as  determined  by 

eipwiMfwL  These  an  the  reeistancs  of  the  parti- 

oiv  Bqaid  need,  which  we  shall  denote  by  a, 

aritfcaspsdfie  resaatanceof  the  Undof  metal 


fsmiBg  the  drcnit,  which  we  may  denote  by  m, 
tlMwsihallhave 


Ad    I    ml 


Thi  nrirtanees  of  diflbent  metals  an  of  coarse 
ly  propoitioBal  totlieir  condncting  powere, 
nay  thenten  readily  be  got  from  the  fbl- 

bv^laUs  of  condnctlng  powers  :— 


Obsmt. 


.  100 
.  «oO 
.  M6 
.SS40 
.S8S0 
.40U0 
.6790 


ItviB  One  be  sera  that  a  dmikr  thickness  and 
kagih  ef  copper  wire  wonld  enMile  a  canent  of 
(hcUkky  mndi  less  dian  one  of  iron ;  and  firam 
vbsthas  been  said  abote,  it  is  evident  that  to 
9^  vidi  the  aame  length,  aa  strong  a  cnrrent 
Asa  a  ghen  battery  by  means  of  an  bon  wire^ 
«  a  eoppcr  «ne^  we  would  rrqoire  to  nse  an  iron 
via  tf  pMlv  seelion  than  that  of  copper  in  tbe 
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ratio  4vf  3840  to  650  or  nearly  0  times  ob  great, 
which  if  tlM  wires  were  round  wonld  be  j^ven  by 
a  diameter  nearly  2}  times  as  great.  The  for- 
mula jost  given  applies  to  tbe  case  of  a  single 
voltaic  pair,  and  must  be  modifled  in  order  to  bo 
adapted  to  the  calculation  of  the  force  of  a  bat- 
tery composed  of  any  given  number  of  sudi  pairs 
joined  together  in  the  manner  described  in  tbe 
artide  Battert.  It  is  evident  that  as  each 
pair  contributes  its  own  electro-motive  force  to 
the  current,  the  whole  electro-motive  force  will 
be  proportional  to  the  number  of  pairs,  so  if  we 
denote  by  n  the  number  of  pairs,  then  the  whole 
dectro-motive  force  #ill  be  n  b,  where  b  repre-, 
sents  that  of  a  siog^  pair  and  all  aro  equal. 
Although  the  dectro-motive  force  be  n  times  as 
strong  the  cnrrent  wiD  not  be  n  times  as  fordble, 
because  the  resistance  is  also  increased,  the  cur- 
rent now  having  to  mo\'e  through  the  whole  liquid 
of  the  difiierent  pairs,  which  will  be  n  times  as 
great  a  resistance  as  the  liquid  of  one  pair.  For 
a  battery,  then,  thefbrm  for  the  fcroe  of  the  enr- 
rentwilibe 


F  =  . 


hb 


»Aef  j^  ml 


This  will  serve  in  all  cases,  where  the  force  of  a 
single  dement  or  pair  is  given  and  the  length  of 
coi^ncting  wire,  to  detotnine  the  force  of  a 
battery  of  any  number  of  pairs.  In  compound 
circuits,  that  is  where  the  conducting  wire  is 
composed  of  different  thicknesses  or  of  different 
metals  joined  together,  it  is  found  that  the  fbrce 
of  the  current  is  everywhere  the  same.  Itisoon- 
venient  to  refer  all  resistances  of  wires  or  liquids 
or  other  matters  through  whidi  the  cumnt  passes 
to  certain  definite  equivalents  on  a  spedflo  stand* 
ard ;  this  is  generally  taken  at  so  many  units  of 
length  of  a  standard  copper  wire  of  specified  thick- 
ness. The  length  of  this  wire,  or  the  number  of 
units  of  length  of  it,  which  afibrd  the  same  resist- 
anoe  as  any  conductor,  is  called  the  reduced 
length  of  Uiat  conductor.  If  we  represent  the 
length,  conducting  power,  and  section  of  the 
substance  forming  the  drcuit  by  ^  e,  t,  and  the 
reduced  or  equivalent  length  of  the  standard  wire 
by  f ,  its  conducting  power  and  section  bdng  & 
and  s',  then,  as  the  foree  in  each  case  is  repre- 
sented by 

/=5i-andy>=^'' 


/ 


/ 


and  it  is  required  that  the  force  of  current  given 
by  the  one  is  to  be  equal  to  that  given  by  the 
other,  we  must  have 


C9 


/=/>  or  JLl  =: 


V  es 


By  this  meana  it  la  easy  to  find  the  reduced 
length  of  any  given  length  of  any  wire,  and  in 
the  case  of  a  compound  conductor  it  Is  only  ne- 
ceasaiy  to  caknlate  the  reduced  length  of  each 
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port  and  add  tbe  whole  together  to  hav«  the 
oqnivaleot  length  of  standard  wire  which,  were 
it  aabstitated  ibr  the  given  circait,  would  pro- 
dooe  no  alteration  on  tiie  fiiroe  of  the  current — 
louillet,  Fechner,  and  Wheatstone  have  made 
many  experiments  ooofirmatoiy  of  Ohm*8  laws. 
Wheatstone  employs  a  Teiy  usefol  instmment  of 
his  own  invention,  called  a  Rheostat,  which  es- 
sentially consists  of  two  cylinders  so  arranged 
that  it  is  easy  to  roll  off  any  length  of  wire  from 
one  to  the  other  and  thus  introdaoe  it  into  the 
circuit,  while  at  the  same  time  its  length  Is  mea- 
sured by  Che  number  of  turns  made  by  the  cylin- 
ders. Ih  this  way  it  is  easy  by  means  of  a 
galvanometer  to  value  any  given  resistance  in 
terms  of  the  length  of  wire  equivalent  to  it,  or 
which,  when  introduced  into  the  circuit,  reduces 
the  needle  of  the  galvanometer  to  the  same  posi- 
tion. We  can  thus  readily  compare  the  electro> 
nioti\'e  forces  of  any  two  voltaic  airangements. 
It  is  evident  that  if  the  resistance  in  the  one 
Klectro-motor  be  as  much  g^reater  than  that  of  the 
other  as  tbe  eleotro-motive  force  is  greater,  then 
the  current  should  have  the  same  force  in  the  two 
cases,  for,  in  the  same  proportion  as  the  electro- 
motive foroe^is  greater  so  it  is  required  to  over- 
come a  greater  re^stance.  If  n  be  the  ratio  of 
the  one  electro-motive  force  to  the  other,  then  b 
being  the  one  electro-motive  force,  n  b  is  the  other, 
and  if  B  be  the  one  resistance  and  »  r  the  other, 
then 

B         nR* 

and  if  by  means  of  the  Rheostat  a  certain  known 
'resistance  r,  in  length  of  wire  be  added  to  the 
circuit  whose  resistance  is  b  and  dectio-motive 
force  X,  then  the  force  of  the  current  is 


V  = 


V. 
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It  is  evident  that  in  the  other  circuit  whose  re- 
sistance lias  been  previously  determined,  or  sup- 
]>08ing  it  to  be  as  much  greater  than  r  as  the 
electro-motive  force  is  greater,  which  is  common 
enough,  then  if  we  add  by  means  of  the  Rheostat 
a  certaui  length  of  wire  in  order  to  bring  the 
galvanometer  needle  when  acted  on  by  the  second 
current  to  the  same  point,  and  we  find  this  length 
to  be  n  times  as  great  as  that  added  to  the  first 
circuit,  the  two  currents  are  equal  in  force,  so 
their  expresuon  ought  to  be  equal,  and  the  forces 
of  the  currents  can  only  be  equid  if  the  electro- 
motive forces  have  the  same  ratio  as  the  resist- 
nnces.    So  we  have 


B 


— .         ♦*  ^* 
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But  n  is  known,  and  it  is  the  ratio  of  the 
electro-motive  forces.  An  exceedingly  im- 
portant principle  follovdng  from  the  estima- 
tion of  the  resistances  of  different  parts  of 
tbe  drcnit,  consists  in  this,  that  if  the  whole 


resistance  be  very  great,  as  in  the  case  of  tlie 
long  wires  of  a  telegraph,  then  the  addition  of  a 
laiige  number  of  coHs  of  a  galvanometer  wire, 
or  the  wire  of  an  electro-magnet,  produces  very 
little  resistance  compared  with  the  wliok,  and 
yet  by  increasing  very  much  the  number  of  turns, 
we  increase  in  the  same  degree  the  power  of 
the  current  in  giving  motion  to  the  needles  or 
magnetizing  iron  wiSiout  perceptibly  enleeUhtg 
its  force.  This  may  at  mice  be  seen  from  die 
general  formulas  for  the  force  of  the  curreotB,  or 
it  may  be  stated  thus,  that  though  the  addition 
of  one  mile  of  wire  to  a  short  circuit  would 
make  a  very  great  alteration  on  the  force  of  ths 
current,  yet  the  same  lebgth  added  to  a  long 
circuit  of  100  miles,  would  produce  voy  little 
diminution,  hence  it  is  beneficial  to  multiply  tbe 
effect  on  the  needles  of  telegraphs,  by  employing 
a  great  many  turns  in  the  coils.  By  means 
of  the  laws  of  Ohm,  we  are  enabled  to  resolve^ 
h  priori^  many  problems  which  could  not  otlier- 
wiae  be  accomplished  ^  for  instance,  in  tbe  case 
that  a  branch  wire  is  tisJcen  from  the  main  circsit 
so  as  to  cause  the  current,  which  passes  along  tbe 
single  wire  to  the  point  of  division,  to  diride 
itself  into  two  for  the  remainder  of  the  ooone, 
or  for  any  part  of  it  till  the  two  again  join;  it 
is  required  to  determine  in, all  cases  of  difference 
of  length,  thidmess,  and .  conducting  powen, 
what  would  be  the  comparative  force  of  cnncnt 
in  the  difierent  parts  of  such  a  oompound  drenit. 
Let  N  D  o  p  in  fig.  1,  be  the  prindpal  circuit, 
and  DLP  the  'addi- 
tional one,  then  k  d  is 
called  the  partial  cir- 
cuit, Dop  the  circuit 
of  derivative,  and  d  l  p 
the  derived  drcidt.  liie 
currents  in  these  parts 
recdve  the  same  names. 
The  current  which 
would  pass  in  n  d  o  p  fig.  i. 

if  there  were  no  de- 
rived purrent,  is  called  the  primitive  current 
It  is  not  the  same  as  the  partial  cnncnt  in  n d« 
The  lengths,  conducting  powers,  and  sections 
of  the  different  wires,  and  tbe  force  of  the  prim- 
itive current  bdng  given,  it  is  required  to  deter- 
mine the  force  of  the  partial  current,  which  vd 
may  denote  by  £,  the  derivative  current  y,  and 
the  derived  current  s.  If  the  wires  have  diftrent 
conducting  powers  or  sections  we  can  redace 
them  to  the  same  by  a  formula  previously  given. 
Suppose  then  I  to  represent  the  length  of  tbe 
partial  current,  ^  that  of  the  derived  cniteat, 
and  I"  that  of  the  derivative  current,  /  bdng 
tbe  force  of  the  primitive  current.  It  is  evident 
that  we  can  substitute  a  wire  instead  of  dlp 
the  derived  circuit,  which  shall  be  of  the  same 
length  as  dop  the  derivative  circuit,  and  which 
shfidl  produce  no  alteration  on  the  cuirents,  pn>- 
vided  that  in  the  same  proportion  as  we  shortra 
or  lengthen  the  deri\-ed  wire,  we  diminish  or 
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incnne  its  uameter,  as  this  follows  from  Obm's 
lav  of  the  Rsistanoe.  Then  to  find  this  section 
vehsvB 

■  figoSMo^  the  ordinal,  and  s'  the  ealculated 
action  of  the  derired  circidt,  giving 


r  = 


The  tvD  wiiei,  tIs.:  the  derived  and  the  deriva- 
tift  cucait,  may  now  be  re^oned  of  the  same 
kegth,  to  the  two  will  be  equivalent  to  a  single 
lira  of  thb  length,  and  of  a  section  eqnal  to  the 
na  of  these  sectiona,  which  will  be,  if  we  reckon 
tk  aeetions  of  the  original  wire,  unity 


We  can  evidently  now  calculate  the  reduced 
kni^  of  each  a  wire,  or  the  length  of  wire 
«f  the  original  circmt,  whicfa  might  be  substituted 
fcr  it,  withont  altering  the  cunent.  Its  length 
voeU  require  to  be  greater  in  proportion,  as  the 
Mtion  ii  greater  by  this  law.    Hence 


1  4-  ^  X  1 :  ^  :  ^' ; 


givmgl'''  = 


^f" 


t  +  l^' 


TUi  thacfixTB  is  the  length  of  wire  which  nay 
y»  nbtitBted  ibr  the  divided  part  of  the  circuit, 
vithoBt  ahcring  the  comnt.  It  Is  now  easy  to 
(•Mete  the  partial  cnrrent  which  would  exin 
is  As  drcuit  so  oompleted,  by  Joining  this  length 
(tt  Is  the  partial  circiut  The  total  length  of 
sechadfcaitwoaldbe 


'  + 


f  fr 
r  +  t'' 


nd  the  face  of  the  curreot  m  such  a  circuit 
teofsied  with  the  fime  hi  the  primitive  circuit, 
ii'«ld  be  mvenKly  proportional  to  their  lengths. 


x^ 


/  bdag  the  foroe  of  the  primitive  current  Again, 

Is  fal  the  fcnes  jr  and  a,  we  know  that  their 

MB  Dwc  be  equal  to  Uie  partial  current  x^ 

niabo  thai  s  wfll  divide  itself  between  the 

Mved  and  the  derivative  dmiits,  in  the  inverse 

Mio  of  tbeh  reduced  lengths.  The  first  condition 
fhfs, 


neseooDd, 


f :  s : :  1^  s  /^ 
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These  two  equations  give  by  diminatlcm, 


9  =. 


which  by  introducing  the  formerly  found  value 
of  0,  gives 

^     -^  li^  +  to  +  l'l'' 

XT,  y,  and  a,  being  the  forces  of  the  partial,  the 
derivative,  and  the  derived  current,  and  all  ex- 
presaed  in  terms  of  the  force  of  the  primitive 
current,  and  the  lengths  of  the  diflbrent  drcoits 
It  is  evident  that  as  /  and  f  become  equal,  tlie 
force  in  the  derivative  and  the  derived  circuit 
would  become  equal,  as  then  the  expressions  for 
y  and  z  become  identical     Under  the  same  con- 
dition we  find,  that  the  force  of  the  derived  and 
derivative  cuirent  will  be  each  half  the  force 
of  the  partial  current,  as  the  expression  for'y  and 
a  each  become  half  that  of  x.    Again^  it  is  ob- 
vious, that  as  the  derivative  current  disappears 
the  derived  current  vanishes,  because  the  length 
of  the  derivative  circuit  is  a  factor  of  the  nu- 
merator of  the  expression  for  the  force  of  the 
derived  circuit.    The  latter  therefore  vanishes 
along  with  the  former.    As  an  instance  of  the 
practical  application  of  these  formulas  for  the 
forces  of  derived  cuirents,  we  may  cite   the 
mode,  by  this  means,  of  arriving  very  easily 
and  expeditiously  at  a  knowledge  of  the  spot 
where  a  rupture  of  the  insulatfaig  coating  of 
the   wires    of   a   subterranean  or  subaqueous 
telegraph  has  occurred,  without  the  necessity 
of  examining  the  whole  wire  piece  by  piece. 
To  deduce  a  formula  for  this  pnrpoee  from  those 
above  given,  suppose  that  a  single  telegraphic 
wire  only  is  used,  that  is  to  say,  that  the  return 
current  takes  place  by  the  earth.  Let  a  current  be 
sent  along  the  wire  whOe  a  galvanometer  is  in- 
cluded in  the  circuit  at  each  end,  then  it  is  dear 
that  the  galvanometer  at  the  end  next  the  battery 
will  receive  the  full  strength  of  the  undivided  cur- 
rent, while  that  at  the  extreme  end  will  only  ex- 
perience the  effect  of  the  derivative  current,  the 
derived  current  passing  through  the  leak  in  the 
coating  of  the  wire  at  the  pdnt  of  rupture.    It 
is  evident  that  the  comparative  strengths  of  these 
currents  will  be  dependent  on  the  lengths  of  the 
circuits,  that  is,  on  the  podtion  of  this  point  of 
leakage,  or  the  point  of  derivation.    Let  s  and  s' 
Qn  fig.  2)  be  the  stations,  and  W  the  point  of 
leakage;    suppose  first,  that   the   battery  be 
placed  at  s,  and  let  /  denote  the  length  of  wire 
intervening  between  s  and  b,  t  being  the  le- 
mainder  of  the  wire,  and  f '  the  leng&i  of  the 
derived  drcuit,  that  is  in  this  case,  the  length  of 
I  earth  cuirent  intervening  between  b  and  the  plate 
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of  metal  immened  in  the  ground,  a«  at  8,  and  in 

oommonication  with  the  battery  there.  In  thia 


Flff.S. 

case  it  is  evident,  that  we  must  add  to  the  mere 
lengths  of  these  cnmnts  the  reduced  lengths  of 
any  additional  resistances  which  may  be  inter- 
posed in  the  oonne  of  the  respective  currents. 
These  are  the  resistances  the  currents  experienoe 
in  passing  from  the  immeraed  plates  te  the  earth, 
wlddi,  for  simplicity  of  calculation  we  may 
neglect,  and  suppose  that  the  current  experiences 
a  resistance  r  in  passing  through  the  leak  in  the 
coating  of  the  wire.  As  t^  earth  offiBTS  no 
resiBtance  to  the  passage  of  the  current,  It  is 
evident,  that  the  d«rived  current  only  sulfers  the 
resistance  r,  and  tliat  this  tlMRfbre  takes  the 
place  of  f'  in  the  formulas  for  the  forces  of  the 
respective  currents.  If  we  denote  by/  the  force 
of  the  primitive  current,  or  that  which  would 
occur  were  there  no  leakage,  and  as  before,  x  and 
y  may  denote  the  force  of  the  partial  current 
acting  on  the  galvanometer  nearest  to  the  battery, 
and  the  deriv^ve  current  acting  oo  tliat  at  the 
other  end  of  the  wire,  we  shall  liave 


or  — ss   — L — 


Again,  removfaig  the  battery  to  the  opposite  end 
of  the  line  and  denoting  by  af  and  3^  the  forces 
in  the  galvanometer  nearest,  and  that  most  re- 
mots,  we  shaJl  have 

i'ii  +  r^  +  lr  ^     '^t(l  +  r)  +  ir 
or    'L.^J±L 

r         r 

By  means  of  these  two  equations,  containing  the 
three  unknown  quantities  A  ^^  ^d  r,  we  can 
eliminate  r  and  get  an  equation  iMtween  I  and  /'. 
From  tbe  flnt,  we  get 

and  from  the  second 

r=. 2 — 

Equating  these  two  values  of  r  we  have 

i^y br 


or     /  = 
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m  —  3f         x"  —  y' 


which  exhibits  the  ratio  of  /to  f  or  the  propor- 
tions of  the  parts  of  the  wire  between  either  ead 
and  the  point  of  leakage  in  terms  of  the  dbserrad 
force  of  the  currents. 

In  experiments  which  have  been  made  vilii 
a  view  to  fodlitate  and  simplify  the  dedrie 
tdegraph,  it  has  been  found  that  the  earA  nav 
be  substituted  as  the  return  part  of  the  cimit 
instead  of,  as  was  supposed.  Its  being  ttnisssnr 
that  the  complete  circuit  to  and  tm  the  dis- 
tant station  should  be  formed  of  wire.  AH 
that  is  reqdred  Is  that  the  battery  should  hare 
one  of  its  poles  connected  with  a  metallie  pbis 
buried  in  moist  ground,  and  that  (he  other  pole 
should  be  put  in  communication  with  a  siagfe 
wire  which  passes  along  the  line  on  inwilating 
supports,  and  after  ooiUng  round  the  etoetro-osg- 
note  or  needles  at  the  distant  station  should  h» 
Joined  to  a  win  ftom  another  plate  then  boiied 
likewise  in  the  ground.  An  anomahms  foct  ob- 
served in  regard  of  this  mode  of  complstlag  the 
cutmit  is  that  if  the  distanoe  between  the  tiro 
plates  be  small,  say  a  few  yards,  then  the  mier- 
vening  earth  seems  to  present  a  peroeptihle  re- 
sistance to  tlie  current,  Imt  if  tiie^Ustance  betweea 
the  plates  be  increased  this  leeistanoe  ceases  sod 
the  current  is  as  stnog  as  if  the  earth  were  not 
included  in  this  circuit,  or  had  no  resliteacei 
This  may  be  accounted  for  ftom  Ohm's  law,  fhst 
the  resistance  is  inversely  as  the  section  oif  the 
conductor,  as  in  this  case,  the  aeotta  maybe 
regarded  as  infinite  and  of  conm  the  condnding 
power  infinite  or  the  rssistanoe  infinild|y  amalL 
But  whence  ahouU  it  happen  that  when  the  earth 
circuit  is  short  a  resistance  is  experieneed?  Ac- 
cording to  Ohm's  law  of  the  resistance  beiiig 
iuversdy  proportional  to  the  kagth,  in  this  esse 
the  resistance  ought  to  diminish  iHiereas  it  ia- 
crsases.  In  order  to  the  explanation  of  tUs 
cireumstanoe  many  invesUgaton  have  adofiled 
the  view  that  the  earth  does  not  act  as  a  00a- 
ductor  returning  the  identical  current  that  passed 
flrom  the  pile,  but  rather  as  areaervofr  into  wUeh 
the  tension  of  the  two  "^les  might  be  fteely  and 
perfectly  discbaiged,  thus  acoompUaUag  the  ssan 
end  as  if  the  two  poles  of  tlie  pDe  were  Joined  tO" 
gether  by  a  good  conductor,  as  this  mntaal  dsi- 
chaige,  constantly  kept  up,  is  what  constitates  ths 
current  in  the  conductor.  It  is  said  by  tiioss  who 
adopt  this  view  that  the  reasoQ  that  a  short  db- 
tanoe  of  earth  intervening  between  the  twopoiss 
apparently  presento  a  reelatanoe  la,  tiiat  It  h  not 
BuiBcient  to  discharge  the  dectridties  of  thswhss 
perfectly  and  instantaneously,  so  that  a  dinlDB- 
tkm  of  the  current  is  thereiiy  causal  Bethisas 
it  may,  certainly  that  of  this  remarkable  propertv 
of  the  earth  with  reference  to  telegraphic  comnts 
Is  one  of  the  most  important  discoveries  of  Roent 
times.  Allusion  has  already  been  made  to  the 
probability  of  the  eurent  baioga  aeriM  of  polari- 
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<!■  br  iahictloD,  prodneed  ooDMcntiTely  along 
He  Bm  of  moleciiles  of  a  copdnctoTi  and  it  maj 
flBBfr  bo  iuinjoaod  that  as  tho  exact  nataro  of 
Iheaetigiia  which  givv  rioo  to  these  indnced  po- 
Umtiu  of  the  natnral  dectridties  of  the  mole- 
eaks  is  man  i^nwtanii^  It  would  be  <UiBcalt  to 
didim  pndseiy  the  laws  which  govern  the  speed 
vjth  which  the  cnircnt  woold  propagate  itself 
shag  cSBdncton.  Accordingly  it  is  to  ezpeii- 
■ast  dnidj  that  application  must  be  made  when 
tiht  e^eet  is  to  asoertafai  these  laws.  As  in  the 
sf  sonnd,  whore  for  waves  of  all  lengths 
■fiinw  the  velocity  is  the  same,  so 
It  is  prabaUe  tint  in  the  same  sab- 


isths 
iitUi 


clectde  waves  of  all  mtensities  will  travel 


I  speed,  and  abo  that  the  time  taken 
a  certain  apace  will  be  proportioned 
tsfhs  spaceipthaft  is  that  the  velocity  will  be 
isihim.  Tbew  inftreoces  have  been  oonfinned 
bf  flipsriacnt,  yet  it  does  not  follow  that  though 
ttssbcftik  ifl^Mlae  or  wave  shoold  travel  with 
Ihs  ssae  spesd  in  dnaha  of  all  lengths,  yet  that 
Ihi  bMsttsiQr  of  deetric  chaige  necessary  to  pxo- 
laes  a  givsn  effect  sndi  as  making  a  tdegrapMc 
■pel,  shoold  do  the  aansi  It  woold  seem  in- 
dNd  Oat  thb  is  not  the  case,  and  that  thoogh  to 
an  dedrie  Impulse  along  a  wire  600 
wsdd  require  five  times  as  long  as  to 
it  100  milea,  yet  to  raise  the  600  miles 
«f  vin  to  the  Intensity  nqoisite  for  tel^apbic 
pvpoMi  migiit  reqpiin  mndi  more  than  five  times 
»long  la  the  one  case  as  in  the  other,  a  drcum- 
ilBHB  Ihst,  if  true,  would  exercise  a  most  impor- 
iBit  Mneaee  on  td^tpraphic  commonication  over 
kmdirtaMes  such  t»  that  across  the  Atlantia 
U  MBS  aln  to  be  ascertained  that  the  thickness 
ad  aatae  of  the  insulating  envetope^  in  the  case 
«f  mlwMii^id  wire»  exercises  an  infloenoe  on  the 
tiBttskm  by  the  electric  current  in  the  wire  to 
imtoktmsdj cnoagh to prodnoe  its  chaiacter- 
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tloo  with  the  batteiy  and  animate  eadi  of  the 
dectro-magnets  so  as  to  cause  them  to  proBS  the 
sted  pomt  against  the  paper,  and  if  they  shall 
agree  to  transmit  a  signal  altematdy  at  a  given 
interval,  say  three  seconds,  alter  the  signal  from 
the  other  arrives:  now  remembering  tliat  the 
transmitted  signal  registers  itsdf  on  the  cylinder 
whence  it  is  transmitted  as  well  as  on  the  other, 
if  we  denote  by  o  that  made  by  the  observer  ▲  on  ' 
his  own  cylinder  and  of  that  made  by  him  on  the 
opposite  cylinder,  b  and  6"  denoting  the  same  Ibr 
the  signals  made  by  b,  then  in  the  case  of  no 
time  being  lost  in  the  passage  of  the  signal  along 
the  wire  the  following  arrangement  wodd  be  seen 
on  the  two  cylinders : — 


MsBy  efloits  have  been  made  both  on  the 
ic  wires  d  £niope  and  America  to 
the  velodty  of  the  electric  current  in 
^„  metab  and  under  various  conditions. 
AM  otumers  agree  that  the  vdocity  is  very 
psit,  but  owing  to  the  vast  rapidity,  difficulty 
ksi  bMu  tend  in  making  oat  its  exact  amount 
Ik  &  d  Walker  in  the  following  way  made 
MBjr  fiprrimHits  on  the  tdegraphic  wires  of 
tbiUdtsd  States,  and  deduoed  a  velodty  of  from 
li,MO  to  ie,000mi]tt  per  second.  Twocyltn- 
te  daetd  were  placed,  one  at  each  end  of  the 
vis  sal  aieUllically  connected  with  it  and  with 
«i  pok  of  a  battoy  whOe  the  other  pole  of  each 
ooapleles  the  drcoit  with  an  dectro- 
t  whi^  raises  and  depreases  a  sted  point 
a  piece  of  paper  placed  ou  the  cylinder 
■e  that  the  current  is  passed.  The 
tuo  cyfiaden  are  made  to  revolve  with  exactly 
te  mms  speed  hy  dodi  work,  and  It  will  be 
•ddsst  that  if  an  operator  placed  at  each  ^linder 
«n  by  a  toMh  of  Us  finger  complete  the  oonneo- 
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But  if  a  certain  amount  of  thne  elapse,  then  the 
arrangement  of  the  signals  on  the  two  papers 
would  not  be  at  equal  intervals,  but  something 
such  as 

of       h  of 


The  difierenoe  of  distance  between  of  b  and  a  If 
on  the  two  cylinders  bdng  the  space  the  surikce 
of  the  cylinder  revolves  in  twice  the  time  occu- 
pied by  the  cunent  in  traversing  the  wire  Hav- 
ing ascertained  this  length,  whidi  we  denote  by 
d  hi  inches,  it  is  easy  to  deduce  the  vdodty  thus. 
liot  e  denote  in  indies  the  dicumferenoe  of  the 
cylinder,  n  the  number  of  seconds  occupied  in 
completing  a  revolution,  then  the  number  of  se- 
conds spent  by  the  current  in  rushing  along  the 
wire  is  represented  thus : — 


nd 
2c 


And  if  /  denote  the  length  of  the  wire  in  mttes 

;  /2c 

i 


nd 


where  V  represents  the  vdocity  in  miles  or  the 
number  of  miles  run  over  in  a  second.  It  must 
be  observed  that  this  method  takes  for  granted 
that  the  signals  can  be  made  at  exadly  equd 
intervals,  and  also  that  the  eloctro-magnets  used 
to  make  the  impressions  dther  act  instantaneously 
or  at  least  always  with  the  same  loss  of  time,  a 
droumstance  that  is  not  fnlfllled  unless  the  cur- 
rent should  remain  of  exactly  the  same  intendty. 
These  difficulties  can  be  got  over  by  takbg  the 
average  of  a  vast  number  of  results. 

MIC  Fizeau  and  Goundle  have  employed  a 
different  and  veiy  ingenious  method  of  ascertain- 
ing the  vdodty  of  the  dectric  current  Thdr  ex- 
periments were  made  on  the  Bouen  and  Amiens 
td^^phs.  They  employed  two  discs  of  metal 
fixed  upon  the  same  axis,  each  disc  beuig  divided 
Into  a  certain  number  of  parti  at  its  dreumftrsnce, 

TJ 


Fig.  8. 
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the  half  of  \7hieh  irere  filled  with  pieces  of  vooa 
or  ivory  as  represented  by  the  dotted  lines  in  the 
cut    The  asia  is  cat  into  two  parts  and  united 

by  wood,  so  as  to 
prevent  oommunica- 
>^tions  of  a  cnrrait 
from  one  disc  to  the 
otlier.  One  axis  is 
put  in  connection 
Jl         ^  IJf  with  a  pole  of  the 

put  into  connection 
with  a  metallic  plate 
buried  in  the  earth. 
A  pointed  piece  of 
platinum  a,  presses 
on  the  circumference  of  tl^  disc  and  has  in 
metallic  junction  with  it  the  end  of  the  tele- 
graphic wire,  the  return  wire  being  similarly 
joined  to  the  platinum  point  b,  which  touches 
the  circumference  of  the  other  wheel  or  disc. 
From  the  axis  of  this  second  disc  there  passes 
a  wire  of  a  galvanometer,  the  opposite  end  of 
which  is  in  connection  with  another  plate  of 
metal  buried  in  the  earth,    a  and  b  are  so  fixed 
tliat  when  the  wheel  b  turned  as  indicated  by  the 
arrow,  one  of  the  metallic  divisions  is  leaving  A 
exactly  as  a  metallic  division  of  the  other  wheel 
is  coming  in  contact  with  b.  It  is  evident  by  this 
arrangement,  that  so  long  as  the  wheel  remains  at 
rest  in  any  position,  the  current  cannot  pass,  and 
the  galvanometer  needle  will  renudn  at  zero. 
And  the  same  wOl  be  the  case  whatever  degree 
of  rotation  be  given  to  the  discs,  if  the  current 
pass  perfectly  instantaneously  along  the  whole 
intervening  wire,  because  at  no  turn  is  the  circuit 
ever  complete,  as  the  points  A  and  b  can  never 
be  both  on  metal  at  the  same  instant    But  if  a 
certun  time  elapses  from  the  moment  the  last 
electric  wave  leaves  A  as  it  passes  from  the  metal, 
till  the  same  wave  arrives  at  b,  then  b  may  liave 
entered  on  the  metal,  and  may  complete  the  cir- 
cuit down  to  the  galvanometer.    It  is  further 
obvious  that,  as  the  rotation  of  the  discs  becomes 
more  rapid,  a  greater  amount  of  current  may  get 
past  to  the' galvanometer,  and  that  if  the  rotation 
be  such  that  the  whole  of  the  divisions  passes 
under  the  platinum  while  the  cunent  is  occupied 
in  passing  along  the  wire,  then  the  half  of  the 
whole  current  will  pass  to  the  galvanometer,  but 
that  if  the  speed  of  the  disc  be  increased  still 
more,  then  the  force  on  the  galvanometer  will 
again  diminish,  as  a  greater  interruption  will 
tttke  place  to  the  current    If  then,  at  the  time 
when  the  maximum  influence  is  perceived  on  the 
galvanometer,  the  number  of  turns  per  second  of 
the  discs  be  observed  and  denoted  by  n,  the  cir- 
cumference of  the  disc  in  inches  by  c,  the  number 
of  divisions  by  m,  and  the  length  of  the  wire 
hy  IjV  the  velocity  in  miles  per  second,  /  being 
also  expressed  in  miles,  is  given  hyvz=zlmn\ 
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a  second  the  length  of  one  divinoii,  at  ~Jh  d 

the  drenmference  win  pass  in  ^th  of  -^  « 

m  n 

t  =  lmn\  but  t,  the  time  of  one  divisioa  p8K- 
mg,  was  flJso  the  time  of  the  cunent  ninmng  ths 

whole  length  of  the  THre,  so  <  = ,Tnt 


In  this  way  it  appesi 


0  =  — ,  so  0  =  Imn. 
t 

that  the  electric  current  traverses  iron  wire  at  s 

rate  of  63,000  miles  per  second,  and  copper  wire  it 

a  rate  of  111,000  miles  per  second.  The  natoreof 

the  pUe,  or  its  size,  exercises  no  influence  on  die 

speed  of  the  current    If,  however,  what  was  ssid 

with  reference  to  the  time  required  for  a  wire  to 

rise  to  diflferent  degrees  of  dectiie  tennon,  bs 

true,  it  is  evident  that  these  numbers  cannot  be 

taken  as  absolute  measures  of  the  vcilodties  of 

the  electric  wave,  but  only  as  indicating,  thi^ 

with  wires  of  a  certain  length  and  diameter,  a 

force  of  current,  sufficient  to  aflect  the  needles  of 

the  galvanometer,  passed  throughout  this  extent 

at  this  speed.    It  is  obvious  that  the  snl^ect  of 

the  propagation  of  electric  currents  in  condnctofs, 

still  remains  in  much  obscurity. 

As  intimatdy  connected  with  the  theory  of    1 

the  transmission  of  electricity  along  oondocton, 

and  the  velocity  of  such  transmisdon,  it  may  be 

well  here  shortly  to  allude  to  the  interesting  and 

novel  experiments  made  iHthin  the  past  year  by 

Faraday.    These  experiments  were  chiefly  made 

by  me^s  of  powerful  batteries  on  long  lines  of 

immersed  submarine  telegraphic  cable,  the  wires 

of  which  were  each  coated  with  gotta  perdia. 

He  employed  an  insulated  voltidc  battery  of  380 

pairs.    The  distant  end  of  the  tdegra]iuc  win 

was  in  communication  with  a  plate  of  metal 

buried  in  the  earth,  as  was  also  one  pole  of  flie 

battery.    When  the  other  pole  of  the  batioy 

was  put  in  connection  with  the  near  end  of  the 

submarine  wire,  and  the  contact  then  broken,  a 

vivid  spark  ensued,  and  if  the  two  wires  were 

held  in  the  hands,  the  operator  leoeired  a  most 

violent  shock,  which  continued  for  some  time; 

by  gently  touching  the  end  of  the  submsiiDS 

wire  again  and  again,  it  was  posuble  to  taka 

away  a  series  of  more  genUe  discharges,  though 

there  had  been  no  intermediate  connection  with 

the  battery.     As  many  as  80  or  40  shods 

could  thus  be  got  in  the  same  way,  as  if  the 

wire  had  continually  again  the  power  to  charge 

itself.    If  some  time  was  allowed  to  elapse,  lAcr 

communication  with  the  battery  had  been  witlt- 

drawn  fh>m  the  wire,  before  the  shocks  or  spaifa 

were  taken  from  it,  they  had  evidentiy  b^giu  to 

grow  more  feeble,  but  still,  after  a  number  of 

minutes,  they  were  abundantly  perceptible.    Kot 

only  were  powerful  'shocks  and  sparks  got  fitn 

the  submarine  wire  which  had  been  separated 


ibr  as  the  whole  drcumfewnoe  passes  hi  i  tii  of  f~™  connection  with  ^le  l>atte2^  but  it  corfd 

*■  ^  I  inflame  gunpowder,  and  this  «ven  for  a  pens 
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tf  fin  «r  dz  noandB  after  (he  rupture  of  contact 
WbcQ  a  galvanometer  was  interpoaed  in  the 
CBodt  between  the  end  of  the  wire  and  the 
cvth,  after  its  eontmnnicatkm  with  the  batt^ 
kad  been  broken,  the  needles  were  violently 
vUried  nond,  even  at  the  end  of  a  period  of 
naay  Bhmtes. 

Id  otbor  ezperimenta,  the  galvanometer  had 
OM  end  of  its  coil  fiutened  to  the  sabmarine 
eiUe»  while  the  other  end  was  pot  in  oommoni- 
catioD  with  flie  battery,  the  remaining  pole  of 
the  bitlaij  bemg  still  in  oommnnication  with 
the  MO;  in  thoe  drcnmstanoes,  the  needles 
dnrl  V  deviated  as  if  the  dectridty  of  the  batteiy 
voe  pouring  itsdf  into  the  cable.  When  the 
bettsrjr  was  sepaiated  from  tlie  galvanometer, 
Bd  the  latter  tooched  by  the  finger,  or  pnt  into 
with  the  earth,  the  needle  de- 
contrary  direction,  indicating  an 
CDRCOt,  or  that  the  electricity  which  had 
psMd  faito  the  cable  was  retoming.  The  same 
phenoiDcna  wen  produced,  whedier  the  com- 
■■Bcations  of  the  cable  with  the  earth  were 
Inken  at  one  or  both  ends  at  the  same  instant, 
mA  ihtj  took  place  at  either  end  of  the  wire,  or 
vkh  other  pole  of  the  batteiy.  A  battery  of 
gRst  power  was  necessary  Uins,  12  paire  of 
phlBi  in  a  hj^  state  of  activity  produced  no 
mA  cAcis.  It  was  also  noticed,  that  a  simila'- 
able  impended  in  the  air,  prodnced  none  of  th^ 
Aon  ilwicrifaed  phenomena,  though  its  insnla- 
tioB  was  as  pericict,  whence,  it  would  seem,  that 
the  vater  which  snrrDimded  the  gntta  percha 
ambpe  was  one  of  the  necessary  conditions. 
It  ■  pnbsfaie,  indeed,  that  the  wire  and  the 
vatv,  wpsrated  aa  they  were  by  the  film  of 
pttOk  petdia,  formed  a  disguising  arrangement 
daiirto  tlie  annatnres  and  glass  of  a  Leyden 
Jsr  (ne  Battbbt,  Electric),  whereby  great 
"wwifition  would  occur,  the  batteiy  serving 
at  a  ODBstsat  sooree  of  supply,  as  if  it  were  an 
ciBetiie  Buchinft.  On  calculation,  it  was  easy  to 
Mfrgm  the  length  and  diameter  of  the  wires, 

'  their  envelopes,  that  a  Leyden  battery  was 
of  1,000  square  yards  of  coated  sur- 
hes.  Tbm,  though  the  tension  of  the  electric 
ite]^  eoold  not  rise  to  that  of  the  ordinary 
ehdrie  machine;  being  no  hi^ier  than  that  of 
the  pals  «f  the  battery  of  880  pairs;  still,  its 
^■■titj  was  enormous,  being  the  full  charge  of 
IfOOO  yndi  of  surface. 

Snval  galvanometers  were  next  introduced 
htt»  the  dxcnit,  aa»  for  instance,  one  at  each  end 
•f  the  cable,  and  one  in  the  middle.  It  was 
thss  observed,  that  the  galvanometer  nearest  the 
hinay  waa  affected  the  instant  the  circuit  was 
wiplfted,  iriiile  the  one  in  the  middle  was  some 
ihflit  time  in  indicating  the  arrival  of  the  cur- 
not|  and  tliat  at  the  extreme  end  only  showed 
the  pnienoe  of  dectiidty  after  several  seconds, 
■d  aeva*  reached  the  same  amount  of  deviation 
•  the  other  instraments.  When  all  the  needles 
vn  k  a  state  of  dsriatiioii,  If  the  connection 
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with  the  battery  was  broken  off,  the  nearest  gal- 
vanometer instantly  showed  a  total  cessation  of 
current,  the  one  end  of  its  wire  being  insulated 
ftom  the  earth,  while  the  other  two  galvanometen 
continued  ibr  some  time  to  indicate  a  current, 
showing  that  the  whole  electric  charge  of  the 
wire  was  flowing  down  into  the  earth  by  the 
extreme  end  of  the  cable.  If|  instead  of  leaving 
the  end  of  the  galvanometer  coil  which  hsd 
served  for  establishing  the  communication  of  the 
whole  with  the  battery  firee,  it  be,  as  soon  as  it 
is  separated  from  it,  suddenly  put  into  connection 
with  the  earth,  the  whole  of  the  electricity  does 
not  then  escape  by  the  distant  end  of  the  wire, 
but  part  of  it  returns,  causing  an  inverse  devia- 
tion of  the  near  galvanometer,  and  exhibitmg 
the  curious  spectade  of  the  current  passing  along 
the  two  ends  of  the  wire  in  opposite  directions  at 
the  same  instant 

Such  experiments  show  that  electricity  will 
not  fbeely  escape  from  a  wire  surrounded  by  a 
nonconducting  and  round  that  a  conducting 
envelope  constituting  a  condensing  apparatus, 
until  so  much  of  the  current  has  entereid  as  to 
ndse  its  tension  to  be  nearly  equal  to  that  of  the 
battery,  and  that  this  takes  a  longer  and  longer 
time  as  the  length  of  wire  is  greater. 

The  effects  of  the  electricity  may  be  enu- 
merated as  follows: — 1st,  Chemical;  2d,  Ther- 
mal or  heating ;  3d,  Magnetic,  as  evidenced  in 
the  mutual  influence  exerted  between  a  mag- 
netic and  an  electric  current  constituting  Electro- 
Magnetism;  4th,  Induction,  as  shown  in  the 
induction  of  magnetism  in  iron  and  other  simi- 
lar bodies  placed  in  the  neighbourhood  of  the 
current,  and  also  in  the  induction  of  electric  cur- 
rents in  neighbouring  conductors.  This  arrange- 
ment is  far  from  faultless,  as  it  by  no  means 
embodies  all  that  relates  to  the  current,  and  some 
of  the  subdivisions  encroach  on  and  interfere  with 
others,  but  it  serves  in  some  degree  as  a  basis 
on  which  to  proceed.  The  first  head  will  be  found 
discussed  at  some  length  under  Elbctro- 
Chemistbt. 

The  wire  of  an  active  galvanic  iMttery  be- 
comes heated  by  tbs  passage  of  the  current; 
and  it  is  observed  that  the  amount  of  heating 
rises  more  rapidly  tiian  the  power  of  the  bat- 
tery; that  is,  that  a  doubly  powerful  battery 
will  heat  a  given  wire  with  more  than  double 
effect.  It  is  also  noticed,  that  more  heat  is  pro- 
duced by  a  given  battery  if  the  conducting  wire 
be  thick  than  if  it  be  thin,  and  these  reUtions 
have  been  stated  thus,  that  the  amount  of  heat 
produced  is  inversely  proportional  to  the  diameter 
or  the  conducting  power  of  the  wire,  and  pro- 
portional also  to  the  square  of  the  quantity  ot 
electricity  which  actually  passes.  It  follows  that, 
by  increasing  the  power  of  the  battery,  or  by 
diminishing  the  thickness  of  the  wire,  we  might 
get  any  temperature  required,  and  this  is  so  far 
practicable  that  it  is  easy  to  attain  a  white  heat 
in  the  wire  itself  besides  the  development  of  a 
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laigt  amoaiit  of  hett  in  the  bttterf ,  m  tvinoed 
by  the  whole  appantos  lishig  in  tempcntora 
fivqaeDtlj  to  near  the  boiling  point — ^It  is  foond 
that  iron  and  platinam  aie  moch  more  efficacious 
as  heat>prodaciDg  channels  than  silver  or  copper, 
and,  as  some  say,  becanse  they  are  more  imperfect 
conductors ;  bat,  were  this  the  true  explanatiop, 
then  it  wonld  Ibllow  that  dlk  or  gnm  lac,  or 
glass  would  b^  still  more  eflSoadous,  which  is  ht 
from  being  the  case.  The  tme  ezplanalion  no 
donbt  is,  that  by  some  peculiarity  of  structure  they 
are  more  efficacious  in  converting  the  eneigy  of 
the  current,  whatever  that  may  be,  into  the 
vibratory  motion  which  constitates  heat,  in  the 
same  way  as  some  substances  become  more  power- 
fully heated  by  a  blow  or  by  friction  than  others, 
by  transmitting  less  of  the  applied  mechanical 
eneigy  to  other  bodies,  and  oonvarting  more  of  it 
into  vibratory  motion  among  the  constituent 
mdecuks.  A  pair  of  plates,  on  WoUaston's  or 
Smees'  principle,  of  4  inches  square,  moderately 
exdted,  are  sufficient  to  ignite  a  steel  wire  of  the 
thidmess  used  for  the  hair  springs  of  watches. 
The  arrangement  represented  in  the  cut  answers 
well  for  such  experiments.  ▲  and 
B  are  two  wires  of  copper  covered 
with  silk  or  cotton  thread,  and 
twisted  for  steadiness,  while  the 
thin  wire  is  stretched  between  their 
points.  When  the  poles  of  the  bat- 
tery are  put  into  communication 
with  ▲  and  b,  the  current  passes 
through  the  thin  wire,  which  in* 
stanUy  becomes  heated  to  redness, 
•A  »  if  the  battery  is  powerful  enough. 
Fig.  4  or  is  even  disdpated  in  qmuIcs  of 
oxide  by  combustion.  Gunpowder 
or  other  inflammable  substances  may  of  course 
be  readily  inflamed  by  being  placed  in  contact 
with  such  a  wire  and  the  current  passed.  This 
fact  has  bwa  taken  advantage  of  in  electric 
blasting,  and,  fix>m  its  applicability  in  situations 
wliere  Uie  miner's  luse  could  not  be  used,  has  been 
of  much  service  in  practice.  Under^water  blast- 
ing is  now  altogether  carried  on  by  this  means. 
It  is  also  useful  because  of  the  possibility  of  in* 
suring  the  simultaneous  action  of  many  chaiges 
of  powder  placed  at  a  distance  from  each  other  for 
the  purpose  of  effecting  the  dislodgment  of  large 
masses  of  rock  or  ear^  as  was  the  case  recentiy 
at  Dover,  where  nine  tons  of  gunpowder  in  three 
chaiges  were  simuKaneously  exploded  in  cavities 
cut  at  distances  of  seventy  feet  from  the  sea  dtff, 
and  detached  with  perfect  safety  600,000  tons  of 
rock. — ^All  that  is  necessary  in  such  a  case  is  to 
endoee  in  each  separate  cbaige  of  powder  such  an 
apparatus  as  that  shown  in  the  cut,  and  connect 
them  all  with  wires  led  up  through  the  packing 
of  the  mine  to  a  powerful  galvanic  battery 
with  which  they  are  to  be  put  into  connec- 
tion at  the  moment  when  it  is  wished  that  the 
explosion  should  take  place.  In  militaiy  opera- 
tions it  has  been  found,  by  experiments  which 
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luKwbeen  caniedofi  by  tlis  RosBiaii 
through  the  instrumentality  of  ProU  Jaodbit  tiiat 
electric  blasting  nay  be  excsediiigly  nsefiiL  it 
is  belisved  to  be  the  mesne  in  use  in  some  of  tha 
"  inliBnial  machines"  sank  off  Cranstadt,  and  ithss 
been  recentiy  used  with  aucoeas  under  tba  firtiioa- 
tions  of  SebastopoL 

It  is  found  that  laige  siogle  pair  voltaic  ar- 
rangements are  more  powerful  In  ptodadog 
heat,  if  no  great  length  of  wires  is  to  be  tia- 
vened,  than  numerous  small  platei  ibmed  with 
a  batteiy.  Accordingly,  coiled  plates  of  400 
square  feet  have  been  oonstrueted,  for  the  puipsss 
of  exhibiting  on  a  gnat  scale  these  efiiMlB.  Ths 
names  of  Galorimoton  or  Deflagraton  are  grraa 
to  ttiem.  If  flmn  one  of  the  wires  of  sadi  sa 
apparatus,  or  even  from  that  of  a  smaH  battery,  a 
thm  leaf  df  metal  be  suspended,  and  a  plate  of  cop- 
per inconneetionwiththeotherwire 
be  brought  into  contact  with  its 
edge^(fig.  5,)  briUiant  combustion 
will  ensoe^  and  part  of  the  metal 
will  be  dissipated  in  vaponr.  Gold 
leaf  gives  a  whitish  light;  silver, 
a  bright  green;  sine,  Dutdi  gold, 
and  tin,  displaying  different  cha- 
racteristic coloiUB.  If  these  experiments  be  nads 
with  a  powerful  battery,  and  in  darkness,  tbej 
constituto  some  of  the  most  imposing  of  dee- 
trical  phenomena.  A  sted  point  in  connertifle 
with  one  pole,  and  dragged  across  a  file  of  ths 
same  'metal  in  connection  with  the  other,  ffm 
out  copious  showers  of  red  sparks,  similar  to  tiuss 
emitted  under  the  operations  of  the  MscksmitL 

By  for  the  most  splendid  eirhibition  of  tiie 
heating  effect  of  the  vdtaie  cuixent  condrts 
in  the  light  emitted  from  two  diarooal  pdati^ 
brooght  so  dosdy  together  when  in  connsrtirw 
with  the  wires  of  a  powerful  battery,  as  to  sOov 
of  the  passsge  of  the  currant  between  ths. 
It  ought  to  be  understood  that  this  is  not  a  UgM 
directiy  from  the  cnnent  itself,  but  rather  thst  it 
proceeds  tnm  its  converaion  into  heat  ia  the 
charcoal,  which  thus  becomes  intensdy  IniaiiwBa 
Charcoal  recentiy  prepared  from  eome  dense  wood, 

such  as  boxwood,  answen  wdl  for  this  paxposi^ 
but  is  on  the  whole  less  effbo- 
tive  than  the  dense  coke  got 
from  the  roofr  of  the  retorts, 
in  coal  gas  works.  This  sub- 
stance is  dther  cut  at  once 
into  pencils,  or  having  been 
powdered,  is  ponessed  and  ham* 
mered  into  moulds  to  give  it 
dendty  and  form,  and  is  then 
put  into  connection  with  the 
poles  and  steadied,  the  two 
points  oiq;radte  each  other  by 
some  arrangement,  sudi  as 
that  represented  in  fig.  6, 
fodlity  bdog  afforded  for  rejgfulating  the  distsace 
between  the  pdnts,  so  that  the  maximum  ligM 
may  be  produced.    That  the  light  is  not  gives 


ng.& 


292 


ELB 

Mi  }/f  ttNnbutioo  of  tiM  dispooWf  msy  Iw  seen 
fef  imMnbg  dw  wfaole  in  water,  when  the  light 
irifl  itill  be  prodoeed,  thongfa  man  feeble,  or 
fa  ft  TMvnm,  by  wUhdniwiBg  the  air  from  e 
gfas  i^obe  lanoiiiidiog  the  points,  when  the 
Ibh  wQl  beome  evea  more  iBteaae  then  in  air. 
lbs  greatart  beirier  hitherto  ezpexlenoed  in 
the  iniKeitioB  of  this  meet  brilliant  of  all  ard- 
icU  U^lBi  to  the  pBtpoees  of  iHnmination,  has 
in  the  diiBcolty  of  regnlating  with 
oioeiy  the  dietanoe  of  the  charcoal 
poinli  flem  each  other,  as  the  snbstanoe  of  one 
<r  ba(h  iiT^gnlariy  wastes  away  by  the  contact 
tf  th»  afar,  and  by  «■^iim^Hn^^  of  the  partides. 
iBi  kss  besB  lo  aome  extent  overooBie  by  anto* 
■atfe  smogoneBts  of  dectro-magnetei  as  a 
ttMtate  for  tiie  hnflsaii  hand,  and  to  a  oon« 
dfaaye  degree  anooessftilly.  If  to  this  we  add 
Ike  mntly  opened  praapects,  tiiat  the  processes 
tf  asay  chsmieal  mannfiKtores  may  be  made 
ihi  mnas  of  afRmUnif  abondanft  supplies  of 
ihcliidty,  in  a  fbim  to  fit  it  fer  this  purpose,  we 
■tf  eantise  the  hope  that  another  brilliant 
nhieteaMut  by  sdenoe  and  art  will  be  added  to 
tbor  Bsny  fimner  csotiibations  to  hnman  com- 
lit  and  adonunoit 

Ob  the  sol^  of  the  heatiag  effects  of  Eleo- 
trie  eanenti,  it  will  be  only  necessary  to  add, 
that  thiy  have  been  reoently  used  tn  con- 
JBsetion  with  the  ooooentzated  sui's  rays,  to 
Aet thstaion of ifAnoCory minerals.  Thedia- 
■aai  hes  leadDy  giTco  way  to  this  treatment, 
mi  wiled  hito  a  globular  bead,  and  aocordbg 
fa«MB,plBBibsgoand  ookewhen  thns  treated, 
OB  bi  eanverted  into  the  precfams  stone,  not 
m  beartiAd  as  the  real  It  may  be,  bat  giving 
tlisifwihnarton  to  many  of  its  charsctera. 

We  mtj  next  give  a  short  expositioD  of  the 
9tpA  idatioiia  of  flie  cmrent,  oonstitatfaig 
ebat  ii  esUed  ELacno-lfAOiiEnBif.  The 
Mamtal  iiMt  ^K»  whicb  thfa  sdenee  is  based, 
h  As  fdbviog:— If  a  magnetle  needle  firee  to 
■Mcoaits  ptrot,  be  brought  into  the  neighboor- 
ktsi  sf  a  wire  eanying  the  Toltaio  corrent,  the 
vbs  wUeh,  if  it  be  a  non-magnetic  metal,  sncfa 
prerioody  no  action  on  the 
BOW,  by  reaaoii  of  tiie  ciuieut,  censes  it 
faBsv^aadina  wsyof  wfaidiitisnotat  first 
^  t»  poneivB  the  law.  For  example,  if^  as  is 
m  the  ent,  (fig.  7,)  the  comnt  be 
'  placed  pandlel  to 
the  needle  and  above 
it,  the  needle  moves 
round  on  its  axis  to 
a  new  position,  as 
shown  by  the  dotted 
Unes,  and  if  the  car- 
rent  be  forUier  ap- 
proximated or  be 
more  en- 
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mtftk,  flie  needle  wHl  torn  still  more  round 
d^ Jf  tte  fone  Is  powerful  enoagh,  a  position  of 
is  Mwimfid  at  liglit  aa^^  to  the 
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direction  of  the  current,  the  directive  force  of 
the  earth  having  been  completely  overcome. 
Farther  round  than  this,  no  increase  in  the  energy 
of  the  current  can  impel  it  The  only  effect 
being,  a  greater  pertinacity  in  retaining  the  new 
po«|^ion  in  opposition  to  any  force  tending  again 
to  twist  it  towards  parallelism  with  the  current 
If  now  we  remove  the  current  to  a  position  below 
the  needle  instead  of  above,  the  poles  will  be 
turned  round  in  the 
opposite  direction, 
as  is  represented  in 
fig.  8.  If  the  di- 
rection of  the  cur- 
rent in  the  wire  be 
reversed  while  it 
remains  in  the  same 
position,  the  motion 
of  the  needle  is  instantly  changed  to  the  opposite 
direction,  firom  which  circumstances  it  fbllows, 
that,  if  the  same  current  be  carried  in  one  direc- 
tion, above  the  needte  and  back  again,  in  the 
opposite  direc- 
tioQ  bdow  It,  as 
in  fig.  9,  the 
aetionoftbetwo 
portions  of  the 
current  will  con- 
spire to  give  the 
same  new  poei- 
tlon  of  equili-> 
brinm,  and  that 
the  twisting  effect  will  be  doubled,  and  it  is  evi- 
dent, that  if  the  s«me  current  were  again  brought 
round,  a  fourfold  effect  might  be  produced,  so 
that  a  weak  current  might  be  made  by  this 
principle  of  mtUttpUeaiUm  to  produce  almost  any 
amount  of  action,  and  that  this  might  be  used  as 
an  index  of  the  comparative  strengths  of  diiferent 
currents,  which  is  accordingly  tdcen  advantage 
of,  in  the  instrument  called  a  galvanometer.  If 
instead  of  placing  the  current  above  or  below 
the  needle,  It  be  placed  alongside  of  it,  and  in  the 
direction 
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as  in  fig.  10,  it 
will  be  seen, 
tiiat  the  same 
tendency  to 
place  itself  a- 
crosB  the  dbeo- 
tion  of  the  cur- 
rent, will  still 
be  manifested 
by  the  one  pole 
rising  and  the 
other  being  de- 
pressed; and  if 
the  needle  were  only  moveable  In  a  vertical 
plane  it  woold  finish,  if  the  cuirent  wen  strong 
enoogh,  by  placing  itself  vertically  acroes  the 
horizontal  wire,  but  In  the  case  of  a  magnet 
suspended  on  a  point,  this  is  not  what  occurs, 
for  no  sooner  in  the  last  mentioned  arrsnge- 
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Diflnt  does  the  one  pole  rise  above  the  current 
and  the  other  pass  below  its  levdi  than  they 
immediatelj  b^^  to  move  horizontally,  and 
tend  to  twist  the  magnet  spirally  on  the  wire. 
By  a  careful  inspection  of  the  appearances,  this 
can  readily  be  noticed.  After  much  difficulty, 
when  these  observations  were  first  made,  it  be- 
came apparent  that  the  influence,  whatever  it 
might  be,  tended  to  propel  each  pole  of  the  mag- 
net continually  round  the  line  of  the  current,  but 
the  two  in  opposite  directions,  (fig.  11)  It  is  clear, 
unless  the  needle  were  capable  of  being  bent 
like  a  thread,  the  two  poles  could  not  continu- 
ously obey  tiie  forces  tending  respectively  to 

twist  them  in 
^s  0^      opposite  direc- 

-«— ^  tionsroundthe 
wire,  and  that 
the  only  way 
in  which  they 
can  manifest 
their  icndauy 
is,  by  taking 
up  the  crpss 
position  which  we  have  seen  the  needle  to  assume. 
If  one  pole  of  the  magnet  could  be  liberated 
from  the  other,  a  continued  drculation  round  the 
wire  might  be  expected.  This  cannot  be  done, 
but  the  other  may  be  rendered  inactive  by  pre- 
venting the  current  from  acting  on  it  by  leading 
it  away  firom  the  needle  after  it  has  passed  along 
only  one  of  its  ends.  Were  we  to  use  a  bent  wire 
for  this  purpose,  it  is  evident  that  the  bent  por- 
tion would  interfere  with  the  motion  of  the  mag- 
netic pole  round  the  re- 
nmainderofthewire.  The 
1^  difficulty,   however,  has 

ll  been  overcome  by  sub- 

I  stituting  a   liquid  con- 

I  ductor  instead  of  a  wire 

i  J^fcU  J  ^^^  ^^  ^'^^  portion  of  the 

"I  -*-^C?  i»-^         circuit     The  magnet  is 

bent  as  is  represented  in 
the  cut  so  as  to  enable  it 
to  be  supported  in  a  ver- 
tical position  on  a  pivot. 
It  carries  a  small  cup  of 
mercury  on  its  upper  sur- 
face, into  which  the  point 
of  one  of  the  battery  wires 
dips,  transmitting  tiie  cui> 
rent  in  a  parallel  direction 
near  one  of  the  halves  of 
the  magnet ;  it  is  then  carried  along  a  bent  wire 
which  dips  into  a  circular  channel  of  mercury, 
whence  it  passes  by  the  small  mercurial  cup  on 
the  right  away  to  the  other  wire  of  the  battery, 
thus  having  only  passed  along  one  of  the  halves 
of  the  magnet,  the  other  half  having  no  current 
remains  indifi'erent,  and  easily  follows  round  in  a 
continuous  circuit  after  the  other,  as  its  opposite 
rotation  is  not  called  into  action.  Thus  the  re- 
markable spectacle  is  presented  of  a  body  con- 
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tinuoosly  whhrled  round  a  fixed  line  by  wbst 
appears  to  be  a  single  foroe  dexiyed  fran  that 
line  in  a  direction  always 
along  the  tangent  to  the     ^^^-^l  i^tT^N 
circles  described  round  it  as    ^  -C^^  \y  J 
a  centre,  (fig.  13.)  We  shall    ^;j::=; 
afterward  see  how  this  ap-    t 
parent  physical  anomaly  has    ^  "v^. 
been  reconciled  with  the  or- 
dinary laws  of  mechanics. 

As  may  easily  be  supposed, 
fjnomtheunivenal  kwsof  the  Hg.  UL 

equality  of  action  and  leac^ 
tion,  the  wire  is  affected  by  an  equal  tendency  to 
pass  across  the  magnet,  and  this  may  be  rendSRd 
evident  by  suspending  a  wire  in  the  manna 
indicated  in  the  woodcut  where  the  ends  cUp 
into  mercurial  cups  a  b, 
in  metallic  communica- 
tion with  other  cups  into 
which  the  wires  of  tflb 
battery  are  introduced, 
giving  us  a  wire  carrying 
a  current  and  yet  being 
free  to  turn  itself  on  the 
pivot  at  B.  If  a  mag- 
netic bar  be  placed  over 
B  and  parallel  to  the 
wire,  it  (the  wire)  will 
turn  itself  round  to  a  di- 
rection at  tight  angles,  when 
stationary  tiU  the  magnet  is 
the  current  reversed,  when  a  new 
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it  again  stiods 

again  moved  or 

lectangolar 

position  is  assumed.  By  presenting  a  rio^ 
magnetic  pole  to  the  wire  in  different  positioni  it 
becomes  evident  from  the  directions  of  the  attno- 
tions  and  repulsions  that  the  real  tendency  is 
to  rotate  in  a  certain  definite  direction  roosd  tiis 
magnet,  and  that,  if  perfect  freedom  of  motica 
were  allowed,  this  result  would  be  prodnoei 
Practically  this  is  easy  of  actual  aooomplishnHOt 
by  means  of  even  a  current  from  a  oompantivdy 
small  battery,  by  an  azrangement  similar  to  thst 
delineated  in  fig.  15.  The  cnrrent  is  mads  to 
descend  frx)m  the  ciq> 
p,  through  the  move- 
able wire  w,  which 
dips  into  the  drcular 
basin  of  mercury  be- 
low, ^m  which  a 
wire  carries  it  to  the 
cup  at  Q,  into  which 
the  wire  from  the 
opposite  pole  of  the 
battery  is  made  to 
dip.  A  magnet  is 
b^t  to  the  form 
shown  in  the  figure,  and 
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has  one  of  its  pofci 
introduced  through  the  bottom  of  the  basin  of 
mercury,  while  £e  other  is  placed  at  a  ^Bstane^ 
as  at  M,  so  as  to  remove  its  action  on  the  irii& 
If  the  connections  be  complete  and  the  contnt 
sufficiently  powerful  the  wire  perfonns  oonthmed 


2il4 


n»u 


SLE 

HwhIlaM  fomid  the  pole  a,  in  the  Mine  mj  as 
tiM  Bagnetic  pole  iladf  did  in  the  fonner  ezperi- 
■aalB  when  the  wire  waa  fixed  and  the  magnet 
frn  to  move.    Uany  cnrioaa  varieties  of  these 
dsetfe-magDetic  roCatoiy  apparatus  have  been 
at  diArait  times  invented,  one  of  the  amplest 
sf  ^ich  is  that  where  the  battery  itaelf  is  made 
to  nrolTe  bj  the  influence  transmitted  from  a 
msnetie  pole  placed  in  its  interior,  as  repre- 
MDtigd,  and  nmnd  which  it  is  free  to  turn.    The 
Igne  RpnscDts  s  section  of  such  an  arrange- 
ment of  about  half  the  work- 
ing az&   The  copper  portbn 
of  the  bottom  pair  is  formed, 
on  the  principle  of  Hart's 
battery,  to  contain  the  add, 
and  to  have  a  free  space  in 
the  interior,  np  which  the 
magnet  is  paseed,  upon  which 
the  copper  hangs  by  means 
of  a  pirot  attached  to  an 
arch  of  wire,  as  shown  at  o. 
The  cine  is  also  formed  into 
•  cylinder,  and  is  suspended 
free  to  tnm  in  the  add  by 
measis  ef  a  pivot  resting  on 
the  wire  of  the  copper  and  in 
e&ean  metallic  contact  with 
it,  ao  as  to  allow  of  the  pas- 
sage of  the  current     It  is 
evident  that  the  current  in 
from  the  copper  to  the  sine  ascends  in 
ib  fnt  metal  and  descends  in  the  other,  so 
Ikat  opposite  conents  equal  hi  quantity  and 
mmff  an  flowing  parallel  to  the  magnetic 
ka:  8e  they  oogfat  to  be  impdled  in  contraiy 
tailisai,  whkh  is  icftlly  produced,  and  fonns 
tt  «Boe  one  ef  the  most  striking  and  at  the 
iBc  time  aiost  certain  (so  £ur  as  freedom  from 
liUiiij  to  Culure  is  ooncemed)  exhibitions  of 
tb  ttlkui  of  dectro-magnetie  rotatory  forces. 
Ai  Earth  hma^  a  magnet,  it  might  be  con- 
hctand  from  what  has  gone  before,  that  amutual 

influence  must  be 
exerted  between  the 
earth  and  a  wire  car- 
rying a  current,  and 
that  this  is  the  case 
can  be  rendered  manl- 
iest by  means  of  the 
wctangulariy  bent 
and  fiedy  moveable 
wire  used  for  examin- 
ing the  actkm  of  a 
common  magnet,  for 
no  aooner  is  the  cur- 
rent sent  through  that 
than  it  tnins  itself  as  if  a  magnet  had 
to  it,  and  arranges  itself  at  rest 
pspadicalar  to  the  direction  of  the  compass 
Mrils:  and  farther  than  this,  Faraday  has  snc- 
i  ia  deriaing  an  amagement  by  which  a  wire 
k  be  caved  when  caixylng  an  energetic  electric 
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current  to  make  a  complete  and  oontinnous  revo- 
lution by  means  of  terrestrial  magnetism  alone. 
A  dender  copper  wire  is  fixed  to  a  hook  and 
rendered  buoyant  by  a  small  cork  ball  at  the 
lower  end,  which  dips  into  a  basin  of  mercury 
placed  in  connection  with  the  opposite  pole  of  the 
battery.  When  the  current  is  suffidently  power- 
ful the  wire  performs  a  conical  revolution  round 
the  lines  of  magnetic  force,  which  are  in  our  lati- 
tude inclined  at  an  angle  of  70®.  At  the  equator, 
where  the  lines  of  force  are  horizontal,  this  expe- 
riment could  not  in  this  way  be  made.  This 
arrangement  is  diown  in  fig.  17. 

The  inductive  e£fects  of  the  dectric  current  may 
be  next  noticed.  These  are  of  two  kinds — 1st,  the 
induction  of  other  dectric  currents  in  conducting 
bodies,  that  is,  bodies  capable  of  conducting  dec- 
tridty,  in  their  neighbourhood;  and  2d,  the  induc- 
tion of  magnetism  in  iron  and  other  bodies  capable 
of  taking  on  magnetic  polarity.  The  second,  viz., 
the  induction  of  magnetism  in  iron,  is  treated  of 
in  the  artide  ELBCiBO-MAOzrET,  and  need  not  be 
here  further  alluded  to.  The  induction  of  dectric 
currents  in  ndghbouring  conductors  is  well  illus- 
trated in  an  experiment  of  the  following  kind. 
Let  two  coils  of  insulated  copper  wire  (that  is 
copper  wire  covered  with  silk  or  cotton  thread 
to  prevent  metallic  contact  with  other  portions 
whidi  may  touch  any  particular  part)  be  taken, 
and  one  connected  with  a  galvanometer,  while 
the  other  has  one  of  its  ends,  as  at  n  in  the 
figure,  connected  with  one  of  the  poles  of  a  bat- 
tery ;  and  is  placed  paralld  to  and  near  the  first 
coil,  but  not  in  metallic  contact  with  it  The 
galvanometer  bdng  properiy  arranged,  as  in 
fig.  18,  80  that  the  needle  when  at  rest  stands 
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paraDd  to  the  wires  which  surround  it,  let  the 
other  end,  p,  of  the  coil  be  connected  with  the  re- 
maining pole  of  the  battery,  it  will  be  seen  that 
on  the  instant  of  completing  the  drcuit  in  the 
first  cofl,  the  needles  of  the  gdvanometer  are 
moved,  indicating  a  current  in  the  second  coil, 
though  no  such  current  can  have  come  directiy 
frtNn  the  battery,  as  no  metallic  or  conducting 
channd  existi  between  them.  It  will  also  be 
noticed  that  after  osdllatlng  for  a  while  the  gal- 
vanometer needles  will  return  to  their  first  podtion, 
indicating  the  cessation  of  the  current  in  its  wire. 
Let  now  the  connection  with  the  battery  be 
broken,  and  it  will  be  found  that  the  needles  are 
agdn  moved  by  a  sudden  current  in  their  wire, 
whidi,  however,  like  the  first,  ceases  immedlatdy. 
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If  the  ooDXieetiofi  be  agiin  made  wf th  the  batteiy 
another  momentaiy  cnrrent  is  indicated  bj  the 
galvanometer  and  ao  on,  and  it  is  also  noticed 
that  the  current  which  occors  for  a  moment  in 
the  second  when  the  primaiy  current  is  estab- 
lished in  tiie  firBt  coil,  is  in  a  direction  contrary 
to  the  ooone  of  the  cnrrent  in  that  coil,  and  that 
the  one  produced  on  breaking  the  circuit  is  in 
the  same  directioo  as  the  ];»imai7  current  These 
are  called  momentaiy,  seoondarjr,  or  inductive 
currents.  That  they  are  of  high  intensity,  nay, 
of  fiff  higher  intensity  than  the  primaiy  cnrrent 
ftx)m  the  battery,  can  be  easily  peroeived  by  tlie 
influence  on  the  senses  on  applying  the  ends  of 
the  wires  of  the  two  coils  respectivdy  to  the 
tongue  or  to  the  moist  hands  merely  if  the  coib 
be  kmg.  Again,  if  the  two  coils  be  brought  near 
to  each  other  and  the  cnnent  let  on  to  the  pri- 
mary, as  has  been  said,  the  Induced  current  in 
the  seooodaiy  wire  will  only  continae  for  a  mo- 
men^  and  after  a  few  oscillations  the  needle  will 
ratam  again  to  its  zero  point  While  this  is  the 
case,  let  the  secondary  coil  be  rapidly  moved 
away  from  the  primary,  which  is  still  carrying 
the  batteiy  current,  and  instantly  the  needles  will 
move  indicating  that  the  motion  of  the  wire  in 
the  neighbourhood  of  the  curreot  has  served  to 
excite  a  current  in  the  secondary,  which  ceases 
on  the  coil  being  allowed  to  rest  for  a  little  and  is 
again  roused  up  by  even  the  slightest  movement 
It  is  more  energetic  the  more  active  the  move- 
ments, especially  of  approach  and  recession,  are 
of  the  two  coils  from  each  other,  a  contrary  cur- 
rent being  produced  by  approadi  to  that  developed 
by  recession. — If  a  th&dooQ  be  added  in  the  neigh- 
bourhood of  the  second,  connected  also  with  ano&er 
galvanometer,  we  should  expect  to  have  two  cur- 
rents in  the  tertiary  eveiy  time  that  the  current 
in  the  primary  is  made  or  brolcen ;  for,  as  the  mak- 
ing of  the  current  in  the  primary  gives  rise  to  a  mo- 
mentary current  in  the.  secondary,  which,  short 
in  duration  thou^  it  be^  must  have  both  a  begin- 
ning and  an  end;  each  of  these  we  might  expect 
woidd  excite  a  current  in  the  tertiary  wire,  which 
two  currents  ought  to  be  in  contrary  direction 
and  the  one  closely  following  the  other ;  or  per- 
haps they  might  neutralize  each  other's  effbcts, 
and  no  current  might  take  place.  Neither  of 
these,  however,  occurs,  for  only  one  ounentis 
observed  in  the  tertiary  wire  at  the  time  of  mak- 
ing or  breaking  the  current  &  the  primary,  and 
the  current  is  sufficiently  strong  to  show  that 
neutralization  by  means  of  equal  and  opposite 
cnrrentB  at  the  same  instant  by  no  means  occurs 
in  the  tertiary  wire.  To  account  for  this,  it  has 
been  conjectured  by  recent  experimenters  that  fbr 
some  reason  the  current  in  one  direction  is  much 
stronger  than  that  in  the  contrary  direction,  and 
it  is  the  effect  of  it  alone  that  is  observed. — 
Recently,  series  of  five  or  six  coils  have  been 
experimented  on,  so  as  to  discover  the  kind 
of  inductive  currents  they  give  rise  to  in  each 
other,  when  mutually  excited*  and  the  influence 
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of  the  primary  current  transmitted  aloQg  inw  on 
to  the  other.  Those  who  are  interested  in  sofli 
researches,  will  find  in  the  published  papen  ef 
Dove,  Weber,  and  Abria,  the  infennatfan  th^ 
desire.  It  ought  to  be  understood  that  tbs  Kxm 
of  a  coil  is  in  no  way  necessaty  to  the  de?d(y- 
ment  of  electrical  currents  in  one  coDdnctcr, 
at  the  moment  when  another  coadactcr  in  As 
neighbourhood  has  a  current  sent  throiighit 
All  that  is  necessary,  is  only  that  the  two  <on* 
ductors  should  be  in  eadi  other^s  vSdnity,  and  if 
they  be  wires,  that  they  be  not  perpendiciilar  tie 
one  to  the  other.  The  action  of  many  turns  of  a 
coil  only  multiplies  the  effect  whidi  would  vesalk 
flrom  the  length  of  wire  of  one  tun.  As  to  t^ 
cause  of  thrae  seoondaiy  currents,  the  most  pn* 
bable  supposition  that  has  been  mads  is,  that 
they  result  tnim  the  induction  arising  firani  tlie 
wave  of  electiic  tension  which  rashes  along  tte 
wire,  when  the  batteiy  connection  is  first  estab- 
lished, acting  on  the  neutral  dedridty  of  flas 
conductor,  r^)elUng  one  portion  and  attracfay 
the  opposite  kind,  and  thus  disturbing  the  electiic 
repose,  and  causing  a  momentaiy  rush  in  oppoeifeB 
directions  of  the  two  electricities,  jus^  as  ooenis 
in  a  body  excited  by  the  inductive  action  «f 
another  excited  by  fHctional  dectxidty,  where  a 
current  of  electridty  ooenrs  between  diffaeot 
parts  of  the  body  till  the  new  state  of  eqmHbrinm 

is  attahied,  when  repose  again  ensues,  until  the 
inductive  body  is  withdrawn,  gi\ing  rise  to  tiie 
currents  due  to  the  letom  of  matten  to  tfadr 
original  sUtei  It  will  easily  be  sappomd  thai 
the  currents  induced  in  one  conductor  by  Ifai 
presence  of  another  carrying  a  cnrrent  will  be 
greater,  as  the  two  conductors  are  more  doady 
approximated.  Accordfaigly,  one  of  the  best  as 
wdl  as  most  convenient  modes  of  atrangeoMBl 
for  procuring  theae  induced  onmnts,  is  to  eofl 
the  first  wire  on  a  red  or  bobbin  in  two  a 
three  layers,  and  then  over  these  wiapon  the  1 
dary  coil,  as  is  represented  in  the  annexed 
As  has  been  said,  the 
secondary  cnnents  are 
much  more  energetic, 
though  very  short  in 
duration,  than  the  pri- 
mary current  from  the 
battery,  and  fbr  some 
purposes,  whers  continu- 
ity of  action  is  not  re- 
qmred,  and  only  great  faitensity  is  diiefly  deri^ 
able,  as  for  many  medical  purposes,  they  are  use- 
ftil  and  effident,  and  exceedingly  easily  procoied, 
compared  with  the  costly  and  ponderous  batteriM 
which  would  be  requisite  to  produce  similar  csr- 
rents  by  the  more  ordinary  voltaic  anaQgeniaita 
To  construct  a  coil  capable  of  giving  coirali 
powerful  enough  fbr  medical  pniposea,  all  that  ii 
required  is,  to  whid  on  a  wooden  bobbin  wUh 
a  hollow  axis  about  one  indi  in  diameter,  sboel 
thirty  yards  of  common  bdl  copper  wire,  eovend 
with  cotton  or  sOk  thread,  leaving  its  tennhistioM 
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ftti  to  te  eemiected  with  the  battery.  Above 
tlii^  kt  about  ftmr  hundred  yards  of  fine  copper 
vfaa  aboat  ^  of  an  Inch  in  diameter,  also  in- 
MiatBdl,  be  woimd  on  in  auoeeadve  coils,  leaving 
tin  omIi  ftce,  and  attaching  to  them  pieces  of  tin, 
m  boss  tabe,  to  act  as  oondncton.  If  now 
a  aHll  battery,  or  even  a  single  voltaic  pair 
of  km  or  five  indue  aqoaie^  be  connected  with 
Ibi  eads  of  the  thick  wire,  and  the  human  lumde 
■sMaasd  with  water,  be  placed  on  the  condooting 
triasef  the  anall  wire,  a  shock  will  be  felt  each 
das  that  theoomieetioQ  with  tlie  battery  le  made 
<r  knkHk  It  will  alao  be  found  that  a  piece  of 
«ft  iiOB  intrpdiiced  into  the  interior  of  Uie  ooQs, 
will  graatly  inereaaethe  intensity  of  the  shock, 
ai  siffl  Buia  will  this  be  tiie  case,  if  a  fiiggot  of 
boi  wises  be  need  Ibr  this  purpose.  In  order  to 
■sks  and  bnak  the  oomieetion  with  the  batteiy, 
to  as  to  givea  riqiidly  intermitting  current  in  the 
fdaaiy  wire^  a  simple  automatic  apparatna  is 
IntheligtireL    8  is  a  pUte  of  soft 

iron   attached 
■    ^  to  a  piece  of 

watch  spzing, 
ISutened  at  the 
oppoaite  end  to 
a  stud  rising 
from  the  botn 
bin,  and  hav- 
ing one  pole 
'^  of  the  battery 
In  connection 
with  it  On 
fl^  jf^  the  lower  sor- 

fboe  of  the 
sphig  is  aoldawl  a  small  dip  of  platinum, 
vttdiiAn  •  la  not  dragged  down  on  the  fiaggot 
«f  vins  fay  their  attraction,  rests  against  a 
plaliaBBi  whe  at  o»  in  connection  with  one  end 
if  tie  primary  eofl.  The  other  end  of  the  prir 
BMy  eoa  is  pot  In  communication  with  the 
■BMBiag  pok  of  the  battery,  so  that  when  the 
pdei  ef  the  battery  an  attached  to  h  and  p, 
tks  CBDCDt  pMsea  roond  the  primary  coil,  and 
HgartinB  tiie  faoD  wires,  which  faistantly  drag 
4*ra  a,  separata  the  platinum  soriiwes,  tfaos  In- 
iBiepliDg  the  primary  cunent  and  causing  a 
Aeet  csieot  In  tha  aeooodary  wire,  the  reverse 
cneat  lacving  been  induced  when  the  oonnection 
«ai  cBa^Aeted.  The  plale  a  behig  no  longer 
allnetad,  is  Kftsd  by  the  spring  into  contact  with 
the  liatlBBm  point,  and  agam  establisheB  the 
cauit,  caoriag  tha  invcne  secondary  indoction, 
■d  dm'n^fMliiiiig  the  ii^gpot  of  wires,  which 
kitatly  again  drawa  down  a  nd  inteinq>ta  the 
eoBsetioB,  giving  a  rapid  anooesslon  of  momentary 
CKRBli.  The  platinum  anrfikoes  are  necessary, 
la  esier  to  maintain  unoiidated  paints  of  contact 
It  has  baen  tend,  that  tubes  of  diilbrent  non- 
Mgaefie  netda  inttoduoed  Into  the  interior  of 
d»  bohhin,  altogether  intercept  the  effect  pro- 
dsosl  by  the  iron  plaeed  in  their  interior,  and 
ilB  canadarablB  dtfficalty«  this  cuiioaa  eflbct 
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has  been  traced  to  the  development  of  areolar 
cunents  in  the  sabetanoe  of  the  tube^  by  the 
indnctive  action  which  is  the  sutyect  of  which 
we  are  now  treating,  and  that  these  currents  re- 
act ii^urioiftly  on  the  secondary  wire,  as  they 
are  in  the  opposite  direction  to  tiie  primary  cur- 
rent in  the  coil,  and  tend  to  neutralize  its  eflfects 
on  the  secondary  wire.  That  this  is  the  tme 
cause,  is  proved  by  dividing  the  tube  by  a  longi- 
tudinal dit  from  end  to  end,  which  totally  pre- 
vents its  screening  action.  The  superficial  currents 
caused  in  the  same  way  on  a  rod  of  iron  intro- 
duced into  the  coil,  also  act  iigariously,  and 
accordingly  it  has  been  found  better  to  employ 
wires,  and  stiU  better  to  use  them  covered  with 
thread  to  prevent  mutual  communication.  As  to 
the  explanation  of  this  increase  of  the  secondary 
currents,  by  the  introduction  of  iron  into  the 
coils,  whUe  otiier  metab  have  no  such  efiects, 
the  reader  is  referred  to  a  fhrtber  stage  of  this 
article,  when  the  object  of  magneto-dectridty 
is  treated  ofl  This  circumstance  of  the  induction 
of  a  secondary  current  of  elec^idty  in  neigh- 
bouring bodies,  eaq>lains  the  fact  so  often  obser^d, 
that,  though  by  simply  joining  the  wires  of  a 
small  galvanic  pair,  no  spark  is  produced,  yet, 
if  a  coil  of  wire  be  made  part  of  the  current,  a 
vivid  spark  appears  on  making  and  breaking  liie 
oormectiona.  It  may  be  supposed  that  this  was 
owing  to  the  wire  acting  as  a  reservoir,  but  the 
obeervation,  that  the  same  increase  of  efiect  does 
not  take  place  if  the  wire  is  merely  extended, 
and  that  the  fi>rm  of  a  doedy  folded  coil  is 
necessary,  points  to  the  tme  action  which  gives 
rise  to  the  momentary  movement  of  a  large  quan- 
tity of  electridty,  as  the  reaction  by  induction 
of  one  layer  of  the  coil  over  another,  according 
to  the  prindples  just  laid  down.  A  piece  d  iron 
introduced  into  the  coil  of  wire  also  in  tins  case, 
increases  the  intensity  of  the  light  It  will  be 
remembered,  that  the  secondary  currents  is  in  the 
reverse  direction  to  the  original  current  when  the 
cunent  is  made,  and  in  the  same  direction  as  the 
current  when  tlie  connection  is  broken,  so  that  in 
the  case  of  the  action  of  one  part  of  the  primary 
whe  acting  on  another  part,  we  would  expect 
that  the  induced  current  would  tend  to  oppose 
the  primary  on  making  the  connection,  and  would 
aasist  or  enfioce  it,  by  moving  in  the  same  direc- 
tion when  contact  with  the  battery  Is  broken, 
and  this  is  found  to  be  the  case,  for  It  is  with  the 
latter  operatkm  that  the  most  vivid  spark  is 
seen.  It  is  observed  in  the  construction  of  coH 
machldes  for  medical  purposes,  that  the  character 
of  the  shock  Is  Influenced  by  the  thickness  of  the 
wire  used  as  the  secondary  coiL  M.  Buhmkorff 
of  Paris,  by  nsmg  a  condenser  oompoeed  of  oil-silk 
coated  on  each  dde  with  tin  fbil,  has  constructed 
induction  coils  of  very  great  power. 

One  of  the  most  remarkable  discoveries  of 
modem  times,  is  that  due  to  Faraday,  of  what 
ia  called  magneto-declrie  induction  It  can  be 
most  easily  obeerved,  by  ooxmecting  the  two 
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(ndi  of  a  eeSi  at  '"'"'«t»^  copper  irfis  widi 
a  galvtnomtter,  placed  at  a  dlsUaee  of  a  ytii 
m  two,  and  intiodiidDg  suddeol]'  into  the  interior 
of  the  c<ril  Ihe  and  of  a  magnetic  bar;  a  cnn-ent 
will  iutantly  be  indicated  in  tbe  wire,  which, 
howercr,  wiU  inunediatd;  cease  if  the  magnet 
ba  aUowed  to  reiC  in  the  ooU,  tbe  galTanometer 
needle  letBmiDg  to  lero.    If  tbcm  Ihe  magnet  be 
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withdrawn  tiom  Uie  coil,  anotber  momentarr 
cnrrenC  in  a  nvem  direction  will  be  exhibited 
by  Ihe  gBlvanomeler.  The  intmsit;  of  these 
Induced  currenta  vuica  aa  the  atrength  of  the 
magneti,  the  length  of  the  coil,  and  the  ra- 
pid^  with  which  the  magnet  la  moved.  It  ii 
ea;^  to  get  comnts  inlenee  tnoogh  to  be  fbit 
aa  a  aevera  ahock  Ihnmgb  the  baman  body. 
Theae  coneits,  which  are  tbe  e^et  of  the 
reaction  of  Hm  magnet  on  the  wiie,  (aa  magnet- 
lam  ia  prodnced  by  an  electric  cnirent,  eo  here 
a  magnet  produces  electricity,)  are  moat  eaail; 
explained  on  Ihe  theoiy  of  Ampere,  that  a  magnet 
consiets  of  an  arrtngranent  rf  electric  currenta, 
making  this  caw  only  a  varia^  of  the  last  con- 
ddered,  viz.: — lbs  induction  of  one  electric 
CDTTmt  by  the  eudden  prtsence  or  removal  of 
another  in  the  neighbonrliood  of  a  coadnctor. 
Instead  ot  producing  magnetism  in  (he  interior 
of  the  coil  o[  wire,  b;  introduung  suddenly 
a  magnet,  tbe  eame  tbing  might  be  produced  by 
temporarily  magnetiztng  a  bar  of  lofl  iron  round 
which  the  coil  had  been  wound,  by  bringing 
in  contact  with  ita  end  Ibe  pole  of  ■  magnet,  and 
then  withdrawing  iL  If  the  ileel  magnet  be  ot 
the  fbim  of  a  horee-ahoe,  then  the  iron  bar  may 
be  bent  into  a  rimilar  Ibrm,  and  have  the  wire 
woimd  in  two  cotla  for  facility  of  amngement, 
aa  icpiuuited  in  the  annexed  fignrc  If  instead 
of  removing  the 
^^—^^  magnet,    It    be 

f  fP*^  J  B^   1    ed   half  ronnd 


A  B,  the  Indncel 
hi 


nt.S9; 


the    iron    will 

not  ba  produced  in  the  coIL  If  the  revolatlon 
ht  tunber  conllnncd  till  the  plane  of  tbe  two 
melali  coincide  tbe  polarity  of  the  iron  will  be 
again  produced,  bat  in  an  opposite  direction, 
giving  riaa  lo  a  contrary  cnrrent  and  eo  on. 
In  0^  that  theae  cnireDts  be  produced,  it  is 
Decenary  (hat  the  mdi  of  the  coQ  of  wire  abould 


ba  jdned  by  mne  good  cc 
la  called  a  cioaed  drcnlL  This  is  dwa  by  A* 
galvanometer  wire,  in  [ha  aae  of  eiperiDOb 
made  with  It  to  ddect  the  curiBitB.  IE;  howen^ 
we  wiah  to  aee  the  apad  whidi  thi^  an  eapaUe 
of  producing,  the  complete  metallic  drcnit  of  lb 
wire  must  be  bmlcen,  uid  It  la  of  impDrtauM  IhH 
tiiia  ehooid  be  done  at  the  noment  wlm  the 
iron  ia  being  magnetized  or  □nniBgnetiicd,aB  it  ii 
then  that  the  curr^t  exiata.  Many  amngeoait) 
have  been  deviaed  for  ra|ddly  whirling  the  Ina 
with  [(a  coila  in  thmt  of  Ihe  magnet,  and  for  tnali- 
ing  the  omtioulty  of  the  wire  of  the  c<»l,  at  tta 
proper  parta  of  the  r«valntion,  that  i)  whco  Ito 
iron  within  the  ctnl  is  being  magnetized,  or  i^ 
magnetized.    Elg.  23,  repreacnta  one  of  the  mat 


useful  of  these  tnagneto-electiic  roaehimn  ti  ^kj 
m  called.  ■  is  a  powerful  magnetic  battery,  on- 
aisdng  of  three  ot  fiinr  strong  horae-ehoe  magneai 
faataned  to  thenprighC  board  z,  by  a  clamp  which 
allowa  of  a^Jnitmeiit  that  they  may  be  bnogbt 
more  or  leas  fbrwaid  bo  aa  to  ba  applied  doKly,  bat 
without  contael,  lo  the  ends  of  Uia  duit  icft  km 
liari  endsMd  hi  tbe  odb  a  and  b.  TbeMcA 
GonaiBt  of  copper  wlra  covered  with  dik  thrad 

and  wocmd  on  the  soft  iron  cores,  whldi  agril 

nidted  eo  aa  lo  (bnn  a  kind  of  hane-shM,  by 

.  jns  of  tbe  iron  bar  aeeu  attetching  fioiB  a  (0  ■■ 

Throng  thk  bar  there  paasea  the  axle  wiiU 

carriea  tbe  otrils  and  hreaka,  and  la  diiveo  by  Ike 

multiplying  wheel  at  a  high  velodty.    Near  the 

point  of  the  azla  ia  fixed  the  break  r,  whkh 

mpooed  generally  of  braaa,  and  baa  cue  rf 

tnds  of  the  eml  in  connectim  with  it,  wUU 

»  aame  time  it  is  pressed  on  by  the  b(Bt 

tmm  the  metallic  plUai  t.    The  pilUr  L 

ia  In  connectioB  with  the  metal  of  Ihe  tappxXt^, 
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ftoivUcii  tbswira  H  rises,  md  nsts  agatost  the 
ling  B.  This  ring  is  sqiamted  fiom  the  axis  by 
n  fawnlstfng  pieee  of  irary  or  dry  wood,  and  has 
tki  oCher  end  of  the  coQ  soldered  to  it,  so  that 
cae  cad  of  tho  ooil  being  in  oommimication  with 
As  axK  canyiog  the  break  and  the  other  end 
vkh  this  ling  r,  the  coivent  will  be  complete 
Ihmigfa  the  wire  ai  and  p  and  w,  between  the 
t*»  cndi  of  the  ooil,  when  the  wire  w  is  in 
CBBtaet  with  the  btcak.  From  what  has  pre- 
cried,  it  will  be  understood  that,  during  one 
ossBplate  lerolutioa  of  the  axis,  the  cores  of  the 
eails  being  twice  magnetiied  and  twice  demagnet- 
iMd,  then  win  be  four  momentary  cmrents 
oeilBd  m  the  ooOs,  and  that  two  of  these  will  be 
ia  o«B  direotioii,  and  two  in  the  opposite.  The 
ipaik  is  most  dearly  seen,  if  the  break  be  so 
snaged,  that  the  coirmt  is  broken  when  the 
Sas  joming  the  ooitre  of  the  two  cofls  b  verticaL 
For  chenical  decomposition,  it  would  be  im- 
portant, that  only  corrents  in  one  direction  should 
be  SBpkjed.  This  will  be  accomplished  by 
sOoviag  the  cancnt  to  be  closed  during  one-half 
the  levolotiaa,  thoa  confining  the  current  to  the 
eoib  themselves,  and  not  permitting  them  to 
ps«  to  the  point  of  operation ;  but  the  question 
sdns,  dnrimg  which  half  of  the  revolution  the 
esaw  diiectkn  of  the  conent  will  be  maintained. 
Sew  it  Is  erident  that  as  demagnetizing  and 
■igwrtiring  by  an  opposite  pole,  both  give  a 
nrase  eoncnt,  they  will  agree  in  direction  among 
tbensdves,  so  that  as  ^ther  coil  passes  from  one 
pels  of  the  magnet  towards  the  other,  the  cnnents 
wtf  be  need  by  breaking  tho  connection,  and 
ilM^g  them  to  paaa  to  eflect  chemical  action; 
bat  that  the  coirent  most  be  closed  while  the 
ceQ  passes  again  from  that  pole  and  towards  the 
Bsxt,  the  csitent  being  then  completed  in  Uie  wire, 
tkraagh  the  bieak.  It  is  found,  that  coils  formed 
«f  thkk  wire,  give  bright  sparks  and  currents 
cipabis  of  prodndng  heat  and  magnetism, 
vhib  Ttiy  great  lengths  of  exceedingly  thin 
«in  pfodnee  much  greater  chemical  power  and 
it  non  energetic  aho^  when  the  human  hands 
M  sppBed  to  oondactoTB  in  communication  with 
thsmdsoftheooiL  The  first  are  called  quantity, 
Mi  the  aeooiid  intensity  armatures.  For  the 
fxpess  of  ooBummicating  the  shock  or  iq»plying 
thne  enrrents  medicaBy,  the  brass  conductors 
*  snd  T,  ate  need  and  iqipUed,  as  in  the  case 
ef  tta  gshanie  cnrrent  from  an  ordinary  battery, 
vUe  the  coOa  are  driven  round.  The  wires 
attached  to  these  oondnctois  pass  the  one  to  pillar 
▼«  vkib  the  other  has  its  end  pushed  into  a  hole 
h  ths  end  of  tlie  axis.  The  strength  of  the 
as  the  nq>idity  of  revolution 
agreeing  with  what  was  said,  as  to  the 
caase  of  these  enmnts  being  the  induction  pro- 
daoed  by  the  sodden  presence  of  the  magnetic 
pele,  or  aeeocding  to  Ampere,  the  dectrio  currents 
b  that  pole.  This  maffoeto-dectrio  madiine  is 
osesdiagjly  oscftil  in  the  medical  application  of 
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tensity  with  the  greatest  nicety,  by  applying 
a  piece  of  iron  across,  between  the  limbs  of 
the  magnet,  and  sliding  it  more  or  less  near  the 
poles.  It  is  always  ready,  nig^t  or  day,  and 
does  not  need  the  same  amount  of  preparation 
as  a  battery,  or  even  the  ordinary  coil  machine, 
where,  at  least,  a  dngle  voltaic  pair  is  required. 
It  has  been  most  useful  as  a  means  of  resuscita- 
tion in  drowning,  in  threatened  death  from  chloro- 
form, and  in  many  other  similar  cases.  It  has 
been  proposed  as  a  means  of  corporal  pnnidiment 
in  the  army,  communicating  pain  without  mutila- 
tion. It  has  been,  and  is  stUl,  used  on  a  large 
scale  in  electro-metallurgy.  It  is  in  constant 
use  as  a  substitute  for  batteries  in  the  Magnetic 
Tdegraph,  and  may  be  regarded  as  one  oi  the 
most  remarlLsble  of  human  inventions. 

As  important  both  for  their  theoretical  and 
practical  bearings,  it  may  be  proper  here  to  refer 
to  the  phenomena  depending  on  magneto-dectric 
induction,  brought  to  light  by  the  researches  of 
Arago,  Babbage,  and  Herschd.    If  a  disc  of  any 
met^  be  placed  over  a  fredy  moveable  magnet, 
as  in  fig.  24,  and  set  into  dicular  moticm,  the 
needle  will  gradually  begin  to 
follow  the  motion  of  the  disc, 
and  if  the  rapidity  be  suffi- 
ciently increased  and  the  plate 
be  placed  near  enough,  will 
ultimately  revolve  with  greater 
and  greater  rapidity.  That  this 
efiect  is  not  due  to  the  currents 
of  air  Arago  proved  by  inter- 
posing a  plate  of  paper  or  glass, 
and  he  conjectured  that  rotation 
was  a  source  of  magnetism  or, 
at  least,  of  dectricid  currents. 
Herschd  and  Babbage  showed 
that  if  a  number  of  dits  or  cuts  in  a  ra^al  direc- 
tion are  made  in  the  disc  of  metal,  the  revolving 
motion  is  greatly  enfeebled,  and  that  di£ferent 
metals  revolve  with  eneigy  proportional  to  their 
conducting  power.    Faraday  ultimatdy  succeeded 
in  proving  that  these  phenomena  were  wholly  due 
to  the  currents  induced  in  a  moving  conductor  by 
the  presence  of  a  magnet,  in  the  way  explained 
in  the  preceding  paragraphs.    As  may  be  at  once 
inferred  from  such  experiments,  caution  must  be 
exercised  in  drawing  condusions  as  to  the  direct 
magnetic  or  non-magnetic  properties  of  bodicB 
from  their  movements  in  the  ndgfabonrhood  of 
magnets.     The  mode  of  oedllations  must  be 
used  with  suspidon  only.     There  can  be  no 
doubt  that  metallic  pendulums  must  be  aiXected 
in  the  rapidity  of  their  oscillations  to  some  extent 
by  the  influences  of  terrestrial  magnetism  in  the 
way  here  referred  to.    A  copper  ball  suspended 
between  the  poles  of  a  powerful  dectro-magnet 
can  be  easily  made  to  turn  itself  rapidly  round 
by  magnetizing  and  unmagnetizing  the  iron,  and 
it  ought  to  be  recollected  that  these  motions  may 


Fig.  9k 


in  many  cases  mask  or  modify  the  appearanoea 
It  can  be  regidated  in  in- 1  presented  in  lenarches  on  the  properties  of  tho 
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magMde  field  and  on  dianiagnetinn.<^A8  a  prao^ 
deal  example  of  the  manner  in  which  Arago'a 
difloovery  has  been  tamed  to  aooonnt,  the  mode 
of  ledacing  the  oscillations  and  thus  steadjring 
the  needles  of  the  mariner's  compass  may  be  re- 
ferred to.    A  ring  of  copper  or  other  good  con- 
dnctiog  non-magnetic  metal  is  placed  ronnd  the 
compass  box  and  as  does  to  the  needle  as  prac- 
ticable conastcnt  with  free  motion.    The  effisct  of 
this  is  that  the  oecfllatians  are  greatly  redaced 
and  the  unoertamty  in  steering  on  an  agitated 
sea  considerably  diminished.    The  theory  of  this 
action  can  be  at  once  nnderstood  from  what  has 
already  been  mentioned :  the  needle  tends  to  drag 
round  the  copper  ring  after  it  in  its  ezcorsbns,  and 
as  action  and  reaction  are  equal  and  opposite,  the 
needle  itself  is  acted  on  by  a  corresponding  force 
dragging  it  back,  so  that  rest,  after  any  disturb- 
ance is  much  more  rapidly  produced  thim  if  no 
such  action  existed.    Copper  is  used  as  the  ring 
on  account  of  its  high  conducting  qualities,  at  the 
same  time  that  it  can  be  got  pure  and  trie  from 
mixture  with  iron  or  other  magnetic  material 
which  would  act  injuriously  on  the  compass  needle 
by  producing  contending  polarities  in  its  neigh- 
bourhood and  interfere  with  the  directive  force  of 
the  earth  in  the  manner  known  as  local  attraction. 
We  shall  now  give  some  account  of  the  dif- 
ferent suppositions  that  have  been  made  as  to 
the  nature  of  the  mutual  influence  which  is  ex- 
erted between  an  electric  current  and  a  magnet 
Any  general  theory  must  account  for  such  phe- 
nomena as  the  attraction  of  iron  filings  by  a  wire 
canying  a  current,  the  magnetic  properties  of 
coiled  currents,  the  directive  power  of  a  current 
on  a  magnet  or  a  magnet  on  a  current,  and  the 
continued  rotation  of  a  magnetic  pole  round  a 
current  and  vice  vena*    The  most  obvious  and 
the  earliest  supposition  was,  that,  by  the  conflict 
of  the  two  electricities  within  the  wire,  magnetic 
properties  were  acquired  with  the  polar  directions 
at  light  angles  to  the  current,  so  that  a  section  of 
the  wire  canying  a  current  might  be  assimilated 
to  a  series  of  small  magnets  laid  round  in  a  drde 
as  in  the  annexed  figure.    A  magnetic  needle  in 

the  ndghbourhood  of  this 
series  would,  from  the  known 
laws  of  magnetic  actkm,  be 
caused  to  place  itself  parallel 
and  with  opposite  polar  ar- 
rangement to  the  nearest 
magnet  To  this  it  may  be 
objected  that  the  whole  would 
be  analogous  to  a  doeed  mag- 
netic drde  or  to  a  magnetized  ring  whidi 
would  have  no  action  on  external  magnets, 
and  beddes  this  objection  no  explanation  is  af- 
forded by  this  hypothesis  of  the  rotation  of  a 
magnetic  pole  round  the  wire.  To  remedy  this 
Wollaston  and  others  adopted  the  supposition 
that  by  the  passage  of  the  dectridties  in  the  wire, 
the  two  magnetic  fluids  that  accompanied  them 
put  into  a  spiral  or  vortigenous  motion  in 
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oppodte  dhnctions,  and  that  they  thus  Uuki  t» 
draw  along  with  them  the  magnetic  ptdea.    Tbtt 
the  real  force  exerted  on  the  magnet  by  the  win 
was  in  a  circular  direction  round  the  eooiasof 
tjbe  current  or  always  in  the  dix«ction  of  a  tangot 
to  the  drde  described  round  the  wire,  henoe  it 
was  called  a  tangential  fbroe.     The  magiude 
pole  was  thus  driven  round  in  the  same  way  ass 
ball  would  be  impelled  by  a  revolving  whed  if  it 
were  placed  between  its  spokes.    To  aoooant  Ar 
these  attractions  and  repulsions  exerted  betwesB 
two  cunents  it  was  supposed  that  magnetic  flddi 
of  the  same  name  attracted  each  other  if  they 
moved  in  oppodte  directions,  l>ut  rq)d1ed  if  tbef 
moved  in  the  same  direction,  and  thns  by  a 
highly  artificial  and  cumbrous  series  of  grataitoal 
suppodtions  most  of  the  phenomena  of  dselnh 
magnetism  could  be  accounted  for.    It  may  be 
remarked,  however,  that  there  is  no  other  instaaes 
among  phydcal  forces  of  the  existence  of  a  taa- 
gential  force  as  the  primitive  influence 
between  two  bodies,  there  befaoig  in  all  other 
an  attraction  or  repulsion  only  along  the 
Une  which  johis  the  acting  points.    It  is  to  libs 
illustrious  Frenchman,  Ampere,  that  sdeuce  is 
indd>ted  for  a  theory  at  once  simple  and 
prehendve,  wiiicB,  m^ile  it  has  seired  to 
all  the  phenomena  of  dectro-magnetism  sulifeet 
to  rigid  ^culation,  and  is  therefore  in  this  respect 
fiu*  preferable  to  any  of  the  others,  yet  demaDili 
no  hypothesis  so  repugnant  to  the  prevkmsly  a»- 
certdned  medianical  principles  Ma  those  nsoea- 
sarily  implied  in  the  others.    Ampero*s  tfaeoiy, 
which  has  gahied  for  ito  author  the  title  of  the 
Newton  of  dectridty,  now  plan's  so  ifflportaut  a 
part  in  physical  sdence  thi^  it  cannot  iMre  be 
passed  over  without  an  attempt  to  expound  its 
nature  and  some  of  its  consequences.    Ampere 
discovered  by  experiment  that  deetric  emral* 
attract  and  repel  each  other,  and  he  makes  lUi 
the  foundation  of  his  theory,  assinning  that  round 
the  constituent  molecules  of  magnets  there  ut 
perpetually  circulating  deetric  currents,  and  that 
the  attractions  and  repuldona  exerted  betwesn 
magnets  and  deetric  currents  are  due  akoe  totiis 
mutual  actions  between  the  currents,  thus  settiqg 
aside,  m  toto,  the  ordinary  hypotheses  of  magnelie 
fluids  and  all  tangential  and  transverse  msgnstfe 
forces.    He  thus,  suocessf uDy,  by  ralcnlsfkin  and 
experiment,  referred  the  whde  class  of  deolro- 
magnetic  rotations,  magnetic  properties  of  eoU^ 
the  inductive  actions  of  magnets  on  neighboatiii^ 
conductors,  and  even  the  magnetic  properties  of 
the  earth  itsdf,  to  one  sole  hypothesis  and  a  feet 
well  ascertained  by  experiment:  tlie  hjrpothesis 
bdng  that  amagnet  consists  of  a  series  of  perpet- 
ually circulating  deetric  currents,  and  Um  feot, 
that  deetric  currents  attract  or  repd  eadi  other. 
The  first  point  neoessaiy  for  the  establishment  of 
this  theoiy  was  to  ascertain  the  laws  of  the  feres 
by  which  one  electric  cnirant  acts  on  another ;  or, 
in  other  words,  to  ascertain  the  foim  and  the 
vdue  of  the  ooostants  in  the  expresskxa  which 
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itpnMot  the  fcne  with  whidi  under  all  dream- 
ttaDMiorkDgdi,  distance,  intendC}',  abape,  and 
poritiQB,  any  one  auTent  acts  on  another.  In 
onkr  to  this  it  can  rauUljr  be  ascertained  by 
BMHB  of  a  wire  carrying  a  cnmnt  and  rendered 
■wvvable  in  any  manner,  as,  lor  instance,  in  the 
war  ibown  in  tha  flgue,  that  if  another  corrent 
be  branfjtA  parallel  to  it  they  will  repel  each  other 

if  they  be  moving  in  the 
aame  direction,  but  at- 
tract if  they  move  in  the 
opposite  directions;  and, 
moreover,  that   the   at- 
traction and  repnlsion  is 
less  as  the  angle  contained 
l>etween  tha  positions  of 
the   wires  increases   till 
when  they  are  at  right 
angles   it   ceases,  as   is 
av^oit  from  the  fact  tliat 
it  mnst  change  from  at- 
to  repokion  or  vice  vena^  so  that  in 
Ikii  position  the  ftmction  wliicfa  representa  the 
action  most  be  zero.    It  may  also  be 
that  the  action  of  each  corrent  is  pro- 
portional to  its  intensity,  and  consequently  when 
two  act  on  each  other  the  mutoal  in- 
win  be  proportional  to  the  prodact  of 
itnaities^     It  is  evident  that  the  force 
vi&  vaiy  with  the  diatsnoe  between  the  acting 
poiati  of  the  currents,  and  therefore   it  will 
beinponDble  to  obtain  a  general  expression  for 
tlm  amtnal  infloenoe  for  any  bat  small  portions 
of  esftati,  so  small  that  their  length  may  be  le- 
gsrded  as  evanescent  compared  with  their  mntnal 
^ttMan.    It  la  impoasible  to  experiment  with 
puts  of  currents  answering  theee  conditions  and 
St  tie  sane  time  exdndiqg  the  action  of  the  re- 
■iinder  of  the  cnirents ;  bat  it  may  be  assumed 
tist  tin  action  of  dementi  or  cnnents  so  small 
tftst  the  distance  of  all  their  parts  may  be  reck- 
ooed  eooitant  and  designated  by  d,  varies  in- 
naeiy  as  d*.    Tliis  is  more  particolarly  probable 
if  it  be  the  case,  we  Imow  from  the  invee- 
of  Laplace  and  Biot  that  if  eadi  dement 
■wiffinite  rectilineal  corrent  act  on  a  point 
■  its  aci^iboailiood  with  a  force  varying  in- 
^^aify  as  the  aqnare  of  the  distance,  Uien  the 
whole  line  wiU  act  with  a  iioroe  varying  inversely 
**  ihe  auBpie  <fistance  merely,  and  experiments 
nrmts  can  be  made  in  circomstances 
to   this,  and  the   results  confirm  the 
Abo,  the  same  law  of  force  is 
cvQy  dednced  from  tlie  tact  demonstrated  by 
*Hwinicui  that  tlie  intensities  bdng  eqoal,  if 
the  kogth  and  nnmbcr  of  the  corrents  be  pro- 
pcftiood  to  the  diitance,  the  efllect  of  any  series 
vfll  be  tlie  same  on  an  dement,  or  small  portion 
«f  a canent:  for  instance,  in  fig.  27,  o  will  be 
>•  aiacfa  affected  by  tlie  single  short  corrent  at 
ff  is  by  the  two  doobly  loi^  corrents  at  B,  or 
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at  p,  the  onity  of  distance,  and  it  is  easy  to 
show  that  aooordiug  to  no  other  law  than  the 
inverse  sqoare  would  this  follow. 
For,  representing  by  »  the  unde- 
termined power  of  the  distance  ac- 
cording to  which  the  force  in  each 
element  acts,  then  we  should  have 
the  force  at  any  distance,  d  repre- 
sented by  an  expression  propor- 
tional to  <f*,  because  the  length  of 
each  current  increases  as  <f,  and 
the  number  of  currents  also  in- 
crease as  d^  so,  for  these  two 
reasons  we  should  have  d^  as 
the  law  of  the  variation  of  the 
inherent  strength  of  the  force  in  such  an  ar- 
rangement as  that  in  the  figure,  bat,  by  sup- 
position, its  action  on  m  is  to  be  proportional  to 

1  d^ 

-^60  its  total  action  will  be  represented  by-^ 

and  this   at  the   unity  of   distance   becomes 

merdy  unity.    But  by  experiment,  this  is  the 

d* 
same  at  all  distances,  so  we  have-^  =1  or  </* 

=  ^  w  n=z%  proving  tliat  the  invcrro 
square  Is  the  true  law,  according  to  which  the 
action  of  the  force  vajaes  with  the  distance  in 
the  case  of  dementaiy  portioils  of  cunents  acting 
on  each  other.  This  reasoning  may  appear  to 
be  vitiated  by  bdng  founded  on  the  case  of  cur- 
rents of  finite  length,  but  the  reader  will  easily 
perodve  that  tliis  is  not  the  fact,  as  integration 
would  give  the  same  result  In  attempting  to 
construct  an  expression  which  shall  emlMdy 
what  has  preceded  into  a  generd  formula  for 
calculation,  difficulty  was  experienced,  from  the 
circumstance  that  the  influence  which  extends 
between  the  dements  of  two  dectrical  currents, 
varies  not  only  with  thdr  distance  and  motod 
position,  but  also  with  the  relative  directions  of 
the  dectricd  currents  with  refrrenoe  to  the  line 
joining  their  centres.  The  dmplest  case  of  this 
kind  is  where  the  cor- 
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rents  are  paralld  to 
each  other,  and  per- 
pendicular to  the  line 
Joining  their  centres, 
as  in  fig.  28,  in  which 
case  they  attract  or 

repel  eadi  other  with  the  maximum  force.  In 
the  case,  however,  that  either  or  both  the  cur- 
rents should  be  oblique  to  tho  line  joining  their 
centres,  as  seen  in  the  position  of  n'  in  fig.  29, 
we  imow  that  the  maxi- 
mum force  of  a'  is  exerted 
on  B'  dong  the  line  join- 
ing thdr  centres,  but  ex- 
periment proves  that  the 
maximum  force  of  b'  is 
not  exerted  along  this  line,  hnt  along  a 
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Fig.m. 


line 


^  fmt  corrents  endi  four  thnes  as  hmg  at  a,  a  perpoidicular  to  itself,  as  dong  a  p,  and  we 

la  great  as  the  single  corrent  1  wish  to  know  how  nmdi  of  that  force  is  really 
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exerted  along  oblique  lines  joining  the  centres 
of  the  two  elements.     To  this  Ampere  was 
assisted  by  the  results  of  experiments  which 
prove  that  a  twisted  or  sinuous  current^  of  any 
form,  exercises  the  same  action  on  another  cur- 
rent, as  a  straight  current  terminated  at  the 
same  points  would  do.     In  the 
figure,   the  effect  of  the  current 
passing   along  the  straight   and 
twisted  wire  would  be  null,  and 
thus  it  was  easy  to  see  that  the 
inclined  elements  might  be  replaced 
by  two  component  currents,  one 
in  the  direction  of  the  line  joining 
the  centres  of  the  two  elements, 
'  Fig.  80l        and  which,  experiment  proves,  has 
no  effect  on  that  element,  and  an- 
other perpendicular  to  it,  which  has  the  full  effect 
due  to  its  shortened  length.     Thus,  the  single 
straight  current  c  b",  fig.  31,  is  replaced  by  Ske 
two  currents  cd  and  db'",  wihich,  experimoit 
proves,  would  produce  exactly  the  same 
effect,  while  it,  at  the  same  time,  proves 
that  D  B''  alone  would  exercise  no  effect 
on  a  current  in  the  direction  of  its  own 
length,  or,  at  least,  none  of  which  we 
Fig.  8L  need  at  present  take  account,  and  so  it 
may  be  n^lected,  and  the  fhll  eSkd 
deduced  tinm  cd.     But,  as  the  effects  of  gd 
and  OB''  will  be  to  each  other  as  their  lengths, 
and  these  are  as  the  lines  o  d  and 
c  B";  and  c  d  =  c  b"  sin.  d  b"  c, 
that  is,  the  force  in  the  direction 
of  the  line  joining  the  centres  is 
eqiud  to  the  whole  force  of  the 
Fig.  89.        element  multiplied  by  the  sine  of 
the  angle  which  its  direction  makes 
with  that  luie.   The  same  result  must  follow  if  the 
other  elements  be  also  oblique  to  this  line. — If 
6  denote  the  length  of  the  one  element^  and  %  its 
intensity,  ef  and  i'  representing  the  same  for  the 
other  dement,  while  d  represents  the  distance  of 
their  centres  and  ^,  0'  the  angles  which  these 
directions  respectively  make  with  the  line  join- 
ing their  centres,  then,  because  the  mutual  action 
of  two  forces  is  equal  to  the  product  of  each 
separate  action,  we  should  have,  by  what  has 
preceded 

- e  1  sin.  fi  c'  t'  sin.  / 


D    B" 
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or 


/= 


ttf  ii'  sin.  6  'Axi.  ^ 


Lut  this,  be  it  obscr\-cd,  only  applies  to  the  case 
of  the  two  elements  of  currents  being  in  the  same 
plane,  and  in  order  to  render  it  applicable  to 
every  position,  wo  must  decompose  one  of  the 
forces  into  two  components,  one  of  them  parallel 
to  the  plane  of  the  other  element,  and  another 
perpendicular  to  that  plane,  which  last,  as  it 
exercises  in  general  little  effect,  may  till  after- 
wards be  neglected.    The  first  component,  viz. 
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that  parallel  to  the  plane  of  the  other  dement, 
may  be  got  in  the  way  which  may  be  ooder- 
stood  from  fig.  38,  where  p  q  b  8  represents  a 
plane  passing  through  one  of  the  elements  ami 
through  the  line  which  _ 
joins  the  centres  of  the 
two,  and  tuvw  is  a 
plane  passing  through 
the  other  element  and 
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the  Une  which  joins  /] 
them ;  then  a  l  exhibits  ^^ 
the  one  element,  and  c 
B  c  the  one  in  the  other 
plane.  If  c  d  be  pro- 
jected on  the  plane  pqr9,  bd  may  represent 
this  prcjection,  and  if  ^  denote  the  angle  contained 
between  these  two  planes,  then  b  g  cos.  f  will  be  its 
component  in  the  other  plane,  which  would  then, 
were  it  not  perpendicular  to  the  line  joining  the 
centre,  be  affected  by  the  sine  of  the  angle  which 
it  makes  with  it  as  has  already  been  indicated; 
so  we  arrive  at  the  general  form  for  all  possAle 
positions  of  the  two  dements  whether  hi  the  same 
plane  or  not 

- ii'  ee'  sin.  ^  sin.  ^  cos.  f 

It  is  evident  by  inspection  of  this  expresioB, 
that  the  force  vanishes  where  $  or  V  disappear, 
that  is,  when  either  of  the  elements  beoonies 
parallel  to  the  line  joining  their  centres,  and 
this,  whatever  may  be  the  direction  of  the  other 
dement.  Now,  experiment  proves  that  this  is 
not  the  fact  except  in  the  single  case  when  the 
other  dement  b  at  right  angles  to  the  Une  join- 
ing the  centres,  or  in  other  words,  when  the  tiro 
elements  are  at  right  angles,  and  at  the  esine 
time  the  length  of  one  of  the  dements  is  directly 
pointed  at  the  centre  of  the  other.  It  is  easily 
proved  by  experiment  that  the  parts  of  two 
currents,  or  two  parts  of  the  same  current  repel 
each  other  if  they  are  in  the  same  straight  line: 
as,  for  instance,  in  fig.  34,  wliere  the  two  de- 
ments are  in  the  position 
AandB".  Also,  it  appears 
that  this  repulsion  does 
not  in  any  degree  exist, 
or  at  least,  that  it  is  at 
its   minimum  when   the  ^\ 

two  elements  are  parallel,  ^ 

as  at  A  and  b.    No  indi- 
cation of  this  is  found  in 
the  expression  for  the  force,  jy,  _  _  _  -  ^' 
which  must,  therefore,  be     \ 
imperfect    An  additional     I 
term  will  remedy  this  if  it  Fig.  Si 

be  so  constructed  that  it 
shall  vanish  when  either  of  the  two  currents  an 
perpendicular  to  the  line  joining  their  centres,  and 
that  it  shall  be  a  maximum  when  they  both  coin- 
cide with  that  line.  Now,  the  cosines  of  the  angles 
$  and  §\  have  these  qualities,  and  it  is  probabls 
that  this  term  ought  to  be  some  fonction  of  tbM 
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For  the  purpose  of  aaoertaining  the 
Ibnn  and  oanrtanta  of  this  term,  Ampere 
adopted  the  product  of  those  coshiea  affected  with 
an  nndetennhied  ooeffident,  which  we  may 
dcBOte  by  ai,  and  afterwards  caleokted,  by  inte- 
gratfaig  tiie  expression,  the  rotatory  action  exerted 
by  a  doaed  current  on  an  element  of  another 
circalar  oondactor,  and,  as  experiment  proves 
that  actioD  to  be  null,  he  equated  this  result  to 
sen,  and  thus  gets 

2-f  3ai  — 1  =  0 

or  fli  ^  —  |. 

By  snbatitiiting  this  Talne  for  m,  we  get  as  the 
coaiphte  expression  of  the  attraction  between 
tvo  dcmenta  of  electric  currents  in  any  direc- 
tioB,  and  of  any  intensi^ — 

]•=,  —ji"  (an-  ^1  «n.  f ,  cos.  ^ — \  000.  ^,  cos.  #'.) 

THien  cakalation  is  to  be  made  of  the  attraction 
of  finite  lengths  of  current,  integration  must  be 
RBoited  to,  in  which  case^  if  /  and  f  be  the 
lengths  of  cozrents,  d  I  and  d  V  would  be  sub- 
rtitutied  for  e  and  €. — A  multitude  of  results  have 
been  deduced  from  this  expression  by  Ampere, 
Sarary,  and  OMxre  recently  by  Plana.  We  can 
baft  briefly  point  out  some  A  its  consequences. 
It  BBst  be  observed,  that  in  order  that  the  ex- 
pRSBoo  may  tndude  the  property  of  electric 
CBirensa  attracting  each  other  when  in  the  same 
dnecftioo,  and  repelling  when  in  opposite,  it  is 
to  adopt  a  oorresponding  convention 
to  the  angles  $  and  Z',  in  order 
that  in  the  proper  ctremnstances  these  sines  may 
be  Mgative  or  positive,  so  as  that  the  expression 
■ay  indicate  attraction  when  positive,  or  repul- 
sion  when  negative.  Thisvrill  be  accomplished 
if  the  aqgle  $  be  always  measured  between  the 
part  of  this  cmrcnt  produced  in  its  own  direction 
aad  the  part  of  the  straight  line  Joining  the 
csBtm  of  the  two  elements  produeed;  thus,  with 
i^pnd  to  the  two  elements  b  b  and  a  k,  fig.  85, 
B  going  in  the  direction  of 

the  arrows  we  take  as  the 
angles  $  and  #',  b  d  f  and 
ACP;  then  those  on  the 
upper  and  right  side  of  tho 
joining  line  will  be  reckoned 
positive,  and  those  on  the 
left  and  lower  side  negative. 
One  of  the  most  interesting 
results  of  Ampere's  investi- 
gation was  the  explanation 
they  afforded  of  the  rotation  of  a  wire  roimd 
a  magnet,  or  of  a  magnet  round  a  wire.  This 
at  ooce  fioDows  from  the  general  expression,  if 
vo  adadt  that  a  magnet  is  composed  of  circular 
dRuIating  round  the  molecules,  and 
in  planes  perpendicular  to  the  magnetic 
axis,  aa  may  be  represented  in  section  in  fig.  86. 
It  can  be  shown  thiit,  as  the  contiguous  portions 
•f  the  dementazy  molecnlar  cuirents  being  in 
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opposite  dh«ctions,  will  oppose  each  other,  and 
produce  a  null  effect,  the  whole  system  will  be 
merely  equivalent  to  an 
external  current  circu- 
lating in  the  plane  of 
the  section,  and  in  the 
same  direction  as  the 
molecular  currents;  so  a 
magnet,  in  this  theoiy, 
is  represented  by  a  oon- 
'  tignous  series  of  closed 
currents  arranged  per- 
pendicular to  its  axis, 
and  of  the  same  dia-  Flg:8& 

meter  as  the  magnet  it- 
self. Such  an  arrangement  Ampere  designates 
as  a  solenoid,  and  shows  by  calculation  that  it 
may  in  all  cases  take  the  place  of  a  magnet  In 
this  way,  we,  in  attempting  to  account  for  the 
rotation  of  a  wire  round  a  magnet,  substitute  for 
the  magnetic  pole  a  circular  current  of  the  same 
diameter.  Let  us  represent  a  small  portion  of 
this  cuxrent  by  the  straight  line  A  b,  fig.  37,  and 
an  dement  of  the  cur- 
rent which  is  to  be 
made  to  rotate  round 
it  by  L,  then  we  find, 
by  the  formula,  with 
regard  to  any  element  "^"^ 
of  the  current  to  the 
right  of  L,  as  for  in- 
stance, B,  that  its  ac- 
tion on  L.  is  repulsive,  for,  $,  the  angle  at  l,  is 
negative,  and  the  angle  #",  at  b,  is  positive,  hence 
sin.  ^  is  nogative,  and  sin.  i'  positive,  and  when 
substituted  in  the  formula  they  give  a  negative 
attraction  or  a  repulsion,  by  which  the  element  i< 
would  be  impelled  in  a  direction  from  right  to 
left  by  b.  It  is  dear  that  the  same  result  must 
follow  for  all  the  dements  of  the  current  to  the 
right  of  L.  But  any  dement,  as  a  on  the  left 
of  L,  will  give  attraction ;  the  angle  ^,  at  i^ 
being  n^ative,  its  sine  is  negative;  and  the 
angle  ^,  at  a,  being  also  negati^'e,  these  two 
negatives  bdng  multiplied  together,  would  give 
a  positive  result  when  substituted  in  the  expres- 
sion for/,  which  is  therefore  positive.  As  in  each 
cose  the  angle  ^,  may  be  neglected,  so  in  this 
one,  L  would  be  drawn  towards  a,  which  attrac- 
tion would  therefore  conspire  with  the  repulsion 
from  B,  and  give  a  tendency  to  move  in  a  direction 
against  the  current  in  a  and  e.  As  this  would 
be  the  result  for  every  dement  of  these  currents 
when  integration  was  applied,  the  whole  actions 
would  conspire  to  produce  a  continued  rotation 
round  the  magnetic  pole,  and  thus  we  get  alto- 
gether rid  of  the  improbable  supposition  of  a 
tangential  force,  by  the  substitution  of  a  mere 
attraction  or  repulsion.  A  little  consideratioa 
will  show  that  if  the  current  were  fixed,  and  the 
magnet  moveable,  the  same  attraction  and  re- 
pulsion, action  and  reaction  bdng  equal,  would 
cause  the  magnet  to  turn  on  its  axis,  or,  if 
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proper  amngements  wore  made,  to  revolve  round 
tbe  wire.  £zAct  calculation  by  means  of  the 
general  expression  for  the  action  of  magnets  on 
each  other,  on  the  supposition  that  they  are 
solenoids,  has  led  to  results  which  are  in  perfect 
conformity  with  the  known  magnetic  laws.  For 
instance,  Ampere  has  proved  that  the  total  action 
of  two  solenoids  upon  each  other  may  be  reprfr- 
sented  by  a  force  emanating  from  each  end  of 
the  one  towards  each  end  of  the  other,  viz.  an 
attraction  and  repulsion,  as  is  shown  in  fig.  88 

—-the  attractions,  by  the 

Q-r — -T — r — - — \    continuous,  and  the  re- 
*    ^     ^     ^    ]    pulsions  by  the  inteiv 
^^^  "^    rupted   lines,  and  that 

each  of  these  forces  acts 
according  to  the  inverse 
square  of  the  distance. 
This  is  exactly  the  case 
of  magnetic  baxs,  so  the 
magnets  act  at  least  as 
if  they  were  solenoids.— 
According  to  Ampere*s  view,  terrestrial  magnetism 
is  nothing  more  than  the  eSoct  of  electric  currentB 
circulating  continually  from  east  to  west  round 
the  earth,  which  is  by  no  means  impossible.  Fara- 
day's discovery  of'  tiie  induction  of  electric  cur- 
rents by  magnets  moving  in  the  neighbourhood 
of  other  bodies,  is  thus  also  simplified,  and  re- 
ferred to  the  induction  of  electricity  by  the  elec- 
tric currents  in  the  magnet  Recently,  different 
attempts  have  been  made  to  modify  the  hypo- 
thesis of  Ampere,  in  so  fi»  as  the  nature  and 
modes  of  circulation  of  the  electric  currents 
round  the  elementary  molecules  is  concerned. 
Weber,  Pe  la  Rive,  and  others,  have  been  en- 
gaged in  such  speculations  In  connection  with 
the  subject  of  diamagnetlsm,  and  Tyndal*s  re- 
searches have  thrown  doubts  not  only  on  thii 
but  on  all  existing  theories  of  magnetism. 
^  Ble^tr^lTals  =  Ehctro-chemkal  decomiMn- 
tion:  a  term  of  Faraday^s. 

Elecirvlyte.  A  body  that  is  directly  decom- 
posed by  the  electric  current,  such  as  water — ^is 
named  by  Mr.  Faraday,  an  electrolyte. 

Elcctro-SIagMei*  A  current  of  electricity 
itself  possesses  magnetic  properties,  as  evfaiced 
by  the  attraction  of  iron  filings  toward  the  con- 
ducting wire  of  a  voltaic  battery.  If  the  wire 
be  coUed  up  into  a  flat  sphvl,  and  suspended  so 
as  to  allow  of  its  freely  turning  on  a  vertical 
axis  while  it  carries  the  current,  it  will  arrange 
itself  like  a  ross^netic  needle,  and  exhibit  the  two 
opposite  magnetic  polarities  on  its  two  &oes, 

being  attracted  or  repelled 
by  the  ordhuoy  magnetic 
poles,  and  may  therefiire 
Fig.  1.  be  called  a  true  electro- 

magnet If  the  conduct- 
ing wire  be  ooQed  into  a  long  spiral  or  cylindrical 
form,  as  in  fig.  1,  a  still  closer  approximation  to 
the  charactofB  of  a  magnetic  bar  will  be  produced 
with  tbe  opposite  poles  at  the  two  ends,  the  in- 


(OCUOOWM) 


Flg-S. 


ELB 

teniity  of  the  magnetic  power  becoming  gMttv 
as  the  strength  of  the  voltaic  current  inoeases, 
and  also  as  the  numbed  of  coils  is  angnenled. 
Such  coils  or  helices  turn  themselvea,  whea  tm 
to  move,  into  the  direction  of  the  magnetic  meri- 
dian; and  a  small  floating  battery  of  a  singis 
pair  of  copper  and  zinc  plates  placed  In  a  f^ 
tube  containing  diluted  add,  and  supported  by  a 
cork  float  with  a  coil  of  wire  soldered  to  the 
plates,  as  in  fig.  2,  may  be  substitoted  when  stt 

to  float  in  a  vessel  of  

water,  for  the  magnetic  ^WSW^SJfSSBSSS^ 
needle,  answering  all  the 
purposes  of  a  compass 
without  any  of  the  or- 
dinary magnetism,  and 
might  ther^re  be  called 
an  electro-magnetic  com- 
pass. If  into  the  interior 
of  a  ooil  of  wire  carrying 
a  current  there  be  intro- 
duced a  bar  of  hardened  steel,  it  will  iutantly 
be  converted  into  a  magnet,  and  if  the  cnrvBol 
be  intense  enod^  it  win  be  magnetised  to 
saturation,  and  thus  excellent  permanent  mag- 
nets can  be  most  expeditiously  made ;  bat  it  Is 
upon  soft  iron  that  the  magnetizing  powers  of 
the  voltaic  current  are  most  powerfully  exercised. 
Thus,  if  a  copper  wire  be  coiled  round  a  piece  of 
soft  iron,  and  a  current  sent  through  it,  tlie  inn 
will  instantly  acquire  exoeedmgly  energetic  mag- 
netic properties,  and  indeed  tlds  Is  the  mods  hi 
which  by  fiu  the  most  powerful  magnets  can  be 
oonstmcled.  A  bar  of  well  annealed  soil  Iron, 
6  inches  long  by  1  inch  in  diameter,  having  aboot 
30  or  40  feet  of  copper  bell-wire  covered  by  sOk 
or  cotton  thread,  wound  round  it  in  dose  eoils 
ftom  end  to  end,  becomes,  when  carrying  the 
current  firom  a  battery  of  three  or  four  pain  of 
4-ittch-8quare  plates,  an  exceedingly  powerfol 
magnet  capable  of  magnetizing  compass  osedks 
to  saturation,  and  exhibiting  in  a  striking  way 
most  <tf  the  effects  of 
magnetism.  When 
very  great  power  is 
required,  the  form  of 
a  horse-shoe,  or  of 
the  letter  U,  is  gen- 
erally given  to  the 
iron  bar.  Care  must 
be  given  to  the  se- 
lection of  the  best 
and  softest  iron.  The 
copper  wire  should 
be  thickish,  say  about 
No.  12,  and  should 
not  be  strained  or 
twisted,  lest  its  con- 
ducting powers  be 
injured.  It  is  generally  wound  on  in  several 
lengths,  the  separate  ends  being  soldered  to  two 
difierent  thick  wires,  for  oonnectioD  with  tbe 
battery,  taking  care  to  wind  on  all  the  ooQs  in 
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dfei  ame  diiMdan,  and  to  addw  fhe  beginnings 
bI  itt  oC  them  to  one  irire,  whik  the  ends  are 
to  another,  as  In  ilg.  8.  The  electro- 
brloiiging  to  the  Facnlty  of  Sdenoes  of 
PiHii  k  capable  of  lifUng  a  weii^t  of  three  tons 
vhn  SB  eneigetie  oomnt  is  sent  thiongfa  its 
N,000  feet  of  copper  wirew  Skctro-magnets  are 
Bsv  pmnSly  nsed  for  magnetizing  compass 
and  abo  the  long  and  powedtal  oorraciing 
fv  inn  liMiiliii  Foe  experiments  on 
ftsMSgnstie  <Md  and  wseawhes  on  diamagnetiim 
aid  meitas^jstaniTatinn,  electre-magnets  sre 
amlf  ezdnhraly  nsed,  not  only  because  <tf  their 
^  power,  bat  also  becanse  of  the  fsdli^  with 
irtic^  hy  ^M«<M»tiwST«g  the  cnmnt,  or  levening 
its  dfaae&n,  the  magnetiBm  can  be  prodnoed,  or 
the  poles  rerersed.  For  oonrenience,  the  an- 
aesed  fcrm  is  sonwtimeB  given  to  them,  and 

slidfaig  pieces  of  soft 
innifCflilled  pointed 
annatnns,  for  ap- 
proximating    tlie 
poles,areuaed  where 
great  ooncentntion 
b  repaired,  and  a 
fieild  of  yery  Ysri- 
aUe   fioroe.      The 
electro  -  magnet  is 
also      extoisiTeljr 
nsed  in  telegraphy. 
Klectio  ••  magnets 
hare  likewise  been 
^jpBed    as   prime 
ef  anddnorj,  but  not  hitherto  eoonomi- 
cely;  adrenmstance  arising  from  twocaoses: 
IM,  while  coal,  the  mattrial  nsed  in  the  prodno- 
tiaa  «f  tfaaB^  is  Iband  in  a  state  of  nature  fit  fiv 
VI,  dMOMtsb  and  adda  from  which  electric  cor- 
ivls  sn  evoked,  lequiro  expensive  and  tnmble- 
MM  proceia  tir  their  preparatkm;  2d,  while 
kii  tree  that  A  vast  statical  preesure  is  exerted 
ky  tks  BSgnetie  force  in  keeping  the  srmatnre 
la coataet  with  the  fiwe  of  the  magnet;  yet,  on 
vcsMftag  the  annatine,  even  ibr  a  short  d^tance, 
ea  aoeoant  of  the  rapid  decrease  of  the  attractive 
fan^  sveiy great  diminution  in  the  efibn  which 
psDi  the  annatare  back  again  is  experienced. 
Two  cr  diree  diflbrcnt  modes  have  been  adopted 
ti  OQovat  the  attractfam  of  these  poweriul  mag^ 
MttistoBedianicalaelkni.    One  of  the  earliei^ 
1^  that  of  the  Rar.  Mr.  M^Ganley,  a  modifica- 
tim  of  which  ia  psesented  in  the  annexed  figure. 
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of  the  current,  and  attracts  the  piece  of  iron  a, 
end  pulls  it  down  to  contact  with  b,  thereby  ele- 
vating the  opposite  end  of  the  lever  at  l,  and 
lifting  the  bat  wire  which  connects  the  cupe  o 
and  D  out  (rf  the  mercury,  thereby  interrupting 
the  circuit,  and  thus,  destroymg  the  magnetiBm, 
and  allowing  the  iron,  a,  to  separate  from  b,  and 
the  lever  to  resume  its  former  position,  which 
restores  the  connection  of  the  coQ  with  the 
battery,  and  renews  the  magnetism.  The  ap- 
paratus is  thus  automatic,  and  continues  to  work 
the  lever  with  a  reciprocating  motion  stmUar  to 
the  motion  of  the  woridng  beam  of  a  steam  en- 
gine. Af .  Froment,  the  philosophical  instrument 
maker  of  Paris,  has  several  machines  of  a  kind 
similar  to  the  one  just  described,  at  work  in  his 
machine  shops.  In  other  cases,  a  bar  of  soft  iron 
is  supported  on  a  vertical  axle  between  the 
poLes  of  an  electro-magnet    The  axle  carries  a 


The  bar  of 
of  «fae,is 


I1C.& 


inn  B,  in  the  intertor  of  the  coQ 
magnetfc  by  the  passage 


ng.e. 

piece  of  copper  whfe  of  the  form  of  a  fork,  which 
dips  into  a  smsll  box,  divided  into  four  compart- 
ments, two  of  which,  opposite  each  other,  are  fllle<V* 
with  mercury,  into  one  of  which  one  end  of  the 
wire  of  the  coQ  is  dipped,  and  into  the  other,  the 
wire  ttom  the  battery,  the  other  end  of  the 
coil  being  put  into  pemument  connection  with 
the  remaining  wire  of  the  battery.    The  mer- 
curial dstemis  so  fixed  that  when  the  iron  arma- 
ture is  in  the  line  joining  the  poles,  as  is  repre- 
eented  in  the  figure,  the  forked  copper  wire  on 
the  axle  is  over  the  two  empty  divisions,  and  con- 
tinues over  them  till  the  armature  is  turned  to  a 
position  at  right  angles  to  its  present  one.    Thai 
the  copper  Ibric  comes  in  contact  with  the  mer- 
cury in  the  opposite  compartments,  thus  trans- 
mitting the  current  firom  one  to  the  other,  and 
allowing  It  to  pass  through  the  ooH  and  mag- 
netixe  the  iron,  which  that  instant  attracts  the 
annatare  round  by  both  the  extremities,  closely 
approximating  it  to  the  poles,  when  the  bat- 
tery connection  ceases,  snd  the  momentum  ac- 
quhed  caxiies  on  the  amuiture  in  its  wheeling 
motkm,  when  again  the  battery  connection  ia 
completed,  and  another  impulse  is  given,  till  at 
last  a  very  high  velocity  is  attained,  fk«quently 
rising  to  a  speed  of  msny  thousand  revolutions  in 
a  minuts  if*  no  reeistanoe  is  put  on  the  machine 
in  the  way  of  work  to  be  done.    In  some  esses, 
many  magnets  are  arranged  in  a  cirde,  and  the 
iron  aimatnrea  made  to  revolve  only  for  a  small 
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put  ofUMravtAnUoD  noder  thtinaiunoornch 
wbcn  in  IH  unmediate  nraghbonifacwd  when  the 
forte  of  ttmcdon  is  etnnigvt  Tbu  last  itu 
lb«  imngenieDt  bi  the  Bxfirbaeat  for  propelljiig 
rallmj  mint,  irhich  mu,  aome  ;can  ago,  madi 
on  the  EdlntmrKh  and  GIm^ow  Una.  1!ba  hiooa- 
vcnience  there  exportaiced  waa,  that,  Iboagh  flu 
fore*  was  »  gnat  when  the  Itki  annabav  waa 
oppodle  tile  magnets  a>  to  drag  the  axlca  tram 
tbair  plaoee,  and  SetOaj  the  voridng  arrasgt- 
mcnta,  jft,  at  a  ebort  distanoa  ftoBi  thosa  pcai- 
lioiia,  It  lra>  IniigniScaiit  ProfeaaoT  Page  has 
receatly  emploTad,  far  ptudneing  motlae,  a  toodl- 


vira  be  placed  with  one  of  ito 

end*  ali(^ll;  enta«d  btto  the 

Intorior  of  a  «otl  of  iiwuUted 

Fig.  I,  wire,  ae  in  %.  7,  it  will  in- 

Btantlj  be  dn^ged  in  when  a 

volMie  cnmat  la  acot  Ihiongli  the  coil,  and,  it  ia 

ItO,  that.  If  the  cmnait  be  mfBdently  energetic. 

It  will  temaln  mspoided 
in  the  *lr  In  the  axis  of 
the  ooil  withont  TidUe 
support.  Be  (his  aalt 
may,  it  i»  certain  that 
It  ia  dngged  in  with 
great  fbnx,  if  the  cur- 
rant ia  of  oongtderabla 
energy.  Page,  in  hfa 
machine,  onidojB  a  ateel 
magnet  instead  of  ihe 


citsd  by  powtifnl  bat- 

112.8.  taries,  he  Is  abb  to  lift 

hsavy  wdgfata  thiongh 

many  feet  at  each  atnike  of  Ihe  machine.    An 

apparatna,  on  Ihis  jaiodple,  la  shown  inBg.S. 


cat  Ft/or  dai^opcdtg.  An  £l9e(r»- Jfi^M  beiiig 
eaaily  conabncted,  capable  of  snttaining  a  wel^t 
otencamoiB  anxmnt,  ooniideriiig  the  w^^t  of  the 
sostainlng  Uagnat,  and  the  eipeusa  of  the  bMleiy ; 
aod  it  b^  easy  to  shift  Ihe  atOMdre  to  a  cra^ 
lespMidlng  npokiTe  power  of  eqnal  intmdtT  (a«e 
ELsomo-DnuMica), — it  is  not  wooderflil  that 
aangaine  panoaa  earlj  faaagined  tbM  a  modve 
power  liad  become  att^nable,  nnititig  the  qualitlca 
of •zUmedua^eBS,  of diqioaabillty,  freedom  fitm 
lir*cton  or  aoddant,  and  almoat  inimlnM.  in  |n. 
tenii^.  The  finm  or  mode  <d  application  loo, 
•eanwd  palpable^  SappoaeuKndiuiyamiatnn 
or  set  of  aimalnna  connected  like  the  spt^ca  (f  a 
carnage  whad,  and  made  capable  cf  lerolvlDg 
horiiontally,  around  a  pdnt  b&tt  way  between  [he 
poke  of  a  bcoie-ahoe  Elecbo-Usgnet, — it  is  ekar 
tint  the  oppodU  cod*  «<  eadi  armature  would 
be  attraded  by  the  pcde  nearest  It ;  and  if  that 
pi^  were  snddaily  changed  into  the  reverse  pole, 
the  same  aimMim  would  be  as  suddenly  repdled. 


away:  bntaBlheiowgi*aiglves>byll>spt«wA 
wonU  cause  it  to  tend  beyMd  the  pate  that  sl- 
Irw^tad  it,  the  sobedtnted  i«ptil*i«  w«iiU  dihe  it 
enwaids  fat  Ihs  same  ^Umtioa;  •otbatanWii^ 
MMitM  of  Ow  lAnl  would  inerUaUy  lewll.  la 
thkcase  Oun  Isnodffflcn)^  whaMrerfaeeMttM- 
ing  the  medianbm  i  a  ioIsMt  nwliaa  en  be  (n- 
docedatooca.  SeeEtAorBo^fAemr.  Aid  if 
llils  mottoa  had  any  tnner  psmaoeMDwawniaM 
— if  Itiqmaenled  IndNstirfataaBeaqnMilyof 
._.uld  ban  die  ekoHBit 

coostinoted: — wlui 

pivols  oartAiIly  fteed  from  iHcdw,  w 
toraTdven{4d1y:  unfliitanatdy  ■  bet 
looked,  iriiicii  qrite  Incapadtalsd  these  mtalfaas 


contact  with  it,  waa  cc 

peetadoDB  with  iti  power  to  ai«w  towarai  ■ 
a  wet^  Bt  ■  little  <Ustanoe.  Bnt  Ifaesa  tw* 
powers  an  nttnly  dUKreoL  Tte  eOdaiff  of 
magnetic  attncdoB  dlminiahes  acoon)ii«  to  Ihe 
law  cf  the  invine  square  of  Ihe  distance*  of  Ik 
stnftce  ot  the  magnet  and  tbe  a 


TiB.  Then  aie  other  ebstadaa  bi  [iriaapk- 
sDch  as  the  action  cf  indnaed  Etaotiidly  iinkf 
the  proeeas;  but  M  the  fomgdng  Is  fatal,  *■ 
diaU  not  sped^  fMher.  Tbe  1miI!i«  Bxpol- 
mmtsT,  or  rather  lofmtor,  ol  tbii  sobfecl  w«s 
lbs  Pebnbtirg  (not  the  Btrlm)  JacoU;  «sd 

snffldently  tioastibl  scale.  But  h^  mIw<b» 
boat,  bdira  it  conld  be  pnnaded  to  asn, 
requindlhepnipolsiootrfd^nnnn;  IhsMI 
aigy  cfone  cf  these  being  coosDiMd  CO  dw  liad 
faieitia  of  the  Galvanlo  Balteiy.  Lnddlyfar 
Ihe  "InTenlra,'*  ktsthapolky  of  ths  RodsB 
(Hamats,  that  nothing  ondsitakeo  Inr  Ihe  60- 
TcmmtDt  gtudlUl;  so  that  bow  loaiiA  ntnr 
may  have  been  the  qiectade  of  hia  boat,  JaceU 
"      ■"  intbeieward. 


ateW  with  Euktboscope,  (f .)  Accnrati^, 
an  Eltclroiaipe,  Aouu  the  eziitaioa  of  a  devdcp' 
ment  of  tbe  decbic  attractiana  and  nfnlriooti 
an  dectionieler  neanm  tbe  inloisity  of  tli* 
derdopmenU  The  best  fium  cf  the  electmnntsr 
in  this  Utta  and  ablet  fbam,  is  Cookanb's  tnion 
balance,  (we  art  io  page  61  i)  iowUdiirttH 


ELE 
l^btllb*«tactriaedlliaBMmlilal«SdlT«rgei, 

lU  kMnMBt  b  to  ddicitt,  thtt  *  tec*  «qai- 
nlMU  dM  ifaorf  ]H)tt  of  ,g)og  «r  ■  gtllD  1* 
i^ilm  t»  nak>  tbe  DMdb  bmnnB  Iba  wbidB 


iiiiUkPy  (^  two  txrti,  ■  mnoaDdiicliag  cikc 
BdlaoAactlngdkc.    T^  ctke  b  <tf  tedn,  ud 
k(giabadiBaiiaivcIii|i«afin»doriDeU],iata 
«kU  it  hH  b«a  poond  in  a  ndud  sUU  10  thu 
k  kM  ■  pima  n^  mooth  ■oriio*.    The  disc 
faatd  of  meUl,  or  at  wood  corend  with  dn  i 
■ttdEc  UL    Iti  ■"""MH'  ia  loi  Uuo  th*t  of 
tbtokit  and  111  <dg«  b  cuaTollj  ronnded. 
ttlAeii  atudwd  n  inolaling  hjuidlM 
ponHd  b  the  Bgnre.     To  obtiiii  chargM  fimn 
tlw    bMnuumt    we    Bnt 
jL  axdu  tb*  rarin;  tnd  tbia 

0  ia  oaoiDy  done  b;  bcatlBg 

1  H  wllb  cm'  Cat,  ■  bEgM; 
I  poaitin  dactrie.  Tbediac 
I  b  (ben  [daoad  upon  tba 
A                exdudc^mdiatDiichad 

^m^^^  iriUitbeaiigei.  IthtatUj 
^^^^^^^  iritbdrawn  hj  Iba  ioaobu- 
b|  kaodl^  and  la  fcond  to  be  poddrd;  aladriBad. 
if  At  dbe  ba  now  diaclur(ad,  Iba  expetlmaat 
•Kj  bi  ifptatad  wbhout  ■  new  axdtitioB  of  tba 
ns ;  Bid  thia  ma  j  be  dooa  hDndreda  of  timta  in 
■aaalga,  md  at  btsvala  of  hoon  or  avn  dsTa 
fKL  Wben  tiie  charj^  obtiliwd  in  tba  diac 
t<au  too  bcbk^  tb«  ttBeacy  of  tba  inatnmwnt 
"artiaaaM  ctatortd  b;a  new  azdtatioo  of 
AanalK  TU  Ibaoi;  «f  tUa  bitcnadiv  qipa- 
MBMybatarj  briefljatatad.  Tbedard^ 
■MtfdKdtdtjiiitbadlae  ii  arltaitlv  doa  to 
•riaitiia  action,  lot  tba  cbarga  obtained  bi  tba 
Ae  b  pnitin  vbQa  tba  oti^iutlag  cbarga  Id 
<^  miD  b  DtgatiTa,  aad  tba  former  chaiga  b 
•tanid  IdMfaar  bj  tba  onliunUtloa  of  tba  diao 
•An  b  the  bmnedbls  neighbotitfaood  of  tbe 
ak  We  Oml  aixonlliigtr,  th«t  it  tba  diac  b 
n  mcbcd  fay  tbe  finger  or  other  coadDCtor 
^ba  it  b  plwd  on  Iba  cakt^  il  poaaoan  no 
dHp  iritm  it  fi  witbdiaini,  txeift  ■  bardjr 
naUcE^BSaof  tK^re  alactiid^  dadved  by 
^BoieadoD.  'naaSdemyof  thela«(nuu«nt 
*^^^  pttiij  Bfoa  the  bet,  that  when  tbe 
*<iiiapMitkai  it  b  in  dreninaiaiMM  blgfal j 
fcnMUa  10  bUoMiodiKIlT*  action.  TbewlxJa 
•ftke  Ian  aarfbca  of  the  dbe  b  than  bi  doaeN 
paAb  trajLiaUj  to  a  wdl  exdied  body,  and 
*a  dbe  b  wtfnmlaiBd.  It  migbi  be  tboogfat 
th«  la  tbiM  f*— niT**"~*  (he  indntllva  actiiMi 
~  '  a  diadiargei 


ELE 
btatomd  npoo  it.  The  ratntlva  power  of  nahi 
b  otbtrwiM  prored  by  aereial  Milking  eipgri- 
tamM,  bat  It  b  nowhere  mora  cleariy  evidcDced 
than  bi  tbe  action  of  the  Electiopbcrua  itaolt 
tapedally  in  the   psraianen«a  of  iti  btdnotlTa 


'o  dotact  tbe  pnMnea 
n  thdt  QMcicB,  that 

klnda  bare  bean  made  fbt  tba  puipoae,  and  ban 
(bond  their  way  into  oray  pbyiical  labonUny. 
Snah  initrammla  an  called  Electraaeapeai  Dn- 
der  allTarielitBof  fbrmtb^aneoDBlnieled  iqioa 

the  oamDioa  prlodple,  tb^  two  charged  tndica 
attjact  or  lepet  one  another  according  to  dednlle 
lawa.    The  eimpleat  form  of  dectriMcope  b  the 
tledric  patdalain,  a  imall  and  llg^t  coodnctiog 
ball  nupendad  uy  by  a  light  oonoandacting 
thread.    Wben  the  ball  b  charged  with  a  known 
electridty,  it  b  in  a  condllioD  to  Indicate  by  ila 
moreinent  the  pnaence  and  qiecba,  and  to  tome 
extent  the  ioteoilty  alao,  cf  (he  charge  apoa  a 
body  broDght  into  It)  neighbonrfaood.     Another 
ilmplo  fbnn  is  the  tledric  atailt,  a  light  oon- 
coaducting  lever  balanced  In  the  manner  of  tin 
marincr'B  compm,   and  bearing  at  one  end  a 
■mail  body  chaiged  with  a  known  electridly. 
Ra&y'a  Electroscope  b  a  dmple  and  elegant  io- 
■tmment  of  Ihia  form,  in  which  Ibe  cbaiged  body 
at  the  end  of  the  lersf  is  a  email  mail  of  a  patti- 
cnlar  cryelal  that  may  be  definitely  ehdrifled  by 
preaauce  for  an  inatant  between  tba  fingera,  and 
'    '        ina  a  charge  ao  baetowcd  upon  It  for 
njcctaslnn.    The  instnunenta  that  are 
now  generally  formed  Ibi  dectiaaco[»c  pnrpoaca 
CMuiit  eeaentially  of  two  amall  and  very  light 
ooDductlng  bodiea  that  are  placed  in  contact  aod 
are  free  to  move  to  a  dutaoca  (nxn  each  other. 
Wben  the  two  bodice  are  decttifled,  diber  by 
with  the  charge  examined  or  by 
ite  bidndiye  action,  thejr  give  immediate  aigna 
of  thb  effect  by  tbeir  mntoal  rapiilaion.    Tbe 
Bifjacant  cut  repreaenla  BenDBt'a  gold  leaf  ekctnt- 
Boop^  one  of  the  moat  naattal 
apparatos  of  thb  khid,  and  one 
that  b  my  generally  eoidojad. 
In  ihb  inabrmneot  two  thin  gold 
leavea  of  anfBdent  Imgth  are 
bataued  at  their  extremltlea  be- 
twecD  a  pair  of  "'^■l'"'  pinceiai 
Ibe  inncae  ai«  (aobtiged  into 
metallic  Mem  which  paaMa 
thioDgb  an  opeaiing  in  the  top 
'    ^aaa  cm*  that  epTdopa  tin 
whole  aniaratna ;  and  the  itini 
b  tetminaiad  without  by  a  knob 
of  metaL    Wub  the  laavta  are  electrified,  tbey 
"-rerge  to  a  gnaler  or  leaa  extant  aoooidiDK 
the  qnandty  of  tlia  charge.     To  prevent  the 
itact  of  the  leavea  with  tbe  ddea  of  the  caae, 
eaolt  that  wonld  prodooB  graat  iDoooTaalaxa, 
In  the  working  of  (he  appaiatoa,  two  nniiuulatod 
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conducting  balls  are  placed  as  in  the  Bgare,  so  tliat 
the  leaves  when  greatly  divergent  come  into  con- 
tact with  the  balls  and  are  discharged.     To 
examine  a  body  electrically  by  means  of  tUs  in- 
Btnimett,  we  either  place  Uie  body  in  contact  with 
the  external  knob,  or  merely  bring  it  dose  to  the 
knob.  In  the  former  case  the  body  shares  its  charge 
with  the  knob,  and  the  leaves  diverge  in  vurtoe 
of  the  electricity  thns  oommonicated;  while  in 
the  latter  case  the  given  charge  acts  inductively 
upon  the  metallic  mass  of  the  knob,  stcfn,  and 
leaves ;  repels  the  electricity  mmilar  to  itself  into 
the  leaves,  and  attracts  the  other  electridty  into 
the  knob)  so  that  the  leaves  will  diverge  in  this 
case  as  wdl  as  in  the  former.    We  can  easily 
determine  the  species  of  the  charge  that  produces 
any  sensible  efiect  on  the  leaves  of  the  electro- 
scope.    If  the  leaves  have  been  electrified  by 
discharge  ftt)m  the  gi^'en  body,  let  the  body  he 
withdrawn;  and  let  a  dcfinitdy  ezdted  body, 
nay  a  positively  excited  rod  of  glass,  be  brought 
down  fVom  a  distance  towards  the  knob.    As  the 
rod  approaches  it  will  repd  into  the  leaves  a 
continually  increasing  positive  diarge;  so  that 
if  the  divergence  of  the  leaves  increases  under 
this  inductive  action,  the  charge  upon  the  leaves 
is  evidently  increasing  and  was  therefore  origi- 
nally positive.    If  on  the  other  hand  the  diver- 
gence diminishes,  the  charge  upon  the  leaves 
must  have  been  originaUy  negative.    When  the 
body  that  we  examine  is  not  put  in  contact  with 
the  knob,  but  only  brought  near  to  it  so  as  to 
electrify  the  leaves  by  induction,  the  simplest 
way  of  testing  the  spedes  of  the  charge  is,  first 
to  charge  the  knob  and  leaves  with  a  known 
electridty,  and  then  to  bring  the  body  down 
gradually  from  a  distance  towards  the  knob. 
Tlie  Increase  or  diminution  of  the  divergence  will 
prove  here  as  in  the  former  case,  that  the  diarges 
on  the  body  and  in  the  electroscope  are  similar 
or  disdmilar.    The  sensibility  of  the  gold  leaf 
electroscope  in  its  simplest  form  is  very  great; 
and  it  may  be  greatly  augmented  by  the  use  of  a 
condenser  instead  of  the  external  knob.    The  in- 
strument in  this  form  is  sometimes  called  the 
gold  leaf  condenser.     When  an  Electroscope  is 
so  constructed  as  to  measure  the  intensities  of 
charges,  it  is  called  an  dectrometer.    The  several 
forms  of  apparatus  referred  to  are  sometimes 
employed  as  dectrometers.     For  this  purpose 
indlices  are  attached  to  the  instruments  which 
mark  the  extent  of  the  movements  of  the  smaU 
charged  bodies.    None  of  these  instruments,  how- 
ever, can  compete  as  accurate  dectrometen  with 
the  Tordon  Balance  of  Coulomb.    For  an  account 
of  this  invaluable  instrument,  see  the  artide  on 
the  Balance  of  Torsiox  ;  see  also  the  artide  on 
Elbctbicitt,  especially  the  remarks  upon  the 
Electric  Forces  and  upon  DiBrRXBirnoN. 

Blccirotypo  is  a  new  art  which  has  not  yet 
been  so  extendvely  cultivated,  as  it  will  one  day 
assuredly  be.  The  delicacy  of  some  of  its  opera- 
tions with  which  workmen  are  not  yet  iamillar, 


ELE 

as  wdl  as  tfadr  poweriessness  to  manage  precwca 
which  they  do  not  more  than  half  oomprehcDd, 
suffidently  explain  its  preseoC  state.    Tet  in  the 
seventeen  years  which  have  passed  since  its  siiinil- 
taneous  invention  by  Spencer  (an  EngUdmian), 
and  Jaoobi  (a  Russian),  very  mndi  has  abeadr 
been  accomplished.  The  ait  of  Electtotypiqg  has 
been  employed  for  the  reproductkn  of  oofaa  and 
medak;  the  copymg  of  stamps  and  seah,  aod 
plaster  casts;    for  obtaining  hollow  copies  of 
surfaces  in  rdief,  and  the  reverse ;  for  imitating 
fruits  and  vegetables;  for  making  moulds  iar  tilie 
foundry,  reprodudng  printed  characteia,  copper- 
plates, woodcuti,   and  daguerreotype  pictora, 
and  for  copperplate  engraving.    The  mere  coa- 
meration  of  these  varied  forms  of  appliance,  wiO 
at  once  show  the  reader  how  important  an  m- 
strument  in  art,  a  process  which  has  aoonrnpfished 
this  in  seventeen  years,  must  nltimatdy  be> 
come.     The  process  rests  upon  general  rules, 
whidi  should  be  followed  with  great  cars,  and 
which  we  shall  first  indicate,  bdbre  describing 
those  special  precautions  that  most  be  adopted. 
The  purpose  of  it,  is  the  predpitation,  by  mesni 
of  a  galvanic  current,  of  a  metal,  from  a  cheancsl 
solution  of  it,  upon  a  given  object  in  a  oootiii- 
uous  layer  (not,  however,  adhering  to  the  t^ttit), 
so  that  this  layer  may  aocuratdy  represent  the 
object  in  all  its  minuteness  and  detidL    Some- 
times it  is  not  meant  that  what  is  deposited  in 
this  way  should  come  ofT— that  is,  the  prooew  ii 
employed  to  depodt  a  permanent  metallic  eoatiag 
upon  an  object     At  other  times,  it  is  mesat 
to  be  removed.    The  processes  for  both,  with 
dight  vaiiatioos  as  to  the  length  of  time  snd 
the  conditions  of  operaticm,  are  neariy  ideoticaL 
Either  a  simple  or  a  compound  pole  may  be 
used  in  the  generators  of  the  galvanic  cnneat 
which  is  enjoyed.     In  the  first,  the  mookl 
itself  forms  an  essential  part  of  the  gdvank 
current,  in  the  other,  it  is  outside  the  decoD- 
posing  bath;  the  advantage  bang,  that  m  the 
latter  case  there  may  be  attadied  to  the  copper 
pole,  a  soluble  dec^rode,  that  is,  a  plate  of  the 
same  material  as  the  metal  being  deooraposed 
in  the  bath,  which  itself  disintegrates,  and  neaiij' 
makes  up  for  the  loss  of  metal  precipitated  upon 
the  mould.    The  first  form  of  the  electrotype 
art,  as  discovered  by  Spencer,  was  this.   A  square 
copper  plate  was  pnt  in  oommunicatiaD  with  a 
zinc  plate  of  the  same  form  and  size,  by  mt&na 
of  a  copper  wire.    The  plate  was  covered  with  a 
^ot  CMUing  of  vamidi  tnade  of  unbleached  was, 
redn  and  red  ochre ;  and,  with  a  metal  point, 
letters  had  been  traced  on  the  varnish,  laying  bare 
the  copper.    Then  a  vessd  was  half-filled  with  a 
saturated  solution  of  sulphate  of  copper,  and 
the  copper  plate  immersed  in  it ;  also  the  g^aK 
of  another  smaller  glass  veesd  (one  mouth  d 
which  is  dosed  by  a  plaster  of  Paris  diaphragm), 
filled  with  a  dilute  solution  of  sulphate  of  soda. 
to  two-thirds  of  its  contents.    The  one  dement 
of  the  galvanic  couple  was  plunged  into  thU 
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ktte  nholoo,  and  placed  pannel  to  the  plaster 
tfoppBT,  the  wiie  bdng  m  bent  that  the  copper 
plati  AouU  abo  be  panlld  to  it  on  the  other 
rfte.  The  BMOMnt  that  the  cnirent  was 
conphted,  the  copper  from  the  eolation  of  the 
nlphat^  beeame  depoaited  in  the  funowa  made 
fa  the  vaniish,  ao  aa  to  pnMluoe  the  characters  in 
ifSiC  Ihe  idea  immediately  ooeorred  to  Mr. 
Speaoei^  that  this  method  might  be  made  osefnl 
fa  prialiQg^  and  lie  aetnally  employed  it  for  this. 
ItiiBeeffleaB  to  indicate  mora  mfarately — ^what 
Wead  the  whole  oT  this  artide  besides  will  do 
—how  vaooDsly  Ite  ideas  soggested  by  this 
wot-phawmenon  beoasDe  eobaeqiiently  derdoped. 

difBcolties  were  met  with  at  the  first 

In  overooming  theae,  new  disoovertee 
The  fimt  waa,  that  the  layer  de- 

b  a  modenle  time  was  so  thin  that 
it  VM  with  difficult  it  ooold  be  taken  off  entire. 
To  CBK  this,  Mr.  Spenoer  allowed  tiie  plate  to 
for  a  TSty  long  time,  and  be  foiuid  that 

of  the  deposit  hardening  and  becoming 
lo  the  plate,  it  adhered  firmly. 
Bos  dien  a  new  difficolty.  If  «  mould  was  to 
te  triDB  ia  tlua  way,  either  the  layer  must  be 
Ute  qK,  whoi  too  thin  to  be  safely  taken  ofl^ 
«r  if  allowed  to  remain,  it  must  become  ao  ad- 
bnati  m  to  iiijae  tlw  original  in  the  separation. 
Ikt  mggeated  idea  of  enmkiyhig  moolds  taken 
■  plartcr  of  Paria,  wax,  £c,  of  the  ol^ect  to  be 
«B|M,  was  very  natniaL  In  copying  a  aoedal 
-Aha  Isyv  wo^  hare  been  indented  where  the 
andal  was  k  reliel^  and  vies  eersa.  In  copying 
Urn  aaaid  ftom  the  medal— (he  eleetrotypic  re- 
fwiaeUutt  would  be  an  exact  fho-simile  of  the 
«9aalr.We  proeeed  to  enter  on  a  ibw  detaila. 
We  AaH  not  aaaign  names  to  all  the  inventioDS 
eBHBantod.  Tte  aa«t  eauDent  in  the  caltiva- 
tioB  flf  the  art  are  pertiapa,  Messrs.  Smee,  Elk- 


i^ttaa,  Gmre,  Haaon,  and  MM.   Beeqnerel, 

SoDy,  Sorel,  and  Chevalier. 
We  have  said  that  the  gal- 
vanie  appaiatua  empk^red 
may  be  simple  or  compoaid. 
We  Shan  deecribe  both.  First, 
the  Arb2s.  That  most  com- 
ancol^  osed  ia  (igared  bdow. 
In  a  ^asa,  porcelain,  or  stone- 
ware veaael,  the  eolation  of 
the  metal  to  be  decomposed. 
Is  pot  e.^.  far  eopper,  the 
anlphate  of  copper.  In  the 
middle  of  that  vase,  another 
coe,  r,  Is  est,  much  smaller 
In  diameter,  and  of  porons 
materiaL  Into  this  hitter, 
•dphoiie  acM  dflated  with 
twelve  or  iUleen  tunes  its 
,  is  poored,  and  a  plate  or 
s,  maerted.  The  moolds,  a, 
ia  eommanfeatkn  with  this  sfaie  by  a 
Aa  tfas  depceitkm  of  copper  from 

iha«^ikaueQii8ta&dy  weakens  it,  while  the  pro- 
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goes  on,  it  is  best  to  keep  ooDthmaHy 
supplying  the  loss  by  the  addition  of  fresh 
oystals,  or  a  bag  containing  th^m,  as  k  in 
the  figure,  may  be  placed  in  the  solution. — 
An  appantus  of  M.  Becquerel*s,  manifestly  on 
the  same  principle,  is  made  of  a  square  wooden 
triangle,  glazed  inside  with  gutta  percha,  and 
divided  into  two  compartments  by  a  porous 
diaphragm,  on  one  side  of  which  in  the  dilute 
acid,  and  on  the  other,  the  solution  of  sulphate. 
The  porous  vase  p,  is  thus  got  rid  of,  and  the 
apparetus  is  much  more  easily  used.  It  will  be 
wdl  to  keep  the  temperature  between  100°  and 
160°  Fahr.;  and  as  the  degree  of  saturation  be- 
comes always  onequal  in  soch  a  process,  to  turn 
the  box  pretty  fluently.  Another  inconvenience 
comes  from  the  unequal  thickness  of  the  metallic 
deposit,  which  is  always  more  copious  opposite  to 
the  point  where  the  mould  is  attached  to  the  wire. 
Several  conducton  symmetrically  placed  behind, 
are  made  use  of  to  remedy  this.  The  origin 
of  another  inequality  is,  that  the  distance  of  the 
corresponding  points  of  the  zinc  and  the  mould 
are  not  all  the  same.  This  can  only  be  remedied, 
either  by  giving  the  zinc  the  same  relief  as  the 
mould  itself  or  making  the  plaster  diaphragm 
take  a  suitable  shape.  "Die  latter  method  is  quite 
practicable. — ^The  Compotmd  ceU  process  as  it  is 
called,  is,  aa  we  have  already  said,  when  the 
corrent  is  produced  in  a  vessel  different  from  that 
in  which  the  decomposing  solution  is  placed. 
In  the  annexed  figure,  a  ia  the  battery,  and  b 
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the  vessel  into  whidi  the  decomposing  liquor  is 
poured.  The  mould  with  zinc  plate  corresponding 
'-or,  aa  may  be  in  the  compound  cell — copper 
plaUi,  which  supply  the  loss  of  the  copper  ore, 
being  as  in  the  tigue;  and  the  connection  estab- 
lish^ A  yet  simpler  form  is,  where  there  are 
no  cells — but  b  is  a  mere  trough,  along  whidi, 
a  metallic  rod  is  laid  parallel  to  its  edge,  from 
which  rod  the  moulds  are  sospended,  while  par- 
allel to  it  again,  a  copper  plate,  the  whole  length 
of  the  veseel,  is  dipt  into  the  sulphate ;  the  pUte 
and  the  rod  are  then  connected  with  the  wires 
a  and  z,  rsspectivdy.  In  those  batteries,  an 
geueraliy  in  galvanic  batteries,  the  zinc  ought  to 
be  amalgamated.  The  advantages  obtained  are 
numerous.  There  are  especially  these  three— 
Jirie,  in  that  state  the  metal  is  not  afl^ed  by 
the  solution  in  which  it  is  placed,  until  the 
connection  is  made — secondly,  the  process  is  ver}' 
nuicfa  more  regular,  in  the  nnamalgamat/ed  zinc. 
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indeed  there  eeem  to  be  certain  sUgfat  eubaidieiy 
electric  carrents  between  parte  unequally  electrici 
maldiig  the  proceBB  iingiilar,--ciffreDt8  which 
besides,  (thia  indicatittg  the  third  advantage,) 
waate  the  power,  ao  that  not  neariy  tlie  aame 
oqutvalent  of  work  (efibctive  or  valoabk),  ia  ob- 
tidned  ftom  nnamalgamated,  as  from  amalgar 
roated  zina  Recent  experiments  by  M.  MUlen, 
appear  to  indicate  that  some  foreign  matter  will 
be  ultimately  diacovered,  which  when  present  in 
the  solution  in  very  sli^^t  quantity,  will  render 
amalgamation  unuccessaiy.  Ttie  ahnplest  pro- 
cess of  amalgamation  ia  lids.  Pour  water,  pure 
sulphuric  add  and  mercuiy,  together  into  a  phial, 
and  then  brush  with  this  mixture  the  suifiBoe 
of  the  Kinc,  until  it  acquires  a  vary  bright  snr- 
faoe.*-For  the  varioua  kinds  of  Batteries  that 
are  hi  uae  in  the  generators  of  the  voltaic  cunent, 
reference  ia  made  to  the  article  BATntBT,  in 
thia  Cydopndla.  There  ia  only  one,  not  men- 
tioned there^  which  is  yet  little  known,  but  aeema 
to  promise  very  remarkable  reanlta.  This  ia  the 
pile  of  Prince  Bagradon.  According  to  H. 
Jaoobrs  description,  it  will  excel  all  otfaen  in 
the  constancy  and  regularity  of  its  effbct — in 
the  litde  care  needed  for  its  management — and 
in  its  own  extreme  simplicity.  It  can  worii  for 
example,  for  more  tlian  six  weeks  without  being 
touched,  preserring  peribct  regularity  of  action. 
Then  again,  it  is  so  simple  in  construction,  that 
it  may  be  used  and  set  up  anywhere,  and  its  cost 
18  veiy  slight.  It  consists  of  a  flowei^pot,  or  any 
other  vase  impermeable  to  water :  this  is  filled 
with  earth  saturated  with  a  solution  of  sal-am- 
moniac, then  a  copper  plate  c,  and  a  zinc  plate 
z,  are  placed,  and  put  in  Uie  earth;  and  a 

simple  voltaic  couple 
ia  thus  obtamed,  the 
action  of  which  may 
be  almost  indefinitely 
kept  up  by  moistening 
the  earth  occasionally 
with  more  of  the  aolu- 
tion,and  byrenewfaig 
the  zinc  plate  as  it  be- 
comes eaten  away.  It 
is  good  before  immen- 
ing  the  copper  plate  to  plunge  it  into  a  sdution 
of  sal-ammoniac  for  a  few  minutes,  and  to  leave 
it  to  diy,  till  decided  oxidation  becomes  visible 
on  the  surfooe.  The  pUtes  must  not  be  too  near, 
and  they  must  be  of  such  size  as  to  overcome  the 
resistance  to  transmiaslon  which  the  earth  inter- 
poees.  Several  elements  may,  of  course,  be  used 
tnstMd  of  one.  M.  Jacobi  recommends  that  the 
difierent  vases  should  be  carefully  isolated.  The 
theory  upon  which  the  process  reste  is  some- 
what obscure ;— but,  aasuming  that  the  apparatua 
does  act  as  described,  there  is  one  very  maniftst 
advantage  which  it  has  over  all  the  other  bat- 
teries,—viz.  :  it  gives  off  no  add  exhalation. 
Thcee  who  have  wrought  at  experiments  with 
the  ordinary  Daniell*s  or  Mayxiooth  batteries,  I 
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can  appredato  the  advantage.^— The  Baths 
ployed  in  Electrotyping  have  now  to  be  de- 
scribed— La,  the  nature  of  the  aotution  ooa- 
taining  the  substance  to  be  dcposltod.  We  gire 
only  a  short  list  of  the  bett.  For  gold,  the 
following  solution  may  be  used:  100  parts  cf 
distilled  water,  10  parte  of  cyankte  of  potaamnn, 
and  1  of  cyanide  of  gold.  To  obtein  diflenDC 
sliades  of  gold,  we  must  attadi  to  the  paeton 
pde,  plates  of  gold  alloyed  with  aSver  or  copper. 
The  same  aolntion,  substituting  silver  for  gold 
only,  serves  for  silvering  substances.  We  mar 
also  have  100  parte  cf  distilled  water,  10  d 
cyanide  of  potassium,  and  1  of  cartnoate  or 
of  feno-^ankle  of  silver.  Also  100  of  distiBed 
water,  10  of  hypoeulphato  of  aoda,  and  1  of 
chloride  or  of  phosphate  of  silver.  The  sofaitioBS 
for  platinum  are  anakigoos.  For  nidni,  the 
nitrate  or  the  ammoniac  sulphate  may  be  used. 
For  copper,  the  aulphate  chloride,  nitrate  and 
aoetete  (espedally  for  ito  dieapoeBB,  the  snlphateX 
In  the  caae  of  the  sulphate,  Uiere  la  conadenbk 
resistanoe  to  the  current,  and  the  power  cf  the  bath 
ia  hicreaaed  by  addition  of  a  little  nitric  orsul- 
phuric  add.  When  this  ia  the  case,  the  sofadik 
dectrode  is  attacked,  and  the  strength  of  the 
solution  is  increased.  If  the  matter  of  tiie  moold 
should  be  more  oxidizaMe  than  the  copper,  it 
would  plainly  beunwiae  to  add  the  add,  eomadb 
tOf  that  both  Jacobi  and  Spenoer  diaoour^  the 
use  of  all  add  sdntiona  in  conseqoenceL  Hie 
nitxato  of  copper  needs  Ibr  ite  decompositkii  a 
weaker  current  than  the  sulphate,  but  it  ii 
much  dearer.  The  soluble  electrode  is,  hi  ■ 
bath  of  copper,  always  of  copper.  For  line,  te 
sulphate— for  lead,  the  acetate^  very  dilute^  aad 
addulated  witii  acetic  add,  or  a  little  aitrie 
add— for  tin,  a  aolntion  in  aqua  regie  acldnlatri 
by  nitric  add  is  pertiaps  the  besL— In  gtmg 
theee  details,  we  have  spoken  very  geacnDf. 
But,  four  drcumstanoes,  whidi  have  been  noted, 
distinetly  bearing  on  the  snooesB  of  any  proposed 
experiment;  thowgh  no  dear  laws  cf  their  aetioa 
have  as  yet  been  arrived  at  1st  Theinteuityof 
thepilfr  id.  The  degree  of  concentration,  and  the 
conducting  power  of  the  solutioii.  8d.  Its  teoi- 
peratnre.  4th.  The  rdative  positkm  and  magai- 
tude  of  the  two  deetrodes.  M.  BoquiOon  has 
diown  that,  as  these  conditions  vaiy,  tlie  deposili 
of  metal  may  become  as  hard  and  brittle  as  stod, 
aa  soft  and  flexible  as  lead,  or  even  appear  as  a 
powder,  or  in  a  cr^tallineform.  As  eTrampIss,  K* 
BoquiUon  aays  that,  all  other  things  bdng  eqod, 
if  thepodtive  electrode  be  greater  than  the  nega- 
tive, or  mould,  a  ciystalline  depodt  will  be  pro- 
duced, which  may  become  a  powder,  if  the  diftr- 
ence  be  conddenible.  The  contrary  effect  oeeois  if 
thepodtive  electrode  be  the  smaller.  LikecAets 
are  produced  by  a  rise  of  temperature.  Ifwebare 
three  cases— the  first  where  the  adutica  is  con- 
pletdy  eaturated,  the  seoond  where  it  is  less  so^aad 

the  tidrd  where  very  slightly  so,  in  the  first  the 
deposit  will  probably  be  hard  and  brittk^  m  the 
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flazibieft  In  tbe  tliM  ftnMd  of  a 
i€f  m^ggngated  cnvtab,  nltimatliig 
a  hlMk  BOBadhcraU  powdor.— For  the  motdduig, 
»aiijbod7capable  ol  eondncdiig  dactiidij 
In  nade  wi  <<  provided  only  It  be  not  of 
aiMftnaaato  baatta^ed  bj  the  aohitioii, 
liteaetQDthepwci|Jtated  netaL  A  nonooo* 
fluy  abo  be  laed,  if  we  take  the  pie- 
to  give  ita  auffiase  tbe  fiKiiiHy  of  oondoi^ 
tioB  b^  a  veiy  Hdn  lagrvof  a  condnctfaig  bo^  in 
aMeof  powder  Tbe oondaetiiV  bodies  fitted  to 
#«e^oaldi  oa  tbe  metak,  well  powdcnd  char- 
od  lad  phimbegow  Tha'iidphatoof  oopper,  whldi 
iiibi  vooHMMil  aolalioB  made  ooe  ^  may  be 
ifteMlqriiBc^  tSa,  aadlnn.  Hnoe  tluae  ma- 
tib  camoi  be  Hied.  Piatinam  and  gold  would 
tmmtpHbtdy^  bat  tfaej  are  too  dear.  Tbeve 
•RMdjrlgft  to  m  aihrer,  eopper,  and  lead,  and 
Ibial^jtoftlielittter.  As  alver  is  precipitated 
by  pli  nd  platiaam,  it  shoold  be  used  to  reduce 
tte  Mtris  when  tbe  pdndpal  dspoeit  is  to  be 
wiyfimi  Veiy  fine  copper  monlds  may  be  ob- 
iiiaid  If  dtpoakang  an  cleotro-cfaemical  deposit  of 
Ihi  Mlii  en  the  original  piece  or  pletOi  Sheet 
bid  frill  adaifahly,  being  Ant  carelblfy  deared 
efeiidiaillssaifboe.  tben  imiiHHhfd  W  "j*^"**^ 
it  SB  a  dnet  of  iron  nndsr  a  press.  If  the 
otj^lebe  copied  be  laid  with  its  ftcetothe 
b^  ehsfa  tbe  mm,  and  tbe  pram  applied,  the 
Wit  ddieale  copy  of  the  o^ect  will  be  obtahied. 
Vbnstke  olject  ceonoi  be  sobmitted  to  sndi 


other  methods  reqaire^  of  coniae^  to  be 
t^ojtiL  Tbese  are  Uie  dUef  metalUc  monlds. 
TbtaiamKsIKr  ntmsist  chisl^  of  sealing-waz, 
■naiz,  fcmfiownd  wax,  slasrinc^  P^'pv*  plaster 
ifMiisndsalplinr.  llielattMrgiTeBTeryad- 
■fcibh  cwdM  rf  oMnrts_  brimr  grtrnmolr  dfWpatfi 
Out  it  touches  the  pradirftated 
it  b  apt  to  combine  with  it  and  ftrm  a 
When  tbe  plaetsr  moold  ia  obtahied, 
Mst  be  cofvoad  with  somethhig  me- 
thnt  it  may  become  a  condnelor. 
Ikh  bfv  of  cwidniting  matter  reqairm  to  be 
tUn,  that  it  may  not  alter  the  nUef 
el(ieet  TUs  is  done  either  by  eolotioos 
bi  tbe  flist  case,  the  sofhoe  is 
liM  a  aabrtion  ftom  whidi  the  metal  is 
either  W  the  agency  of  light  or  of  some 
er  gai,  which  takes  away  tiie  otlisr  coa- 
I  en  being  paassdonr  the  sufhoe.  Some- 
r,  tUa  leaves  fissoes  on  the  monlds, 
<*hh  dMboy  tbs  Metric  condnctibiHly,  so  that 
fki  «Ms  lower  half  may  not  be  nptesented. 


Bmni  it  b  nsaal  to  powder  the  snrihee  rather, 
ad  the  powden  ginenlly  need  are  those  of 
«>IV«  aadcf  aBvcr.  When  the  smftce  of  the 
wridb  to  beef  c^asi^it  b  neceaeaiy  to  cover 
it  b«  with  alK^tvaaifah,tliat  will  lay  hold 
tf  the  fBBilwihm  powders.— "We  shall  condode 
fb  «thb  by  a  bflef  daeo^tion  of  Tarioos 
^Ihaiiuns  ef  the  eiecUuljpe  procem  to  the 
aibi  /ta.  The  icprodactkn  of  cofais  or  metals. 
TUi  b  dans  hi  thne  ways.    1.  The  pieoe  Is 
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directly  need  as  the  nogativa  pole^  after  necee- 
sary  precaotioDS  are  taken  to  prevent  cohesion. 
These  consbt  in  passing  over  the  original  a 
veiy  thin  coating  of  some  greasy  substance^  as 
oil,  wax,  Btearine,  snet,  w  the  like,  and  then 
taking  off  as  mnch  of  this  as  b  possible  by  sack- 
ing it  np  with  fine  linen  doth.  There  b  obtained 
by  thb  procem  an  image  in  hollow,  wUdi  is  again 
need  to  give  the  desired  fiM-simile  of  the  ori^nal 
otjeet  2.  The  impressiott  of  the  piece  b  taken 
on  a  ftisiUe  aUoy,  ao  that  the  first  dectrotype 
operation  gives  the  dedred  rdief.  8.  The  fan- 
presBon  fo  taken  with  one  of  thoee  phutic  snb- 
stanoes  whidi  have  been  before  spedfied.  In  all 
the  three  oases,  great  care  mnst  be  employed  to 
prevent  the  adherenceof  air-bobbles  to  the  moulds ; 
without  thb  they  could  not  be  reproduced  hi  all 
their  ddicacy.  Thb  b  especially  tronblesonie 
when  they  consist  of  glaas.  To  get  rid  of  this, 
the  piece  mnst  be  exa^ned  after  it  has  been  for 
eome  littls  time  in  the  solution,  and  Ugiitly  heat- 
ed, to  dispd  and  disperse  them.  Whoi  only  the 
one  Iboe  of  the  medd  b  to  be  copied  the  other 
mnst  be  covered.  Tbe  seooiul  application,  to  the 
copying  of  seals  and  pbuter-caats,  depends  on 
priaciples  petfeetly  identical  with  thoee  laat 
ThMls^  the  procem  b  applied  to  etatoettm  and 
bae-reiielk  We  rogret  ezceedin^y  that  our  space 
wiU  not  allow  ns  to  desoilie  the  method  adopted 
by  Dr.  Fan  fior  thb  purpose.  The  famik  appli- 
cation b  to  the  reproduction  of  fruits,  plants, 
vegetables,  A&  In  Act,  the  actual  fruit  b  just 
covered  wbh  the  finest  possibls  layer  of  metd — 
in  wbidi  an  the  ddicadee  of  nature  will  mani- 
festly be  retained,  and  then  ito  moisture  b  ez- 
traeled  first,  and  nltimatdy  the  whole  fruit  We 
shall  not  do  more  then  allnde  to  the  appHcatkms 
of  thb  beantiftil  art  to  the  purposes  of  the  founder, 
the  ekotvo-metallurgist,  the  looldo^gUns  nuura- 
ihctnrear,  the  engraver.  It  has  been  applied  also 
to  the  reproduction  of  photographs  and  dagneneo* 
typee.  Aasoredly,  in  the  triumphs  whidi  b  has 
slrsedy  aooompUsbBd,  there  b  the  higheet  possible 
promise  for  ito  ftitare. 

KlanseMto  The  name  JEZmmr^c,  b  given  in 
Astronomy  to  those  numericel  qouitities  that 
enable  ns  to  compnto  the  place  of  any  planet  or 
aatdlito  in  the  Heaven8,>-ln  other  words,  to 
compnto  the  dae  of  ito  eDiptio  orbit,  the  poritlon 
of  that  orbit  hi  reference  to  the  Ed^tic,  and  the 
podtion  of  the  planet  or  satdlito  in  ito  orbit  at 
any  given  time.  Tables  of  tliCM  ebmealf  as 
they  exiat  Ibr  different  epochs,  are  given  in  all 
good  treatism  on  Astronomy ;  and  the  mode  of 
using  tiiem  b  femiliar  to  every  instructed  Stu- 
dent We  suljdn  a  generd  Table  of  the  £1»- 
mento  of  the  chief  Phmeto  and  Satdlites  of  our 
Solar  System: — ^for  thoee  of  the  Asteroids,  see 
AafSBonw.  Further  reference  to  detaib  of  the 
sa^ect  will  be  ibund  under  the  names  of  the 
eevwal  Planets.  The  applicatkm  of  such  an- 
mericd  data,  is,  of  course,  a  deducthio  Ikom  liie 
theoiy  of  Gravitadon. 
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DOTANCl  noK  8o>. 

EooeDtzlclty. 

Sldoreel 

Berohitlon 

inDtiya. 

Synodled 
RevotsUon 

Misccurjr,.. 

^ 

Mttto. 

Greatest 

Leut 

•8870984 

-4666927 

-8076041 

•2066178 

87-9692824 

115  877 

VenuB 

2. 

•7288817 

-7282686 

•7188998 

•0068183 

224*7007754 

583-920 

Earth 

I 

1^000000 

1-0167761 

-9882249 

•0167761 

865^2663744 

UttI  ••••••• 

1-628691 

1-6657796 

1-8816026 

•0982528 

686-9794661 

779-836 

Arteroids... 

Jupiter 

u 

6-202767 

6-4586G3 

4-961871 

•0482286 

4882^5848082 

898-86/ 

Satan. 

h 

9*688860 

10-073278 

9*004422 

•0660266 

10759^2197106 

378-050 

Uraniu..... 

if 

19-18289 

20-07680 

18-28848 

•0466006 

30686-8206656 

869-656 

Neptune... 

* 

80-08627 

80-29816 

29*77488 

•0087198 

60126-722 

867488 

Mercoiy  ••• 

Venus 

Earth 

Mars  •••••«• 
Aateroida... 
Jupiter  ••*•• 
SatufiL...., 
Uranua..... 
STeptnne... 


Lonf(;of 
Perihelioii. 


o   /   " 
74  67  27*0 

124  14  26-6 

100  11  27*0 

888  6  88-4 

11  46  82-8 
89  64  41-2 
168  6  24 
47  17  68 


Anmul 

Vartatioo. 

+ 

// 
5-81 

8-24 

"  ~ 

11-24 

15-46 

+ 

6-65 

+ 

19-81 

+ 

2^28 

Longltade  of 

Aaeendlng 

Node. 


46  28  660 
75  11  29-8 


48  16  180 

98  48  87-8 
112  16  84-2 

73  8  47^8 
180  10  12-3 


Annual 
Variation. 


~10K)7 

—  20-50 

—  25^22 

— 16-90 
-.  19-54 

—  86-05 


Inclination 
ofOiUt 


o  /       /' 

7  0  18-8 

8  28  81*4 


1  51    6*7 

1  18  42*4 

2  29  29-9 

0  46  29-2 

1  46  69-0 


Annual 

Varla- 

tloo. 


M 


4-0-18 
+  0«07 

—  0-01 

—  0^28 

—  0-15 
+  0-03 


Dailj 

MOCIOB 


246  82-6    ^iv 
96    7-8 1 
59    8-3   tit 
8126  7 


4  691 

2    0*( 

424 

21*5 


Time  of 

DlAMEin. 

Den- 

Uaatix 

f—m 

Holies 

fdla 

VnlmfllL 

ICUBL 

Gra- 

Botatlon. 

Ap. 
parent 

imcnea 

sity. 

Perihe- 
lion. 

Aphe- 

vity. 

oie 

li.   m.  a 

// 

0«n 

607  48    0 
24    5  28 

1923-64 
6-69 

888,646 
8,089 

1416226 
•0696 

864936 
•0729 

•260 
1.226 

10-58 

4*69 

S(8-86 
0-48 

461-6 
?7 

Mercoiy... 

Yenna 

23  21  21 

17-10 

7,896 

•9960 

•9101 

•908 

1-94 

1-91 

0-90 

14-6 

Earth 

23  66    4 

7,926 

10 

1-0 

1-0 

1^034 

0*967 

1-0 

IH 

Man  ••••••. 

24  37  22 

6-8 

4,070 

•1364 

-1324 

•972 

•624 

•860 

049 

?*9 

Aateroida... 

• 

Jupiter 

9  66  26 

38-4 

92,164 

1491^ 

838*718 

•227 

•0408 

•0386 

2*46 

9f^ 

Saturn. 

10  29  17 

17-1 

76,070 

772*0 

101-364 

•131 

•0128 

•0099 

1*09 

1?6 

Uranus..... 

4*1 

36,216 

86*6 

14^261 

•167 

•0027 

•0025 

0-76 

1»3 

1  Neptune... 

2^ 

88,610 

76*6 

18-900 

•321 

•0011 

•0011 

1*36 

2I<8 

The  preceding  dements  are  ftir  the  beginning  of  1840,  except  in  the  case  of  Neptune,  fiir  1864. 

BLBMKHTB  OF  THB  MOOV. 

Mean  distance  from  the  Eartli 69-96436  Earth^s  ladB. 

—  Sidereal  ReToltttion 27-821661418  days. 

—  SynodScal      —     29-680688715  — . 

—  Longitude,  Januaiy  1st,  1801 118^17'   8"*3 

—  —        of  perigee  at  do 266^10'   7''-5 

—  —       »- ascending  node  at  do. 13^  63' 17"^7 

—  inclination  of  orbit 6°   8'47''^9 

—  revolution  of  nodes 6798*279  days. 

—  —      —perigee 8232-576343  dajs. 

Eccentricity  of  ort>it -      -0548442 

Diameter  of  the  moon 2153  iniles. 

Density— that  of  Earth  being  1 •6667 

Mass -011399 
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OF  JUPRSB'B  SATELLITB8. 


V^ 

flUMMlBevQlatloii. 

Dlitence 

iD  Radii  of 

Jnplter. 

OiWt  ladiDed 

to  Jnplter'i 

Equator. 

IhAKBTIB. 

tbatofJapiter 
beinsL 

Apparent 

In  Mitel. 

1 

2 
3 
4 

4l   IL  m.       & 
1  18  27  28-606 
3  13  13  42-040 
7    3  42  83-360 
16  16  32  11-271 

6-04868 

9-62847 

16-86024 

26-99836 

o      *     ** 
0    0     7 

0    16 

0    5    3 

0    0  24 

1-016 
0-911 
1-488 
1-273 

2486 
2187 
8673 
8067 

•000017828 
•000023235 
•000088497 
•000042669 

SLBMEHTB  OF  SATUBR's  flATELUIXS. 


Stk 

flU»MlB«nitatloii. 

Dialance 

InBadUof 

Batarn. 

BcfOThfldty. 

Longitode  of 
Peri-SatnmliixD. 

Mean 

Longitude. 

Epodi. 

d    It   m.     1. 
0  22  86  17-7 

3-1408 

•06889 

104  42    0 

O           1*1 

264  16  86 

1789-705 

0    8  58    2-7 

4*0819 

imootain 

67  56  25 

1789-706 

1  21  18  38-0 

4*9926 

-0061 

184  86 

158  81    0 

1886-308 

2  17  44  51-2 

6-399 

•02 

42  80 

827  40  48 

18860 

4  12  25  11-1 

8*982 

-02269 

95 

868  44    0 

1886-0 

15  n  41  24-9 

20-706 

•029223 

244  35  30 

137  21  24 

1830*0 

21     4  20 

26-029 

•115 

295 

82 

1849-0 

79     7  54  40-8 

64-869 

269  87  48 

1790-0 

xunmns  ov  ubahub* 

aATKUJTXB. 

Boi 

Moenai  aevonman. 

DaUy  Motion. 

Mean  Apparent 
DlitanceL 

Mean  Dlitaace  In  MItea 

I 
2 
3 
4 

2-620316 
4-14397 
8-706866 
18-463263 

142-8'878 
86-8782 
41-35133 
2673943 

18-54 
19-28 
81*44 
42-87 

119,994 
170,868 
278,627 
879,921 

wjonnfTS  OF  rsptuak'b  satslutb. 

SUerad  Bflvoliitlon 5(L  211l  Om.  178. 

Appmnt  Mean  Diatanoe 16''*75 

Traa  Mean  Diitaiioe 282,000  mflee. 

Oitift  IndiiMd  to  PUuM  of  Edipcie 29'* 

wUdi  these  ranges  an  the  mere  acddeDts  \  and 
the  qaeetioo  is,  whether  by  aid  of  the  onnmon 
laws  of  Force,  we  maj  not  dednoe  some  general 
features  neoessaiilj  characterising  all  soch  dislo- 
cations of  the  earth's  cmst?  Ifr.  Hopkins* 
inqnirj — now  extended  over  several  highly  in- 
stnctive  memdrs— has  three  qiedal  divisions. 
L  The  simplest  case  of  elevation  is  that  in  which 
the  npheaving  foroe  is  limited  to  a  small  ana — 
say  to  a  point  on  the  earth's  sorf ace  its  intensity 
diminishing  according  to  the  distance  from  thiut 
point  The  npheaval  under  snch  cbcomstanoes 
will  manifestly  be  confined  to  a  limited  areolar 
region,  and  most  result  in  wliat  is  now  well  known 
as  a  crater  qfelnatkn.  The  splits  or  flssons  Oa 
the  npraised  strata  will  probably  be  confined  to  a 
shigle  system— a  system,  viz.,  of  long  radii  from 
{ the  central  point ;  or  then  may  exist  sqMurately 
or  coqjoined  wiUi  the  fonner,  another  sjrstem 


It  Is  BOW  rsoogniaed  among 
fnbgiMitliat  tfaa  faMqnalitks  of  the  earth's  sar> 
feoB  an  Bsainly  owfaig  to  the  agency  of  some 
Gnad  Elevathv  Foroe  seated  at  a  greater  or  kn 
d^thwitUnltamMB.  What  that  Foroe  is,  what 
in  oi%ia,  and  in  what  manner  it  is  connected 
vilhthefnnl  Ffayrios  of  the  Globe^  an  prob- 
■BM  whoae  sointion  Bss  beyond  the  spben  of 
iMs  Diedoniy:  but  as  with  Earthquakes,  the 
ffaBDmsna  of  Ekvation  an  being  reduced  within 
As  ifhsn  of  Dynamical  Laws ;  and  in  so  fkr  as 
tkas  sn  coneennd,  it  is  necessary  that  we  glance 
m  tUs  plsee,  however  briefly,  at  the  remarkable 
SBlmostfaitcnstiqgsdfajoeL  The  trae  dynamics 
of  fnlqgy  owe  tlMnr  fiwrndatJon  to  Mr.  Hopkins 
tfOBBkcidgs.  Avoiding  an  ultfanate  theories, 
ks  nui  ris^ply  on  the  fiwt,  that  upheavals  do 
tahi  plaee  not  of  dtains  of  asoontaitts  merely,  bnt, 
ss  iati^slhjii  deiiMinslntfni  of  vast  boobs,  of 
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dividing  the  distended  soil  into  oonoflDtiic  riogk 
The  pluooinena  attending  inch  upheavals  had 
been  fuDy  diacnssed  previons  to  the  investigatioas 
of  Mr.  HopUnSi  by  Elie  de  Beaumont  and  Dn- 
ftenoy— perbape  ¥rith  an  aim  at  too  high  nume- 
rical precision^in  their  interesting  memoirs  on 
the  volcanoes  of  oetttral  France;  where  eveiy 
attainable  eluddation  is  thrown  on  the  plieno- 
mena  of  circular  elevations.  It  ought  to  be  re- 
marked that  these  species  of  dislocations  seem  to 
have  prevailed  among  the  older  epodis  of  the 
history  of  the  earth :  and  certainly  it  has  afiected 
most  abundantly  the  existing  sisrfaoe  of  our  sa- 
tellite. 11.  The  upheaving  force,  however,  instead 
of  being  confined  within  a  small  district,  may  be 
difiiised  below  a  large  tract  or  zone:  and  the  sim- 
plest mode  of  oonddering  its  operation  in  this 
case,  is  to  neglect  the  shape  of  that  zone,  unless 
in  regard  to  its  two  dimensions,  length  and 
breadUi.  Now,  if  such  a  eone  be  elevated,  it 
must,  during  tlie  whole  course  of  Its  upheaval,  be 
ttretchedt  or  subjected  to  tentiont,  which  indine  to 
tear  or  split  it ;  and  a  little  consideration  will  show, 
that,  (as  results  from  Mr.  Hopkins*  Geometry) 
these  tensions  must  reach  their  maxima  in  two 
directions;  one  set  inducing  the  zone  to  split  in 
the  direction  of  its  length,  and  another  acting  at 
right  angles  to  these,  and  tending  to  produce  fis- 
sures along  the  zone's  breadth.  Without  going 
thither  iblau  we  obtain  an  insight  into  the  phe- 
nomena of  trmuverm  vaUtyi  uniformly  charac- 
terising every  mountidn  chain ;  and  the  reason 
Is  seen  why  mineral  vems  are  generally  found 
associated  in  two  sjrstems  at  right  angles  to  each 
other.  A  very  eflltetive  attempt  is  made  by  Sir 
R.  Murohison,  In  Ms  recent  Memoir  on  Scandi- 
navia, to  explain  the  brokeo-out  lines  of  these 
northern  regions  by  this  prolific  principle.  But 
il^  in  either  of  these  directions,  the  zone  yields  in 
more  than  one  place,  It  must  do  so  akngpandid 
Una.  The  direction  of  the  iength  of  the  zone 
being  that  of  the  mostMiim  of  one  set  of  tensions, 
It  is  plain,  that  whether  the  zone  splits,  In  obe- 
dience to  these  tensions,  in  one  place  or  many, 
the  fissures  most  aasome  ihat  dSreethn,  and  no 
other;  and  as  the  zone  must  here  be  supposed  of 
uniform  constitution,  it  Is  much  more  Kkely  that 
several  cradcs  will  take  place,  than  a  sfaigte  one. 
Nor  can  there  be  a  doubt  that  these  parallel  fis- 
sures must  occur  at  the  tame  momaUt^  time;  for, 
on  the  occurrence  of  one  crack  by  Its^  the  ten- 
don would  deariy  be  relieved;  and  the  only 
result  of  a  fhrther  upheaval  would  be  the  mere 
widening  of  the  first  crack,  which  is  now  a  line  0/ 
weahnem.  Hence,  then,  the  fl«quency  of  the 
phenomenon  of  paralld  vehis,  and  hence  thdr 
necessary  oontemporandty.  Tiiereisnodiflleulty 
in  verifying  these  deductions,  in  all  the  aspects 
and  relations  of  mineral  vdns,  faults,  Ac ;  and 
the  same  phydcal  prindples  doubtiess,  overrule 
that  grsnd  soies  of  didocations  treated  by  Elie 
de  Beaumont  It  appears,  then,  that  the  oon- 
Ismporaad^  of  panUd  dudns  crowning  the  same 
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zone  of  Qpheavil  must  be  taken  as  ahsdnte  sad 
undeniable;  but,  unibrtunatdy,  there  are  two 
oondderations  which  prevent  an  absdute  appH- 
eadom  of  the  prindple ;  and  in  whldi  those  ^- 
cultjes  originate  that  are  so  emphatiraHy  indiated 
in  De  Beaumont*s  sdieme  of  aystems^  by  the 
existence  of  separate  groups,  of  widdy  diftrait 
ageSfe  but  with  corresponding  direetiaBSk  Tbe 
fint  source  of  amUgulty  is  fa  Um  eflfeet  of  sue- 
oesdve  diocks  of  elevation  undei)goDel»y  the  isne 
zone ;  for  though  these  can  create  no  newfisnn^ 
but  would  simply  fiirther  devate  the  iiMHiaiiis 
chahis  resting  over  the  old  ones ;  they  may  nske, 
even  at  a  later  period,  fissures  belonging  to  fin 
(AdniAockvitibleJortkeJintiimt.  Mr.  Hop- 
khis  deariy  demonstrates  that  th.  oacking  of 
every  zone  begins  on  its  foioesf  em^fuee,  and  pn>- 
ceeds  upwards;  and  as  it  is  perfectly  oonodnMs 
that  the  first  shock  may  not  have  oompleted  the 
split  in  many  cases,  or  caused  it  lo  reach  the  son 
face,  it  is  quite  condstent  with  theory,  tliat  sib- 
sequent  diocks,  while  farther  devatfa^i^  tiieiiiinM 
protruded  through  many  splits,  may  sofloe  to 
oofiip2ste  othere,  and  rear  over  them  a  moantsin 
range,  not  referable,  in  so  for  aa  didocatkns  of 
the  nd^bonring  strata  intimate,  to  the  epoch  of 
the  first  disturbance.  Mr.  DarWin  also  faiqdrsi 
what  might  be  the  probable  effbct  hi  strengthea- 
ingan  old  fissure,  of  long  intervals  of  rest,  dnrieg 
which  the  ii\}ected  rode  had  intertwhwd  ibelf 
with  the  other  beds  around  it  and  fonned  with 
them  one  consolidated  mass  ?  **  Would  not,"  he 
asks,  **  the  crust  in  sudi  case  yield  moie  readily  on 
dther  fiank,  as  I  bdieve  it  must  have  done  ia  the 
Cordillera,  than  along  an  axis  eompossd  of  soli- 
dified rocks,  such  as  granite  and  poiphyiyr 
But,  beddes,  the  law  only  holds  in  the  esseof 
mountain  ranges  bdonffiitff  to  the  $ame  soae;  end 
there  seems  no  reason  to  bdieve,  considering  tfae 
extent  of  the  earth*s  surfooe,  and  the  frequency 
of  these  oedllations,  that  ^firmt  soNse,  with 
mi^or  axes  corresponding  in  directlan,  may  not 
have  been  acted  on  at  diflbrent  epochs.  For  Id- 
stance,  with  regard  to  that  immense  arsa  now 
undergoing  subddence  in  the  ooralflne  rqgioos  of 
the  Padfic,  is  it  not  prdMUe  that  its  mijoraxb 
corresponds  hi  direction'  with  the  eastern  Alps 
and  Himalaya;  and,  therefore,  that  such  aho 
will  be  the  direction  of  Its  system  of  disteeations? 
It  is  frff  fhm  Improbable  that  flie  groups  in  Be 
Beaumont's  scheme,  whidi  correspond  In  £ieo- 
tion,  but  difi^  in  age,  demand  sudi  a  sohitloBi 
and  that  this  is  the  information  they  give  us  re- 
garding die  History  of  the  Earth,  like  all  appa- 
rent exceptions  to  simple  and  enlarged  truths, 
such  amb^uities,  while  cfaedringthe  miivenditjr 
of  the  appUcation  of  generd  laws,  do  not  invsli- 
date  the  laws  themsdves,  but  only  infona  « 
better  of  the  dreumstances  within  which  thqr 
have  operated.  III.  Mr.  Hopkins  next  surveyed 
a  ease  In  which  the  resulting  phenomena  n%ht 
be  supposed  modified  by  the  shape  of  the  19- 
raised  sniilioe ;  and  probably  his  apfiUcation  of 
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fHMil  priDdfte  to  the  ipedaltiei  of  the  Wiia- 
dcn,  !•  m  Qonipleke  a  trinoiph  at  ut  ioquiy  of 
Udi  kind  cm  be  •Apected  to  oooompIJsh  in  theo- 
ridflol  geology.    TBe  dedoctions  having  qaite 
fltttiun  obeerratiQBi  ICr*  HopUna  re-^oircjed  the 
WeaUcn,  with  a  ykm  to  the  delectioQ  of  lu 
and  hie  theoratieal  duut  might 
\  map  td  the  ooontry. 
Hov,  En  tfab  application  of  the  theoiy,  theie  is 
<|Dlte  beyond  any  men  probable 
of  the  fa«  cfpanUdum,     This 
Wv,  aWioiigb  atm  llie  pRraQiog  ooci,  is  intofferad 
vltb  and  soljeeled  to  gieat  modifications  by  the 
ahfw  of  the  district — ^modifications,  however,  of 
a  fixed  and  dstcnninate  natoie,  flowing  from  the 
saaM  acdooa  wlikh  caosed  the  law  of  panllel- 
fam  itaelf;  and  every  ppsdiMtai  deviation  of  the 
■bbs  of  ftsmna  or  dislocation  from  rsetilfaieafity 
parsUfHsBii  as  weO  as  evsiy  pro- 
relation  of  the  transvose  lines  to  tlie 

as  aho- 
tlw frets  eUcited  bya 
acratmy  of  lbs  ngion. 

{AmgU^    See  DBPBMtioir. 
I  prooess  so  important  and 
it  may  be  said  to  oonstitoto 
the  lAola  of  aaalvsb.    Every  reseaich  in  ana- 
Ijrais  may.  Indeed,*  be  pot  mider  the  frrm  of  a 

of  which 


tbe  othsiB  anfaown, — ^tbe  values  of 
laat  beliv  tbe  giaswfti.    Now  the  ol^  of 
la  to  estiaet  tbe  reqoirsd  value  from 

a    aaa  ^^a^^w^^    wV^^a^^^^s   aw^   ^^a^^ww^^^^^aa^j  aaa^p 

thai  at  fini  rssted  unknown.    UntQ 

rseentlT,  tbe  methods  of  sUmina' 

simcntary,  and  often  only 

tbe  safajeec  has  now  gnnm  into  a 

proiband  thaory,  containing  within  it 

of  tba  sobtlcst  spceolatlona  of  the  modtm 

In  oar  artide  Equatiohs,  csrtafai  of 

ialsrastiag  portions  of  this  inquiry,  have 

;  Iwt  spMS  would  not  permit  a  flill 

cither  of  its  eztsnt  or  rsmaikibis 

Uadsr  Poltvom a,  we  shall  give  ss 

Mtiafrctory  an  aooooot  as  the  nature 

will  allow,  of  several  ressarohai 

Algebra,  sBoh  as  Dbtsbmiiiamtb, 

tbe  tfasoiy  of  elimination  is  now 

anectod;  and  very  frinly  would  we 

lathis  plaes  on  a  special  and  ays- 

r  tba  whole  vaSo^ttiL    This, 

',  is  nndsred  ioiposribls^  In  the  meanttms^ 

of  tbia  woric;  and,  ahboogh 

uawillB^y,  wa  must  simply  rsfrr  tbe 

to  aaeb  woriDi  aa  the  J2^e6fv  of  Li6)^iirt 

of  Btwdba  (ktast  edition),  of  Smre^ 

pniticiilarly  to  tbe  distinct  and 

of/ba  <ii  JBhMo.    The  only 

at  present  oAr  is  a  mere  eno* 

of  tbe  cootanto  of  Brano's  volume; 

iwiU  at  laaat  indicate  UMspbere^ 

booodariaa  of  tbe  doctrine  of  eUmi- 
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nation  as  It  is  now  understood.  Bruno  amng«e 
his  treadse  Into  thrm  great  chaplen,  whose  sub- 
divisions an  mainly  as  fellows : — ^I.  Thbobt  or 
EuMDiATioir  VBOM  TWO  Eqoahobb.  (1.)  Oh 
a^mmttncal  f\mc*¥m»  ^  tke  Boon  and  tictr 
JVopenJM.  (2.)  ESmmtUim  ^  ike  Variable 
Jhm  two  EqwOkm  wUh  oae  Fariay!s.»Defioi- 
tionoftfaensoltsnts  diiftrent  modes  of  eiimtea- 
tion  by  aid  of  symmetrical  functione  of  the  rooto  ; 
methods  by  which  the  resultant  Is  sougifat  Ibr  as 
that  of  a  sjstem  of  linear  equations;  method  of 
the  greatest  common  divisor;  method  of  Besont ; 
metbod  of  finding  the  resultant  1^  considering  it 
as  the  dEserwMMBtf  (see  Poltmomx)  of  a  flmetlon 
of  the  second  dogree;  ftxmation  of  polynomial 
muldplien.  (8.)  Propmim  and  TJm  ^  the 
BenUtoHt^^Ih  Thbort  of  Eldcihaiioii  m 

THB  CASK  OF  TBBBB  EQUATIQIia  WITH    TWO 

Vauabui.  (1.)  iVt^Mrftst  ^  tke  aokilimu 
ammom  to  two  E^pioAoM  wUk  two  YanMee, — 
Number  of  common  adntkNis ;  degree  of  the  final 
equation  when  the  two  equations  are  not  cano- 
nisal;  method  of  LwrniUe  fat  developiBg  an 
implicit  ftinctlon  into  series ;  calcnlatioo  of  sym- 
metrlcal  fnnctlona;  theorem  of  JaoobL  (2.) 
EUmmaiiom  iff  tke  VariaUe$JromtkrmEqwittoa$ 
wkk  two  FartaUML— Tbe  resultant  ibrmed  by 
meane  of  symmetrical  ftmctioos;  mstllodofB^• 
•oaf;  method  of  Sgbfuter.  —  lU.  GnaBAL 
TBbobt  of  Eldobatioib.     (1.) 


rduHoe   to    Commm  A)Mons.~  Symmetrical 


ftmctions  of  oomnum  solutions;  theorem  of  ..^«^, 
Beeoaf  on  tbe  degree  of  the  final  equation;  me- 
thod of  LiomriUt!  theorem  of  JoooM;  number  of 
independent  solutioas.    (2.)  i?seeiirdi  ond  For- 


qftke  JBMalteHrf.— Formation  of  the  reenl- 
tant  by  aid  of  qrmmetrlcal  Amotions;  method  of 
Bemmtf  method  of  agkmter,  (8.)  iVqperljst  ^ 
ike  ienuAimf.— If  the  Bnc^  student  can  learn 
nothing  else  from  tbe  ftHregoIng  bald  list  of  ood- 
tsnti^  hs  may  at  least  learn  this— how  wrong  It 
were  fi)r  bfan,  fai  tbe  present  conditioQ  of  sdsnoa^ 
to  rest  satisfied  with  a  knowledge  of  what  once 
paassd  current  as  an  aeoount  of  the  Tknrff  if 


Klh^eai  One  of  the  well  known  conic  eeo- 
Unlike  the  parabola  and  tbe  hyperbola,  it 
is  a  rs-entering  curve :  on  one  side  lu  limit  is 
the  drde^  on  tbe  other  the  parabola.  Theequa- 
tioo  of  tbe  ellipse  referred  to  its  centre 
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where  a  and  A  are  tbe  mi^  and  minor  semi- 
axes.  The  student  should  consult  ^bfeioA*«CoNte 
AoTibm.— Of  conrto  it  is  universally  known, 
that  tbe  ellipee  is  the  curve  In  whioh  our  planets 
move. 

gUipaal^  If  we  loiagfaM  aa  ellipee  to  re- 
volve round  either  its  m^or  or  minor  axis,  and 
supposs  that  each  socceesive  ellipee  so  ibrmed  in 
spaos  be  marked  down,  tbe  neulting  surface  wUl 
bewbatiscaUsda^aAerofd  As  we  have  already 
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seen  that  every  drck  is  a  sort  of  dUpse,  the 
spheroid  is  a  kfaid  of  ellipsoid.  As  the  euth  isof 
a  spheroidal  form  (Fiovbb  of  Earth),  the  pro- 
perties of  the  spheroid,  and  of  its  generic  sor&ce 
the  ellipsoid,  are  of  the  greatest  physicsl  im- 
portance.   The  technical  expressbn  lor  the  ellip- 
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soid,  referred  to  its  centre  is I-L.4-  —  =  1. 

^  o«  ^  6«  ^  c* 

Blllptlclt)r«  The  proportion  which  the  ex- 
cess of  the  larger  semi-axis  of  an  ellipse  over  the 
smaller,  bears  to  this  smaller  axis.  It  is  not 
the  same,  therefore,  as  the  eecmUricU^.  Its  value 

as tedmicallj given is^""    . 

6 

KloBSBiioM  (^Angh  qfy  The  an^^  measur- 
ing the  distance  between  two  stan  as  seen  from 
the  earth.  It  is  the  angle  made  by  the  lines 
drawn  from  the  eye  to  each  star  respectively. 
Custom  applies  it  only  to  the  ease  of  bodies  in 
the  solar  s^vtem ;  and  still  ftirther  confines  it,  in 
almost  every  case,  to  a  planet  and  the  sun.  We 
thus  speak  of  the  ebngation  of  Mercury, — £.«., 
itB  difiianoe  from  the  sun,  and  instead  of  the 
elongation  of  two  fixed  stars  or  planets,  we  use 
the  word  "cKftofiee." 

EmervloB.  The  reappearance  of  one  hear 
venly  body  from  behind  another  after  an  ed^ 
Qt  oceuhaUcM. 

BnpMcal  Iaw*  I^  on  the  contemplation 
of  a  number  of  separate  fiicts  connected  with  the 
same  subject,  the  inquirer  discerns  some  external 
relationship  expressible  by  a  simple  term  or  pro- 
position, that  term,  or  theorem,  is  called  the 
Empiiiosl  Law  of  these  Acts.  For  instance, 
Bode's  Law  of  the  Distances  of  the  Planets  from 
the  Sun,  would,  were  it  correct,  be  an  Empirical 
Law:  in  the  same  way  in  Physics,  multitudes 
of  facta  are  connected  and  expreesed  l>y  general 
tenns,  or  Engnrioai  Laum,  These  Laws  may 
be  termed  the  rudest  and  rudimentary  steps  in 
the  process  of  generalization;  and  they  often 
lead  to  the  discovery  of  Higher  Laws,  or  Laws 
that  connect  thd  whole  range  of  subordinate 
phenomena  with  some  wider  scheme  of  sequences. 
These  latter  laws  appear  oauaative:  the  fbimer 
never  are  so.— Empirical  Laws  may  frequently 
be  most  easily  detected  by  Gbaphic  Mbxhods, 
to  which  article  the  stnd^t  is  referred. 

BacrgT. — EnergeHa, — ^The  term  Energjft  in 
its  lai^ger  and  only  true  sense^  is  the  capadty  to 
efibct  changes ;  and  if  any  genend  laws  can  be 
predicated  of  Energy  as  such,  these  laws  must  be 
applicable  to,  or  dominate  over,  every  branch  of 
Physical  Sdenoe,  and  express  the  order  and  mode 
in  which  changes  aro  efiected.  Hence  the  idea 
of  a  pure  and  abstract  Sdmoe  ofEnergeties — a 
science  which,  if  constituted,  wocud  be  the  high- 
est abtlraetum  or  ffmendUatum  attafaiable  hi 
phifticed  re$eareh.  For  the  first  attempt  to  lay 
the  basb  and  sketch  the  probable  course  of  sudi 
a  genendization,  sdenoe  is  indebted  to  Mr.  Mao- 
quom  Bankine,^*  sketch  which  must  be  ranked 
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among  the  most  important  of  our  numeroos  sad 
emphatic  indications,  that  Physical  Sdeoee  is 
about  to  enter  on  a  fresh  and  vigorous  csner. 
The  reader  is  earnestly  referred  to  a  paper  on  the 
Science  of  Eiterffeiice  in  the  Edmlmrgh  PkSen- 
phical  Journal  for  July,  1855.  See  also  Hsat 
and  Potential. 

Bngtae*  A  name  given  to  a  medisnica] 
contrivance,  by  which  any  physical  power  is 
applied  to  produce  any  given  physical  efiect 
The  dlfierence  between  the  words  eHgtm  sad 
machmet  is  not  at  all  a  definite  one :  ofteneit  tha 
wonls  are  used  indiscriminately.  For  a  notioa 
of  certain  general  theoretical  prindptes  applioshfe 
to  the  construction  and  play  of  F-ngSnais  see 
Machinbb. 

EBgiA«»  Air.     See  Air  Enoihb. 

Baclae,  Calcalating.  We  shall  spesk 
briefly  in  this  place  of  that  daas  of  machiiKB 
which  have  been  proposed  for  the  execntian  of 
calculations  and  other  mathematical  opentiaBL-~- 
It  is,  of  course,  wholly  impossible  to  endow  anj 
mechanism,  however  ingenious,  with  the  power 
of  thovghtj  or  the  ability  to  originate :  but  widi- 
out  intrewBhing  on  this  inaccessible  sphere,  there 
are  duties  no  less  extensive  than  onerous,  which 
it  quite  &lls  within  the  scope  of  merhanirsl 
contrivance  to  perform.  Let  an  operation  be 
definite^  or  have  a  fixed  order,  then — ^no  matter 
for  its  complexity — we  have  seen  enough  to 
know,  that  some  combmation  of  motioos  sad 
proceases  may  be  imagined,  that  might  under- 
take and  determme  it:  the  results  of  exirtiog 
manufacturing  genius  should  estabUsh  that  there 
is  at  least  nothing  wonderful  in  the  oooceptioB, 
that  an  engine  can  be  contrived  capable  cf 
relieving  the  acientific  inquirer  of  mudi,  if  not 
of  all  Sat  tedious  but  pure  manipnlatinn  with 
figures,  in  whkh  his  time  and  energies  are  at 
preeont  ao  largely  conaumed^  Becently,  fv 
instance,  we  have  had  a  very  socoesaful  AriA- 
mometer,  by  M.  Thomas,  of  Gohnar,  by  whieb 
all  ordinary  arithmetical  **iii*mif|Ama  tre,  exe- 
cuted without  fatigue  to  the  operator:'  and 
again,  the  machine  just  exhibited  befiae  the 
Boyal  Society,  by  M.  M.  Scheutz,  wfakh-iestr 
ing  on  the  prindple  of  D{fereHeet—n  abk^  on 
the  turning  of  a  whed,  to  give  the  snooesRve 
terms  of  any  §enei^  whose  law  may  be  oonfidBd 
to  it  The  machme  of  these  veiy  exodknt 
Swedes  likewise /irtittt  a  large  part  of  its  resuks, 
and  thus  still  finrther  provUea  for  the  aocmacf 
of  its  tables.  But  whila  givhig  all  honoor  Is 
these  and  other  gentlemen,  it  were  equally  m- 
Just  and  unbecoming  to  refrain  from  naming  as 
the  instigating  and  guiding  gennis  in  tUi 
remarkable  career^our  countryman,  Kr.  Bab- 
bage.  Mr.  Babbage*a  achievements— not  pro- 
jeied  merely,  although  not  yet  rtaHui  aefaisfe- 
ments— are  twofold.  L  In  the  first  plaee  ha 
perfected  a  Z>iyerenos  £^^Ni6  of  very  compnhsD- 
sive  powers.  On  referring  to  our  abort  articfe 
on  DnrFEHniGEa,  the  reader  may  have  it  le- 
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UwofdevelopiiMniisasoeitainedaiidfized.  To 
obtain  8  ckar  oonceptioii  of  the  mode  in  which 
he  lealised  this  ot^ject,  it  is  necessaiy  thst  the 
reader  have  in  his  mind  a  distinction,  already 
of  vast  Tahie  in  Analytic  Sdenoe,  and  exem- 
plified everywhere  in  our  industrial  mechanisms 
— the  distinction,  viz.  between  the  operations  to 
be  perfonned,  and  the  quantitleB  or  substances 
operated  on.    An  <q>er<Uion,  is  the  method,  or 
the  law  aocoiduig  to  which  some  objject  or  ma- 
terial is  to  be  changed ;  and  is  perfectly  distinct 
from  oonsidenition  of  the  material  or   ol:rject 
itsel£    Can  an  engine  be  made,  then,  so  that  it 
be  acQusted  to  the  performance  of  any  order  of 
operations,  however  complex, — so  that,  what- 
ever its  abstract  capacities,  it  may,  at  any  time, ' 
be  constramed  to  work  according  to  tome  Jixed 
law  or  order f  to  the  exclusion  of  every  other  ? 
Suppose  the  zero,  or  neutral  state  of  the  Analy- 
tical Engine,  to  be  a  mere  expression  or  posses- 
sion of  capability  to  execute  all  the  elementary 
and  essential  changes  on  quantity,  can  it  be 
acQusted  to  perform  these  aooordiDg  to  a  fixed 
law,  or  what  is  the  same  thing,  to  develop  am* 
/undionf     The  answer  has  been  practically 
given  by  the  Jaoquabd  Loom.    In  tliis  case, 
the  oarde,  obl^  a  machine,  in  which  there 
really  is  a  latent  power  to  work  any  pattern- 
to  woric  out  one  particular  pattern:  and  Mr. 
Babbage  saw,  that,  in  the  same  way,  a  peculiar 
and  appropriate  set  of  cards  qf  operation  might 
compel  the  calculating  machine,  to  act  for  the 
time,  according  to  one  certain  fixed  law  and  no 
other.    The  wonderful  results  of  the  Jaequard^ 
illustrate  the  amazmg  comprehensiveness  of  this 
principle;  and  it  may  ftirther  assist  our  con- 
ceptions if  we  liken  the  mtmtrioal  or   other 
quantities,  which  form  the  subject-matter  of  the 
functions,  to  the  maierkU  on  which  the  Jac- 
quard  mechanism  worics.     These  nambertj  or 
eubfeett,  are  introduced  into  the  Analytical  En- 
gine l»y  arrangements  quite  independent  of  those 
which  regulate  the  tqxroHont  to  which  they  are 
to  be  sn^ected:  the  two,  in  hctf  wock  inde- 
pendently, although  harmonizing  throughout; 
and  the  result  of  the  two  is  the  reproduction  of 
the  matter, — ^introduced  in  a  row  state— in  the 
sliape  of  doth  with  the  pattern  woven.    It  is 
dear,  too,  that  the  matter  or  things  acted  on 
need  not  be  manbert:  sudi  an  engine  could  over- 
take  any  problem   concerning   objects  whose 
natural  fondamental  rdations  can  be  exprassed 
by  the  relations  -\-f  — ,  X»  snd  -r : — for  in- 
stance, if  the  fundamental  relations  of  pitched 
sounds  were  susceptible  of  any  simiiar  expres- 
sion, the  Engine  would  be  capable  of  veavimf 
elaborate  and  scientific  pieces  of  music  of  any 
degree  of  complexity  or  extent. — On  the  details 
of  the  mechanism  cf  the  Deference  Engine,  the 
reader  will  find  a  voy  instroctive  pai)er  in  the 
Ediubmr^  Meview  tm  July,  1884 ;  and  a  much 
injt  to  ang  fecial  order,"€xt  wliat  is  the  same  I  mora  oompreliensive  and  generalised  description 
tbiest  to  det^lop  any  ftmction  whatsoever,  whose  I  of  &oC^  in  an  exceedingly 'predse  memoir  by  M. 
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caOsA  to  Um,that  any  series— be  the  nlatioii 
fldtiqg  Us  terns  as  conplsK  as  it  m«y— will  in 
tbewl  }'ield  a  certain  order  of  Difibrenoes  that 
fhsD  be  0.  The  oompUeaqr  of  the  relationship 
BKnIy  aflbds  the  order  of  tliose  difiteenoes 
vUeh  beoones  0— the  more  complsx  the  reU- 
tknsUpk  the  higktr  that  m4&r.  Now,  Mr. 
BslAsge's  cntsqirise  was  this, — he  undertook  to 
eoartnKt  sn  engfaM  capable  of  managing  series 
m  eoaqilex,  that  the  difiiennces  of  its  terms  do 
set  mdi  uro  until  we  ascend  to  the  seventh 
order:  or  in  analytical  language,  lie  undertook 
to  oiansge  the  ttOegra^  defined  by  the  equation 

sad  tlm  holds' where  p .  s  contains  no  power  of 
STsnsblehigliertlian  the«txl&;  or  when 

/«»-|-^««. 
Aa  iaaueuse  range  of  nautical  and  astronomical 
tsbhi  rieswitUn  the  limits  now  defined;  but, 
idfi  ftnther,  while  an  engine  with  snch  capar 
Uiiics,  eonunanded  everytUng  within  its  grasp 
sccaiatdy  and  eomplelciy,  it  also  tabulated  ap- 
pnsifliativdy,  or,  between  intervals  of  greater 
or  less  extsDt,  any  series  whatsoever,  that  could 
be  treatsd  by  the  Method  of  Differencet,  Bo- 
faiisg,  again,  to  our  short  article  on  Differ- 
ocn,  the  student  will  see  that  the  hope  to 
neosed  in  sndi  an  enterprise,  how  novel  soever 
it  sppesred,  was  not  chimerical :  it  rested  on  this 
only,  tlist  an  engine  could  be  made  capable 
of  pgftjimli^  nt  eommand  all  operations  of 
edfiipn.  The  chasm  between  the  idea  and  the 
lesBsslion  of  it,  is  hi  this  case  vast  indeed;  but 
««  hriisve  tiiat  it  baa  been  unfversally  conceded, 
thai  sD  practical  difikulties  had  yielded  to  the 
of  Mr.  Babbage.— IL  Dining  the  pro- 


«■  of  te  constmctioo  of  the  Z>i;0%raioe  .Oi^sne, 
Kr.  Bsbbsge^s  views  edaiged — probably  in  so 
ftr  fimogh  his  growing  familiarity  with  the 
fspsWBHfs  of  maddnery;  and  a  new,  and  much 

arose  befon  him  in 
If  an  engine  could  be  con- 
Mnctsd  to  peiftrm,  at  oomnumd,  the  process  of 
aUiion,  no  reason  aeemed  to  exist  why  one 
m^  not  perform  the  wliole  of  the  dementaiy 
wssges  to  iri!iidi  quantity  can  be  sutjject,  viz. 
edSion,  mtbms&m,  iufcjpft'curiipn,  woAdhidon. 
Ihasn  changes  that  can  be  produced  on  quantity, 
la  stfasr  woida,  any  devdopment  to  whldi  quan- 
tity can  be  safaject,  are  mere  combinations  of 
tfasBs:  so  tibat  an  enghw  capable  of  peribmung 
thae  at  command,  adght  become  an  instrument 
to  etseute  any  devdqxnent  whatsoever.  And 
nih  an  iusuuuieut  Is  the  proposed  AnaXgtical 
Ehftoc  Without  stopping  to  describe  the  ma- 
:UiHrr,  we  shall  take  it,  as  a  iSut  accepted 
tisijwbeie,  that  Mr.  Babbage  devised  the  means 
of  cneatittg  derecAf  all  elementary  operations. 
Aid  the  next  nquirite  was,  that  he  should  be 
sbb  to  canse  his  engine  perform  all  these,  accord- 
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Menabna,  of  Tmin.  A  trmwiirion  of  this  me- 
mdr,  aooompanied  with  yvj  nounkaUe  notes, 
from  the  pen  of  the  late  Lady  Lovdace — Lord 
Bjwa*8  aooompUahed  Adar--^ipeared  in  the 
tlUrd  Tolnuie  of  Ta^lor*t  Samiyic  Mtmoin. — 
It  were  nnjustifiaUe  to  oondnde  even  this  brief 
notioe,  withont  an  ezpraeeion  of  profound  regret 
that  cirenmatanoea  of  any  kind  ahonld  have 
induced  Government  to  eospend  the  realization 
of  great  woifcs  like  the  fbreigoing,— wortcs  whidi 
a  Government  alone  coold  realke,  and  of  which 
any  Government  might  well  be  pnmd.  It  is 
gratifying  to  notice,  that  in  a  spirit  of  ftiQeet 
justice  to  Mr.  Babb^ge,  and  under  deep  sense  of 
the  public  importance  of  what  is  at  issue,  Lord 
Roese  took  occasion,  on  his  vacating  the  chair  of 
the  Royal  Society,  to  make  a  reclamation  on 
the  subject,  wliich  every  scientifio  man  will  Join 
in  hoping  may  have  its  deserved  snooesB. 

Baglaef  liOcmnotlTet     See  Looomotevb 
Enoimb. 

BBsiMc  Steam.    See  Stbam  Enoinb. 

KBgiKc,  Thiu  aao  ■  ayamto*    See  Heat, 
§22,  &C. 

Sngtaeeiteg.  That  department  of  scienoe 
which  may  be  termed  the  Science  of  Engineer- 
ing, is  defined  most  accurately  as  follows. 
Eyeiy  one  conversant  with  mechanics,  knows 
that  the  abetract  truths  of  Statics,  Dynamics, 
&C.  cannot  be  represented  in  any  actual  case  of 
equilibrium  or  in  the  woridng  of  any  machine : 
in  no  case  in  nature,  ibr  instance,  do  we  find  a 
pure  mathematical  line  or  drde;  so,  likewise^ 
in  no  case  do  we  find  the  perfect  expression  of 
pure  or  rational  mechanifial  truth.  And  the 
cause  is  this : — ^bstead  of  woridng,  in  nature^ 
with  icfeof ,  or  %po<Aefef ,  we  work  irith  materials 
liaving  certain  properties  or  qualities  of  their 
own ;  and  it  is  only  through  these  instruments, 
with  their  peculiar  and  essential  qnalities  or 
characteristics,  that  Statfc  or  Dynamic  theorems 
can  be  presented  in  practice.  It  becomes,  there- 
fore^ a  question  of  the  last  importance,  in  what 
manner  must  theee  qualities  of  our  instruments, 
modify  the  action  it  our  pure  theorems;  and 
how  must  we  take  account  of  such  inevitable 
modification,  before  applying  these  theorems? 
The  reply  to  which  question  is  the  end  and  aim 
of  the  true  Science  of  EngmBtring.  Unfortu- 
nately, it  cannot  be  said  that  any  such  Scienoe 
has  hitherto  been  methodized ;  although,  in  the 
constructions  and  writings  of  our  £unou8  en- 
gineers and  architects,  there  are  abundance  of 
valuable  contributions  towards  its  vaiious  de- 
partments.  The  object  of  the  present  Cjfdi>' 
pcBdia  does  not  expressly  include  this  wide 
sphere  of  inquiry ;  and  it  is  to  be  hoped  tiiat  the 
publisher  may  be  induced  to  undertake  as  a 
separate  and  express  work— 4he  Qfck^padia  qf 
Practical  Meckmioa  and  Engimming,  Never- 
thelen,  it  is  not  possible  to  draw  an  absolute 
line  of  demarcation;  and  certain  conriderationa 
more  suitable  to  the  other  work,  are  touched, 
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under  such  articles  as  Elabiiciit,  Foboi, 
FBicnoy ,  BCaghub,  Botaxion,  Stbergth  op 
Matbualb,  &C.  &c.-..TlMn  are  now,  anoog 
most  dvilised  nations,  regular  and  oiganiied 
corps  of  sdentiflc  men  pnnofng,  in  varions 
ways,  the  calling  of  engineerB,~Heach  as  Ar- 
ekUecU;  CwU  Eagmeersi  MiUiarg  Engmeen; 
Engmcen of  Mvmu^  ofBoad§amd  Bridga^RaUr 
wegitt,  &c  &C. 

Bpttflfc  The  number  of  days  after  tiie  be- 
ginning of  the  year,  when  the  new  moon  tskes 
place.  It  is  used  in  all  our  almanafls  for  thii. 
Soppoee,  for  example^  12  be  the  epact  of  this 
year,  then  the  new  moon  will  come  on  the  12th  of 
Januaiy,  and  by  addhig  29  and  80  alternately, 
we  get  the  dates  of  all  the  new  moons  throoghoot 
the  year  thus.  Then,  for  next  year,  we  add  11 
to  12,  becanse  11  is  the  difierenoe  of  the  daji  in 
the  year  365,  and  the  days  of  the  12  lonsr 
months  854.  We  obtafai  thus  28  as  the  cpact 
for  next  year.  Add  another  11  and  we  get  M. 
Now,  if  the  first  lunar  month  of  that  year  be  to 
be  taken  as  80  days,  then  4  (84— 80j  will  be 
the  epact,  and  so  on.  For  the  year  immediatdy 
succeeding  leap  3rear,  we  must  add  12  (S66-- 
854). — ^The  system  of  epaets  haa  many  curious 
and  somewliat  puzzlbg  details  which  we  do  not 
require  to  describe.  It  is  chiefly  in  use  ftr 
determining  the  date  of  Easter  and  of  the  diurch 
festivals  depending  on  it.  It  is  of  Greek  origin. 
A  veiy  interesting  account  of  it  will  be  found  m 
Delambre  (Agtronotm  Modemc,  I  4-82> 

B|»heaacHa«  A  species  of  almanac  df 
extensive  use  to  navigators  and  astronomenL 
To  the  former  it  is  a  matter  of  the  utmost  impoc^ 
tance  to  determine  their  exact  position  on  the 
gtobe.  He  can  do  this,  as  we  shall  see  (Loxoi- 
TUDB  and  Latitudb),  by  sextants,  chronome- 
ters, and  other  methods  of  duect  observatkn. 
But  all  of  these  are  liable  to  vaiy  many  cntxs, 
and  require  to  be  corrected  one  by  the  otho; 
leavhig  no  complete  certainty  on  the  mind  after 
alL  His  Ephemetis,  or  as  in  tiiis  countiy  it  k 
more  commonly  termed  Naaticai  Abnamtc,  teDs 
him,  however,  the  exact  position  for  every  hoar 
of  every  day  of  most  of  the  heavenly  bodie^ 
givee  him  the  exact  moments  of  edipoes  of  satel- 
Ufces,  the  amounts  of  lunar  distances,  &c.  &&  ior 
the  standard  positkm-^that  of  the  Qrenwidi 
observatory  in  this  country.  He  observes  them 
from  his  own  position,  and  cslmlalm  it  from  the 
observation.  For  the  astronomer  it  ia  equally 
important  Many  phenomena  can  now  be  so 
calculated  that  we  shall  thus  know  them  better, 
than  we  can  l^  observation.  They  depend  upon 
general  laws  admitting  of  mathematical  state- 
ment, and  therefore  we  can  infer  the  exact  data 
of  the  phenomenon,  the  true  position  in  wldcfc  it 
will  place  some  visible  olject,  and  soch  VSat. 
The  knowledge  of  this,  as  directing  the  astrono- 
mer when  to  observe^  and  how,  would  be  of  vc^ 
great  importance,  but  it  becomes  of  still  gnatv 
importanoe  in  another  light    He  does  aotoally 
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•bcm  tbe  plMDomenoo,  mder,  ftr  ezample, 
iht  cHtfwWug  inflnenoe  of  r^fraetitm.  He  gets 
tbe  ezMt  poahioii  cdenlated  mathematieallj 
fnm  Ue  aTmaimr,  and  he  finds  tfao  sppaieDt 
pedtioB  6noiii  his  obsenrttioiL  tbe  diflbvnce  of 
die  two  is  due  to  tUs  infloenoe  of  refraction,  and 
he  taholatias  that  Fhm  a  series  of  such  obser- 
vations,  hs  ean  find  the  Uws  which  that  infloenoe 
kIBan,  and  can  correct  those  observations  whidi 
csanot  bs  predicted,  in  which  this  same  distnib- 
faig  faiflneDce  opentes,  so  as  to  arrive  at  the  tme 
tihenoneaon  which  he  wishes  to  obsenra  If, 
SB  is  often  the  case»  in  any  given  observation  on 
the  phenomena  calcnlated  bj  the  almanac,  several 
csaaee  of  error  act,  tlie  resaltant  ^ilerenoe  will 
bedse  to  them  all,  and  he  will  have,  after  tabn- 
kdsg  these  difiterenoes,  to  adopt  the  method  of 
EuxnATioai  (^.v.)  to  arrive  at  the  valoes  of 
csch  by  itsdt  The  Frendi  nautical  almanac, 
•r  CsBMi'iiuwce  dSes  Toipi,  is  the  best  known  of 
the  fuiiagu  ooss^ 

Ifplcytla.  The  notion  that  onifbnn  and 
drealvmotioD  inheres  hi  all  bodies  so  grsnd  as 
the  edeetial  ones,  was  a  sooroe  of  considerable 
tnabb  to  tbe  andcnt  astronomers.  They  r»- 
■hed  to  dii^  to  it  whatever  came  of  it; 
eai  thej  had  to  make  some  aitifidal  physical 
InrpoihMBs  to  sapfMTt  its  credit  One  dis- 
tnfuej  has  been  already  aoooontsd  for  (see 
Eooomic),  hot  a  greater  remained.  It  was 
fosBd  by  vwy  onfiiMiy  observation,  that  the 
pIsBsts  qipear^inslead  of  moving  in  a  drde— 
is  ftd  to  novB  In  a  very  eztraordinaiy  line 
vitfaoot  any  apparent  regularity.  Tbe  in- 
^wtfive  Greek  rated  soraionttCed  the  difficulty 
ia  tkb  wi^.  The  planet  moves  in  a  regular 
ciRle,ihs  oentrs  of  which  rsgnlarcfade  moves 
aad  dreolarly  itself  round  the  ec- 
(§.9,)  ta  which  we  are.    Thus  (see  fig.) 

tlM  planet  p 
may  move  in 
the  small  cir- 
cles indicated, 
the  centres  of 
which  circles 
move  along 
the  lai^  cir- 
cle DR.  Here, 
though  thege- 
nend  motion 
of  tlie  planet 
bs  nnqnee- 
tionahly  Ibr- 
ward,  we  can 
still  undsr- 
'  stand  how  at 

It  dioald  take  a  turn  backwards  and 
Sph  issgreai^  then  CQJhrward  mors  rapkUy,  then 
sppsv  to  stand  stiU,  and  may  chsnge,  at  once 
the  dkeetioo  sad  vtloelty  of  its  motion,  in  all 
iMSBJBslls  ways^  simply  by  a  proper  a^ust^ 
■•Bt  of  0M  rates  of  these  two  motions,  viz., 
•f  ths  pisnat  In  the  cfacumferenoe  of  the  small 
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drde,  and  of  the  oentre  of  that  drole,  slong 
the  circumference  of  the  large  one.  Tbe  figure 
will  show  a  case^  where  a  general  forward 
motion,  flrom  o  to  (/  will  appear  to  tbe  speo- 
tator  at  B,  to  be  in  reality  a  backward  motion 
from  p,  where  the  planet  really  is  at  the  time 
that  the  centre  is  at  o,  to  p'  whoe  it  is  when  the 
centre  is  at  </.  All  varieties  of  motion  might 
be  shnilariy  produced. 

Bpach*  Tbe  date  of  some  memorable  event 
in  the  histoiy  of  the  world,  from  which  nations 
redkoQ  their  time; — ^the  commencement  of  an 
Era.  The  Christian  era  commences  at  the 
epodr  of  Christ's  birth ;  and  the  Mohammedan, 
at  the  date  of  the  Hsgira. 

E^aadmi,  DUrereatial  (recftrn'ooO-  '^^ 
theory  of  differential  equations,  is  an  exten- 
sion of  the  integral  calculus,  in  which  it  is 
requured  to  find  the  fonction  ¥^iose  differential, 
with  regard  to  a  variable^  is  known.  In  some 
cases  we  have  given,  the  difierentials  of  higher 
orden,  the  second,  third,  fourth,  &&,  and  we 
are  required  to  find  the  ftinction  corresponding. 
The  siit;|ect  has  not  been  yet  so  frilly  considered 
as  it  ought  from  its  importance.  A  differential 
equation  is  expressed  in  such  a  form  as  this, 

— ^-+  -<Z  r=:  X,  where  y  Is  a  frmction  of  x, 
dx«^dx      ^  ^  "• 

dv 
which  it  is  rsquired  to  discover.     In-ilr=xwe 

dx 

have  a  problem  of  the  intsgral  calculus— a  mere 
case  of  this.    See  Calculus. 

B^Mti***  tAuuae*  A  perturbation  of  tbe 
moon.    See  Lukab  TnaoBT. 

B^pattoB  af  CcbIbv.  The  motion  of  the 
earth  round  the  sun  is  seen  by  us  exactly  ss  if 
It  were  an  equivalent  motion  of  the  sun  round 
the  earth.  U  the  earth  moved  round  the  sun 
with  a  uniform  circular  motion,  we  would  sup- 
pose the  sun  to  do  the  same  round  the  earth. 
It  does  move,  however,  in  an  ellipee,  describing 
equal  areas,  in  equal  times,  and  so  does  the  sun 
appear  to  move.  This  ellipse,  however,  varies  very 
little  from  a  drde.  In  oniform  drralar  motion 
we  oould  readily  tdl  the  direction  of  the  visual  ray 
and  the  change  of  direction— -in  fiKt,  determine 
the  l(mgitude  of  the  sun  and  its  changes.  In 
any  number  of  days  the  ssme  fraction  of  860°  of 
angular  space  would  be  described,  as  this  number 
of  days  is  of  the  complete  year.  Tbe  doeeness 
of  the  actual  dlipse  to  a  drde  makes  it  con- 
venient for  us  to  calculate  what  would  be  the 
position  of  the  son  if  this  were  the  true  state 
of  tlie  case,  and  to  tabulate  the  differences  from 
this  result,  which  actually  exist  How  these 
differences  arise,  we  can  understand.  Suppose 
ppto  be  the  snn*s  apparent  or  the  earth's 
rsal  ovUt,  and  s  the  central  otb  in  the  ibcus 
of  the  dlipse.  Let  am  be  the  axis  mi^or  and 
H  a  p',  A  s  p  be  two  equal  anglss.  Then,  accord- 
ing to  the  hypothesis  of  uniform  angular  motion 
the  spaces  xbp',  asp  should  be  described  in 
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equal  tinm.  But,  aooording  to  the  facts  of 
the  caae,  they  will  not  be.  m  s  p'  haa  a  much 
lai^ger  area  than  ASf,  and  will  therefore  take 
longer  time  to  be  deaoibed.    Theaon  will  there- 


fore appear  to  moTB  slower  at  p'  h  than  at  s  p, 
and  in  consequence  of  this  inequality,  it  will 
happen  that  the  mean  longitude  would  make  the 
visual  ray  perhaps  take  the  direction  8  p"  while 
the  actual  direction  is  s  p'.  The  angle  p'  8  p''  is 
called  the  equation  of  ike  centre.  The  motion  at 
A  p  is  thus  more  rapid  than  the  average  motion. 
This  excess  above  the  average  increases  firom  a 
onwards  by  new  additions,  until  the  body  p 
reaches  such  a  position  as  p'''.  There  the  motion 
is  just  about  the  average  motion,  but  still  the 
true  place  is  much  in  advance  of  the  meanplaee, 
though  that  advance  now  ceases  to  increase  and 
b^ins  to  diminish,  lessening  the  excess  gradually 
untQ  it  vanishes,  and  the  true  and  mean  place 
coincide.  Where  there  is  the  greatest  dif- 
ference between  the  mean  and  true  place  of  the 
earth,  or  apparent  place  of  the  sun,  this  difference 
(e,g.  the  angle  p'  s  p'O  never  exceeds  1°  66'  88''  -8. 
In  case  of  the  motion  from  a  to  m,  its  amount  is 
to  be  added  to  that  of  mean  longitude — in  the 
other,  from  M  to  A,  to  be  subtracted;  at  Maud  A, 
it  irill  be  nothhig. 

Bqaatl^a  •f  DUrcrenccs  {Technicai). 
An  Equation  of  Differences  is  auch  as  this; — 
required  a  function  of  x,  such  that  the  difiisrcnoe 
between  it  and  the  same  function  of  a  number 
lai^ger  than  it,  whatever  it  may  be,  say  by  1, 
shall  differ  by  1.  This  equation  would  be  so 
expressed, 

1^  (X  + 1)—  ^  (x)  =^(x)  +  1.  Required  ^  (x). 
These  equations  of  diflerences  have  been  of  im- 
mense importance  in  the  history  of  recent  phy- 
tdcal  science.  All  oar  more  valuable  theories  are 
based  on  them ;  and  from  solutions  of  them,  a 
great  many  of  our  most  beautiful  recent  dis- 
coveries take  their  origin.    See  Differences. 

S4natl«B  of  Bqoiaioxcs.  The  motion  of 
the  equator  along  the  ediptic,  which  is  distin- 
guLHhed  by  the  name  of  precession,  is  like  thoee 
of  which  we  have  been  Just  speaking,  an  alter- 
nating one — sometimes  fiuter,  sometimes  slower, 
and  returning  in  a  cycle  constantly  to  the  same 
degrees  of  velocity.    Taking  the  motion  then  as 
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uniform,  we  calculate  the  poaitkm  of  the  equi- 
noxes on  the  ediptic,  and  tabulatn  the  anoant 
which  must  be  added  to  or  subtncted  from  that 
calculated  result,  to  give  the  tnm  poritkn  of  tiie 
equinoctial  point  TbSa  diflfarenoe  fa  set  down  in 
tid>les  as  the  equation  of  ike  sgwiioffgs..  A  taUe 
of  these  diflferences  will  be  fimnd  at  page  242  of 
the  Nasttical  Almanac  for  1854,  whid)  may  give 
the  reader  a  notion  of  the  amount  of  these  vaxia- 
tions.  The  position  of  the  equinox  ia  giveu  by 
it  for  every  ten  days,  during  which  intcmi,  the 
alteration  of  rate  is  not  of  Importanoe^  and  can 
be  calculated. 

B^imtiMi  af  Tiase.  It  has  been  alnafy 
ftequentiy  noted  that  there  is  a  di£ferenoe  between 
the  lengths  of  the  mean  day  and  the  apparent  dqr. 
If  the  actual  apparent  day — ^the  interval  between 
the  sun's  successive  transits  of  the  meridisn— 
were  of  unifonn  length,  the  apparent  and  meaa 
time  would  be  the  same.  But  the  ample 
mechanisms  which  we  can  o6nstruct  as  measarea 
of  time  give  measurea  merely  of  sucoewve 
equal  intervals,  and  cannot  be  brought  except  by 
most  complex  machinery  to  coincide  entirely 
with  the  solar  motions.  Tet  it  is  oonveniBnt 
that  the  two  methods  of  measuring  ahoold  be 
ooinddent  as  much  as  poesible ;  and  for  that  par- 
pose  the  interval  whidi  docks  and  watches  are 
set  to  meaaure,  is  the  mean  of  the  solar  days  for 
a  year  or  a  century  or  an  epoch.  The  causes 
of  this  hiequality  hi  the  lengtii  of  the  solar  day 
are  due  to  all  the  "equations*'  which  affect  tiie 
regularity  of  the  earth*s  motion  round  the  son. 
Those  have  been  already  referred  to.  They  ex- 
press different  vdodties  and  different  spaces 
during  the  same  intervals  of  time,  of  the  son's 
proper  motion  (as  it  appean  to  oa)  among  the 
stars.  In  one  day,  for  instance,  he  may  move* 
say  1^  degree  backward,  and  hi  another,  say 
only  ^  degree.  These  irregularities  have  con- 
siderable ^ect  in  causing  the  difoenoe  of  mean 
and  solar  time. — Another  cause  is  the  obliqinty 
of  the  ediptic  If  the  equator  and  ediptic  coin- 
cided, the  exact  amount  of  motion  in  longitade 
of  the  sun  would  be,  each  day,  represented  folly 
in  the  ^)parent  day.  But  as  tbisy  do  not,  bat 
form  two  separate  drdes  having  a  defoiite  in- 
dination  and  a  changeable  one  also^  the  rssder 
acquainted  with  trigonometry  will  see  that  there 
cannot  be  the  same  amount  entering,  at  diftost 
times,  into  the  valuation  of  the  mean  day.  At 
one  time,  the  motion  ia  parallel  neaiiy  to  the 
equator — at  another,  differentiy  inclined  to  it 
At  one  time)  the  sun  in  his  motion  is  going 
towards  the  equator — at  another,  from  it,  and 
these  differences  will  be  readily  oancdved  tt> 
occasion  our  connecting  different  paxts  of  the 
real  amount  of  change  ot  longitude  (or  apparent 
solar  motion),  with  the  apparent  adar  day.  To 
remedy  this  a  fictitious  sun  is  supposed  to  more 
in  a  drde  paralld  to  the  equator  (catting  thr 
meridian  at  rig^t  an^^  always,  instead  of  with 
a  constantiy  varyhig  obliquity),  and  the  dif- 
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it*  hjrpotlMlieal  motion  and  the 
ml  oMkn  of  tho  ani  in  the  oeUptie,  is  tabnUtod. 
The  wUe  of  then  equatmiB  aie  put  together,  in 

Itsol^lect  thns  is,  to  enable 
Doon,  measnied  by  our 
with  the  tnie  noon  nga^ 
Tables  of  H  are  found  in 
its  ainount  Is  sometimes 
SooMtimes  the  apparent 
before  mean  noon,  and 
behind  it 
AlsekvBlc. — ^It  will  be  aanuned 
this  artide  thai  the  reader  knows 
of  algebn,  at  least  ap  to  qoadratic 
and  the  bbomial  Uieoram.  AH  equa- 
tions imelvlng  one  unknown  qnantity  as,  maybe 
eoBpniMDdedaiider  the  general  Idnn — 

/(*)=:f(«); 

mbtnyix)  and  p  (x)  denote/^neffons qfxj  that 
is,  qmamHheg  or  tjprtitUmt  derived^  in  a  more  or 
kss  wnphnc  manner,>9ip9»  z  and  gwen  nmnben. 
It  aboold  be  observed  at  the  outset  that  this 
lechiaeil  ferm  of  statement,/(x)  =  ^  (s),  ad- 
mits of  two  Bseaningi,  perfectly  distinct  from  eadi 
silNr,  and  ao  fhr  indicated  l^  the  terms  identity 
andejMPofaios.  /%:if.  The  ezpraBeions/(dB)  and 
$  (t)  Bsay  be  one  and  the  same;  or  they  may  be 
sedadble  to  one  and  the  same,  by  the  perforra- 
of  operations  merely  indicated.  To  assert 
n  idatioa  of/  (»)  lo  f  (x),  mathemati- 
cnpkiy  the  torn  of  statement /(«)  ^  ^ 
(xy.  vUdi  Is  therefcra  called,  in  such  cases, 
^gmaHom*    Tlie  Mlowing  an  ex- 


w  +  5  ss  «  +  5, 

(«  +  $)■=»«■  +  6  «  +  9. 

Evidently  the  qnantity  repieeented  in  any  iden- 
tical  aqiaation  by  the  general  symbol  x  may  be 
wleiiMinate:  &  equation  holds  for  all 
ef  X.  With  eqnalltiss  of  this  kind  we 
hnve  nothing  to  do  in  what  follows,  except 
cf  inveetlgation  Stoimd^,  If  the 
y*  (x)  and  f  (x)  are  not  identical,  th^ 
wBI  be  generally  niecpial  when  a  certain  Talne 
isanlgned  to(x);  bat  for  some  particular  value 
nf  X,  Oe  ftmctions  may  be  equal  to 
.  To  asseK  this  relation  of  equality 
/(x)  and  f  (x)  for  n  particular  ^8100  or 
cf  XV  matliematiriane  emptoy  etiil  the  form 
BBsnt/  (x)  B  f  (x\  whidi,  in  such  a 
is  called  simply  an  egmHom:  and  by  a  root 
eqnxtkm  is  meant  osy  fnontii^,  poeltive  or 
aiiUiiiietksl  or  literal,  real  or  fanagln- 
my,  wm\  i.  wkm  mAttdutedfir  z,  aotsf^  tk$ 
«|Mris%  or  v«ri6ea  the  statement  of  equaH^. 
By  fbt  rssehfien  ^ox  eqmeAm  is  meant  the 
dsianniMdan  of  ifii  roots:  this  is  the  main  inquiiy 
la  tke  Aeosy  cf  eqnatione,  and  one  to  wUoh  tSi 
xlher  qpaillons  upon  Hds  snli()eet  are  saboidinMe. 
By  tiMpesition  of  tsnna,  every  equation  involr- 

mny  be  leduoed  to  the  fom 
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F  (x)  a  0,  where  F(x)  i?  a  function  of  jr.  The 
equatioa  is  called  aigibraio  wbea  F  (x)  is  an 
algebraie  fimOkm  of  x,  that  is,  an  expression 
derived  from  x,  in  combination  with  given  num- 
bers, by  alg^rraic  operations  alone.  In  the  study 
of  algebraic  equatbns,  it  is  generally  found  con- 
venient to  reduce  them,  or  to  suppose  them 
reduced  to  the  followiog  form : — 

«•  +  l>i  a^~  '+i>2X*~*+....  \   ^,  X 

As  diatincttve  of  which  form  let  these  facts  be 
remembered :  the  second  side  of  the  equation  i^ 
0 :  on  the  first  eide  the  powers  of  x  are  arranged 
in  descending  order,  the  indices  diminishing  by 
unity  from  term  to  term,  beginning  with  the 
whole  number  fi,  wliich  measures  the  degree  of 
the  equation:  the  coefficient  of  x"i8  +  1 :  the 
following  coefficients  p\t  p%  *  <  •  /'■i  ore  all 
given  numbers,  any  one  or  more  of  wliich  may 
s  0  in  particular  cases.  We  shall  often  rrfer  to 
the  above  equation  as  tbeeq.  (1):  weshall  some- 
times represent  its  first  member,  for  brevity,  by 
y  (x) :  sometimes  also  we  may  have  to  speak  of 
/(x)  as  a  ratiomd  integer  Junction  of  x;  mean- 
ing by  this  that  f{x)  is  the  sum  of  a  series  of 
multiples  of  powers  of  x,  inclnding  generally  a 
term,  (such  as  jJb)  independent  of  x,  but  ex- 
duding  all  powers  with  negative  or  fractional 
indicss.  Whatever  be  the  form  in  which  an 
equation  is  propoeed,  <Hr  in  which  it  preeents 
itself  as  the  algebraic  translation  of  some  actual 
question,  it  may  always  be  reduced  to  the  form 
(1)  by  such  operations  as  the  transposing  and 
ooIlecUng  of  terms,  clearing  of  fractions,  clearing 
of  radicals,  dividing  by  the  coefficient  of  x" ;  and 
as  these  operatkms  are  generally  of  the  moot 
elementary  nature,  we  shall  refer  to  them  no 
fiirther.  A  brief  exposition  of  this  very  wide 
subject  will  now  be  attempted,  under  the  thrse 
following  heads : — Firsts  the  general  theory  of 
algebraic  eqoations.  S^ond,  the  resolution  of 
numerical  equations,  or  of  equations  whoee  coeffi- 
cients are  given  arithmetically.  Third,  the 
resolution  of  algebraio  equations,  that  is,  of  equa- 
tions whose  co^kients  are  repreeented  by  letters, 
and  therefore  left  indeterminata 

L  Tm  Gbsebal  Tbbobt  of  Alokbraio 

EQUATtosm. 
1.  For  a  moment,  let  us  oonsider/(x),  or  the 
first  member  of  eq.  (1),  apart  from  the  oondition 
of  its  equality  to  0.  If  we  assign  any  value  to 
x^  it  is  evident  that/(x)  will  assume  one  definite 
valpe;  If  we  assign  a  second  value  to  x,/(x) 
win  assume  a  second  definite  value,  and  so  on. 
It  follows  that/(x)  wrfes  tn  veikiB  oUmg  with 
z,  aooortBng  to  a  perfkt!ifd^fmUla»;  and  we 
mtf  observe  In  passing  that  it  is  this  and  this 
ahme  which  is  implied  in  thenameyisMeioii  ofx. 
The  study  of  the  law  of  simnltaneoos  variation 
of/(x)  and  X  belongs  properiy  to  tlie  differen- 
tial cakolui;  bst  there  are  a  few  notione  upon 
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the  rabject  that  an  indispenaal^  in  the  cQkqs- 
doD  of  the  elementarjr  propertieB  of  equitkuis. 
Suppose  then  that  x  ia  changed  into  «  +  i; 
the  auooeasive  terina  of /(r)  are  changed  faito 
(X  +  A)»,|»i(a: +  *)•-»  .  .../>b-i(«  + 
h%p»:  and  thew  terma  may  be  devebped  in 
aeriee  of  aaoending  powers  of  A,  by  the  bbiomial 
theorem,  aa  fbllowa  :— 

t*  +  iij*-**  + +*^ 


k^i 


A. 


-?•• 

We  obtain  the  Taloe  of /(x  +  A),  or  the  new 
value  of/(x),  bj  addhig  aQ  theae  quantities; 
adding  by  columna  we  find  a  letnlt,  of  the  form 

fix)  +  P*  +  W  +  R*"  + +  *•: 

where  the  ooeffldents  P,  Q,  &a,  are  independent 
of  h.    The  fhU  exprearion  for  P  is— 

A  *•-»  +  (»—!)  Pi  flS»-«  +  (ii  —  2)  P2 

which  the  more  advanced  reader  wltt  recognize 
as  thafim  diffemUiol  ooepdmL  ct/(x),  by  which 
name  we  shali  refer  to  it  hereafter.  But  obeerre 
that  the  first  diflf.  ooe£  of/(x)  is  defined  here  to 
be  thB  coefiaent  of  the  firtt  power  qfh  in  the 
devdt^mentqff(x  +  K)ma8ene9ofa9cendmg 
powers  qfh.  Observe  also,  from  the  above  ex- 
pression lor  P,  that  to  find  the  difi;  .coefil  of  the 
first  member  of  eq.  (1),  10s  muU^^  eocA  term  of 
that  member  by  the  ityiex  ofx,  tn  the  term^  and 
then  dimimsh  the  index  of  n  by  tmUy,  These 
elementary  notions  will  be  of  use  hereafter.  Be- 
tnmfaig  to  the  development  of  /  (x)  +  A),  we 
observe  that  if  the  increment  of  «  be  A,  that  of 
/(x)is- 

PA  +  QA'  +  BA*  +  ....+*•,  or 

A    |P  +  QA  +  RA«  +  ...  +  A— »|- 

Now  the  successive  coeflSclents  P,  Qi  B,  fto.,  are 
finite  when  x  is  finite;  this  is  evident  fh>m  their 
composition  in  terms  of »  and  n :  and  therefore 
the  quantity  within  the  vinculam  in  the  last 
expression  (while  it  may  be  in  some  cases  posi- 
tive, in  others  negative,  in  others  nothing)  canr 
not  be  itffimte  when  x  and  A  are  finite.  It  follows 
that  the  increment  offQc)  is,  at  roost,  a  finite 
multiple  of  the  increment  of  a;:  and  Uierefore, 
when  the  increment  of  «  is  very  small,  that  of 
f(x)  is  also  very  small;  and  the  two  increments 
vanish  together.  Hence,  when  x  passes  from 
one  finite  value  a  to  another  finite  ^ne  6,  oon- 
tinwmslif  (that  is,  by  an  infinite  succession  of 
incremental  each  infinltdy  small),  then/(x]^  or 
the  first  member  of  eq.  (1),  passes  tdto  eontum- 
omfy  from  the  value /(a)  to  the  value /((). 
This  condoaion,  that  /(x)  is  a  oon^MMOMt^lmo- 
tion  of  X|  would  require  nuvre  space  for  its  proper 
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illastration  than  may  be  here  glnn  to  ft; 
only  deduction  from  ft  that  we  ahall  ' 
slon  to  apply  Is  periiaps  evident  a 
what  pnoedes.  It  is  this,  that  if/(x) 
tive  when  x  =>  a,  and  nagative  when  x 
vice  vena,  then  there  is  at  leaat  one  v 
between  a  and  6  ibr  wliicfa/(x)  equala 
In  proof  of  one  other  property  of /(x), 
a  series  of  multipieB  of  dwoiiiiiding 
sneh 


birtte 


bepori- 
»^er 
efx 


ax*  +  6x» 


«i 


+  rx  +».. 


.  (1) 


in  wliich  tlie  ooeffidents  a,  A,  . .  r,  j^  are  gifsa 
numbers,  positive  or  n^gatlv^  Diviitfqg  by  jf , 
weobtain  the 


+  1 

X 


{«.) 


All  the  terma  of  the  aeries  (8),  aftar  ths  first, 
evidently  diminish  in  aboolute  value  as  x  in- 
creases. Suppose  the  number  of  those  tanns  ts 
be  m,  and  equate  each  of  them  in  siicioHwinn  ts 
the  quantity  aim.  Of  the  resulting  vahiai  ef 
X,  sncfaaa 

let  the  grsatest  be  denoted  by  e.  Then,  if  x  be 
made  equal  to  e,  the  greatest  of  the  toms  af  (3) 

after  a  will  be  equal  to  -  ;  and  since  the  nom- 

m 

her  of  those  terms  ia  m,  their  aggregate  eaanet 
exceed  a  numerically,  and  will  be  genenOy  Im 
than  a.  It  is  evident  thereibre  that  if  the  fialite 
number  0  be  determined  aa  above»  the  aeries  (S) 
diall  have  the  satne  sign  as  its  first  term  a  fir 
all  values  of  x  greater  than  e.  And  banes  it  ii 
O'idant,  sbce 

series  (2)  a  series  (8)  x  x", 


that  ibr  all  values  of  x  greater  than  e,  the  series 
(2)  will  assume  the  sign  of  the  product  a^f 
which  is  its  own  first  tenn.  The  reasooisg 
applies,  and  therefore  the  result  hdds,  whether 
6  be  poeitive  or  negative ;  only.  In  the  latter  csn, 
by  values  of  x  greater  than  e^  we  must  undcf^ 
stand  those  fMcmertoa/i^  areolar.  Finally, /(x), 
oi"  the  first  number  of  eq.  (1),  is  of  tliesamefiinn 
as  the  series  (2);  and  tharafi>re  we  eon  olwefi 
dUoover  ^JMle  mmber  (e),  stccA,  that  whetk  thet 
or  any  greater  number^  poeUiee  or  iwyflft'sa,  w 
iubttUutedfor  (x),  thefknetion  f  (x)  wiff  onasw 
a  value  having  the  some  $ign  ae  iiejbet  term  z*. 
2.  Let  us  apply  the  preoedhig  results  In  fflos- 
tration  of  the  statement,  that  «eer3r  a^^ebnk 
equation  ha$  at  leatt  one  rooL  We  ahisll  suppois 
in  every  case,  that  the  given  equation  has  beea 
reduced  to  the  form  (1),  and  that  the  flnUanmn- 
her  e,  which  we  have  just  had  under  oonsldeia- 
tion,  has  been  properly  determined.  "WheD  ths 
last  term  p^  of  tlie  equation  la  equal  to  0,  tboe 
is  evidently  a  root  equal  to  0;  fbr  when  0  Is  sub- 
stituted for  x^  all  the  terms  dhappear.    Suppo*' 


822 


EQU 

dkdagdrii  four  ctMs,  dependiDg  on  the  degree 
«rtbeeqaatiaiiaDdllieiignorp».    Fintcase: 

•  •dd,iK.B«girtim  W]MnxsO,/(x)isnegar 
tife»  becMM  k  h  ndueed  tbea  to  p»s  when 
X  »  +  i./(«)  flMomei  the  rign  of  its  flnt  term 
^,  which  b  -i-.  Kaw/(x)  being  a  conthraons 
tecllea  of  «^  and  paning  fitm  negative  to  poei- 
life  vhaa  x  piMM  from  0  to  +  e,  there  mnst  be 
at  ]aart  one  Talno  of  x  between  0  and  +  e,  for 
«Uch/(r)  eqnab  notUug.  In  this  ease,  there- 
fac,the  equation  Aoa  at  leaH  one  real  poaitwe 
fwt  SeoMid  eaae:  »  odd,  ^A  positive.  When 
«  =  ^1  /(')  ^  poeltive:  when  *  =  — e,  /(«) 
aMflMthea|gnof( — e)",  whichia — ,  beeaose 
all  odd:  ao  thst/(x)  paaMa  from  poeitiTe  to 
B^pMife  when  x  paaaea  from  0  to  —  a.    And 

,  in  thia  eaae^  the  equation  Aot  a<  jflut  one 
Third caae:  •  eTen, p»  nega- 
Hen/(x)  is  nQgatiTe  when  x  =  0 ;  yoA- 
dievhenx  ==  +  a;  poiritiTealaowheax  s — e, 
•  is  even.  So  tliat  in  tins  caae  the 
hm  of  kati  two  real  rooie,  one  poaitive^ 
Mgattre;  Fourth  and  last  case :»  even, 
^  positive.  Here  /  (x)  has  the  same  aign  + 
vhaa xsOl  when  X  s:  +  a,  and  when  x  s — e; 

•  that  our  last  foSla.  And  it  may  be  shown,  by 
a  dsBipIs  enmpie  or  two,  that  an  equation  of  tlie 
Ana  4ied£ad  in  tliia  fourth  ease  maj  or  may 
ant  kave  a  real  root    The  equation 

x»— 7x  +  12  =  0 

kai  tuo  nal  roota,  4  and  8,  aa  may  be  aesn  by 
•iMag  ths  equation,  or  by  suhsti  toting  4  and 
<— ■BMBiuly  ferx     Theequation 


X*  +  IS  X  +  86  ==  0 
hsi  two  leal  rooCa,  —  7  and  •*  6.    The  equation 
x»  +  4  =  0 

kasasnal  loot;  for  the  least  valae  of  the  first 
■aata,  tor  rsal  Tallies  of  x  positive  or  nsgative^ 
h  psaiiTe  and  equal  to  4.  It  has  two  imaginary 
iwi%  +  V  — T  and  —  V  —  4,  or,  aa  they 
■csBBsDy  written,  +  ^  '^  ""  ^  ^^  equation 
x»  — 8x  +  25  =  0 

hM  as  real  root     Solving  bythe  ordinary  mo- 

diod,  wsfiod  the  roots  to  be  4  +  V~9and 

4~  V -.9,or  4-J-3  V_  1,  bothimaginary. 

AbA  sttoidingly,  caich  of  the  cxproasiona  4  + 

sV^la^4^8V_l,  when  snbetitnted 

fc  Xt  ssHiies  the  aquation.  *  Finally,  the  equ»- 
fioB— 

2*  +  2x»  +  8;^  +  4x*  +  6  =  0 

ba as fBsl  root;  because  the  least  value  of  the 
fat  amber,  for  real  valoea  of  x  poaitive  or  ne- 
0*n«^  is  evidantly  positive  and  equal  to  6.  It 
WBidd  be  easy  to  obuin  any  number  of  equations, 
<f  tHf  arm  degree,  havhag  no  real  roota.    The 
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question  then  arises:  Must  every  algebraic  equa- 
tion have  eame  rooif  Or  if  ths  affirmative  to 
this  be  oonsidered  self-evident,  another  question 
presents  itseU;  which  hideed  includes  the  former  : 
Can  we  assume  any  g«iend  algebndc  expreasion, 
or  form  of  magnitude,  and  assert,  that  every 
algebraic  equation  must  have  ol  leatt  one  root  qf 
that  form  t  To  illustrate  the  question,  let  ua 
look  back  to  the  preceding  examples,  and  assume 
a  and  b  as  general  aymboU  of  real  number,  posi- 
tive or  negative.  The  foist  two  equations  have 
roots  (4,  8,  and  —  7,  —  6)  of  the  form  a:  the 
third  has  no  root  of  this  form,  but  two 
(+  2  V  -— l)of  the  form6V  — 1:  the  fourth 
lias  no  root  of  the  form  a,  none  of  the  form 
6  V^^n,  but  two  (4  +  8  V^=T)  of  the  form 

a  +  6  '^  1.  Of  these  forms,  the  first  two,  a  and 
6  V  ~] ,  ars  hiduded  in  the  third,  a  +  6  VT; 
for  the  latter  is  rednoed  to  a  and  to  h  V —  i 
respectively,  when  6  =  0,  and  when  a  a  0 ;  ao 
that  each  of  these  four  equations  haa  a  root,  of 

the  form  a  +  b  VI.  With  regard  to  the  fifth 
equation,  which  is  of  the  8th  degree^  we  have 
seen  that  it  has  no  root  of  the  form  a ;  but  aa 
yet  we  can  say  nothing  more.  And  if  an  equa- 
tion, say  of  the  40th  degree^  were  proposed,  hav- 
ing certainly  no  real  root,  possibly,  aa  far  as  vro 
have  yet  aeeo,  the  simplest  of  its  roots  would 

be  as  complex  in  relation  to  a  +  6  V  1  as  the 
equation  of  the  40th  degree  is  itself  complex  in 
rdation  to  a  quadratic.  It  is  therefore  an  inte- 
reeting  theorem,  as  well  as  a  fundamental  one,  in 
the  Theory  of  Equations,  that  every  algebraic 
eputtion  has    at  least  one  root  qf  the  fithn 

a  +  6  V  1.  It  is  a  very  difficult  proposition, 
and  remained  a  long  time  unproved.  Demon- 
strations of  it  have  been  given  by  Gauss,  Gauchy, 
Ivory,  and  other  eminent  mathematicians;  but 
they  are  all  very  tedious,  and  fkr  firom  elemen- 
tary. I  can  only  refer  the  reader  to  Caucfay's 
Ckmre  tPAna^se,  or  to  Lefebure  de  FourQr^s 
Algebrot  where  he  will  find  Gauchy**  proof, 
whidk  is  perhaps  the  best  upon  the  whole  that 
has  been  published.  In  what  follows,  this 
theorem  will  be  assumed. 

8.  In  the  study  of  the  properties  of  equations, 
the  following  algebraical  theorem  is  found  to  be 
of  the  greatest  consequence.  If  the  first  member 
of  equation  (1),  or  the  polynomial 

be  divided  by  (x  —  a),  where  (a)  is  any  qoan- 
tity;  and  if  the  dlvbion  be  carried  on  tUl  the 
remainder  is  independent  of  x ;  then,  1st,  the 
remainder  is 

cg»  +  pi  o^-*  +  p^Qf^-*  +  ...  +  pn-1  a  +p»i 
and,  2dly,  the  quotient  is  a  polynomial 

x«-»+y,x*-'+ftx»-«+...+g»-s«+j«-i; 
where  each  of  the  ooefBdents  (s)  is  obtahrad  by 
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adding  the  ooeffident  (p)  of  the  anne  oider  (or 
suffix)  to  the  ooeffident  (3)  of  the  praeedbg  or- 
der, multiplied  by  (a},  that  is, 

To  pnn'e  the  firrt  ptrti  represent  the  (Uvidend  by 
/(x),  the  quotient  by  f  (x),  the  ramafcider  by  R : 
then,  by  the  natore  of  diviiion, 


/(«)  =  (X  —  o)  ^  (x)  +  R 


(8) 


This  being  on  identical  eqnation,  holds  when 
a;  =  a ;  hot  in  that  case, 

f(x)=f(a);  (x-a)^(x)=(a-«)^(a)=0; 

and  R  is  nnohanged,  becanse  independent  of  «. 
So  that,  when  x=a,  the  equality  (8)  becomes 

/(a)=R; 

and  therefore,  the  rtmaMer  may  be  obtained 
from  the  dtoidend  by  the  substitution  of  a  for 
X  throughout:  which  was  to  be  proved.  The 
second  part  of  the  theorem,  or  the  law  of  the 
coefficieots  ^x,  j^,  &e.,  is  discovered,  perhaps 
most  easily,  by  a  little  reflection  upon  the  actual 
process  of  tlie  division  by  x  —  a.  If  the  reader 
is  not  already  familiar  with  the  proposition,  he 
may  find  an  advantage  in  verifying  it  upon  par- 
ticular cases,  as  in  dividing 

x'  +px  +  grorx*  +  j>x*  +  qx  4-rbyx  — a. 

As  an  immediate  deduction  from  the  first  part, 
weobtain  the  following  fundamental  thetirem  :—Ff 
(a)  be  a  root  oftheeq.  (1),  thefint  member  of  the 
eq,  is  dhisibie  without  remainder  hy{x — a) ;  and 
c^noenefy^  if  the  Jsrst  member  be  exactly  dinnble 
by  (x  —  a),  the  quantity  (a)  is  a  root  qfthe  equa- 
tion. For,  if  a  be  a  root,  /(a)  is  equal  to  no- 
thing, so  that  the  division  by  x — a  leaves  no 
remainder;  and  oonversely,  if  there  be  no  remain- 
der, /(a)  is  equal  to  nothing,  or  a  is  a  root  of 
the  equation. 

Observmg  now  that  the  eq.  (1)  of  the  nth 
degree  has  at  least  one  root,  which  may  be  repre^ 
sented  by  a,  we  inlto  from  the  theorem  now 
proved  that 

/(«)  =  (x-a)/,(x), 

where  /^  (x)  is  a  polynomial  of  the  form 

ar*-»  +  ft«*-«  +  ...  +  q^^fx  +  j,_i, 

a  rational  integer  function  of  x,  of  the  degree 
n  -.  1.  Again,  the  equation  /i  (x)  =  0  has  at 
least  one  root,  which  may  be  represented  by  6. 
Reasoning  then  aa  in  the  former  caae,  we  find 

/i(x)  =  (x-6)/,(x> 

Where  y^  (x)  is  a  rational  integer  ftinction  of  x, 
its  first  term  equal  to  s^—\  Substituting  this 
value  of  ^  (x)  in  that  of /(x)  given  above,  we 
find 

/(x)  =  (x-o)(x-6)/,(x). 
In  the  same  manner,  assum  ng  e  as  a  root  of  the 
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eqnationy^  (x)  s  0,  we  find 

/(x)  =  (x-.a)(x-*)(x~e)/,(x). 

The  prooesB  may  be  oontinued  till  we  anhe  at 
fn-i  (x),  which  will  be  evidently  of  the  iirat 
degree  in  x,  and  Ita  first  tenn  equal  tox.*  so  tint 
fu^i  (x)  may  be  pat  equal  to  x—  L   And  heacc^ 

/(x;  =  (x  — a)(x  — 6)....(x  — 4)(x— I): 


that  is :  /(x),  or  the  firtt  member  of  eq.  {\\  m 
the  continued  product  of  (n)  facton  ^thtsfast 
deyree  in  x,  and  eatk  of  the  firm  (x  —  a).  lUi 
result  gives  a  beavtifol  view  of  the  etiucture  «f 
algebraic  equations,  wlien  redueed  to  the  standnd 
form  (I).  One  of  the  simplest  condnsioBs  de- 
dudble  from  it  is  this :  tlwt  every  equation  has 
as  many  roots  as  it  has  dimoiaioos,  and  no 
morei  It  appears  thus :  Each  of  the  11  quanti- 
ties, a,  d,  c,  ...  A,  4  >B  a  root  of  the  equatin 
/(x)  s  0;  for  the  product /(x)  vanisbei  wbea 
any  one  of  the  facton  x — a,  x  —  A,  ...  x  —  4 
▼anishes,  or  wlten  x  =0,  when  x  s  6,  ...  wImb 
X  s  ^  No  other  quantity  tiian  these  can  be  s 
root  of  the  equation ;  for  the  piDduet  f{x)  can- 
not vanish  while  eadi  of  its  &ctors  x  —  a,  x  —  &• 
...x^i^  has  a  value  different  fttxn  Mm.  The 
number  of  tlie  roots  of  eq.  (1)  ia  therefbn  ».  Bat 
to  prevent  wrong  notions,  obeerre  that  in  peiti- 
cular  cases,  any  number  of  the  qnantitieB  a^h,„l 
may  be  equal  to  each  other.    Suppose  that 

a  =  6,  and  il  =  J  =  0 ; 

then  the  product  /(x),  still  of  the  oth  degree  is 
X,  becomes 

(x  —  o)*(x  —  c)  ...(«— A) x»; 

and  the  number  of  difibrent  values  of  x  tfast 
satisfy  the  equation  is  now  not  n,  but  a  — ^ 
Casa«  of  this  kind  are  not  allowed  to  stand  ai 
exceptions  to  the  general  statimmit:  we  con- 
sider, in  the  instance  now  snppoeed,  that  the 
equation/(x)  s  0  has  still  a  roots,  two  of  ften 
equal  to  a,  and  two  equal  to  aerow  And  fai  thb 
way  it  holds  universally,  that  on  equatien  of  the 
nth  degree  has  neither  less  nor  moie  ttum  • 
roots. 

4.  An  important  property  of  Imaginary  Boon 
may  now  be  established.   The  most  general  ftni 

of  such  a  root  is  A  +  *  V^Hl,  where  Asnd  * 
are  real,  and  k  difltarent  from  sero.  If  this  ex- 
pression be  substituted  for  x  in  the  firs^mcoibtr 
of  eq.  (1),  the  result  may  be  represented  bv 

H  +  K  "^^1 ;  where  17  and  f  ore  rationsl 
faitcger  functions  of  ik  and  ib  Independent  of 

v^  —  Ii  17  involving  only  even  powers  cf  i% 
and  K  involving  an  odd  power  of  ib  in  esdi  <if 
its  terms.  K  may  therefore  be  divided  by  k, 
and  if  the  quotient  be  represented  by  /;  theaboie 
expression  becomes 

H  +*LViri (3) 

If  we  had  commenced  with  the  anfaitituiloo  <A 
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A  —  *  ^  — 1  Iwr  X,  the  resulting  value  <slf/(a:) 

H  —  *  L  V  _  1 ....  (4) 

tUiWi«tlwvsliworH  +  A  L  V'  —  1  when  k 
m  dhngod  into  —  k,  becaiue  H  and  L  involve 

enfycvvrnpowenorA.  Mow,  if  A -l- A  V  =1  be 
a  IMC  of  the  eqiiatioii/(jr)  =  0,  the  exprearion 
(9)  mvik  Taaieh:  and  by  a  firat  principle  of 
A%ebra  in  rdation  to  imaginary  qnaotiUea,  this 
r*' '"*''"■  is  cqnlvaleat  to  the  two  equations 

HsOandALsO,  or 
H  a  SandL  =  0: 

aid  if  thoM  aqoattonfl  be  aatisAed,  tlie  ezpresaion 
(4)  alee  vlll  vanisiL  Bat  we  have  ceen  that 
she  csiveeaiQas  (3)  asd  (4)  are  the  valnce  of 

fix)  wlMB  Hk  qoantitiei  k  ^  k  ^  —  1  and 
A  —  *  V  —  I  respectively  are  substituted  for 
x:  and  ire  infer,  that  the  eondldons  neeessary  to 

k  -k-  k  V  —  1  arootof  (1)  are  snffi- 
tocooacimtoA — AV — 1  also  a  root    In 


Imagmarg  rood  ocemr  ulwayt  m 

fmn,  ^  (ke  firm  (A+A  VITi),  diifcring 

only  in  the  aign  of  the  Imaginary  part.    Such  a 

pair  are  called  Osq|iigate  Boots.' 

Bcnoe  «c  dedooe  an  interesting  result  on  the 

pealtiwi  of/(z).   The  f^Ktors  « — a,  x  —  A, 

.  z  —  4  of  which  we  have  shown  that/(x)  is 

poaed,  an  aoC  real  noleds  the  roots  a,  6 ...  i^ 

are  laaL     If  the  eqoatioa  have  a  pair  of  Ima- 

giaaijr  nato  A  ^A  ^  —  1,  the   two   factors 

ix  -^  «)  9tf(x)  conespeading  to  them  ars 

{«  — A)  — *V^^,  and 

pndact  is  («  —  A)*  +  A^,  or 
«»— 2xA  ■•-  (A»  +  AO- 

the  irst  member  of  eq.  (1)  is  oom- 
pased  of  as  many  r^fi^don  of  the  Ist  degree 
(af  Iks  Ibrm  x  —  a)  as  the  equation  contains 
leal  roato,  with  as  many  rtalfiolon  of  the  2d 
dqgrce  (of  the  font  a^  +  As  +  e)  as  the  equa- 
laaa  witaini  paixa  of  imaginary  roots. 

Sl  Given  the  voots  of  an  equation,  reqnired  the 
eqaation  itself:  more  definitely ;  Qiveo  the  roots 
of  ilm  eq.  (1),  reqairsd  the  coefficients  pi,  p^ 
- '  'pm.  Te  solve  tlie  qnsstJoa  hi  any  case;  sub- 
iBBet  each  rooc  ftwn  x,  multiply  the  results  to- 
ucher, amage  the  prodnct  in  a  series  of  nml- 
liplas  of  powers  of  c,  and  equate  it  to  0 :  this 
b  tl|at  nqabed;  Ibr  (by  sectJoa  8)  it 
of  all  the  assigned  rooto*  and  of  those 
What  we  wiah  to  obtain,  however,  is 
view  of  tlM  resoltoof  this  process.  To 
with  a  simple  eaasb  let  the  assigned  roots 
caro,  a  and  A.     The  equation  b 

f{x)  =  (z  — «)  (x  —  A)  =  0,  or 
v  ^{a  +  A)x  +  a6  =  0; 


EQU 

and  tberefbrei  — pi  s  a  +  6|  P2  =>  '^^• 

Again,  let  the  assigned  roots  be  a,  6,  c.  Tbe 
equation  is  of  the  form 

/(«)  s  ^  +pi  «»  +  p,  X  +  ps  =  0: 

and  if  we  multiply  the  trinomial/(x)  of  the  last 
example  by  a  —  c,  we  find 

—  Pi  =  a  +  a  +  c 
Pj.=  oA  +  oc  +  6c,  — ps  =  abc 

Several  cases  thus  talcen  are  soffident  to  soggest 
tbe  followmg  theorem :  In  the  eq.  (1),  —  p\  — 
sum  of  the  roots,  pt  =  sum  of  tbe  products  of 
every  two,  — Pf=  snm  of  the  products  of  every 
three;  and  generally,  (—  l}**p«  =  snni  of  the 
products  of  every  fi  roots.  To  prove  the  theo- 
rem; oMtmne  Utohe  true  for  an  equation 

«•-*  +  gi«"-?  + +qn-\  ~  0  .  .  (2.) 

Mnltiplying  the  first  member,  by  a  —  i^  and 
equating  to  0,  we  obtain  an  equatioji 

«•  +(?i— 0«'""*+C2a— ^i)a:*-*+  ...=0. 

or  more  briefly, 

«•  +Pix"->  +p2«"-*+  . .  .p«  =0:.  (1.) 

The  roots  of  eq.  (1)  are  the  same  as  those  of 
eq.  (2),  with  the  additional  one,  /;  and  the  oo- 
effidenta  of  (1)  are  obtained  from  /  and  the  coef- 
Adeato  of  (2)  as  follows ;» 

— pi  =  —  91  +  f,     (8) 

— P3  =  —  9»  +  /ft, 

and  so  on,  the  law  being  evident,  to  pa,  which 
=  —  f?  »—  !•  ^ow,  by  the  assumption,  ~^  qi  U 
the  sum  of  all  the  roots  of  eq.  (1)  ezoept  I;  and 
therefore,  the  value  of  pi  as  determined  by  the 
equslity  (8),  Is  according  to  the  theorem.  Again, 
the  sum  of  the  products  of  every  two  roots  of 
eq.  (1)  may  be  di%'{ded  into  two  parts,  one  oon- 
taining  all  the  products  which  do  not  involve  /, 
the  odier  containing  thoee  that  do  involve  /; 
and  it  is  evident  that  by  the  assumption,  ft 
is  equal  to  tbe  first  of  those  parts,  and  —  Ig*^ 
equal  to  the  second;  so  that  the  value  of  ps  de- 
termined by  the  equality  (4)  is  also  acceding  to 
the  tlieorem.  Precisely  similar  reasoning  iq>plle6 
to  the  succeeding  coefficients  p«,  &c ;  therefore, 
if  the  Aeoran  be  true  for  everjf  tquatUm  ^  the 
(n —  l)tk  degree^  it  it  abo  true  fir  every  equa- 
tion qf  the  ncA.  But  the  theorem  is  verified,  as 
we  have  seen  above,  for  an  equation  of  the  8d 
degree;  it  is  therefbre  true  for  one  of  the  4th 
degree,  and  so  on,  firom  one  degree  to  the  next 
above  it;  so  that  it  holds  for  all  equations.  The 
proof  now  given  is  a  good  example  of  demonetrtt- 
tive  tududion^  a  kind  of  reasoning  often  employed 
in  algebraic  inquiries. 

Exampke, — The  equation  whose  roots  are  1 
and  2  is 


X*  — 3x  T  2  =  0; 


aed 
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that  whose  roots  an  — 1, 1,  2,  Is 

a*-^2sf^x  +  2  =  0; 
tbatwhoserootsaiBl,  — 1,4/  — I,  —  V— I, 

:^— 1  =0. 

There  is  a  oorollaty  to  this  theorem  that  will 
be  nsefol  to  us  in  what  follows.  Keeping  the 
same  notation  as  ImTots^  we  liave  (by  section  8) 

/(x)  =  («— a)(a?  — 6)...  (op— 0- 
Changing  x  into  :c  +  i^  we  obtain 

/(x  +  A)  =  {;i  +  (»— o)}  f  A+(«— 6)}  . . . 

and  if  the  mnltiplications  indicated  in  the  second 
member  were  performed;  the  result  would  be  a 
polynomial 

*•  +  AA«->  +  ....+  Q^b  +  R, 

where  the  coefficienta  A .  . .  Q,  R,  are  inde- 
pendent of  A.  Fh>m  the  definition  given  in  sec- 
tion (1),  it  is  evident  that  Q  if  the  differential 
coefficient  of  /(x);  and  by  the  tlieorem  just 
proved,  Q  is  the  sum  of  all  the  products  of  the 
II  quantities  or-— a,  2^.6,  ...2  —  A  taken 
n  —  1  together,  products  that  may  be  found  by 
the  division  off(x)  by  each  of  the  quantities 
X  —  Of . . ,  X  —  A  separately.  Hence,  the  dif- 
fisrential  coefficient  of/ (2)  is  equal  to 

/W    .  /(x)    .  ■   /») 

X  —  b  OP— f 


+  p«-i; 


and  also^  by  section  (1),  equal  to 

«aj»-i  +(«— l)pijc*-*  +  . 

so  that  thete  two  expressums  an  equtdj  a  very 
useful  algebraic  theorem. 

6.  Let  ufl  inquire,  for  a  moment,  how  for  we 
are  yet  advanced  towards  the  solutbn  of  our 
prindpal  question :  To  find  the  roots  of  an  equa- 
tion. To  discover  the  roots  in  the  most  elemen- 
tary manner,  we  proceed  by  trial,  substituting 
particular  numbers  for  x,  and  retaining  those  as 
roots  that  satisfy  the  equation.    The  theorem 

/(x)  =  («—  a)  (af  —  6)  .  . .  (x  — iX 

as  extended  in  the  end  of  section  (4),  suggests 
another  method  of  proceeding ;  as  it  reduces  the 
determination  of  the  roots  of /(x)  =  0  to  the 
decomposition  of/(x)  into  its  real  foctors,  simple 
or  quadratic  Obtaining  the  factors  we  obtain 
tlie  roots.  But  the  latter  inquiry  Is  of  snch  a 
nature,  that  this  result  must  be  considered,  not  as 
in  any  proper  sense  tktobition,  but  as  amere  Imw- 
/armaHon  of  the  original  question  into  a  definite 
algebraic  form.  In  the  same  oomiection,  ob- 
serve, that  if  we  have  discovered  one  root  a,  or 
two  roota  a  and  6,  otf(x)  s  0,  we  may  divide 
/  (x)  by  X  — -  a,  or  by  the  product  (x  —  a) 
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(x-—h'):  the  quotient  equated  to  0,  irfD  admit 
of  the  remainmg  roots  of  the  propoaed  eqaatioD, 
and  no  more.  And  generally,  if  /  (x)  em  be 
deoompoeed  hito  the  factors  P,  Q,  B,  involviogx, 
the  roots  of/(x)  =  0  aM  precisely  thoae  cf  the 
equations 

P  =  0,  Q  =  0,  R  =  0, 
each  of  which  is  at  less  dimensions  than  the  |m>- 
posed  equation,  and  on  that  acooont  more  e^y 
solved.  For  example,  the  binooual  x*  —  1  ii 
divisible  by  X  —  1,  and  the  qno&nt  la  x* -ft- X + 1 ; 
therefore^  the  roots  of 

«^  — 1  =  0..(2) 

are  tiiose  off  the  two  wjiMtioiis 

X  — 1  =0,  x*  +  x  +  l  =  0. 

Solving  the  last,  we  find  the  three  roots  of  e|.  09^ 
or  the  three  cube  roots  off  1,  to  be 

— i  +  v^T  — 1— vzr« 
h i ' 2 

Similarly,  or  br  a  change  of  rigns,  we  find,  thai 
the  equatioa  or  +  1  =  0  baa  the  three  roota 


-1. 


1  — \r:r5 
2 — • 


1  +  VZT 


In  like  manner,  the  equatteo  f* — 1  s  0,  may 
be  transformed  Into 

(/-!)(/+ 1)  =  0; 

so  that  the  sixth  roots  of  imlty  are  the  reelier 
the  two  equations  jf* — 1  =  0  and  y*  -f  1  =  0, 
already  found.  In  the  last  section  it  baa  been 
shown,  how,  when  the  roots  of  an  efualioa 
are  given,  the  coeffidents,  or  tite  equatioo  UnH; 
Is  determbed.  It  Is  natural  to  suppose^  at  fint 
sight,  that  the  relatiooa  there  foimd  to  subait 
between  the  coefficients  and  the  roots  ni|^t  be 
inverted  in  some  simple  manner,  so  aa  to  give  tbe 
roots  in  terms  of  the  coefficients;  and  if  tbis  vere 
done,  it  would  f\uiiish  a  complete  resohitioD  of  all 
algebraic  equations.  But  it  appears,  upon  exa- 
mination, that  those  relations  between  the  coeffi- 
cients and  the  roota  are  not  geoerallf  cspabk 
of  being  transformed,  by  any  means,  in  siidi  a 
manner  as  to  simplify  the  qnestSon  of  renlntion 
In  the  least  degree.  For  example :  givw  the  eo- 
effidents  p,  9,  r,  of  the  cubic  equatioo 

x*4-iw^  +  9x  +r=sO; 

required  the  rooii,  a,  6,  e.  The  relation  torn 
whidi  we  have  to  proceed  are 

— p  =  a  -ft-  &  +  c 
q=sab  +  ac  +h€j  —  r  =  aftr: 

and  we  have  to  find  a  root  In  tenna  off  ^  f»  '• 
Multiplyhigthe  first  off  these  eqmOitles  bjiff  the 
seeond  by  —  a,  and  then  adding  the  threes  wt 
find 

^  jw*  —  ^  —  r  =  «•,  or 
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It  jiat  Ibe  giran  equtloii;  lo  that  the 
of  reniotioB  haa  not  adranoed  a  atop. 
la  a  aladlar  manner,  and  wHh  a  similar  rwolt, 
va  Mb*^^  ioaalate  the  root  ^  or  tbe  not  0.  The 
ttalDiP  ha|>|ieoe  generally,  hy  whatever 
va  Jnealare  one  of  the  roots;  and  we 
ba  soia  that  it  wmtt  happen,  for  the  simple 
ft,  e^  are  involTed  in  the  same 
In  the  eqnatioDS  from  which  we  set 
oait.  to  that  tlie  eqaatkma  are  not  changed  when 
a,  <^  c^  afa  inter^aaged  in  any  manner.  For 
tfiia  it  fiillowa,  that  whatever  proeess 
to  a  final  eqoatioa  inrolving  onlyo,  should 
lead  to  one  inrolTing  only  i,  or  to  one  involv- 
h<g  onl  J  e,  by  a  staiple  intochange  of  the  let- 
ten  a  aiad  ft,  or  of  a  and  0,  tfarooghoot;  so  that 
Ike  tfaraa  final  etjoationa,  heing  in  fkct  identical 
r,  most  sdBoe  separately  for  the 
ition  of  the  three  roots,  and  must  there- 
ba  identical  with  the  proposed  equation. 
fililii  tba  tbeonm  proved  hi  the  last  section  is  a 

It  leads  to  some  valuable 

of  roots,  besides  giving  a  perfectly  dear 

of  the  conditions  that  must  be  ftOfilled 

^  tba  roota  of  any  propoeed  equation.    It  was 

by  Harriott,  with  whose  labouit  and 

of  Deecaites  the  systsmatic  theory  of  eqoa- 

aay  be  said  to  have  origfaiated. 

7.  Wa  proceed  to  the  Transformatiott  of  Eqna- 

Aa  an  fflastiation  of  tlie  kind  of  questioos 

belong  to  this  part  of  the  theory  :  Given  an 

y  (z)  =s  0 ;  reqmred  a  teoond  eqtuUion 

f  (▼)  a  0,  jadh,  Oal  ftihssew  the  rooti  (y)  <^  the 


tie  rvoCv  (z)  of  tke  l$i  Iken  mag  be 
ffvfafina,  y  s  F  (x>      If  possible, 
tva  the  #qaatinn  jf  =  F  (x)^  eonsldering  x  as 
nnk     Having  foand  thus  x  =  f  (jr), 
f  (y)  fer  X  in  the  equation /(«)  B  0 ; 
the  qiiiatiun  is  edved.    For,  by  the  procses, 
faaleqaatknis/f  f(|0}sO;  and,  there- 
if  a,  i^ . . .  j;  be  the  roota  of /(r)  »  0,  the 
(y)  of  the  Ifaial  equation  moat  be  such  that 
f  (|r)shan  hava  the  Talass  a,  A, . .  t    But  the 


fQf)=jiandjf=F(4:), 

the  aanie  relation  between  x  and  y,  so 
if  two  particular  values  of  x  and  jr  sadsfjr 
oas  of  the  equations,  thqr  will  satisfy  also  the 
Bat 


#(y)  sc,sl^ss...,sf;  and  therefore 
3r=«FC«),=:F(6)...=F(0: 


When  the  equation  y  =  F(x)  oan- 
be  lesghad  in  rslation  to  2^  we  must  have 
to  hlgber  msthodsi    The  following  are 
the  BMet  asefid  elementary  problems  in 
1st,  Tojbrm  an  eqiation  wkoee 
tmtukaUUAe  reeifroeaU  ^tkoee  ^a  ghen 
(1^  Two  numbers  an  called  redprooals 
a  1.    Tbersfore,  in  this  can  the 
y  a  F  (a)  cad  x  a  f  (y)  beoome 
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y  =  -andxsl.    Substitute! for x in eq.(l)i 
«  y  y 

and  to  reduce  the  resulting  equation  to  the  stand- 
ard form  without  chanfifag  the  roots,  multiply 
it  by  y"  and  divide  by  j9«.  2d,  To  eha^ge 
tke  eigne  ^  all  the  roote  nf  a  given  equation. 
Substitnte — y  for  x;  and  if  the  first  term  of 
the  resulting  equation  be  negadve,  as  it  will  be 
when  the  degree  of  the  equation  is  odd,  change 
the  sign  of  every  term.  3d,  To  muU^g  all  Ae 
rooie  of  a  given  equation  (1)  bg  ang  nmnber  h. 
By  the  question,  y  =s  Ax,  or  x  =  y :  A.  Substi- 
tute y :  A  for  X  in  (1),  and  multiply  all  the  terms 
by  A*.    The  required  equaUon  is 


4th,  Given  an  eguaUon  in  the  form  (i),wiih\ 
ricaleo^gSdentef  eome  if  them  trreduaJbh/raetione: 
it  ie  required  to  tranrfbrm  it  into  another  equation, 
with  vohoU  eoepdente^  but  etill  of  the  form  (1). 
Find  the  least  common  multiple  k  of  the  denomi- 
naton  of  all  the  ooeffidents,  and,  by  the  last  pro- 
blem, transform  the  propoeed  equation  into  an- 
other whoee  roote  an  k  times  groiter.  It  is  evi- 
dent that  all  the  denominators  will  disappear  in 
the  tnnsibrmation,  while  the  coeiBcient  of  the 
Ugliest  power  of  the  unknown  is  still  unity :  as 
required.  And  it  is  evident  that  the  multiplier  k 
may  be  taken  less,  in  most  cases,  than  the  least 
common  multiple  of  the  denominators.  Contrast 
the  present  transformation  with  the  elementary 
reductions  to  which  equations  are  often  submit- 
ted, such  as  clearing  of  fractions.  The  object  of 
thoee  reductions  Is  to  simplify  the  equation  with 
a  view  to  resolution ;  and  this  end  is  gained  with- 
out any  diange  In  the  value  of  the  roots.  In  the 
present  case  the ot^ect  is  similar:  theeqoationis 
simplified  by  the  transformation;  and  although 
the  roots  an  changed  in  value,  they  are  changed 
in  a  knaion  and  nmpk  manner.  The  next  pro- 
blem is  of  the  same  kind.  6th,  To  transform  a 
given  equation  into  another  tehich  wante  a  certain 
term.  In  thegiveneq.  (Ochangexintoy+A: 
develop  the  terms  (y  +  A)^,  pi  (y  +  A)*-*,  &c, 
by  the  binomial  theorem ;  and  find  the  equation 
in  the  form 


jr  +  sfisr-'  + 


+  g.  =  0  . .  (2) 


the  coefficients  91  •  •  •  ;«,  are  rational  integer 
fimetiona  of  A,  independent  of  y.  By  equating 
one  of  them  to  lero,  we  can  obtain  one  or  more 
values  of  A  that  will  give  eq.  (2)  in  the  assigned 
form :  and  we  see  thus,  that  tlie  required  trans- 
formatioo  can  be  always  elfoeted  by  diminlshiog 
each  root  of  tlie  given  equation  by  a  certain 
quanti^  A.  It  is  found  that  the  renooval  of  the 
2d,  8d, . .  ath  terms  of  eq.  (2)  require  the  reso- 
lutfoo  of  equations  hi  A,  of  the  1st,  Sd, . .  (a— l)th 
degrees.  To  remove  the  last  term  9.,  we  have 
to  edve  the  given  equation,  as  might  have  been 
eacpeoted.  The  seoond  term  (and  this  is  themoet 
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important  am),  b  eaiily  Men  to  be  removable 
by  the  dimimBdoa  of  eadi  root  of  the  pcopoeed 
equation  by  a  certain  nomber  h.    For 

— pi  =  a  +  6  +  . . .  +  ' 

ind  —  jfi  =  (a  —  A)  +  (&  —  A)  +  . . .  (I—*) 
8s  — pi^nk\  and  to  make  ^i  =  0,  we  have 

pi  -^  mh  =  0,  atk  ss  ^  ^X 

.£ba0ipb-~The  quadratic  eqoation 
a*  +  pas  +  g  =B  0, 

tranaftMcmed  thus,  giTee  the  equation 
which  gtyea  the  two  roots  (a?)  equal  to 


6eh,  To  dimmuh  meh  qf  ike  nxfU  <f  a  gkm 
equatian  ftv  any  number  h.  Here,  according  to 
the  geneni  method,  ^  =  s  —  A,  and  x=sp  +  A; 
so  that  the  eq.  (2)  of  last  problem  is  that  re- 
quired. But  with  a  view  to  the  resolution  of 
numerical  equations,  the  reader  ought  to  master 
the  foUowing  solution:  Divide  the  1st  member 
/(x)  of  the  given  eq.  by  «  —  i^  till  the  remain- 
der is  independent  of « :  denote  the  quotient  by  Qx 
and  the  remainder  by  Hi.  Divide  rimilarly  Qi 
by  » — A^  and  let  the  quotient  be  Q^,  and  the 
remainder  R^:  and  proceed  in  this  manner  to 
Q»  and  B«.  As  the  divisor  is  always  x  —  A, 
and  the  first  dividend  is  2*  +  &c ;  the  first 
tenns  of  Qi,  Q2.  &c,  must  be  jb*-*,  a^~',  &c'; 
so  that  Qa  =  1.  Hence,  puttingx— A  =  y,  we 
have,  by  the  nature  of  the  process, 

Qi  =  Qsy  +  Rs 

Qs  =  Qsy  +  Bs 


Q— 1  =         y  + 


R— 1 


Multiply  these  equations  in  order,  beginning  with 
the  second,  by  y,  5^*,  y»  . . .  y»-*j  take  their 
sum,  and  rcjject  the  terms  Qijf,  Qsy",  ftc^  com- 
mon to  both  members :  then 


+ 


+  Ri  y  +  Ri. 

This  is  an  identical  equation,ystandingfor  x^A ; 
and  thereiora,  if  a,  6,  ...  ^  be  the  roots  of  the 
given  equation,  the  eecond  member  of  the  last 
equality  wni  vanish  when  0  =  0,  sA,. .'.  s /; 
that  is  when  y  ( =  «  —  A)  a  a  —  A,  «  A  —  A, 
•  •.  =/ — A.    And  thereAire  the  equation 

jr  +  R»  3^-»  +  R..1  y»-«  +  . . .  +Ri  =  0 

is  that  required,  its  RMto  (y)  being  sevenUy  lees 

by  A  than  those  of  the  given  equatioa/(x)  »  0. 

6.  We  proceed  now  to  another  kind  of  tranaA»w 

matkm,  thed^rMMMi^oncjiKtfjoiiyOrtfaedhDi- 
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notion  of  iti  degree,  wAen  sons  ^abrseCs  Asm 
pmHotilar  relaticm  to  mdk  dhtt.  Upon  tUs 
enlisleot  then  an  two  partial  tbearies  of  ap«isl 
importance,  that  of  equal  roots  and  Oat  ef  nei- 
procalequatkms:  and  these  we  diaD  take  up  ia 
order.  Let  /(»)  =  0  be  any  fi^ven  equatifla; 
letoi,  as,as*--a*t  be ita roots;  let/i(x)be 
the  dilL  coe£  of/(x);  then,  by  aectioos (8) ad 
(6),  we  have 

/(«)  =  («  —  ai)(a:— Os)  . . .  (x  — «•) •  •  P) 

4- . . .  +r 


X— 0. 


Let 


/(x) 


Qi.- 


X Oa 


X  —  ai 

.-./i  W  =  Qi  +  Qi  +  . .  •  +  Q»  .  •  (») 

It  should  be  carefully  rememberad  diat  each  of 
the  terms  (Q)  of  equation  (8)  is  compoeed  of  all 
the  fiurtors  (x  —  a)  of  equation  (2),  one  es- 
oepted.  Suppoeing  now  that  the  cquatiott/[s) 
=s  0  has  m  roots  each  equal  to  a^ ;  it  is  eritet 
that  Qi  contabis  (a;  -*  Oi)*-'  aa  a  fiutor,  end 
that  each  of  Qt,  0$,  . . .  Qn,  contains  cither 
(a?  —  ai)*- '  or  (x — a\f^  as  a  fiMtor ;  wbeooe, 
by  equatian  (8),/i  («)  contains  (x  —  a{p'  *  si 
ailMtoc  We  infer,  that  if  the  eq./(x)»Ohss 
m  roots  equal  to  ai,  the  two  quantides/(x)  sad 

y^(x}  have  a  common  fiwtor(x  —  aO^"*.  Sap- 
poee  conversely  that/(x)  andy^(x)  have  tk 
common  fkctor  (x  —  ai)"*~\  ConcetTe  the 
terms  (Q)  of  equation  (8)  distributed  into  two 
sets,  those  of  the  first  set  being  derived  fan 

f{x)  by  the  removal  of  the  Cwtor  (x — a^X  *Dd 
thoee  of  the  second  by  the  removal  of  any  fodor 
difierent  fttxn  (x  —  a\)  *  and  roprosont  the  nni 
of  the  first  set  by  H,  and  that  of  the  seoond  bj 
G.    Then 

/l(x)  =  B  +  C  or,  B  =/i(x)  — a 

Now,  \tY  hypothesis,  («  —  oi)^"*  is  a  fiKtorof 
fi  (x);  it  is  also,  by  onr  assumpdon,  a  Actor  of 
0,  and  therefine  a  fibctor  of  the  diAnnee/i  (x) 
—  C,  and  therefiore,  by  the  laat  eqaatkm,  a  fi»- 
torofB:  fai  other  words,  (x — ai)F*-'i8aftctor 
of  the  aggregate  of  thoee  terms  (Q)  which  «e 
derive  tsom/Qc)  by  throwing  <mt  the  fiKftor(s 
^  oi).  It  fdlows  evidently,  Huxfix)  oontaiai 
the  fiujtor  (x  —  ai)*.  And  hence,  if /(x)  end 
/i  (x)  have  a  common  fketor  (x  —  oi^T  « tlis 
equation/(x)  =  0  has  m  roots  each  equal  to  ai* 
By  a  simple  extension  of  this  reasoning:  if  tbe 
equation  /(x)  =  0  has  m  roots  equal  to  a,  J^ 
roola  equal  to  A,  9  roots  equal  to  e,  theB,/Or) 
'"^fi  (x)  have  a  common  divisor^ 

(»  — a)— »(x  — A)JP-«(x^c)t-'; 

and  oonvenely.  Hence,  /(x)  a  0  being  tbi 
given  equation,  and  ((f)  being  the  greatest  con- 
mon  measure  of/(x)  and/x  (x) :  |^(d)  As  tani*- 
riooi;  or  mdepmdmt  ^(z)  Oa  aswfmi  Aoias 
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mmi  TpolB!  if  d  CBtdam  mw  n 

^4mMi  roaiB  (m).*  ^d  oonIom  «mg  number  qf 
i(x — hffAB^puiiiomkmikemme 

^^ipiU  roeU,  Ae.    To  aimplify  now  the 
gf  «q|Mlioiit  which  hftv«  eqiud  roots. 

bj  •  tbo  pndnot  of  thon  ihcton  (x ->  a) 
^/(x)t  wUeh  conwpond  to  the  liiiiple  roots; 
bgr  V  die  product  of  the  fiwton,  taken  hi  the  firat 
dqgiM^  wfaicii  eotmpond  to  the doaUe  roots;  hy 
« the  prodaet  of  the  telon,  also  in  the  first  de- 
gra^caoaspoadhig  to  the  triple  roots:  and  sap* 
peas  thai  then  aro  no  roots  of  a  hij^  degroe  of 
Mdt^plicity.    Then 

end  d  heeog^  at  abore,  the  O.  a  IL  of/(jf)  and 
eoflityi  (s);  we  have^  by  the  theonm, 

',  if  •  be  the  6.  G.  M.  of  tf  and  the 
of  d^  we  find,  by  the  theorem, 

e  ss  10. 
DMdfag  each  of  tfMse  equntions  by  the  soooeed- 

y(x)  •  d  s  mvWf  d:  esavw^e  =  w, 
Dfvidfa^  each  of  these  by  the  soooeedtaig; 

Xov,  whcn/(c}  ia  given  In  the  finm  (1).  with 
wail  ill  si  codBdents,  we  ean  flnd/i  (jr)  by  the 
ralsiBaeetiDn(lXandtiiead  by  the  proosssof 
G.  C  IL,  and  then  e  in  like  manner;  so  that  we 
ea&lnin,e,«^intmnaor&  In  this  way  we 
ledaettiieiesofaitionorths  proposed  eqaation  to 
tkettfthethieeeqaationittsO,  9=  0,ws  0, 
Bonsef  which  has  eqnal  roots,  and  of  which  the 
diignB%  taken  altogetfaBr,  are  leee  than  that  of 
te  propoaed.    And  a  limilar  method  applies  to 


For  erampte,  given  the  eqaation 

j»  — i»  — 4«»  +  4x*  +  6a»  — 6»*— 2« 

+  2  =  0; 


/,(»)s7x»  — 6a»  — 20aj»  +  16x»+  16 
afi_10»-.l; 

rfa^  — a^  —  «  +  !;«  =  «  — L 

By  divWan»  as  indicated  above,  we  find 

/i»)id  «  uvw  =  **  — 8a»  +  2; 

AndbydhrUonagafai, 

ass*  — i,v»n-l-  1,  «  =  «  —  !. 
Tte  qenlfan  Is  rednesd  to  the  nsototion  of  the 
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Tlie  given  equation  baa  two  simple  roota  +  V2i 
a  doable  root  —  1,  and  a  triple  root  +  1 :  or 

/(»)  =  (a?  —  2)  (»  +  1)»(»— 1)». 

9.  An  eqaation  is  called  reciprocal  when  it  Is 

soch,  that  if  a  be  any  one  of  its  roots,  -  is  also  a 

root;  so  that  all  the  roots  will  be  nprodnoed, 
though  in  a  differeat  order,  by  the  division  of 
unity  by  each  of  them.  Given  an  equation  in 
the  firm  (1) ;  bv  wbat  ekaractere  may  we  know 
that  it  ii  a  reaprooal  equation  t     Sabetitatiog 

-  for  8  in  eq.  (1\  and  reducing,  we  obtain  the 

eqaation 

a!-4 


£!l^a--.+£^t^_,  ^,^,, 


r-»2  =  0, »  +  1  »  0,  «  — 1  «  0- 


+  -^  *  +  -   =  0  .  .    (2.) 

The  roots  of  eq.  (2)  are  the  redprocals  of  those 
ofthoeeof(l>  ItfoUows,  thatif  (l)bea  red- 
prooal  eqaation^  (1)  and  (2)  have  the  same  roots, 
and  are  therefore  identical  with  each  other :  and 
oonvereely.  But  we  can  identify  (1)  and  (2) 
only  by  equating  their  coefljdsnts  in  order. 
Therefore 

1 
p» 

From  the  last  eqaality  we  find  i>2  '  ^ '  ^^ 
fore 

l>»  =  dlliP*-i  =+Pi«JP»-s  =  +?«»*«. 
One  or  other  of  theee  two  sets  of  relations  among 
the  coefficients  Is  necessary  and  saflkient  to  con- 
stitote  (1)  a  redprood  equation.  Obeerve,  how- 
ever, that  if  a  be  even,  andp  be  theooefficieatof 
the  middle  term,  we  find  as  above,  p  =:  +i>; 
and  theidbrek  hi  the  case  of  the  npper  sign,  p 
may  have  any  value,  but  hi  the  case  of  the  lower, 
p  must  vanish.  Hence,  ma  rec^yroco/e^iMrfMm, 
tAe  ooefioimU  <ffUrm»  eqmdufantfiom  Ih^ex- 
tremea  muei  be  equal  and  ofUke  tigne^  or  equal 
and  of  unlike  ngn$:  aba,  vken  ike  equation  is  of 
even  dimentiom,  and  tkeeorreeponding  term  km 

unlike  tigtie,  there  must  be  no  middle  term.  On 
the  lesolntion  of  such  equationa,  observe,  first, 
that  all  oases  may  be  rsduoed  to  that  of  a  reci- 
procal equation  of  an  even  degree,  with  its  last 
termpontive.    Consider  the  equations 

»•  +  a«*  +  &«■  +  **•  +  o  X  +  1  =  0, 
3*  +ax*  +6a:*  — *«•—  fl*— 1  "  0- 

It  appesis  by  substitution,  that  —  1  is  a  root  of 
the  first,  and  +  1  of  the  second:  therefore  the 
fifsl  memben  are  divisible  respectively  by  «  +  1 
and«^l.    Now  it  is  evident,  that  hi  the  fiiBt 
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of  UxMe  quotients,  we  should  have  obtained  the 
same  oo^dents  in  the  same  order  if  we  had 
taken  the  terms  of  divisor  and  dividend  in  the 
reverse  order  (l  +  *^l+aaj  +  &c);  and  like- 
wise in  the  second  quotient,  if  we  had  reversed 
the  order  and  changed  all  the  signs.  Hence,  the 
reralting  equations  of  the  fourth  degree  are  still 
recipio^  and  their  last  terms  are  +  I.  The 
same  reasoning  applies  to  a  reciprocal  equation 
of  whatever  odd  degree:  and  it  appears,  in  like 
manner,  that  when  the  equation  is  of  even  dimen- 
sions, and  its  last  term  is  —  I,  it  may  be  de- 
pressed, by  the  removal  of  the  factor  0'  —  1, 
into  a  reciprocal  equation  whose  last  term  is  +  1. 
And  therefore,  by  changing  » into  ^  n  in  eq.  (1), 
and  introducing  the  proper  conditions,  p^  »  =  1, 
Pin^i  =P\,  £o,t  we  shall  obtain  a  general  form 
of  reciprocal  equation,  whose  solution  will  suffice 
for  all  cases.    Consider  then  the  equation 

a**  +Pl«'"~*  +l»s  a^"-*  +  .... 
+  l>a«*+i»i*  +1=0. 

Connect  by  pairs  the  terms  equidistant  from  the 
extremes,  and  divide  the  equation  by  e" :  It  then 
becomes 

+  P1I-I    (»+    -  j+|>,=a  0    ..    (2.) 

Let  «  +  -  =:  a,  and  a*  +  --  =  K„ 
Multiplying  together  the  two  equations 
E,-i  =  «•-*  + -j^,  and 


s  =  »  +  —  ;  we  find 

X 

•  ••  R«  ==  a  B,i-i  —  R»-  ). 

This  relation  gives  the  value  of  each  quantity 

Bnor  0^  +  — ,  in  terms  of  s,  when  theraluesof 
ar 

the  preceding  two  are  known.    Thus,  Bi  =  a, 

B2=xJ+  i=  /'«+iy«-2  =  «»  — 2. 
»a      \        X  J 

Rg  =  a  R,  —  Ki  =  »(f  —  t)—z  =  «»— 8s. 
R4  =  t*  — 4«"  +  2. 
Rgas*  —  6s'  +  5z,&c. 

Substitutfaig  in  eq.  (2)  the  values  of  Ri,  R^, . . 
R» ,  in  terms  of  a,  we  reduce  the  propoeed  equar 
tion  of  the  2fith  dcjgree  in  x  to  one  of  the  nth 
degree  in  a.    Finally, 


EQU 
«+-  =  a,ora*  —  a«  +  l=0 

X 

a    ,    1     ,_ 

.•.ar«5.+  ~   V;i«  — 4; 

and  we  have  only  to  substitute  in  this  exprenion 
the  n  values  of  s^  in  order  to  find  the  2*  vahus 
ofx.    As  an  example,  connder  the  equatioi 

SB»-.1=0. 

When  the  factor  (x  —  ly,  oonesponding  to  the 
loot  1  is  removed,  the  equation  becomes 

«»+»»  +  a?  +  »  +  l=sO;or 


or 


(i^_i).)-eH-l  =  ('  +  c  —  1-0 
.",  a  •* = 


.^a'^<^  +  ;^^anda'■>4=-^y^ 

...V  »^— 4  =•  ^  V10  +  2VT  -  V^L 

Substitutfng  saooessivdy  these  two  ▼alnes  of 

V  e* — 4,  with  the  oorrespondiog  values  of  s  hi 
the  expression 


1  ±i.  Wgt_4 
•J   —    2    Va  —  4, 


which  is  the  value  of  or  in  terms  of  a^  we  find 
that  the  five  roots  of  the  propoeed  equatko,  or  dw 
five  5th  roots  of  unity  are,  1, 


—  1  +  V  6  ,    </i5TTvT 


4  -^ 


—  1  — V6 


+ 


•1/  10  —  2  V  6 


4  — 


v^-i; 


VITi 


10.  Tlie  theoiy  of  EUmination,  or  of  the  reso- 
lution of  equations  which  involve  mors  than  one 
unknown,  must  be  noticed  here,  however,  farieflr, 
as  it  is  one  of  the  most  impoortant  subjects  in 
algebra.  The  reader,  we  suppose,  has  met  iritli 
examples  of  simultaneous  equations,  and  with  the 
methods  of  elimination  by  addition,  by  compari- 
son, and  by  substitution,  as  applied  to  equatians 
of  the  first  dagree.  There  is  another  metfaod» 
that  of  Indeterminate  Multipliers,  whidi  is  not 
usually  consigned  to  the  elsonnts,  although  sfaa- 
p^  in  principle,  and  veiy  extensively  used.  Be* 
qmred  x  and  y  firom  the  two  simultaneous  eqjua- 

a,x+d,sr  =  cji    ^   -' 

Multiply  the  second  equatioo  by  the  quantily  a^ 
and  then  add  to  the  first: 
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.-.(cii-l-Mf)«+(5i+ ■i&s)jf=ei  +meii  (8) 
Md  to  nimiinttoy,  aannie  in  eq.  (8) 


.-.  (Bj  fti  —  Afl  ^  )  '  =^  ^  ^  —  ii  Cj. 

Praomflag  in  tlie  mrat  manoer,  or  by  Biibstitn- 
taoa,  to  ddamiM  jf^  we  find 

_  >tei  —  ^1  Cj.  .  _  flt  ci  —  ai  c^     ^- V 

Tki  pnoBH  dqMDdf  npon  this,  Uiat  the  eq.  (8) 
■Mit  admit  of  the  sohitioQ  common  to  the  given 
eqMdoMii  wluiteTer  be  tlie  valoe  of  m.  As  a 
Moond  qomAm :  Beqoired  the  valnes  of  «  and  y 
ikat  uidy  the  three  ecpuOions 


OfX  +  bsiraesV 


(5.) 


Fmn  the  fiist  and  eeeond  equations  find,  as  in 
tht  kit  question,  the  Taloes  of  x  and  jr,  and 
km  the  fiitt  and  third  find  two  other  valoes: 
ihM,  if  the  latter  yalnes  of  x  and  y  are  eqoal 
10  the  famei^  the  tliird  equation  is  superfluous, 
■id  if  Tinfipft^,  the  three  c^ven  equations  are 
Infimiiiiini  More  simply,  to  make  the  given 
cqwdoos  consistent  with  each  other,  subetituto 
thiV8lMi(4)of  «andjrin  the  8d  of  equadoos 
(I).    Tliis  gives  tlie  tgmatUm  qfamdiUou 

—  o,ti). 


principles  apply  to  higher  questions, 
the  number  of  equatioiis,  independent 
oTesch  other,  exceeds  the  number  of  unknowns. 
As  a  third  qaestkn :  Required  the  values  of 
hh  *»  i^  mtidf  the  thres  equations 

«i  *  +  *i  f  +  Ci  s  =  ii, 

Mahiply  tlie  seeoDd  equation  by  m  and  the  third 
ly  a,  and  add  the  prodncU  to  the  flist.  in  the 
malting  equation  equate  the  coefficients  of  f 
sad  «f  s  to  0.    This  process  gives  the  three 


ci  +  «C4  +  ncg  =  0/   ^"•-^ 

(•i  +  maa  -I-  not)  x  =  *i  +  m^  +  ■*,.  (7.) 

The  eqeatfcms  (jS),  solved  as  in  the  firM  questioh, 
ghe 

ftf  C\  —  Of  Cj        M 
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SnbBtitntittg  these  values  of  m  and  «  In  eq.  CD 
find 

,  ibi  D  4-  irt  M  +  ibg  K 


X  =s 


ai  D  +  aj  M  +  as  N* 


H  «8  —  *S  «2 


From  this  ezpresskm  we  obtain  x  in  terms  of  the 
given  coefficients,  by  substituting  for  D,  M,  N, 
their  values  b^c^-^b^  Cf ,  &c  :  and  finom  tbe 
value  of  X  written  at  lengtli,  tliat  of  y  may  be 
found  by  an  interchange  of  tlie  letters  a  and  h 
without  change  of  suffixes,  and  that  of  s  from 
that  of  0  by  an  interchange  of  a  and  & 

11.  A  complete  equatk>n  of  the  nth  d«gree^  in 
X  and  y,  after  suitable  reductions,  may  alwa}"* 
be  written  thus : 

Aaf»  +  Bx*-'  +  Cx*-*+  ....  +  Kx  +  L=0; 

where  the  ooeffidente  A,  B,  C . . .  L,  are  of  tho 
fonns, 

y  +  Ay  +  V  +  •    *  +  P9»' 

Given  two  such  equationa,  one  of  the  nth  degree, 
another  of  tiie  mth :  required  all  the  systems  of 
values  which,  when  substituted  for  x  and  y  shall 
satisfy  the  two  equations.  The  equations  may 
be  represented,  for  brevity,  as 

/(x,jf)  =  0,  ^(x,sr)  =  0. 

If  we  restrict  ourselves  to  questions  having  a 
finite  number  of  solutions,  it  is  evident  that 
y*(x,  y)  and  f  (x,  y)  can  have  no  common  factor 
involving  x  or  jf,  or  both  x  and  y.  Excluding 
these  cases,  there  is  a  simple  test  by  which  we 
can  discover  sulteble  values  of  either  unknown. 
Suppose  6  to  be  a  suitable  value  of  y.  Thm,  by 
the  question  the  two  equations 

/(x,6)  =  0andf(x.6)  =  #, 

must  have  one  or  more  rooto  in  common :  and  therfr- 
fore,  the  polynomials  /  (x,  b)  and  f  (x,  6)  must 
have  a  common  divisor,  F(x),  involving  x;  and 
the  rooto  of  the  equatkm  F  (x)  =  0  are  the  values 
of  X  coirespondhig  to  the  value  6  of  jr*  Suppose 
convenely  that  /  (x,  6)  and  $  (x,  b)  have'  a 
conraion  divisor  F  (x) :  then  any  root  a  of  the 
eq.  F  (x)= 0,  when  substituted  for  x,  will  satisfy 
the  two  equatfons  /  (x,  &)  =  0  and  j^  (x,  6>=sO; 
and  therefore  the  values  a  and  6  of  x  and  y  form 
a  solution  of  the  given  equations.  Upon  these 
principles  is  founded  the  method  of  eUminatkm 
by  the  process  of  greatest  common  measure. 
Arrange  the  polynomUds  /(x,  y)  and  f  (x,  y) 
with  respect  to  x,  and  apply  to  them  the  process 
of  6.  C.  M.  tiU  a  remahider  is  obtained  involving 
only  y.  Let  F  (x,  jr)  be  the  Isst  divisor,  and 
1^  (y)  the  remainder;  then  if 

^(y)-0,    (8.) 

the  given  polynomials  have  a  common  measure 
F  (x^  y>  Therefore  the  rooto  of  (8)  are,  acconl- 
ing  to  what  preoedesi  suitable  values  of  y;  and 
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if  any  <»e  of  them,  d,  be  rabetUnted  In  the  eq. 
F  (c,  y)  =  0  for  y,  it  will  give  corresponding 
value  of  X.  Such  is  the  principle  of  Um  method ; 
bat  in  practice,  this  theoretical  simplicity  disap- 
pears, except  in  rare  cases;  the  principal  diffl- 
cnlty  arisittg  from  tlie  introdnction  of  fkctors 
involving  y,  which  give  valoes  foreign  to  the 
qoeetion.  Tlie  neeeesaiy  details  are  given  in  tlie 
most  of  the  good  elementary  works,  soch  as 
Bourdon's  Algiiir%  Lrftbwm  dt  Fourq/'s.  There 
are  other  elementary  pofaits  connected  with  this 
aobject  (soch  as  the  OKtension  of  the  method  of 
indetermlnatie  moltipUers  to  e(|aations  of  the  2d 
and  higher  degrees),  which  are  of  great  interest, 
bat  most  be  passed  for  want  of  space.  There  is 
an  interesting  and  precise  discussion  of  tlie  ele- 
menU  of  this  sal^ect  hi  Peacock*s  Algebra,  The 
object  of  every  method  of  elimination  is,  as  In 
the  above  process,  to  obtain  a  JbuU  egualMm 
^  (y)  =  0  whose  roots  are  the  values  of  one  of 
the  unknowns  proper  to  the  question.  And  a 
method  of  dlmination  is  considered  ptrfmbL  when 
it  leads  to  a  flnal  equation  that  admits  of  all  the 
values  of  y  proper  to  the  question,  and  of  no 
others.  The  meet  general  method  of  this  kind  is 
tiiat  depending  on  the  properties  of  sgmmetrioal 

12.  A  fonction  of  the  roots  of  an  equation  is 
called  symmetrical,  when  the  roots  are  all  in- 
volved in  it  in  precisely  the  same  manner,  so 
that  the  function  is  not  changed  when  the  roots 
are  interchanged  for  each  other  in  wliatever  order 
we  please.  A  function  called  synpnetrical  is 
usually  understood  to  be  rational^  or  such,  that 
none  of  the  roots  is  involved  in  it  under  a  radical 
sign.  It  will  be  remembered  that  each  coefficient 
of  equation  (1)  is  a  rational  symmetrical  function 
of  the  roots.  According  to  Newton's  method,  the 
first  question  upon  tlik  subject  is,  to  find  the 
sum  («i)  of  tlie  first  powers  of  the  roots,  the  sum 
(Sf)  of  their  second  powers,  the  sum  (<$)  of  thehr 
tliird  powers,  &c,  in  terms  of  the  coefficients  of 
tlie  equation.  Newton  efiected  this  in  a  simple 
and  elegant  manner  by  means  of  the  theorem 
which  has  been  proved  in  the  end  of  section  (5). 
By  actual  division,  or  by  the  statement  made  in 
section  (8),  we  find 


!^!W.-jB»-i  ^  (o+pj)  a-— «+(a"+pia+p,) 


X  — « 


!!•-•  +  .  .  . 


Substitnthig  successively  i,  e,  . .  •  (  for  a,  In 
this  expression,  and  adding  all  the  equations 
together,  we  And 


/0± 


•«•"*+  (#1  +  fipi)  «"-*  +  (»j  +piti  +  i|pj) 

fls"-»  +  . .. 

To  identify  the  second  member  of  this  equation 
with  the  expresBion 
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iWJ»->+(ii— l)lJiaf -«+(»— 2)  p,j^^»+.  • 

which  we  know,  by  seetloD  (6),  to  be  identical 
with  it,  we  equate  the  coeffldants  of  like  powers 
of  x;    Therefore 

•i  +«Vi  =  (»  — l)Pii 


or 


00 


tm-^l-^Pl 


+  ..+i»«-f«i+(e^l) 

Pm^\  =  0. 


The  first  of  these  equations  gives  s^,  the  seoood 
Ss,  the  third  «s,  &c;  the  highest  sum  deter- 
mined thus  fkr  befaigi^.i.    I^us, 

*i  «— i>i.*s  =l>i  — *Pli 
»8  -  —Pi  +  8/»il>«  — »P»i 
•A^Pi'-ijiPi  +*PiP»  +  2pJ  — 4p4;4t 

To  find  the  sums  of  similar  powen  of  the  roots 
whoee  indices  exceed  «  —  1,  we  proceed  thoa 
The  given  equatbn,  multiplied  by  x«,  is 

tti»  +  »-fl>ix«+«-t-f +i)b-ix-+« 

+  p.  *-  =0. 

Sabstitathig  successively  for  x  each  of  the  reels 
a,  &, . . .  i,  and  addmg  the  resoltfaig  eqnatxDi 
together,  we  find, 

«»+«+l>iM*-i  + +Pb-i<H-» 

+Pm  S»   =  0. 

Givhig  here  to  m  the  values  0, 1,  2,  8,  ftfr,  and 
obser^ag  that  le  =>  •»  we  find  the  foOowbig  le- 
lations:    ' 

fc+Pi  «»-i  +  •  •-h>—i  «i+ ^  =<>• 
C2A.  «»+i  +  Pi*»+-'-+*»-iH+;^i1='J' 

The  sums  #i,  tf, . . .  s»- 1,  ere  already  known  (7 
equatbns  (1) ;  the  sum  s«  is  therefore  known  br 
the  first  of  equations  (2),  the  som  iw^i  bf  die 
second;  Ac  We  can  find  in  the  same  msBMr 
the  sums  of  shnilar  powen  of  the  reols,  with  ns> 
gative  exponents,  by  making  m  equal  to  —  I, 
2,  &C. :  bat  we  find  these  values  more  essQ  j 

by  diangfaig  x  into—  in  the  proposed  eqnstioa, 

and  then  cakulating,  as  above,  the  ioms  of  simi- 
lar powers,  with  positive  ezponeDts,  of  the  roots 
of  the  transformed  equatioa.  The  foUowhtg  b* 
forences  are  obvkm8:*-The  expnarions  of  the 
sums  #1,  #2, ...  In  terms  of  jpi,  pi,  •  •  .will  not 
contain  any  denominator.  If  tlie  ooefficicnti  (p) 
are  integers,  the  sums  (s)  will  be  also  hnqgen. 
If  a  sums  of  simikr  powen  are  given,  such  as  i|, 
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ff.  . . .  JWi  w  can  detemiiiie  all  the  ooeffidents 
(^)  of  the  eqiutioii  hv  means  of  (1)  and  (2). 

The  next  qneetioo  b  to  find  the  value  of  any 
itoMa  JwrndUm,  or  of  the  ram  of  all  poaible 
teiBB  (a«*  £•),  where  a  is  any  one  root  and  b'  any 
octer  not;  the  nnnihen  ^  »,  being  integers. 
Sneh  a  fhnctioa  is  represented  by  2  (cw*  6»X  > 
stndiqg  for  "tum  of;**  thus,  j»9  s  2  (a  6). 
Aooonfiog  to  the  pravione  notation,  ire  have 

The  product  of  the  seoond  members  consists  of 
tvo  psrts;  lint,  the  sum  of  all  possible  terms  of 
Hie 6m  o^-*-*;  aeoood,  the  sum  of  all  possible 
tVBsof  the  funn  o^  ftp.    Therefore 

*•  •  #»  =  •m+»  +  a  (<v*  J»);  or 
2  ((M»  6»)  =  #^*,  —  »/»  +  f. 

And  henoe^  any  double  fiinction  whatever  may 
be  expressed,  under  a  rational  and  integer  form, 
by  the  coeffideots  (p)  of  the  given  equation, 
liie  last  formola  is  aStered  if  ^  =-  » ;  for  then 
ep»  (•  =  a»  ft^  so  that  the  terms  of  the  double 
tedioa  beeome  eqnal,  by  pahrs,  and  the  function 
ii  ndnced  to  Ss  (a^  i^).    Therefore 

IliB  dwwminatng  2  disappean  when  we  sufaeti- 
tmhcifg,  and  «2«>  Having  found  the  values 
flf  sH  simple  and  double  fimctions  of  the  roots  in 
tona  of  the  ooeffldentt  (p),  we  have  to  find  nest 
the  TBhe  of  any  triple  flmotion  2  (a^  bM>  c) ; 
sad  tin  we  do  by  mnl^yhig  together  the  double 
teeikio  2  (oA^)  and  tiie  simple  function  r, 
sad  thsB  pnoeeding  in  the  same  manner  as  above. 
WittoBt  having  the  work  placed  before  him,  the 
wfll  easily  find  the  value  of  the  triple 
la  tenna  of  sfaaple  fiaictiona,  and  in  its 
fono,  to  be 


+  2*x+^+- 

And  the  same  mathod  applies  to  the  determina- 
taa  of  qaadraple  Ainetions,  and  of  the  sneoee- 
ii«e  ^^mmebical  functions  of  higher  orders. 
Each  of  the  symmetifeal  ftmctions  yet  considered 
ii  biwiMipMMinii.  or  sncfau  that  the  exponents  of 
the  leltan  are  the  same  fai  all  iti  terms.  But  it 
itesriiyseen  that  a  rational  symmetrical  fhnc- 
tioB  which  is  ooC  homogeneous*  must  be  the  sum 
cftaoor  more  sodi  ftmctioos  wliich  arehomo- 
ganoas;  aod  finther,  that  every  non-integer 
wuMsehital  fnnctloo  may  be  reduced  to  a  quo- 
tient of  one  failcger  aymnetrieal  ftmctlon  by 
saother.  Heoea,  the  sjpreeslon  of  any  rational 
svannMrfcal  fimcdon  whatever,  in  terms  of  the 
««*<**8fH*t,  may  be  derived  by  mere  addition 
ad  fiviekm  from  the  axprasions  of  the  rimple, 
doable^  tr^  . . .  fimetions  above  inveatigated. 
Ffoa  sD  whkh  It  follows  that,  by  Kewton's 
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method,  every  rational  symmetrical  Junction  of 
the  roote  of  an  equation  is  expressible  rationalfy 
by  the  coefficients  of  the  equation.  The  proper- 
ties of  symmetrical  functions  are  of  the  greatest 
importance  in  the  theory  of  equations.  They 
have  therefore  been  studied  with  great  diligence 
by  several  eminent  algebraists,  pardcularly  War- 
ing, Lagrange,  and  Canchy;  whose  inquiries 
have  led  to  some  veiy  remarlcable  methods  and 
results.  But  to  these  matten  want  of  space 
prevents  further  reference. 

18.  We  have  already  discussed  a  few  simple 
problems  in  the  transformation  of  equations. 
Upon  the  same  subject  there  are  several  impor- 
tant questions,  of  a  higher  l^ind,  which  are  cases 
of  the  following : — Given  an  equation ;  required 
any  assigned  rational  fimction  of  two  or  more 
of  its  roots.  In  the  investigation  of  such  ques- 
tions it  is  generally  found,  that  symmetrical 
functions  of  the  roots  of  the  given  equation  pre- 
sent themselves  naturally,  and  as  the  principal 
elements  of  the  solution.  One  example  will  be 
given  here,  which  is  of  great  interest  historically 
and  upon  other  accounts.  To  Jind  an  equation 
whose  roots  shall  be  the  squares  qfthe  d^erenees 
qfthe  roots  of  a  given  eq.  (1.)  The  n  roots  of 
eq.  (1)  being  a,  6, . .  .  /;  those  of  the  required 
equation  are  (a  —  b)\  (a  ~  c)*,  (b  —  c)*,  &c ; 
and  their  number  is  the  number  of  combinations 
(not  permntations)  of  a  letters  taken  two  together, 

and  therefore  equal  to  ^  ~  =  ^  The  re- 
quired equation  is  therefore  of  degree  ^,  and  may 
be  repreeented  by 

■^  +  ?i  «"'" '  +  q^if*'^^  +  . . .  +  J;*  =  0.  (2.) 

The  question  is  to  find  the  coefficients  (j),  whidi 
are  evidently  symmetrical  functions  of  the  roots 
of  eq.  (1).  The  following  process  is  due  to 
Lagrange.  As  in  the  last  section,  let  «i,  «si  •  •  • 
be  the  sums  of  similar  powere  of  the  roots  of  eq. 
(1);  let  Si,  Sf) ...  be  the  like  functions  of  the 
roots  of  eq.  (2) ;  and  let 

^(«)  =  («  — o)*"»  +  (*  — 6)*»  + 

By  substitution  of  a,  &,  . . .  /,  successively  for 
«  in  the  last  equation,  and  by  addition  of  the 
reeults,  it  is  easily  found  that 

f(a)  +  ^(6)  +  f(c)  +  .  ..  +  f{0=«2S«. 
Developing  now  the  diffisrent  terms  (x  —  a)*"'T 
&c,  of  ^  (a;X  by  ^^  binomial  theorem,  we  find 
thatf(x)s 

«■•  — 2»ax»"-*  +....+«*" 


where  the  reader,  if  he  finds  it  neoesjwr}%  may 
supply  a  few  additional  terms.  Adding  the  n 
polynomials  contained  hi  the  aeeoDd  member  of 
the  last  equation,  we  find 
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Sobetitoting  saoonuTdy  a,  6, . . .  /  for  0  in  this 
eqaaUoo,  and  adding  the  resolting  equations,  we 
obtain  the  following  valae  of  f  (a)  +  f  (6)  + 

+  f(/),orof2S,i 

.  2m(2m— 1) 
««,,  — 2iii#i«,.-i  + Ytj i 

It  is  eaailjr  seen  that  in  this  expression  the  terms 
equidistant  from  the  extremes  are  eqnsL  Con- 
necting equal  tenns,  and  dividing  bj  2,  we  find 


S»  =  ii#s»  — 2m«iSs.,.i  + 


2m  (2  m — 1) 


1-2 


1    I    2m(24i» 
±8   — i 


-S 

1)  . . .  (m  +  1) 


2-8 
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To  find  now  the  coefficients  (2)  in  terms  of  the 
coefficients  (p)  of  eq.  (1) : 

1st.  Calcul&te  the  snmssi,  #s, . . .  <b  •  •  •  #s/hi 
In  terms  of  the  ooeffldents  (jp)i  by  Newton's  for- 
mulas. 

2d,  Calculate  the  sums  Si,  83, ... .  S/t«i  in 
terms  of  (p),  by  the  formula  last  obtained. 
Thus,  maUng  m  =  I,  =  2 ;  81  =  n  sj  —  sj  #1, 

89  =s  »«4  —  4  «i  »8  +  8  f«  «s>  ^ 

Sd,  Calculate  the  coefficients  (2)  in  terms  of 
0>)  by  Newton's  formulas,  71  +  Si  =  0,  &c. 
These  operations  are  extremely  prolix,  when  n  is 
greater  than  2  or  8.  There  is  another  rery  inter- 
esting question,  of  the  same  class  with  that  now 
solved :  Required  an  equation  whose  roots  shall 
be  equal  to  a  -{-b  +  kab,  where  a  is  any  root 
of  a  given  eq.  (1),  b  any  other  root  of  (1),  and 
t  any  given  number.  By  a  simple  course  of 
reasoning,  in  connection  with  this  question,  La- 
grange has  proved,  that  when  the  equation/(a;) 
=  0  is  of  even  dimensions, /(x)  is  decomposable 
into  real  quadratic  factors;  seeming  to  prove 
thus  the  fundamental  theorem  which  we  have 
asanmed,  that  every  equation  has  at  least  one 
root  real  or  imaghiaiy.  Lagrange's  investigation, 
considered  as  estabUshing  this  last  result,  is  cer- 
tainly open  to  otjjectbn :  it  is  not  perfectly  dear 
that  the  thing  to  be  proved  is  not  virtually  assumed 
in  the  proof,  the  laws  of  the  composition  and  trans- 
formation of  equations  being  assumed  through- 
out. Dr.  Peacock  has  obviated  this  otjeclion 
by  presenting  the  proof  in  another  form,  which, 
though  not  hi  all  respects  quite  sadsfkctory,  is 
certainly  rigofx>us,  and  well  worthy  of  attention. 
Lagrange's  proof  may  be  found  in  the  appendix 
to  BouMon's  Algebre;  the  other  in  a  paper  by 
Dr.  Peacock,  contained  in  the  Reports  of  the 
BriMt  Auodation  for  1888,  where  there  is 
much  valuable  information  to  be  had  upon  the 
theory  of  equations  and  other  brandies  of  ana- 
lysis. 

14.  The  properties  of  S3rmmetrical  ftmctions 
find  thefa:  most  useful  application  in  the  follow- 
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ing  method  of  elimination.    Let 

«•  +Pia""*  +  ...+l»»-i«  +  l»b.=0(l.) 
«"  +  Ji«"-»  +  . ..  +  9.-1 «  +  jb  =  0   (1) 

be  two  equations  in  »  and  jr,  of  degrees  »  and  a. 
The  ooeflidents  p  and  9  ars  all  rational  int^gs 
functions  of  y;  and  their  dlmensloiis  are  equal 
to  their  suffixes,  if  the  equationa  are  oamiikle. 
Leta,&,e,..  .^betbe  m  roots  (x)  of  eq.  (1.) 
Substituting  these  in  eq.  (2),  we  find  the  «  re- 
sults 

Ifl*  +  ^1  a"-*  +  . . .  +  y.-i  a  +  fa, 
»•  +  Ji6»-*  +  ...  +9«.i(  +5,, 
^  +  9i  ^"'  +  . . .  +  y— 1 '  +  J.. 
Let  y  be  the  product  of  these  polynomials;  theo 

V  =  0  (6.) 

is  the  final  equatbn  resulting  from  the  efini- 
nation  of  x  betneea  the  equations  (1)  and  (2); 
for  it  is  satisfied  by  every  value  of  jr  that  mskes 
any  of  the  quantities  (4)  vanish,  and  by  do 
others.  Now,  V  b  evidently  a  symmetriesl 
ftmction  of  the  roots  of  (1) ;  for  wlien  a,  6,  e, ...  4 
are  interchanged  in  any  manner  for  each  otber, 
the  only  effeiA  upon  V  is  a  change  in  the  order 
of  its  factors.  And  hence,  without  obtahiiog  the 
expressions  (4)  by  the  resolution  of  eq.  (1), 
wUch  is  often  impossible,  we  can  express  tlis 
product  y  in  terms  of  the  coefficients  (p)  and  (j) 
by  processes  of  which  the  elements  have  beea 
already  indicated  (sect  11 ) ;  and  tiie  qaeitiaa  ii 
then  leduced  to  the  reeolution  of  tiie  final'eqoa- 
tion,  which  involves  only  jr.  The  method  it 
open  to  one  oljection,  tliat  the  operations  required 
by  it  are  in  most  cases  very  prolix.  On  the 
other  hand,  it  gives  a  final  equation,  which  ad- 
mits of  all  the  roots,  and  those  only  that  an 
properto  thequestion.  It  leads  also^'inasimpfe 
manner,  to  the  theorem  of  Bezont,  which  v,  that 
the  degree  of  Uie final  eqtuUum  is  at  wteet  egmite 
the  product  qfihe  degreet  ofihe  ghen  e^ticm. 
The  proof  may  be  indicated  briefly,  for  the  csm 
of  two  equations.  Retaining  the  above  notation, 
each  term  of  the  polynomial  V  is  the  product  of 
m  terms  taken  separately  from  the  m  polyno- 
mials (4),  and  may  therefore  be  represented  by 

As  y  is  symmetrical  in  relation  to  a,  &, . . .  A  >t 

must  contain  all  the  terms  of  this  form  obtaiD- 

able  by  interchange  of  the  coMtaM  indices  a,  ^ 

...X,  for  each  other;  thesumcf  whidiianiBi* 

qt^^mq^—fi  .  •  •  •  ?•  — X  la^bfi,  . .  (^. 

y  being  the  sum  of  a  set  of  expressions  deri^ 
firom  this  by  the  assignation  of  partictthff  valoef 
to  Ml  A, .  • .  X ;  we  have  only  to  find  the  degm 
of  this  expression  in  relatioa  to  jr.  Now,  bv 
hyp.  the  dhnendons  (in  y)  of  the  ooefficienti(f) 
are  equal  to  their  suffixes ;  therefore^  the  dhncn- 
sions  of  the  product  £•—•  g.  ^^  . . .  qm^x  •» 
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(»— •)  +  {•— ^). ...  +  (• — x),or»ii  — 
(«-f  ^ +  ...  +  A).  NestyWithre^irdto  2a« 
tf . , .  A;  U  is  expRwible  in  tonoi  of  the  rams 
'i«  ^  •  *  *  ^  ''^  kitcgw  fbnnala,  which  is  of  the 
d^ns  «  -I-  ^  +  . . . .  -f  A  in  relation  to  the 
loots  c,  ift  A&,  of  eq.  (1),  as  we  liave  seen  parti- 
celBilyintlMeDdofsect.  11,  with  regard  to  the 
dodbfe  and  triple  fanctions ;  and  thb  exproasion 
iinducible  to  another, in  tenns of  the  coefficieDtB 
(/)  of  e).  (1),  which,  by  Kewton*s  fonnnla,  is  of 

the  SBBS  degree,  «  +  il  +  . . .  +  X,  in  relation 
tSfL    Adding  s  +  ZS-l-...  +xtothe  qoan- 

tilysi*  —  (••h/l+...  +  X)  pn^ioosly 
fteniwe  obtain  m»  as  the  degree  of  the  final 
tqssUoa.  In  paitifqlsr  cases  (wlien  the  eqna- 
tioM  en  inoomplele),  the  degree  may  be  less 
thiB  mn.  Simple  rales  haye  been-  obtained  for 
faisg  the  degree  of  the  final  equation  predsdy 
ia  all  esse^  as  mmy  be  eeen  in  a  memoir  bj 
XUfaig  in  the  Jowrm,  de  JfatAan.,  tome  tL 
Ihe  method  of  elimination  by  symmetrical  ftmo- 
tioM  has  been  extended,  in  a  Terjr  elaborate  form, 
pBtiadsrIy  by  Poiason,  to  any  number  of  eqaa^ 
Urns.  Bot  ntamiqg  to  the  sfanplest  case,  that 
<f  two  eqoatiana,  it  is  evident  that  the  method^ 
4m  doC  enable  ns  to  find  directly  the  Talnes  of 
tht  noood  unknown  wliicfa  correspond  to  the 
nolB  of  the  final  equation.  To  supply  this  want, 
UnHIle  has  originated  a  beautiAil  method: 
Jmm.  da  MoAem^  tome  ziL  He  introduces  a 
virisbbi;  connected  witfas  andy  by  the  relation 

Isar  4- sjf,  orsaf^«y      (2.) 

«  bdim  an  indetennlnatB  parameter.  Snbstitut- 
^t—mjf  tar  a  in  tiie  given  equations,  and 
>lh  JBilIu^  jr,  he  obtains  an  equation 

/(|,.)  =  0;  (3.) 

vhmee,  patting  •  s  0,  and  therefixe^  by  (2), 
I  s  j^  heebcaina  tiiefinil  eqnatkxi 

fix,  0)  =  0.  (4.) 

%  Tsbes  of  jr  cotiTapnnding  to  the  reots  (0)  of 
")>  (4)  sn  obtained  simply,  in  Tlitue  of  therela- 
tMs  (3)  and  (8),  in  tenns  of 

di  dm      ' 

IL  Snoumox  or  XmanticAL  Equations. 

To  fiad  tiM  roota  of  an  equation  exactly,  or 
^Hwriatstfly,  wlifln  liie  oodBdents  are  ^ven 
B^bxa.  TUa  Inquiry  has  engaged  the  atten- 
fi«  ef  the  shiest  madieraatkians  of  modern  times, 
■riitiBM««anipleldyeQlTcd,at  least  in  the 
brandi  of  it,  that  concerning 
And  what  la  of  the  greatest  practical 
the  solution  has  been  reduced  to 
srith—tfcal  rules,  which  are  general  and 
and  In  all  eases  eaaay  applied.  Only  the 
Inveeilgsliotts  and  results  of  an 
kind  can  be  notioed  here,  and  these 
'"•y  Wsfiy, 
IS. 
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reqmrtd  the  integer  roots.  We  should  naturally 
proceed  here  by  trial,  substitntiog  particular  in- 
tegen  for  x,  and  retaining  thoee  as  roots  that 
satisfy*  the  equation.  To  avoid  the  exoeesix'e 
labour  often  connected  with  such  work,  we  may 
employ  the  metliod  of  dlvieors.    Let 

o**  +  6«»  +  cj:*  +  rfx  +  «  =  0, 

be  an  equation  with  integer  coefficieots;  and  lee 
r  be  a  root,  also  an  integer:  then 

-  =:  —  at^  —  61*  —  cr  —  d, 

r 

The  eeoond  member  of  this  equation  is  a  whole 
number,  by  hypothesis :  therefore  r  is  a  diviwr 
of  di  Again,  transposing  —  d\a  the  first  side, 
and  dividLog  by  r,  we  find  a  quotient 

'--ai* --^  hr  —  0, 

which  also  Is  a  whole  number:  therefore  r  is  a 

divisor  of  -  +  dL    Proceeding  thus,  we  obtain 

the  fiiUowing  theorem:  The  coeffidente  of  an 
equation  being  integer^  and  r  being  an  integer 
root;  r  is  a  divisor  of  the  last  term :  and  if  tiie 
quotient  be  added  to  the  coefllcient  of  0,  r  is  a 
divisor  of  the  sum :  and  If  this  quotient  be  added 
to  the  coeiBcIent  of  c",  r  is  a  divisor  of  this  sum : 
and  so  on,  till  we  readi  the  last  quotient,  which, 
with  the  coefi&dent  of  the  highest  power  of  or, 
gives  a  sum  zero.  The  use  of  this  theorem,  in 
connection  with  our  preeent  question,  is  obvioos ; 
it  excludes,  fint,  all  Integers  as  not  roots,  except 
the  divisors  of  the  last  term ;  it  exdndes  of  theee 
all  except  thoM  that  ftalfll  the  second  condition ; 
and  so  on,  to  the  last  condition,  which  exdndes 
an  iotegen  not  roots,  that  may  have  fulfilled  all 
the  previous  oonditioos.  There  is  another  rule 
of  exdusfen,  that  was  given  by  Kewton,  and 
that  saves  often  a  good  deal  of  work.  Upon  the 
hypothesis  of  the  former  theorem ;  let  A  be  the 
vahie  of  the  fint  member  of  the  equation  when 
jB  =s  1,  and  B  its  value  when  x  s  —  1 ;  then, 
A  and  B  are  divisible  by  r  —  1  and  by  r  +  1 
respectively.  The  proof  is  left  to  the  reader. 
Example: 

;^  —  11 «»  +  14  »  —  24  =  0. 

HereA^--20,andBs-.48.  Oftiiedivi- 
sors  posili^'S  and  negative  of  —  24,  which  are  fif- 
teen in  number,  the  last  theorem  exdndes  all  but 
the  firar,  2, 8,  ^  8,  — -  4.  Obeerving  then  that  the 
coefficient  of  a^  is  0,  the  firrt  theraem  is  applied 
in  the  following  table  of  dmple  wodc,  eadi  second 
Ifaie  containing  the  quotients : — 


2 

12 

2 

1 

10 

-6 


8 
8 
6 

8 
9 
8 


.8 

8 

22 


—  4 
6 

20 

—  6 
—  16 

4 


1 
0 


—  1 
0 
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SothattbeoDljintegwrootsared  and  — 4.    If 
the  equation  has  two  or  more  integer  roots  equal 
to  each  other,  tbe  above  prooeae  does  not  determine 
tbem.     But  generally,  when  several  integer  roots 
<h  bf  &C.I  have  been  finmd,  the  given  equation 
shonld  be  depressed  bj  the  removal  of  the  Mo- 
tors X  —  a,  z~^b,  &C.,  as  the  transformed  equa- 
tion is  simpler  and  more  manageable  in  all 
respects  than  the  proposed.    A  veiy  simple  me- 
thod of  effecting  this  will  be  given  in  the  follow- 
ing section.    The  equation  bemg  transibrmed  in 
this  manner,  the  mode  of  examination  for  equal 
roots  is  obvious :  it  is  just  a  repetition  upon  the 
transformed  equation,  of  the  process  formerly  ap- 
plied to  the  given  one :  only  we  may  restrict  our- 
selves to  numbere  which  we  have  already  found 
to  be  roots.    In  practice,  we  might  proceed  in  an 
equally  simple  manner,  by  finding  the  successive 
difTerential  coefficients/i  («),>J  (a?),  &a,  of/(«), 
and  then  finding  the  integer  roots,  if  any,  com- 
mon to  the  equations 

/(*)  =*  0»/i  W  =  0,/2  (X)  =  0:  4c 

Ha>nng  found  tlie  integer  roots,  and  having 
removed  the  corresponding  factors :  raquiied  the 
remaining  commensurable  roots.  These  must  be 
irreducible  fractions;  and  the  following  theorem 
shows  when  there  are  snch  roots,  and  how  they 
are  to  be  found.  The  ooeffSdentt  of  the  equation 
lemg  fohole  mtmbere^  and  that  qf  the  kighut 
power  of  (x)  being  -{■  \^  aU  the  eoamMturabie 
rooa  are  miegere.    For  let 

X*  +  a^  +6a^  +  c»  +  e  =s  0 
be  such  an  equation;  and  suppose  the  irredu- 
cible firaction  —  to  be  a  root.    Substituting^ 

lor  s,  and  multlplving  the  equation  by  fi",  we 

find 


n 


6  01*  ft  —  c  at  fi'  —  6  «•. 


The  second  member  is  an  integer,  and  the  first  is 
not,  because  m  is  prime  to  n :  so  that  the  equap- 
llty  is  impossible;  no  fractional  number  can 
satisfy  the  given  equation.  Given  an  equation 
then,  in  the  form  (1),  with  integer  coefficients; 
there  can  Xne  no  question  about  commensurable 
roots  other  than  integers.  Given  an  equation  in 
any  other  form,  reduce  it  first  to  an  equation 
whose  coeffidents  are  all  whole  numbers;  and 
then,  h  being  the  coefficient  of  the  higliest  power 
Ji  X,  transfurm  tliid  equation  into  another  (section 
V)  whose  roots  are  k  times  greater.  The  final 
equation  is  of  the  form  (1) ;  therefore,  to  find 
an  the  commensurable  roots  of  the  given  equa- 
tion, find  all  the  integer  roots  of  the  latter,  and 
Jivide  each  by  i. 

16.  To  divide  the  first  member  «"  +  Pi  s""' 
+  . . .  +  jp«  of  a  numerical  equation  by  « — r, 
where  r  is  a  given  number;  we  may  proceed 


Pi    Pi 
9i     9» 
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Ir. 


Write  the  coefBdenta  in  a  line^  and  +  r  to  the 
right :  multiply  r  by  the  first  ooeffielent  1,  plaa 
the  product  under  p^,  and  add  to  pi,  getting ;i: 
multiply  qi  by  r,  place  the  product  under p^  sad 
add,  getting  ^si  «c.f  to  the  last  sum  R.  The 
quotient  zequired  is  «•— *  +qi  «•—  •+ jj  a^-'+ 
• . . .  +  q»^if  and  the  remainder  is  B.  The 
prindple  of  the  method  has  been  stated  afaeidf 
(section  1);  but  the  process  may  be  oonidaed 
sbnply  as  the  entire  woric  of  the  dlvisiai,  aH 
writing  bemg  omitted  that  we  can  saftly  dis- 
pense with.  The  utifity  of  this  abort  mctind 
win  be  better  seen  at  a  ftature  stage:  bntolMnt 
heroi  that  if  r  is  a  root,  R  a  0,  and  oaommlT; 
which  gives  a  simple  test  for  discovering  fait^ 
roots,  and  for  obtainbg  at  the  same  tine  the 
depressed  equations  resultmg  fhxn  the  remoral 
of  the  corresponding  foctors.    Example ; 

»»--6aj*+  llx  —  e  =  0. 

Trying  the  divlsore  as—  1,  w — 2,  *— «,  wb 
find 

1        —6        11        —6  IL 

__  1     —6       __6 

—  6  6  "0 


—  6 

11 

—  6 

2 

—  8 

6 

—  4 

8 

0 

—  6 

11 

—  6 

8 

—  9 

6 

—  3 

8 

0 

IIL 


so  that  1,  2,  8,  are  the  roota.    Again,  we  hsfe 
seen  that  the  equation 

**  —  lla»  + 14a:  — 24=^0 

has  two  roots,  8  and  —  4 :  required  the  &ipm- 
sed  equation. 


ih=* 


0 
8 

—  11 
9 

14 
—  6 

—  24 
24 

8 

—  4 

—  1 

—  z 
4 
2 

8 
—  8 

U 

0 

so  that  the  dqvnsed  equation  is 

jr*  —  X  +  2  =  0, 

which,  when  resolved,  gives  the  remaining  root* 
of  the  propoeed  equation.  After  these  dstafls,  ve 
may  suppose^  henceforth,  that  our  given  eqas- 
tion  has  been  fteed  from  oommensunbla  not% 
and  also  fton  equal  roots  by  the  method  alieaily 
explafaied  (section  8).    Upon  this  sappositiMi 


there  are  two  prindpal  Inquiries  now  beiHe  as: 

first,  the  eq^aratum  of  the  roota  Into  reel  and 

simply  as  follows,  by  **  Detached  Coefficients^*'    |  imaginary,  podtlve  and  niigative,  with  die  dclcr 
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of  InUgw  limits  betwmi  iHilah  the 
ml  noli  an  MvwaDj  aitoated :  aeoond,  the  ^a- 
e»r«7  of  the  vahMi  of  the  real  roota  to  anj 

17.  Two  unrahaBt  tiie  one  greater  and  the 
eths'  km  than  the  root  of  an  equation,  are  called 
liodlaof  that  root,  the  flrit  a  auperior  limit,  the 
an  hifcrior.  ETidntly,  the  km  the  dif- 
betweoi  tlie  fimita,  the  mors  naeftil  they 
w  fat  dcdning  the  poeltion  of  tlM  root  The 
ire  diall  oonridor  here  Is,  how  to 
a  aopeflor  and  an  faftrior  limit  of  all 
ftiiailrDetaofaaeqnation.  Oftheyarlooanilea 
gif«  te  thb  parpoae,  the  following  are  amoog 
tte  dmplnt  and  moat  Taloable: — Tk§  tmmeri- 
0i%  gttottti  weyadiwe  co^bnewt  iifths  ajwrfion, 
jriaifarfliuu^  mtd  imeretued  ^  tau^f  ta  a  wpe- 
fwr  Smk  rf att  the  rtal  rooU.  Agidni  ^  the 
Jht  mgaHee  term  thai  oeemn  «•  on  eqwHtUm  (1) 
li(— p  z*  ***),  ontf  Cfta^rsotepf  iM^afMW  eo^KiMl 

It  (—a);  thefHoaUtfiJL  +  ^f  ti)  it  a  tigperior 
Bait efaU  the  roott.  Again:  (f  a  number  Qi)^ 
mhiHtaledfir  (x),  mate  f(x)amdiU  mteoeuwe 
^rwftW  ce^deaieaUpoeUiee;  (b)  w  a  ai^pa- 
riet  SmU  ^ the pceiiive  roote.  Again:  ^m 
eii  te  mmljf  a  eerim  ^JraetiUme  wham  iMHnera- 
tea  an  tia  tuoeeuive  negaUee  eo^ieieate^  and 
imeeamien  the  emme  qf  the  peeiiioe  coegkieate, 
mthikig  that  qfthejhet  term ;  thegreateelf^the 
rmM^wahimieae^feriorlimiiiifaUthereote. 
If  we  had  ipace  to  enter  faito  the  proof  of  theee 
niOf  we  ehould  only  hare  to  ebow,  that  for  the 
talaaefxangned  in  each  eaeeaa  the  limit,  and 
fwill  Ugher  Tslnea,  the  tet  member/(«)  has 
tsIbbi  dUbant  from  aero.  Thns,  to  prove  the 
int nife,  whidi  b  doe  to  Madanrin,  let  (—a) 
U  Ike  greateet  nesatiTe  ooeffickat:  then,  the 


+  *• 


+  1) 


be  greater  tlMn  /(x)  fbr  any  poeitiTe 
valm  of  a;  for  the  poaitiTe  and  negative  parts  of 
the  ezpraMktt  are  lesa  and  greater  reepectiTely 
tkm  thaeeof/(s>  Therefore,  we  find  a  limit 
I7  iMitfjhig  the  Ineqaali^ 


■  —1  ^    ' 


(a 


—  1 


>0i 


I 


—  1 


8  a,  or  X 
The  aeoond  role 
:  onlywn  aatlafy 


Bid  d*  la  aatiafled  If  X  —  1 
ithaHa,tf»>i  -!•«- 
pnv<eB  in  the  aane  BanMr  • 
theiniqaaSiy 

TbitUMnlBtodQatoKewtion.    ItoAeDghrea 


•  •  •  • 
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a  doaer  Umit  than  any  other,  aDd  is  easily  applied 
if  we  bagin  at  the  highest  difiteential  coefficient, 
and  proceed  regularly  towards  /(x),  enlarging 
tlie  limita  aa  we  find  it  neoeesary.  To  prove  it : 
diminish  each  root  of  the  given  equation  by  a 
quantity  (a),  or  anbatitate  jr  +  a  for  x :  the  reeult- 
ing  eqnation  ia,  by  Taylor'a  theorem, 

/«  +  P/i  (a)  +  &c  =  0; 

and  evidently  it  has  no  ponthe  root  (y)  if  a  be  a 
limit  aooordfaig  to  the  rule.  The  fourth  rule  ia 
due  to  Bret:  it  is  easQy  applied,  and  aometimea 
givea  vary  doae  limita.    Example : 

a»  +:^  —  4a»  —  6«»—7000x  + 800  =  0. 

The  superior  limit  found  by  the  first  rule  is  7001, 
by  the  second  1  +  V  7000  or  84,  by  Newton's 
7,  by  Bret's  10 :  the  greater  labour  in  the  third 
case  is  more  than  compensated  by  the  smallnesa 
of  the  limit  To  find  now  an  inferior  Umit  of 
all  the  real  roots:  change  x  into  —  y,  and  find  a 
auperior  limit  of  the  roots  (y)  of  the  transformed 
equation.    To  find  on  i^erior  Umit  of  the  pon- 

tioe  rooUs  change  x  into  — ,  and  find  a  snperior 

lAnit  (a)  to  the  roots  (y)  of  the  transformed 

equation;  then  -  ia  the  Umit  required,  for 


>i 


It  ia  obvioua  that  in  some  casea  there  can  be  no 
quaation  abont  the  limiU  of  real  roots,  as  when 
the  powers  of  x  are  all  even,  and  the  coeffidents 
all  podUve ;  in  other  cases,  no  question  about  the 
limiU  of  podtive  roots,  aa  when  all  the  coeffi- 
dents have  the  same  sign ;  in  other  casea,  none 
about  the  limita  of  negative  roota,  as  when  all 
tiie  terms  of  even  dimensions  have  one  sign,  and 
thoae  of  odd  dimendona  the  contraiy. 

18.  Upon  the  aeparation  of  the  roots,  we  may 
begfaiwiUi  thia'tiieorem:  I/t(r)aad{(%')haee 
contrary  eigae  (randt  being  ang  real  mimbert), 
the  ejmOioa  f  (x)  s  0  ^a  one  root  or  iome  odd 
mmiberofrooU  between  (t)  and  (e)',  aadVt(f) 
aadf(ji)  have  the  eameeign,  the  equation  hae  no 
root  or  eome  even  number  qfrooU  between  (r)  and 
(s).  It  haa  been  proved  already  upon  dmple 
gronnda  (sect  1),  tiiat  if /(r)  and/(«)  have 
contraiy  aigna,  the  equation  haa  at  least  one  real 
root  between  r  and  a.  To  prove  this  more  gene- 
ral Uieoiem,  let  a,  6, ...  ifc,  be  the  real  rooU  of 
/(x)-0:tiien, 

/(x)  =  (x—  a)(x  — A)  . . .  (x  — *)-f  (*); 

a  (x)  bdng  the  product  of  the  real  quadratio  fac- 
tora  eonesponding  to  Um  imaghiary  roota,  if  thera 
tie  anch.  We  obaarve  first  that  f  (x)  cannot 
undergo  a  diange  of  dgn  for  any  ancceadve  real 
yduoi  of  (0);  for  if  it  did,  the  equation  f  (x) 
s  0  would  have  at  lent  one  real  root  (by  tiie 
dementary  theorem  Joat  mantiooadX  «nd  f  (x) 
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would  eontam  a  real  factor  (a  —  l)  of  the  fint 
degree.  Hence,  the  signs  of /(x)  for  difibrant 
valnes  of  se  depend  only  upon  the  signs  of  its 
Isotorsi 

«  —  a,  X  —  &,....(«  —  ifc). 

And  now,  if /(r)  and  /(«)  have  oontnuy  signs, 
it  is  evident  that  one  of  the  fscton  (as  —  a),  or 
some  odd'  number  of  them,  have  changed  their 
signs  in  the  passage  ftom  one  substitution  (9  s  r) 
to  the  other  (»  a  s);  and  therefore  one  at  the 
roots,  a,  or  some  odd  number  of  them,  lie  between 
(r)  and  («)•  In  lilce  manner,  if/(r)  and/(«) 
have  the  same  sign,  either  none  of  the  ftcton 
(x  —  a)  or  an  even  number  of  them,  liave 
changed  their  signs  in  the  passage  from  (x  =  r) 
to  (»  a  f  )^  Th6  bearing  of  tliis  theorem  upon 
our  question  is  obvious:  but  to  obtain  a  perfect 
method  from  it,  some  other  considerations  are 
necessaiy,  which  will  be  supplied  inunediatelj. 
This  question  of  separation  of  the  roots  is  evi- 
dently most  important;  for  there  can  be  no  reso- 
lution of  a  numerical  equation  till  we  know  the 
number  and  positions  of  the  real  roots.  Accord- 
ingly, the  subject  has  been  examined  by  able 
algebraists  with  the  greatest  diligence ;  and  many 
interesting  results  have  been  obtained,  such  as 
the  theorem  of  Descartes,  those  of  De  Qua,  and 
those  of  Fourier  contained  hi  his  posthumous 
work  upon  Equations.  Referring,  for  a  suffident 
view  of  some  of  these,  to  Dr.-  Peacock's  paper 
already  mentioned,  we  shall  present  here,  first, 
Lagrange's  method,  and  then  that  of  Sturm, 
which  may  be  considered  as  superseding  all 
others. 

19.  The  first  rigorous  method  of  separating 
the  roots  was  suggested  by  Waring,  discovered 
independently  by  Lagrange,  and  expounded  by  the 
latter  in  his  great  work  on  the  Resolution  of  Nu- 
merical Equations.    Given  a  numerical  equation 

/(x)»0;  (1.) 

fiod  a  second  equation 

^  (y)  =  0,  (2.) 

whose  roots  (y)  shall  be  the  squares  of  the  difita^ 
ences  of  the  roots  (x)  of  eq.  (1) ;  a  problem  that 
we  have  noticed  at  sufficient  length  (sect  18). 
By  any  of  the  methods  that  have  been  indicated 
(sect.  17),  find  an  mferior  limit  to  the  positive 

roots  of  eq.  (2):  let  it  be  m:  then  fjm  is  less 
than  the  difference  of  any  two  roots  of  (eq.  (1). 
Returning  to  the  given  equation,  find  a  superior 
and  an  inferior  limit  (p  and  9)  ofaU  its  roots.  Sub- 
stitute now  successively  for  0  in  /(a:),  a  set  of 
numbers 

iko,  (k — 1)0,  (*— 2)a, .... 

.  —  (i —  l)a,  — A  a; 

a  behig  equal  to  ,Jm^<rt  to  any  less  number 
mora  convenient;  It  a  being  not  less  thtaxp,  and 
—  A  a  not  greater  than  9.  All  the  real  roots  of  eq. 
( 1)  lie  between  ib  a  and — Aa;  andintheintoral 
between  any  consecutive  pair  of  values  substi- 
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tnted  for  «,  there  must  be  either  om  root  or  ■» 
root'  of  eq.  (X),  By  t|^  theorem  Just  proved 
(last  sect),  the  signs  of /(x)  for  the  two  TaliMft 
of  X  are  diffisrent  fai  the  case  of  one  root,  simOar 
in  the  case  of  no  root;  so  that  the  only  thing 
to  be  observed  is,  the  succession  of  slffos  of 
f(x)  for  the  values  k  a,  (k  —  1)  a,  Ae.,  of  x. 
This  is  a  theoretically  perfect  method;  it  detficta 
all  the  real  roots  inevitably;  and  it  fixes  Chsir 
positions  by  means  of  a  superior  and  an  inferior 
limit  for  each.  The  work,  however, 
moos,  and  for  equations  of  high  dcgceei)  i 
cable.  And  although  Cauchy  hss  simplified  fha 
method  to  this  extent,  that  we  reqaire  to  fivl 
only  the  last  term  of  eq.  (2),  yet  even  thos  tlia 
calculations  are  excessively  tediousi  and  tiba 
work  is  transferred  in  a  measue  from  one  part  of 
the  process  to  another,  as  the  ralae  of  the  mibtt' 
val  (a)  is  generally  by  Canehy's  method  mach 
too  smalL    We  come  now  to  Sturm's  theorem. 

20.  Let /(x)»0  be  a  given  equation,  which 
has  no  equal  roots,  or  has  been  deprived  of  then. 
Find  the  differential  coefficient  fi  (x)  of /(x> 
Apply  to  the  polynomials  /(«)  and  fi  (9)  the 
ordinary  process  (^greatest  common  measure^  io 
all  its  detoils,  except  that  each  of  the  remainders, 
before  being  taken  as  a  divisor,  has  the  signs  of 
all  its  terms  changed.  Denote  the  soooessive 
remainders,  with  their  signs  changed,  by  ^  (x)^ 
/a («))  « •  •  fr--i  (x),fr.  The  last  remaiDder 
— fr  is,  by  the  nature  of  the  process,  independent 
of  X ;  it  is  also  difierent  from  0,  because  the  givm 
equation  has  no  equal  roots.  Sturm* s  theorem  ia 
as  follows : — In  the  series  offvncHUms 

suhstibiU  at^  fumaher  (a)  for  (x),  and  wrUs  m 
order  and  m  one  Une  the  ngns  assumed  ly  lb 
suocessheJimcUons:  m  She  mtuuur,  smbstkmie  a 
second  nwnber  (\>)for  (x),  andJM  a  oseemi 
series  of  signs:  tkant  the  diferenoe  beiwesu  tU 
futmber  qf  variations  (■\-  — or —  +')inAeJni 
series  <^ signs,  and  the  number  ff  variations  sa 
the  second  series,  is  predsefg  (he  nmmber  sfAs 
reed  roots  qftke  given  equation  tokkh  Se  bebeeen 
(a)  and  (b).  For  simplicity  of  reforence,  tlie 
proof  will  be  thrown  into  paragraplisi 

(1.)  It  may  be  assumed  here  (see  sect  1)  that 
each  of  the  functions  under  consideration  is  a 
continuous  fdnction  of  x.  And  therefore  aoae  ^ 
the  Junctions  (f)  coa  undergo  a  change  ef  sign 
Qn  virtue  of  a  continuous  change  in  the  value  of 
x),  without  passing  throuj^  aero* 

(2.)  Denoting  the  su^essive  quotients  by  qi, 
gs,  &C.,  we  have,  by  hypothesis, 

/W=9i/i(*)-/t(*), 
/iW  =  Ji/s  («)-/•(*> 

/r-S  (x)  =  Jr-I  ^-1  (*)— /r . 

More  generdly,  any  three  oonsecntive  functions 
y«i-ii>^f/»  +  i»«re  oonnecfeed  l>yan  equation, 
of  tlieform 
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f  Z.^.  (»)  «  fr  •#  /•(x)-./.+  l  («);    (2.) 

viMn  «  flid  <  «ra  potiike  nometical  factors,  in- 
tndaeed  Ibr  conwiieooe,  as  in  the  process  of 
G.  C  M.,  to  pnveat  tiis  oocairenoe  of  fractions. 
(f.)  No  two  e(m$eaawe  Jwdum  fn-i  and 
U  cam  fnmuk  fmr  <A«  mums  voAie  (a)  of  Tx). 
?orlf  ^  '       ^  ' 


(*)  g*^w>i+ 1  («)  =  0;  and  since 
^attns  friiotioM/»,y;^i,y;^i,  are  con- 
Dsctadbj  aa  eqiction  of  the  same  form  as  (2), 
viiBd  la  tiM  SUM  BMumer/.^. ,  (a)  =  0,  and 
»si,  ID  tha  lart  vasolty;  =  0,  wliidi  is  impoe- 


(4.)  ^am^  mtm  niiA'itfii  fimetiam  (any  cms  of 
thesarias  «soept  tiia  im  or  the  last)  raiMUsf  ^ 
lit  hAm  (a)  ^  (x),  ike  pncedUig  Jimoiitm  and 
fktJUhwmg  kme  oontmnf  ngnM  }br  the  vabie 
(a);  mdikem  t^  an  conttani/or  att  values  qf 


<M  !*«■  (a)  oMf  a  a^psrior  AM  «iUc4  u  ^TMI^ 
*a»(a).    For  if>;(a)  =  0,  equation  (2) gives 

Mtkat  tho  two  ftmctions/i.]  aDd/;^.i  have 
aoacraiy  aKgna  Ibr  the  value  (a),  unless  they 
both  vaaiah,  which  thay  do  not  (par.  8):  and 
'^Bthar  (par.  1),  tho  two  ftmctiona  piwerve  their 
i%as  aachaoged  Ibr  ail  vahiea  of  x  hidoded  be- 
tvea  thoae  two  of  the  roots  of  the  eqoations 

A^i  (je)  =  0  and/.+i  (ar)  =  0. 

wMch  an  aaxt  leas  than  (a)  and  next  greater 
than  (a)  leapeetiveiy,  roots  necessarilv  diflerent 
h  vabs  ftooi  (ay 

W-  y(c) bearwd qftie ejuaium f (x)  =  0; 
lb  mgmt  i/Ae,^  two/imotiong  f  (x)  andti  (x) 
«^>Hw»  eomlnuy  to  timUar,  token  (x)  w- 
0«Mi>Ma  Mm0  (e)  to  above  (c).  It  has  been 
ahesiy  proved  (aeet.  IX  that 


A«+A)  =»/(*)  +/i (x)  A+QA'  +  B*'  +  4c ; 

/(*-A)»/(*)-/i(»)A+QA«-BA»+&c 
»*i«eB,  obaervii^  that/(e}  =  0,  we  find 

/(«+*)=*  {/i(c)+(Q)A+  (R)A«+&cj, 

/(•-4)=4|«yi(,,)+(Q)A_(B)A.+&e.}i. 

«tee  tlM  eoeflidenta  (Q),  (B),  Ac,  cannot  be 
■ittla.  Now  let  4  be  an  indefinitely  small  qoan- 
^    It  is  evident  (as  hi  the  end  of  sect.  1) 

that  the  qgna  of  the  second  memben  of  the  Ust 
t«o  ecpaliaas  am  the  aaae  as  those  of  their  fint 
«»•  J  and  therBfore,/(o+A)  baa  the  same  sign 
f/i  (cX  «Ml/(e — A)  the  oontraiy  aign.    And 

■avsaUtbeaameMgn;  we  mfer  that/(o^A) 
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"^  f\  (fi  —  A)   have  contrary  dgns,   while 
f(e  +  A)  and  /i  (e  +  A)  have  the  same  sign. 

(fi.)  Consider  now  the  changes  that  take  place 
in  the  series  of  signs  of  the  functions  (/),  while 
0  increases  continnonsly  tlirough  any  range  of 
magnitude.    There  is  no  change  at  any  point  of 
the  series  till  one  of  the  fkmctions  passes  through 
lero  (par.  1):  we  shall  suppose  therefore,  fint, 
that  j;  has  reached  a  value  a  for  which  one  of 
the  faitermediate  ftinctions,  /«,  vanishes.    It  has 
been  proved  (par.  4),  that  when  x  passes  through 
Of  the  signs  of^.i  andy^^i  are  unchanged, 
and  contrary  to  each  other;  and  therefore,  the 
rigna  of^.  ijfmj»+iy  present  one  variation  and 
one  permanence  for  values  of  x  immediately  above 
a,  as  ibr  values  immediately  below  a ;  the  change 
of  sign  ot/n  having  only  thee£^t  of  making  per- 
manence and  variation  change  places  in  three 
consecutive  signs  of  the  series.    Hence,  by  the 
passage  of  x  through  values  which  cause  any 
one  or  more  of  the  intermediate  functions  to 
vanish,  there  is  no  change  produced  in  the  total 
number  of  variations.    Suppose  next,  that  x  has 
attained  a  value  6  for  which  /(x)  vanishes.     It 
his  been  proved  (par.  6),  that  in  this  case,  the 
signs  of/  (r)  and  fi  (ar)  form  a  variation  for 
values  of  x  immediately  below  6,  and  a  perma- 
nence for  values  immediately  above  b\  there- 
fore, the  series  of  signs  loses  a  variation  when  x 
passes  through  the  value  b.    As  x  increases 
from  the  root  b  of  the  given  equation  to  the  root 
e  next  greater,  the  variations  in  the  series  of 
signs  are  not  altered   in  number;    but  their 
arrangement  is  necessarily  altered  in  such  a  man- 
ner, that  before  x  reaches  c,  the  first  two  signs 
of  the  series  are  changed  from  permanence  to 
variation;  and  this  variation  u  lost  when  x 
passes  e.    It  is  therefore  evident,  that  the  num- 
ber of  variations  in  the  series  of  rigns  of  the  fiinc- 
tions  (/)  is  dindnished  by  unity  every  time  that 
X  increnass  throogh  a  root  of  the  equation,  and 
is  neither  diminished  nor  increased  hi  any  other 
case:  which  was  to  be  proved.    This  admirable 
theorem  was  presented  by  Sturm  to  the  Institute 
of  fVance  in  1829,  and  published  hi  the  Memoiret 
for  1885 :  it  took  its  place  at  once  in  the  ele- 
ments as  an  invaluable  contribution  to  the  Theory 
of  Equations.    For  various  important  remarlu 
upon  tlie  theorem,  and  for  examples,  the  reader 
must   be   referred  to  regular  worics,  such  as 
Young^s  TVeaTiM  on  Equationt.    For  an  mstrno* 
tive  application  of  Sturm's  method  to  a  particular 
dass  of  equations,  see  Serret*s  Higher  Algdrra, 
the  13th  lesson. 

21.  To  find  the  values  of  the  incommensurable 
roots,  to  any  assigned  degreee  of  approximation. 
This  is  the  only  remaining  Inquiry  that  is  of 
much  practical  interest  in  the  theory  of  numeri- 
cal equations,  after  we  have  seen  how  to  detect 
all  the  real  roots,  and  to  assign  special  Umits,  a 
superior  and  an  inferior,  for  each  of  theuL  The 
most  natural  mode  of  solution,  and  one  that  need 
not  be  dwelt  upooy  is  to  substitute  for  x  hi  /  (x) 
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A  set  of  nnmbere  intermediate  between  the  two 
limite  of  the  required  root,  till  two  nnmbere  are 
obtained,  which  i^  lesulte  of  oontrarjr  eigne, 
and  wboee  difference  is  less  than  the  firacdon  that 
ozpreeBee  the  degree  of  approximation.  Either 
of  the  last  two  numbers  may  be  taken  as  the 
required  approximate  value  of  the  root  To  reach 
a  result  of  this  kind  with  certainty,  in  a  regular 
and  simple  manner,  and  with  as  little  work  as 
possible;  such  are  die  objects  of  the  higher  me- 
t  hods  of  approximadon.  Of  these  methods  there 
are  three  which  have  obtained  a  classical  stand- 
ing in  the  elements.  The  oldest  is  due  to  New- 
ton. l>et/(x)  =  0  be  the  given  equation :  let  a 
be  an  approximate  value  of  the  required  root, 
found  as  above;  let  a  +  y  be  the  true  value  of 
the  root.  When  x  ie  changed  into  a  +  jr,  the 
'equadon  becomee 

/'(«)  +/i  («)  "I  +  Q  V  +  •  •  •  +  y»  =  0,  or 


9 


-   _/W Q 


—  — -— -.y*  —  &C. 


•  »' 


Now  if  ^  be  a  small  fracdon,  the  powers  y*,  y*, 
&c ,  are  much  smaller,  and  the  eq.  (3)  gives, 
nearlv 


^  /i  (a) 


0) 


Thus;  let  the  approximate  value  a  be  true  to 
one  decimal  figure,  or  let  y  be  less  than  1 ;  then 

.V*  .^^  -01,  y*  .^  001,  &c ;  and  therefore  we 
may  suppose  generally,  that  the  part  of  eq.  (8) 
omitted  in  eq.  (4)  is  .^d^  *01,  or,  that  the  value 
of  y  given  by  eq.  (4)  is  true  to  two  pUtoee  of  ded- 
mids.  Find  therefore  the  value  of  the  quotient 
— /(fO  'fi  (fl)  ^  ^o  decimal  figures,  and  add 
to  a.  The  sum,  ft,  is  the  value  of  the  root,  true 
to  two  places.  For  a  second  approximation; 
representing  the  true  value  of  the  root  by  6  +  2, 
and  proceeding  as  before,  we  find 


t  =s 


A(P) 


Calculate  the  value  of  the  quotient — /(6)  :/i  (h) 
to  four  places  of  dedmak,  and  add  to  b.  The 
sum  c,  is  the  value  of  the  root,  true  to  four 
places.  Without  more  deUils,  it  will  be  seen 
that  the  one  formula  of  correction  is 

where  X  !s  the  preceding  approximate  value,  and 
.V  the  new  correction,  the  number  of  decimal 
figures  in  y  being  twice  as  many  as  in  x.  The 
successive  approximations  given  by  this  method 
are  far  from  being  universally  correct  The  sub- 
ject has  been  discussed  at  large  by  Lagrange, 
Fourier,  and  other  more  recent  writers :  the  esses 
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of  probable  faflnie  have  been  dearly  fixed,  and 
precautions  of  a  simple  kind  have  been  indSeated 
whidi  are  sufficient  to  insure  a  eonect  neait  in 
every  case.  And  these  are  matten  that  siut 
continue  always  to  be  of  interest,  en  aeoont  cf 
the  great  simplidty  of  principle,  and  easinesB  of 
application,  that  are  chaiaeteristio  of  Newton's 
mediod.  Here,  however,  it  must  suffiee  to  ob- 
serve^ tliat  each  approximate  value  may  be  sub- 
mitted to  a  simple  test,  wliicb  is  peifeclly  ade* 
quate  in  every  case,  although  the  work  betedkua 
To  verify  the  value  6,  (true^  as  we  have  sup- 
posed, to  two  dedmal  figures),  find  the  vabes  of 
/  (5)  and  /  (6  +  '01>  If  tbeee  have  eootniT 
signs,  the  approximation  (&)  is  correct ;  if  liroilar 
signs,  it  is  incorrect:  and  in  the  latter  case  we 
must  begin  anew,  with  a  more  approximate  valee 
instead ojf  a,  &0.  Example:  requredtheroouef 

0>  ..  5  X  _  S  =  0. 

We  find  easily  -f  8  and  —  2  as  a  superior  and 
an  inferior  limit  of  die  rootSb  SubstUntaog  the 
numbers 

—  2,-1,  0,  1,  2,  8, 

for  X,  we  find  the  values  of /(s)  to  be 

—  1,   +  1,  —  8,  —  7,  —  6,  +9. 

Hence»  (sect  18),  the  three  roots  are  real,  one 
between  2  and  8,  one  between  0  and  —  1,  one 
between  —  1  and  —  2.  To  determine^  first,  the 
podtiveroot, 

/(2-5)  =  +  -125;  /(2-4)  =  —  1'176; 

therefore,  the  value  2*4  of  z  is  true  to  the  hot 
figure.    Applying  now  the  formula  of  oorreetkn 

x  =  2.4-/^)  =24  +  1215  =  240; 
A  (2-4)  12-28 

and  in  verification,  we  find 

/(2-49)  =  —  -011761  ;/(2-6)  =  +  -126. 
As  a  second  approximate  value,  we  find 

X  =  2-49  —  -^^J'^^}^  =  2-49  +  -COOS 
A  (2-49) 

.*.  a  =  2*4908; 

which  is  true  to  four  places,  as  may  be  verified 
by  calculating/  (2-4908)  and/  (2-4909).  Br 
changing  x  into  <—  as,  and  findhog  the  two  pos- 
tive  roots  of  the  transformed  equation,  we  ob- 
tain the  negative  roots  of  the  i^ven  equatMo: 
they  are  —  -6566  and  ^  1*8342. 

22.  We  oome  now  to  Lagnnge*s  method  of 
approximation ;  the  conception  of  whkh  is  re- 
markably simple  and  degant  It  consists  in  tbe 
devdopment  of  eadi  real  root  under  tbe  Ibtm  of 
a  conthiued  fraction.  Compared  with  Newtoo'a, 
this  method  is  very  laborious;  but,  eo  the  odier 
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hmd,  h  glt«s  approsciflMte  vtlnn  tlwt  may  to 
niMd  mpoo  la  all  eases  witlioat  discnssioa.  In 
mhal  Ibllowa,  it  will  he  aasBmed  for  ooaveoifloes, 
Cliaft  all  ths  real  roots  dMw  from  each  other  by 
mors  tlMB  imity.  if  this  frere  not  the  casai  ire 
eoald  chaqge  aU  the  roots  in  any  proporfioB,  and 
lapcsei  from  the  transformed  equation.  We 
ahsQ  aapposo  also,  that  tha  iBteviier  parts  of  att 
tin  roots  have  besA  foukL  L«t  the  g|v«a  eqna- 
tioaha 

/(x)»0;  <1.) 

aad  let  (a)  he  the  integer  part  of  tho  reqnirod 
not,  whkh  may  be  supposed  positiveu    Assume 

1* 

«=«  +  -• 

This  «zpnssioii,  snbstitnted  for  (x)  In  eq.  (1), 
^rm  an  equation 

'•(f)  =  0.  (2.) 

vUdk  is  of  the  same  degree  as  eq.  (1),  and  ha^ 
Hm  ssma  munber  of  roots.  Observing  now  that 
the  roots  (jr)  of  oq.  (C),  wtien  substituted  in  the 

sipimsiun  a  4-  — I  must  give  the  rooti  (x)  of  eq. 

(1);  obaenriog  also  that  the  required  yalne  of  x 
lin  hstwetu  «  and  a  +  1 ;  we  infer,  that  the 
Mpired  rwhm  dtf  h  positiTO,  and  greater  than 
I.  It  is  aridsnt  abo  that  the  eq.  (2>  can  admit 
of  ealy  ooa  aach  root;  for  otherwise,  the  eq.  (1) 
wsold  hava  mora  tluu  one  root  between  a  and 
•  -f  1«  which  Is  oontraiy  to  the  hypothesis. 
Beoee,  If  we  aobstitate  for  v  In  eq.  (2)  the  sac 
hit^geia  1,  2,  8,  4,  &&,  we  must  arrive 
or  later  at  two  coosecutiTe  integers,  (  ant' 
4  +  1,  soch,  that /'(4)  and  F(b  +  1)  have  con- 
my  sIgasL  The  naniber  h  so  determined  is  tbr 
iMiyBr  part  of  the  required  value  of  $i  and  wc 
hsie^  as  a  flnt  approximatioo, 


Bit  we  may  now 
<hilytks 


proceed  ftom  eq*  ^2)  in  pre* 


■bstifnting  for  jf  In  (2),  we  find  an  eq. 

f(s)  =  0,  (8.) 

has  eoly  one  root  greater  than  1 ;  which 
1^  BBCcsasive  substitutions,  to  lie 
integers  «  and«  +  1. 
Again 

I 
«  *  «  +  -f 

s  (8),  we  find  an  equation 

4(ti)»0,  (4.) 

As  enly  mot  of  which,  proper  to  the  qoestkn,  Is 
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found  as  before,  to  be  intermediate  between  the 
two  integers  d  and  d  +  li  and  so  on.  Having 
assumed  suooessively 

«  =  a  +—  ,jr=6+~,  s  =  c+— ,&c 
jr  «  a 

we  have  finally 


«  =  a  + 


*  +  > 


c  +  &c 


m««»-«  c»«rg«t.  2.»-i^  «  .1. 

ternately  superior  and  inferior  limits  of  the 
required  root,  each  of  them  bemg  nearer  the  true 
value  of  the  root  than  the  preceding:  and  the 
degree  of  approximation  is  certainly  cloeer  thau 

that  expressed  by  the  fraction  -| ,  nbeiogtbedo- 

Iv 

nominator  of  the  last  convergent  These  are 
inferenoes  from  the  simplest  properties  of  conti- 
nued frsctions.  It  only  romains  to  observe,  that 
for  the  formation  of  the  successive  equations  (2), 
(3),  &C.,  which  is  the  most  tedious  part  of  the 
process,  thero  is  a  simple  and  uniform  course  of 
woric  assigned  by  Taylor's  theorem.  Supposing 
the  equation  to  be  of  the  nth  d^ree,  and  denot- 
ing the  suooeesive  differontial  coefficients  <df{x) 
by/i  («)»/«  («)»  &C-I  wo  find 


/ 


(•  +  y)  =/w  +/i(«)-^  +  i/«(«) 


I  k 


where  ib  is  the  coefficient  of  «»  in  eq.  (1).    Mul- 
t  iplying  by  ^ ,  and  eqnatuig  to  0,  we  find  eq.  ('J; 

/(«)sr +/i(«)-jr-» +i/i(a)y-' 

and  similarly  for  the  others.    Example :  reqnfaed 
the  positive  root  of  the  equation 

*■  — 6«  — 8  =  0; 

which  we  Iomw  to  be  between  2  and  8.    Hen 

«  =  2  +  -, 
Jf 

and  equation  (2)  is  found  to  be 

whence,  F(l)  =  —  9,  F(2)  =  —  1,  F(8)  = 
•f  58;  and,  tlierefore 

and  eq.  (8)  is  found  to  be 

^(a)=:«»  — 26  s"  — 28«  — 6  =  0; 
whence  f  (26)  »  —  (608,  f  (2s  7)  +  108;  and 
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8  = 

We  find  thns,  for  x, 
2    1   ^ 

:  26   +-. 

u 
the  ooDtiniied  firaedon 

2  + 

1 

26  +  ^ 

1  + 
^6+&c. 

The  oonreigente  are 

2     5    182     187    954 
1'   2'    ^3'     65'   883* 

The  last  cKffen  from  the  tme  ralae  of  the  not 
by  afiaction  Um  than  ^^^^  or  j-^. 

28.  We  have  cow  to  notioe  Homer's  method 
of  approximation ;  and  this  must  be  done  Teiy 
briefly.  We  shall  suppose  that  the  integer  part 
of  eadi  inoommensnrable  root  has  been  finmd  in 
the  first  place  by  Sturm's  iheorem,  or  otherwise. 
We  may  assume  also^  ibr  simplicity,  that  all  the 
roots  of  the  equation  differ  ftom  each  other  by 
more  than  unity,  and  that  the  root  required  is 
positive,  and  lies  between  0  and  10,  so  that  its 
integer  part  consists  of  not  more  than  oua  figure. 
Let  the  given  equation  be 


/W=0; 


a) 


and  let  A  be  the  integer  part  of  the  required  root 
The  first  step  in  Homer*s  process  is,  to  diminish 
each  root  of  eq.  (1)  by  the  number  k^  the  first 
figure  of  the  required  root  If  we  suppose  p  +  h 
substituted  for  x  hi  eq.  (1),  and  represent  the 
trans€[>rmed  equation  by 


^(Sr)  =  0; 


(20 


each  root  (y)  of  eq.  (2)  will  be  less  than  a  cor- 
responding root  (x)  of  eq.  (1)  by  the  number  k, 
as  required.    The  second  step  is,  to  multiply  each 

root  of  eq.  (2)  by  10.  If  we  suppose  ^  substi- 
tuted for  y  in  eq.  (2),  and  denote  the  transformed 
eq.  by 

^(«)=»0;  (8.) 

each  root  (j?)  of  eq.  (8)  will  be  ten  times  a  cor- 
responding' root  of  eq.  (2),  as  required.  Now, 
from  the  nature  of  the  process,  it  is  evident  that 
the  root  of  (2)  which  conresponds  to  the  required 
root  of  (1)  lies  between  0  and  1.  It  is  evident 
also,  ftom  the  hypothesis,  that  eq.  (2)  has  only 
one  root  between  these  limits ;  for  otheiwise,  some 
of  the  roots  of  (1)  would  difo  fh>m  each  other 
by  less  than  unity.  Hence,  of  the  roots  of  eq. 
(8),  that  corresponding  to  the  required  root  of 
(1)  lies  between  0  and  10 ;  and  eq.  (8)  has  only 
one  such  root    The  third  step  is,  to  find  the  in- 


teger  part,  i,  of  the  only  not  of  eq.  (8)  that 
between  0  and  10.  This  number  k  is  evManly 
the  Mctmd  JIgun  of  the  required  rooL  Having 
found  h\  to  carry  on  the  appraacimatioD»  proceed 
iromeq.(8)predBeIyasbefonftt«ieq.(l):  diosi- 
oish  each  not  itf  (8)  by  it;  multiply  each  notcf 
the  trmsforraed  equation  by  10 ;  find  the  inleiBer 
part,  i;  of  the  only  root  of  the  last  eqnatioo  tloBt 
lies  betweei  0  and  10.  The  namber  I  is  evl- 
dsntly  the  thirdjupa^  qfihe  required  roei^  aad 
so  on.  The  method  fa  very  easfly  frTfwMJMt, 
beyond  the  special  hypothesis  that  we  have  twen 
proceeding  upon,  so  as  to  apply  to  any  eqnatioBB 
however  small  be  the  diflbrenees  of  the  roots,  and 
whatever  be  the  integer  part  of  tlie  root  required. 
But  we  have  space  liere  only  fi»r  first  nolioosi 
With  regard  to  the  form  of  the  cakulatiooa,  this 
will  be  best  indicated  by  an  example.  Beqiured 
the  positive  root  of  the  eqoatioo 

«* —  bx —  3  =  0; 

which  lies,  as  we  already  know,  betwem  9  and 
8.  The  first  step,  the  passage  fiwn  e<|.  (1)  M» 
eq.  (2),  is  efibeted  thus : 


t2 


0 

—  6 

—  8 

2 

4 

—  2 

2 

—  I 

—  5 

2 

8 

4 

7 

2 

The  reader  will  easily  undentand  this  work,  ff 
he  has  a  distinct  reooUection  of  the  method  of 
Detadied  Coefficients,  as  explained  in  sect  16^ 
and  also  of  the  scJutkm  of  problem  8  io  sect  7. 
In  the  first  two  lines,  the  first  meml>er  of  the 
equation  fa  divided  by  or — 2:  the  qjootient  » 
found  tobex'  +  2jr —  1,  and  the  renuttoder  ia 
—  5.  In  the  next  two  lines,  the  preceding  quo- 
tient fa  divided  by  » —  2 ;  the  quotfant  fa  fmd 
to  be  »  +  4,  and  the  remainder  7.  in  the  last 
two  fines,  the  precedmg  qootfant  fa  divided  Ivy 
0  .i—  2 :  the  remauider  fa  found  to  be  6k.  Tku^ 
the  numben  (— 5,  7,  6)  at  the  foot  of  tiift 
columns,  an  precisely  those  denoted  in  sect  7  by 
Bi,  Hf,  Rs  *  s^d  therefore,  by  the  simple  if«i& 
above,  we  find  the  eq.  (2)  to  be 

/  +  e/7y  — 6  =  0. 

The  second  step,  the  passage  from  eq.  (f)  le 
eq.  (8),  fa  eflected  at  once^  according  to  pr^tL  S, 
section  7.  Thus^  from  the  last  equadoo  we 
find 

a»  +  60  a»  +  700  »  — 5000  =»  0.       (8.) 

We  find  next  the  integer  part,  ifc,  of  the  root  of 
(8)  that  Bee  between  0  and  10 ,  and,  in  oonti* 
nnation,  we  diminish  each  of  the  note  of  (8)  bf 
h\  thus: 


842 


£Qn 


eo 

64 

_4 

tfS 

4 

72 


^6000 
g824 

—  1176 


122d 


Hut  pian  of  woik  is  predadj  rimiUur  to  the 
:  ool  J,  the  oondttaoD  by  which  4  is  doter- 
to  bo  the  TiJoe  of  A,  ooght  to  be  cUs- 
dMdy  Doiioed.  It  Is  this:  thift  4  is  the  laigest 
■mbsr  of  tho  seriss,  0,  1,  i,  8 ...  9,  which 
gif«B  a  lOBMlndflr  (— 1176)  at  the  foot  of  the 
last  coIbiui,  haTing  the  same  sign  aa  the  number 
(_M00)  ftt  the  top  of  the  oolnmn;  and  the 
ahonld  be  abls,  at  thia  atage,  to  aee  the 
WehftTO  time  (band  the  flnt  two  flgnraB 
of  the  not  to  be  2*4;  and  by  prooseding  aimi- 
kfly  from  the  est  of  coeflldents 

1        720        122800        —1176000, 

w  ifcarid  Hod  the  Oird  fignre  to  be  9,  the 
iMxth  0,  the  ifth  8,  Ac  Obeerve  now  that  we 
maj  pttmut  tlm  aaoond  |rieoe  of  work  as  a  conti- 
maatioB  of  the  flnt,  by  affixing  one^  two^  three, 
dplMt,  nspectivvly,  to  tlie  iramben  at  the  feet 
of  dm  mhimna  in  the  flnt  pieoe^  and  then  pn>- 
iwwUng  from  thcae  nnmben  aa  we  have  done  fan 
the  aaeood  pisoe.  In  tliia  manner  it  is  evident, 
that  however  tu  we  liave  to  cany  the  approxi- 

we  can  throw  the  wliole  calcolatlona  into 
piBoe  of  arithmetical  woric,  and  thia 
aa  eadfty  managed  as  any  of  the  operations 
in  thmmUiy  aiithmetio.  And  here  lim  the  in- 
^hptabia  sBpetiority  of  Homer's  method.  There 
is  am  fawmvenlenoe  inadent,  at  flrrt  sight,  to 
the  pneen:  aa  the  approximation  is  carried  on, 
the  nmBbera  involved  in  tlie  work  become  veiy 
hrg^.  Bat  tUs  diflicnlty  is  completely  removed 
ly  the  «n  of  oertafai  contracted  modes  of  woric- 
wfakh  pnsent  no  difficalty,  and  which  are 

to  thoae  employed  in  the  mnltiplicatlon 
aad  dMrfoB  of  decimals.  For  Homer's  own  ex- 
paritian  of  the  method,  see  the  PkiL  TVwu.  for 
1819.  For  wliat  is  considered  a  better  expoai- 
tln  of  the  whole  snl^Jeet,  sea  Toong's  JVeatiteon 


24.  The 
ontha 


ef 
the 


«  +  ft 


only  thing  that  remaina  to  be  noticed, 
of  nwmerical  equations,  is  the 
of  Imaginary  roots;  bat  this  branch 
b  of  little  pnctkalfaiierest  When 
of  real  roots  of  aneqinatioa  has  been 
by  Slam's  theorem,  or  in  any  other 
ia  known  at  oooe  whether  the  equation 
reota,  and  how  many.    To  find 
when  it  ia  known  to  exiat,  aobstitnte 

—  IJbrx  in  the  given  equation.   The 


H  +  K  /^^=  0, 
and  K  are  algebnk  expreaskoa  in- 
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volving  a  and  &,  and  independent  of  ij  —  1. 
Any  set  of  values  of  a  and  b  that  satisfy  this 
eqoation,  or  the  eqnivaleat  pair  of  simnltaneons 
equations 

H  =  0,  K  =*  0, 

give  an  imaginaiy  root  (a  +  6  «/  —  1)  of  the 
proposed  equation.  According  to  this  method, 
the  determmation  of  imaginuy  loota  depends 
upon  a  process  of  elimination. 

IIL   On  TDK  Alobbiuio  Rbsolution  or 
Equations. 

The  coefficients  of  an  equation  being  arithme- 
tically given,  or  being  simply  supposed  known, 
bat  left  indeterminate,  and  represented  by  letten; 
reqnfaed  an  expremion  compoeed  of  the  coeffi- 
dents,  which,  when  snbatitnted  for  the  unknown, 
shall  aatiaQr  the  equation  identically.  Soch  is 
the  principal  question  with  which  we  are  now 
conoemed.  The  researches  of  the  modem  ma- 
thematicians upon  this  and  other  cognate  ques- 
tions fomi  a  laige  part  of  the  higher  Algebra. 
They  are  almost  without  exception  much  more 
diiBcalt  and  abstract  than  anything  we  have  yet 
had  before  ns;  they  are  encumbered  also,  for  the 
moat  part,  with  tedious  and  intricate  prdimi* 
nary  theories:  so  much  so^  that  nothhig  more 
can  Im  given  here,  npon  the  higher  parts  of  the 
subject,  than  a  slight  historical  sketch. 

26.  The  roots  of  unity,  or  the  roots  of  the 
equation 

a-i  —  1  =s  0,  (2.) 

are  of  such  importance  in  what  follows,  that  some 
of  thdr  properties  must  be  noticed.  First :  If  in 
the  three  equations 

fl-»   s  1,  0^  =  1,  xi'  =3  1, 

01  and  n  are  any  whole  numbers,  and  p  their 
greatest  common  measure ;  the  roots  common  to 
tiie  first  two  equations  are  precisely  those  of  the 
third.  To  prove  this:  Let  a  be  any  root  com- 
mon to  the  fint  twa  Let  m  and  n  be  submitted 
to  the  process  of  6.  C.  M. ;  and  let  9  be  the  fint 
quotient  and  r  the  remainder,  so  that  m=nq+ri 
tiien 

d»  =  o"*+'  =  o»«  •  <f. 

But,  by  hypothesis,  a*  s  1 ;  and  tlierefore 

a»«  -a's  1. 

Agate,  by  hypothesis,  c^  =  1 ;  and  therefore 

a"«=s  L 
Dividing  the  last  equation  by  this,  we  find 

oTs  1: 

so  that  every  root,  a,  common  to  the  first  two 
equations,  is  a  root  also  of  the  equation  if— 1=0. 
By  a  simple  extension  of  this  reasoning  it  ap- 
pears, that  every  root  common  to  the  fint  two  of 
the  given  equations  is  a  root  also  of  the  third. 
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We  haTB  only  to  aee  further,  that  every  root  of 
the  third  given  equation  is  common  to  the  first 
two.  Let  6  be  any  root  of  the  third,  so  that 
&r  =  1 :  then,  the  numbers  m  and  n  being  mul- 
tiples atp,  the  quantities  6"*  and  6*  are  powers  of 
(^,  that  is,  powers  of  1,  and  therefore  equal  to  1. 
Which  proves  the  theorem.  Hence,  if  m  and  fi  are 
prime  to  each  other,  the  first  two  equations  have 
no  root  in  common  except  unity.  If  we  under- 
stand by  Primitive  Boots  of  eq.  (2)  those  roots 
of  (2)  that  do  not  belong  to  any  equation  of  the 
same  form  and  leas  dimensions  (a  definition  that 
will  bo  useful  immediately);  we  infer  fW>m  what 
has  been  proved,  that  when  m  b  a  prime  num- 
bo;  all  the  roots  of  eq.  (2)  are  primitive  roots 
except  unity. 

Further:  If  a  be  a  root  of  the  eq.  (2),  every 
power  of  a  is  a  roct  of  the  same  equation.  By 
hypothesis,  o*  =s  1.  Baising  both  members  of 
this  equation  to  the  nth  power,  we  find 

(o*/  =  tf«»  =  (<<•)*  =s  1 : 

whence,  a*,  or  each  term  of  the  indefinite  series 

a,  a',  c^ya\c^ 

is  a  root  of  the  given  equation  a^  =s  1 :  which 
was  to  be  proved.  Since  the  equation  is  of  the 
mth  degree,  the  series  of  powers  of  a  cannot  con- 
tain more  than  m  distinct  quantities,  however 
prolonged.  And  this  is  evident  otherwise,  finom 
the  condition  by  which  a  is  determined:  for  if 
we  multiply  the  equarion  dP  =s  1  bv  a,  by  a*, 
by  oF,  &C.,  we  find  o*+*  »  a,  a*  ■f'=sa",  &c. 
Fnhher :  If  m  be  a  prime  number,  and  a  be 
any  root  of  eq.  (2)  except  unity ;  the  m  roots  of 
the  equation  will  be  represented  precisely  by 

a,  fl",  a*, ....  a*  —  *,  a". 

We  have  seen  that  each  of  these  magnitudes  Is  a 
root:  we  have  only  to  see  further  that  they  are 
all  diflerent  Suppose  that  any  two  of  them,  a? 
and  (fi  are  equal.  Divide  the  equation  Op^^cfi  by 
tfl\  then,  o^'f  =3  1 :  whence^  it  would  IbUow 
that  the  given  equation  has  a  root  in  common 
with  the  equation  x'—f  =  1,  which  is  of  less 
dimensions.  This  we  have  seen  to  be  impoesible, 
M  being  a  prime  number.  Therefore,  all  the  m 
terms  St  the  above  series  are  diflerent  from  each 
other,  and  each  of  them  is  a  root :  which  proves 
the  theorem.  This  does  not  hold  when  »  is  a 
compound  number,  and  a  any  root  of  the  equa- 
tion. It  will  be  seen,  however,  by  the  nature  of 
the  proof,  that  the  theorem  does  hold  when  m  is 
a  compound  number,  provided  a  be  a  primtive 
root  cf  the  given  equation.  The  importance  of 
primitive  roots  will  now  be  apparent:  for,  what- 
ever be  the  value  of  m,  if  we  can  find  one  such 
root  of  eq.  (2),  its  m  successive  powen  will  ftir- 
nish  all  the  roots  of  (2).  If  we  had  apace  for 
the  proeecution  of  this  suljeet,  we  would  obtain 
eeveral  interesting  theorems,  almost  as  simple  as 
the  above,  leading  to  this  important  result,  that 
the  resolution  of  eq.  (2),  when  ai  is  a  com- 
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pound  number.  Is  reducible  to  tbe  reeolotion  of  a 
set  of  equations  of  the  same  form  aa  (2)^  whose 
dimensions  are  equal  to  the  prime  factoia  of  m. 
Thus;  if  m  =;i*,  where  p  is  a  prime  number; 
the  eq.  (2)  is  found  to  have  a  aet  of  primitive 

roots,  whose  nnmber  is  m  (1 ) :  and  each  of 

the  roots  of  (2)  is  found  to  be  expreaaiUe  aa  a 
product 

«i  •<'a  'fls-  •  -a*-!  •«•« 

where  ay  is  any  root  of  the  equation  cF  »  1,  Of 
any  root  of  a^  s  aj,  a^  any  root  of  «r  s  oj,  Ae.: 
and  this  product  is  a  ^imitive  root  of  (2),  if  ot 
is  difl^srent  ftom  unity.    Simplifioatlona  of  nmeh 
the  same  kind  are  obtained,  wlien  m  involves  any 
number  of  unequal  prime  factors.     With  ragard 
to  the  above  results,  it  should  be  obeerved  for  the 
sake  of  the  beginner,  that  the  anbsidiaiy  equa- 
tions jE^  =s  a|,  sT  =  Of ,  &&,  present  no  diflknltv, 
if  we  know  how  to  resolve  the  equation  «r  s  L 
Consider  an  eq.  «*  =3  a:  let  c  be  tiie  arithmeti- 
cal mth  root  of  a :  introduce  a  new  unlmown,  ji^ 
such  tliat  «  ss  e  |f.    The  eq.  x"  =  a  beeoM 
^  j^  s.  cf*,  or,  ^  =  1 :  and  tbe  roota  of  the 
latter,  multiplied  by  c,  give  the  roota  of  the 
former.    After  theae  reaalts,  we  may  suppose  • 
in  eq.  (2)  to  be  a  prime  number.    The  only  re- 
maining question  is,  to  resolve  (2)  on  that  sup- 
position.   The  beautiful  and  ven*  effective  re* 
searches  of  Gauss  upon  this  queetioB  wiH  foil 
under  our  notice  more  properly  afterwards.  Mean- 
while,  the  following  elementaiy  metlmd  la  appli- 
cable in  all  casea.    Let«s  =  2ii  +  1.    By  the 
theory  of  Bedprocal  Kquationa,  explahied  in 
(sect  9),  we  can  reduce  tlie  resolution  of  e^  (2) 
to  that  of  an  eq.  (8)  of  the  «th  degree^    It  is 
easily  proved  that  all  the  roota  of  (3)  are  resL 
Tlieir  values  may  be  obtained,  therefore,  to  aay 
degree  of  approximation,  by  Homer*s  proeesi,  or 
otherwise,  if  they  are  not  expressible  by  radi- 
cals ;  and  then  the  roots  of  (2)  are  found  at 
once,  as  they  are  connected  with  thoee  of  (3)  by 
a  quadratic  equation.    The  resolution  of  (2)  ef- 
fected in  this  manner  is  not  strictly  olffAnic, 
unleas  (8)  is  resolvable  algebraically.    For  an 
excellent  exposition  of  this  whole  sol(ject,  aes 
Serret's  Higher  Algtbra,  the  18th  t^esson,  shiBadf 
referred  to.    The  eolution  of  eq.  (2)  by  Da 
Moivre'a  theorem,  which  is  given  in  most  booki 
upon  trigonometry,  is  upon  tlie  whok  the  beat 
that  haa  been  obtained:  but  it  is  not  in  any 
right  aense  an  algebraic  eolution. 

26.  We  proceed  to  the  algebraic  reaohitkm  af 
equations  of  the  third  degree^  Of  the  various 
methods  tliat  have  been  propoeed,  the  fbHowiag 
is  certafaily  the  simplest:  it  is  due  to  Hndda. 
The  equation 

a*  +  ax  +  o=s  0  (8.) 

is  genenl  enough  in  form,  as  tlw  second  tenn  of 
the  equation 
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mtj  be  ludft  to  dfatppear  b^  «  simple  prepan- 
tery  piuc— ,  vhatevw  be  the  ooeffictents  (eect  7, 
inbL  6).    To  leeolve  eq.  (8)  we  aseome 


X  =y  +  »; 


(4.) 


whaef  ii  a  new  unknown,  and  a  a  ftmction  of  jr 
to  be  dttennined  afterwards.  Siibetitating  from 
(4)m(S),wefUid 


(f  +  a)*  +  a  (y  +  a)  +  e  =  0,  or 
(|l*  +  i^  +  c)  +  Cjf +  0(8f« +  a)  =  0.  (6.) 
If  BOW  we  detennine  a  bj  the  condition 

Zjft  -h  a  a  0,  we  find  a  =«  —  »-^; 
'  8y' 

aed  the  eq.  (6)  b  reduced  to 


/  +  i»  +  c=/  — 


+  c  =s  0  J  or 


^  +  e^_^=0. 


(6.) 


TUitfutioa,  icMlved  at  a  qnadntie,  give* 


-i±V' 


27 


attheli  if  we  repraeent  --  +  |£  by  R,  we  find 


V'-ft 


VB- 


(7.) 


Haviaf  ebcafaiedf  is  terma  oT  the  ooefllcienta  of 
(8X  «e  find  from  eq.  (4), 


=  y  +  » -9  — 


«y* 


(8.) 


» that  the  qneetloii  Isaoh-ed.  Thevaloeaofy 
S^  by  eq.  (7)  are  aix  in  namber  aa  they  ooght 
teba    Thoai  if  p  and  g  be  cube  roota  of 

-3{+  s/iTand— -5— .ys; 

■d  if  •  nd  ft  be  the  imeginary  cnbe  lootB  of  1, 
(hevihieicfyare 

ItMghtbethwigjit,  therabre,  that  the  Taluea  of 
aditiinilned  by  eq.  (8)  woold  be  aix  in  nnm- 
bw^  wUch  they  oqght  not  Obeenre,  however, 
Ihet  the  eq.  (6)  ia  not  changed  by  the  aobati- 

tadoBor ^  fiar  jr;  wbeoce  it  foUowa  that 

lberixioocicr«^(6}arenlated  toeach  other 
iapaiiBthoii 


find—  ^,aand 
8r 


8/ 


<and 


a 


end  it  ia  aecn  at  once,  that  x,  aa  determined  by 
e^  (8),  baa  oae  valoa  tat  the  first  pair  of  roots, 
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one  fiir  the  second,  and  one  for  the  third  pair, 
three  yalaes  in  alL  It  foUowd  also,  that  iu  the 
formula 

«  =  jr  +  a, 

considered  aa  a  solution  of  the  question,  we  have 
to  substitute  for  z  a^well  aa  for  y  one  of  the  sis 
values  of  the  second  member  of  (7) ;  and  these 
values  are  to  be  chosen  under  the  one  condition 
that  the  product  of  jr  and  a  shall  be  equal  to 

d 
—  -r .     Observing  then  that 

o 


V         27  8  ' 

observing  also,  that  of  a  and  ft  the  imaginary 
cube  roots  of  unity,  one  Is  the  square  of  the  other 
(by  last  sect),  and  therefore  their  product  a  ft  is 
equal  to  1 ;  we  find  the  following  to  be  the  three 
values  of  «,  the  three  roots  of  eq.  (8) : 

J»  +  STi  op  +  ^?i  ^P  +  <*«• 

and  these  may  be  represented  by  one  formuUi, 
usually  called'Cardan*s : 

The  resolution  of  cubic  equationa  appears  to  be 
due  to  Scipio  Ferret  and  Tartaglia,  two  Italians 
of  the  sixteenth  century ;  but  how  it  was  effected 
by  them  is  not  known. 

27.  Lagrange*s  method  of  resolving  the  gene* 
ral  equation  of  the  third  degree  must  be  noticed. 
Let  Uie  eq.  be 

a» +pa*  +  jai+r  =  0;       (I.) 

and  let  ita  rooU  be  xj,  xg,  k^  Lagrange  begina 
by  determining  the  value  of  a  function  i  of  the 
three  roots,  such,  that 

«  s  ffx  +  Axs  +Bj?$;        (2.) 

and  from  this  function  he  obtahia  the  expression 
of  the  roots  themselves.  It  is  evident  that  if  the 
rooto  (x)  change  places  in  all  possible  waya,  the 
function  i  wiU  assume  six  diflbrent  forms  or 
values.  Hence,  the  equation  for  determiidng  t 
will  be  of  the  sixth  degree.  However,  it  will  be 
resolvable  aa  a  quadratic  if  it  can  be  obtained  so 
as  to  involve  no  other  powers  of  t  than  <*  and  f* ; 
and  this  is  done  as  follows.  Let  A  and  B  be  the 
two  imagfaiary  cnbe  roots  of  unity,  and  denoto 
them  by  a,  a* :  then 

Multiplying  this  eq.  by  a,  and  by  <^,  we  find 


a  f  =  a  x^  4-  a'  f  1  +  'Si  *^^ 
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Oomparing  the  second  members  of  these  three 
equatioDs,  we  see  that  the  last  two  an  derivable 
irom  the  first  bj  simply  making  the  roots  («) 
change  places.    It  fi>Uows,  that  if  we  assame 


(4) 


the  six  values  of  t  will  be 

ti,  ail,  a'fii,  ti,  ati,  a^t2i 

the  first  three  of  which,  and  the  last  three,  are 
the  roots  respectively  of  the  two  equations 

<»— tf  =  0,  and<»  — 4  =  0. 

So  that  the  equation  for  determining  1  is  of  the 
form 

(<*  —  <i)  (<*  —  <!!)  =  0,  or 

as  required.  To  find  the  coefiicients  of  (5)  hi 
terras  of  those  of  the  given  equation,  yre  ihake  use 
of  the  equations  (4),  together  with  the  relation 

1  +  a  +  o*  =  0,  (6.) 

which  is  evident  from  this,  that  1,  a,  a',  are  the 
three  roots  of  the  equation  a^  —  1=0.  Multi- 
plyiag  the  two  equations  (4),  we  find 

ti  t^  =:  Xi  +  a^  +  x^'-'Xi  X2— JTi  a?8  —  0:2  -Ps 

=  />2— 8^.  (7.) 

In  a  similar  manner,  but  more  tediouslv,  we 
find 

ij  +  ^  =  — 2;?»  +  9;ijr— .27r. 

Thus,  the  reducbig  equation  (5)  is  found  to  be 

(•  +  (2p»  — 9pj  +  27r)<»+(p«-8j)*=0. 

Let  ri  and  r^  be  the  two  roots  (t')  of  this  quad- 
ratic: then 

ti  =  \/riandti  -   J  r^* 

To  find  now  the  roots  (0),  we  make  nse  of  the 
equations 

— />  =  *i  +«s  +  iPSi 
<i  =  xi  +  a  r2  +  «'  «si 
<f  =  xi  +  a*  X2  +  a  X8. 

Bemembering  the  eq.  (6),  we  find  easily 

—  p  +  f  1  +  <2  =  8x1, 

—  p  +  a*<i  +  o<2  =  8  X2, 

—  p  +  a  <i  +  a*  ^2  =  8  ^s- 

In  these  expressions,  the  value  of  ti  is  any  of  the 

three  values  of  tjri\  but  one  of  these  being 

assumed,  the  value  of  t%  or  of  Jr^  is  connected 
with  it  by  the  relation  already  found, 

28.  To  resolve  the  general  equation  of  the 
fourth  degree.  Ferrari*s  method,  sometimes  called 
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Waring's,  is  the  oldest  and  simplest  Let  the 
given  eq  Im 

X*  +  ox*  +  ftx*  +  ex  +  rf  =  0,   (1.) 

Putting  it  in  the  form 

X*  +08^.=  —  ho?  —  ex  —  d^ 

and  adding  — r—  tc  both  members,  it  becomes 

If  the  second  member  of  (2)  were  a  compkis 
square,  the  equation  mig^t  !»  depressed  to  ti» 
second  degree  by  the  extraction  of  the  square 
roots  of  both  members.  Now,  to  tiiis  partiealar 
case  Ferrari*s  method  reduces  all  other  cases  bf 
the  introduction  of  a  new  unknown,  s,  as  fidlovs: 
Adding  to  both  members  of  (2)  the  quantity 


,  wefind  theeq. 


The  second  member  of  (8)  will  be  a  complete 
square,  if  a  have  such  a  value  as  to  satisfy  the  eq. 

I  his,  when  simplified,  gives  the  cable  eq. 

a»  — 52*  +  (oc  — 4d)f;  — J(a*  — 4  6) 
-c"  =  0;  (d.) 

which,  aocordmgly,  is  the  reducing  epuUm  m 
t  his  method.  Supposing  that  any  root  of  (5)  has 
been  fimnd;  put  for  brevity 


(4.) 


at 


-— 6  +  «e^,  and   ^— c  =  «:  (6.) 
then  the  condition  (4)  gives 


^ 

m^ 


^  — (2  ss  -^,  and  the  seccmd member  of  (8) be- 
comes 


-x»+.x  +  ^,.or-^x  +  ^). 
'Hierefore,  the  eq.  (8)  takes  the  form 

which  decomposes  into  the  two  qnadratics 
«     .     m  /       2«\       . 

?  t -2  ('+*)='" 


•       ox 


=  0:  or 


EQir 


•  ■(■  a 


(7) 


Sinoe  the  rooCi  of  the  enbic  equation  (6)  an  ex- 
pKaiUe  ajgehrafcally  in  tcnna  of  the  coefficientB 
ef  the  given  eq.(l>  it  foUowt  that  the  roots  of 
(1)  have  the  nme  fimpeny;  for  by  means  of  the 
hk  two  eqnations  (?)»  we  can  express  liie  four 
roots  (r)  of  eq.  (8),  which  are  just  the  roots  of 
(iXhitennsorsandtheooeflkientoof(l).  The 
qosstion,  thacfim^  is  solved,  but  the  expressions 
9i  the  roots  are  excessivelj  oomplex.  Other 
aoiBdans,  qaite  distinct  froin  the  above,  and  from 
each  other,  have  been  given  by  Descartes,  Euler, 
aad  Li^grange.  LooUbig  baclc  to  the  reducing 
sqaatiMi  (5),  and  remembering  how  Lagrange 
ebtahis  the  redodng  equation  in  the  resolution 
of  the  equation  of  the  third  degpfee^  we  may 
inqaire  ben  what  Ihnction  a  is  of  the  roots  of  eq. 
OX  Let  xi,  x^,  and  «ei  «4i  be  the  roots  of  the 
two  eqnations  (7).  Then,  these  are  the  roots  of 
eq.  (1);  ssxi  torn  the  equations  (7)  we  find  at 


«i«»  +  4*-.=  (l+i)  +  (i-s)  = 


M  =i  ttl  gf  -^  Xz  ^4' 


,  a,  or  xi  xs  +  ^8  X4,  is  of 
a  fcrm,  diat  if  the  roots  (z)  change  plaees 
ta  sD  possibla  wayi^  it  assumes  only  three  dis- 
tfaet  valaes:  and  hence  we  might  infer,  hpriori, 
that  the  equation  for  tlie  determination  of  this 
toctloB  most  be  ef  the  third  degree^  as  the  eq. 
(6)  is  in  fact.  To  this  efaxmrnstanca,  that  we 
caafom  a  f^mctian  of  four  letten  which  has  only 
thras  values,  is  the  sneoesk  of  Femri*s  and  of 
amy  other  known  method  to  be  attributed-,  for 
hence  H  ia  that  tha  nsohition  of  biquadratics  is 
ndneibie  to  that  of  cnbies.  In  Ls^^ge's  ro»- 
thed,  tha  redud^g  ftmction  is  xi  xj  +  Xs  X4, 
the  aana  as  in  Fenari's.  Then  an  other  funo- 
tiam^  alBoet  equally  digible,  such  as 

jr  a  Xi  +  8^  —  Xs  —  X4, 

vfaidi  ia  the  redncbgftmclion  in  Euler's  method. 
U  adoilia  evidently  of  six  different  values;  but 
>^n  theee  an  equal  and  of  contraiy  rigns  by 
vain,  the  icdudng  equation  of  the  sixth  degree 
can  contain  no  odd  power  of  jr,  and  may  then- 
fonbereeolvedasacuUchiy>.  The  ncfaidng 
foactioa  In  Descartes*  method  is 

USXI  +«!. 

U  adaiila  of  six  different  values  x^  +  n,  0|  + 
Xf.  Ac ;  ao  that  tha  ndneing  equation  ie  of  the 
sixth  degrse.  But  if  we  have  previously  de- 
pfived  tha  equation  of  ite  second  term,  which 
always  be  done,  we  shall  have 
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Xi  +  «2  +  «8  +  *4  =  — P  =  0,  or 
xi  +  xa  =■  —  (xs  +  X4), 

so  that  the  values  of  ti  are  equal  and  of  contraiy 
signs  by  pairSi  and  the  same  remark  applies  to 
the  reducing  equation  in  this  case  as  in  the  last 
In  like  manner,  the  success  of  Hudde*s  method 
and  of  Lagrange*s,  in  the  resolution  of  cubic 
equations,  depends  upon  this,  that  we  can  form 
ftmctlons  of  three  letters  which  admit  of  only 
two  values,  by  permutations  of  the  letters.  Thus, 
with  regard  to  Lagrange^s  reducing  function  f, 
we  have  seen  that 

«•  or  (xi  +  axs  +  a^^sf 

admits  of  only  two  values;  and  the  same  is  true 
of  the  reducing  ftmction  y  (sect  26)  emplofred  in 
Hudde*s  method. 

29.  The  algebraic  resolution  of  an  equation  is 
efibcted,  according  to  eveiy  method  yet  known, 
by  being  made  to  depend  upon  that  of  another 
equation  which  is  more  easily  resolved,  and 
whoee  root  is  a  ftmction  of  those  of  the  original 
equation.  Upon  this  general  view  of  the  sub* 
Ject  laige  developments  were  given  by  Lsgrange, 
especially  in  those  famous  resesrehes  that  lyere 
published  in  the  MemairA  qf  the  Aeademy  of 
Berlin  for  1770  and  1771.  He  proved  that  all 
the  known  processes  for  the  resolotkm  of  quadra- 
tic, cubic,  and  biquadratic  equations,  however 
difi'erent  in  appearance,  were  virtually  dependent 
upon  a  common  principle,  and  reducible  to  one 
general  method.  He  then  extended  the  method 
to  the  general  equation  of  the  i»th  degree,  by 
the  employment  of  a  redudng  ftmction,  I,  of  the 
form 

X|  +  axj  +  a'xj  -I-  . . .  +  o*-»x*, 

where  xi,  x^,  &c.,  are  the  roots  of  the  given  equa- 
tion, and  a  a  root  of  the  equation  «"  a  1.  He 
found  that,  when  m  is  a  prime  member,  the  reso- 
lution of  the  reducing  equation,  which  is  gene- 
rally of  the  degree  1.  2.  8. ...  ai,  is  reducible  to 
the  resolution  of  another  equation  whose  degree 
is  m  —  1,  and  whose  coefficients  depend  upon  an 
equation  of  degree  1.  2.  8.  (m  —  2)1  Reeults  of 
an  equally  definite  kind  were  obtained  for  com- 
podte  values  of  m ;  but  it  would  be  of  littk  use 
to  present  them  here.  Generally,  when  the  given 
equation  is  of  a  degree  higher  than  the  fourth, 
the  reducing  equation  found  by  Lagrange  is  of  a 
stiU  higher  degree,  and  does  not  appear  to  be 
generally  susceptible  of  depression:  a  result  that 
almost  decides  the  question  of  the  resdvability  of 
general  equations  of  higher  degrees  than  the 
fourth,  BO  far  at  least  as  the  above  form  of  redno- 
ing  ftmction  is  concerned,  so  far,  we  might  even 
say,  as  all  known  principles  of  resolution  are 
concerned.  In  Lsgrange's  work  on  the  Resolu- 
tion of  Numerical  Equations,  the  14th  note,  his 
method  is  applied  in  a  tzty  elegant  manner  to 
the  resolution  of  Binomial  Equations,  a  question 
that  had  been  solved  before  by  Gauss. 
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80.  Why  Is  U  that  the  general  equatiotis  of 
the  fint  four  degrees  are  algebraically  resolvable  ? 
To  this  qaeetioa  Lagrange  gave  a  most  sug- 
gestive answer  in  his  reseairches  last  mentioned. 
As  a  result  of  his  analyses,  and  in  the  diatinctest 
manner,  he  connected  the  property  of  resolvabi- 
lity  of  an  equation  with  oert^n  properties  poe- 
sessed  by  ftmctions  of  sets  of  letters,  in  reladon 
to  permutations  among  the  letters;  a  subject 
upon  which  a  few  hints  have  been  Just  given  in 
the  end  of  secL  28.  The  equations  of  the  thu^ 
and  fourth  degrees  are  algebraically  resolvable, 
because  we  can  form  functions  of  three  letters 
which  have  only  two  values,  and  functions  of 
four  letters  which  have  only  three.  And  if  we 
could  form  functions  of  five  letters,  having  only 
fiinr  or  three  values,  we  have  reason  to  believe 
that  such  ftmctions  would  enable  us  to  resolve 
the  general  equation  of  the  fifth  degree.  Here  a 
new  line  of  investigation  was  presented  to  ma- 
thematicians, and  a  very  difficult  one.  Lagrange 
himself  discovered  one  Uieorem  upon  the  subject, 
which  is,  That  the  entire  number  of  values  which 
a  fimction  of  n  letters  can  assume,  in  virtue 
of  permutations  among  the  letters,  is  either 
eqflal  to 

1.  2.  8.  •  •  >  fi| 

or  some  submultiple  of  this  number.  Rnfinl  ad- 
vanced another  step :  in  his  Theory  of  Equations 
he  considered  particulariy  Amotions  of  five  let- 
ters, and  he  seems  to  have  succeeded  in  proving, 
though  in  an  excesdvely  complex  manner,  That  if 
a  fiinotion  of  five  letters  has  less  than  five  distinct 
values,  it  cannot  have  more  than  two.  Rofini*s 
is  a  case  of  the  following  theorem,  itiuxh  has 
been  obtained  very  recently:  n  being  greater 
than  4,  a  ftmction  of  n  letten  which  has  less 
than  n  distinct  values,  has  two  values  at  most 
The  subject  has  been  studied  careftilly  and  with 
tncoess  by  several  eminent  mathematicians,  Abd, 
Ganchy,  Bertrand,  and  Serret  The  results  yet 
t>btained,  as  well  as  the  principal  modes  of  inves- 
tigation, are  presented  fblly,  and  fai  a  very  inte- 
resting form,  in  Serret*s  Hi^^  Algebra.  Much 
apparendy  remains  to  be  done  in  this  fidd,  but 
enough  has  been  obtained  for  the  object  with 
which  the  inquiry  originated.  F^m  Rufini*s 
theorem,  for  instance,  though  we  cannot  infer 
etcictiy  that  the  general  equation  of  the  fifth- 
degree  is  irresolvable,  we  do  infer  that  it  cannot 
have  i  redodng  equation  of  a  bwer  degree  than 
the  fifth. 

81.  These  oondderations  lead  only  to  a  strong 
presumption;  and,  accordingly,  they  have  not 
been  found  suffldent  to  deter  sanguine  alge- 
braists ftom  attempting  the  resolution  of  the 
general  equation  of  the  fifth  degree.  Among 
others,  the  illustrious  Abel  made  the  attempt; 
and  the  result  of  his  investigations  was,  a  rigor- 
ous proof  of  the  imposdbilli^  of  resolving  alge- 
bndcally  a  general  equation  of  any  degree  above 
the  fiMirtfa.    In  this  demonstiatioii  it  is  shown. 
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that  the  assumption  of  the  algebraic  resolrabSitx 
of  a  general  equation  of  the  fifth  or  higher  d^res 
leads  to  an  impossibility:  while  a  sunllar  ss- 
sumption  for  general  equations  of  the  second, 
third,  and  fourth  degrees,  leads  to  this  resdt, 
that  the  first  radical  (in  the  order  of  operation) 
which  is  involved  in  the  expresdon  of  the  reoi 
must  be  a  square  root,  and  the  second  radical  • 
cube  root ;  conditions  ftilfiUed  in  foct  by  Cardan^ 
formula,  and  by  every  other  algebraic  expres- 
don of  the  roots  of  equations  that  has  been  yet 
obtdned.  Abd*s  proof  has  been  dmplified  in 
some  points  by  Wantxel;  but  as  it  stands  at 
present,  the  principles  involved  in  it  are  so  venr 
high  and  general  as  to  throw  it  quite  oat  of  de- 
mentarysdence:  and  perhaps  there  Is  no  remedy. 
It  will  be  seen  that  the  question  is  one  of  extreme 
generality,  bdng  properly  this:  Is  there  any 
algebraic  ftmctbn  whatever  at  the  ooeffidoata^ 
which,  when  substituted  for  x,  shall  satiaiy  tiie 
equation  identicdly?  It  is  evident  that  one  of 
the  first  thhigs  to  be  done  towards  tin  solution 
was,  to  study  the  gteenl  form  of  algebraic  fioao- 
tions.  This  was  done  by  Abd:  he  examfaied 
and  classified  algebrdc  functions;  lie  distin* 
guished  them  as  of  difi<Brent  degrees  and  orders, 
aoconUng  to  the  number  of  radicals  involved  la 
them,  and  the  number  of  times  that  the  rascals 
succeed  one  another,  or  are  superposed  upon  eacSi 
other:  he  obtained  finally  a  generd  expressioa, 
comprehendve  of  all  posdble  dgebrdc  ftmctioDS 
of  a  set  of  magnitudes.  Having  assumed  that 
such  an  expresdon,  substituled  for  the  nnknowa, 
would  satisfy  the  equation,  he  obtained  tlw  fol- 
lowing result:  If  an  equation  Is  resdvable  alge- 
braically, such  a  form  can  be  given  to  the  not 
that  all  the  a]gd>rdc  ftinctioos  of  vHiidt  it  ia 
composed  shall  be  rationd  ftmctioiis  of  the  rooCs 
of  the  given  equation.  This  theorem,  with  aoae 
othera  upon  the  dianges  of  value  andeigooe  by  a 
function  of  sevend  letters  in  virtue  of  permota- 
tlons  among  the  letters,  constitute  the  main  pnn- 
dples  of  the  demonstsation. 

82.  The  leseardies  of  Gauss  npon  tlw  reBol»- 
tlon  of  Binomid  Equations,  wen  pnbHshed  in 
1801,  in  his  DUgmniioma  Aritkmttiea»;  and 
gave  a  large  extendon  and  a  poweiftd  impetos  to 
algd>rdc  science.  He  proved  that  the  eqoatiaa 
to  whidi  we  are  led  by  the  problem  of  the  divi- 
sion of  the  drde  into  a  prime  number  n  of  equal 
parts  is  dways  resolvable  by  radicals;  and  that 
the  index  of  eadi  of  the  radicals  invdved  in  tlie 
expressions  of  tiie  roots  is  a  prime  filter  of  the 
number  n  —  1.  A  few  notions  will  be  now  pre- 
sented upon  the  dements  of  this  noiaikablp 
method.  It  has  been  proved  already  (sect  2b\ 
that  if  r  be  any  root  of  the  equatioa 


g»  — 1 
X— 1 


0,. 


ao 


when  » is  a  prime  number;  the  entire  sjstem  of 
the  roots  may  be  represented  by  the  aeries 
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r,f',r*, I— \  (2.) 

or  bv  the  nriet  of  poiren  of  r  whose  indices 
fHrm  the  ariclnnetictl  pngreasioD 

I,  2,  8,  4,  ...  (»— 1).        (8.) 
Gaasi  itpnseots  tlie  roots  by  the  series 


I  •*, . . .  r» 


(4) 


«r  br  the  eerien  of  powers  of  r  whoee  indices 
ium  the  geomeCrieal  progression 


1,  a,  fl?,  0^, 


• .  •  . 


fl^-«. 


(6.) 


Where  it  is  to  be  remaiked,  ee  essential  to  the 
Bsthod,  thai  the  nomber  a  is  a  prmiihe  root  of 
a,  or  m  Bunber  sndi,  that  a]l  its  powers  ftom  the 
Isi  to  the  («  —  l>h,  divided  hj  n,  leave  dif- 
§mwt  remahidera^  that  tw  the  (n —  l)th  power 
bsiag  1.  The  properties  of  primitive  roots  of  n, 
as  wdl  as  thehr  erietsnce  for  eveiy  valne  of  the 
priaw  aumber  n,  are  proved  in  all  the  bodu  on 
the  Theorx  of  Nnmbos.  Aasoming  the  proper- 
tiss  of  a  above  stated,  we  obtain  the  foUowing 
thsoreoBa: — IjI;  If  the  index  of  r  in  any  term  ot 
aeries  (4)  leave  a  remainder  «  when  divided  by  », 
Ihs  term  itaeif  is  equal  to  r*.  For  if  m  be  the 
^eodent,  the  tenn  is  !-••+•,  which  =  »*•••  r, 
sxT*,  beeanse  hy  hypotheris,  r*  =s  1  a  r**. 
We  Bay  call  r*  the  rediieed  form  of  the  correspond- 
iagtBiiiof(4>  2d;  An  the  roots  of  eq.(l)  are 
maeeiimil  by  the  series  (4)l  To  eee  this,  con- 
ceive asBther  series  (6)  dimwn  oat,  consisting  of 
tbe  redaoed  forme  (f«)  of  the  terms  of  (4>  The 
iaAces  $  fai  aeries  (6)  most  be  aU  diffloent  from 
cedi  other,  became  a  is  a  primitive  root  of  «i ; 
tlHy  are  all  integers,  less  than  n,  and  their  nom- 
berb«_l.  It  follows  that  the  hidices  of  r  hi 
series  (jS^  nnst  form  the  entire  series  of  nnmbers 
1,  2;  S,  4  . . .  (• —  1).    And  hence,  each  term 


(4)  has  a  oorroponding  eqaal  term  in 
(2),  wUch  proves  the  theorem.  8d^  If  the 
(4)  be  indsAnitely  prolonged,  it  simply 
itsel£  Each  term  of  (n)  is  a  constant 
(the  oth  power)  of  the  preceding  term. 
the  series  (4)  prolonged  aooor^g  to 
this  law,  and  the  series  (6)  along  with  it  The 
■est  term  of  (5)  is  tf"~^.  By  a  property  of  pri- 
mill  I  e  roots  of  »  already  mentioned,  the  nnmber 
^~^  Avided  by  a  leaves  a  remainder  1.  There- 
hn,  the  liiat  term  in  tlie  prolongation  of  the 
SHisB  (4)  III,  in  its  redaoed  form,  r ;  which  proves 
fhatheonm.  4tk,lt%^l  =  kk,  htmdkbdne 
mmbers:  the  series  (4)  may  be  thrown 
h  j^onps  or  into  k  groaps  of  terms,  each 
ig  a  series  whkh  proceeds  aocoTding 
le  the  aame  law  as  the  series  (4),  (each  term  a 
*■■*■*—'  pofwcrof  the  preceding),  and  which  poe- 
Bsmss  Ae  aaase  piopeiiy  of  edf-iepetition.  It 
wQl  be  eoAdeot  fai  tiie  proof  to  consider  the  in- 
of  the  tenna.    Putting  o^  =  m,  we  may 
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write  the  series  (5)  in  a  socccasion  of  vertical 
oolomns  thus : 


1 

a 


ma 


m*""'  a 


iii»-»o»-« 


The  hides  of  a  hi  Uie  last  term  is  A  (ib— 1 ) 
+  A  _  1,  which  aAifc— Is*  —  2,  asit 
ought  Consider  the  first  horizon^  line;  col- 
lect the  corresponding  set  of  terms  oat  of 
series  (4)  hi  order:  the  resolt  is,  a  serice  of  k 
terms,  each  term  tlie  mth  power  of  the  preced- 
ing: and  if  this  series  be  prolonged,  the  next 
index  is  m*,  which  as  a^*  =  oF-^  so  that  the 
series  repeats  itselt  A  similar  series  is  foand 
from  the  second  line;  and  if  it  be  prolonged,  the 
next  index  is  ai^  *  a,  which  =  a  *-'  *  a.  Now 
this  divided  by  n  leaves  a  remainder  a,  becaose 
the  factor  a»-i  divided  by  n  leaves  a  remain- 
der 1:  so  that  the  second  series  repeats  itseIC, 
Similarly  for  all  the  luies.  We  have  thus  dis- 
tributed the  terms.of  series  (4)  into  h  groaps  of 
k  terms,  each  groap  poesessmg  the  propertiee  A- 
signed.  We  coold  have  distribnted  them  liice- 
wise  mto  k  groups  of  k  terms.  And  it  is  obviona 
that  if  k  and  k  are  composite  numbers,  the  groupa 
just  obtained  may  be  distributed  each  hito  a  set 
of  subordinate  groups  possessing  the  same  pro- 
perties, and  so  on ;  there  being  no  stop  to  the 
process  till  we  reach  the  prime  factors  ofn  -^  1. 
6<A,  If  the  sum  of  the  roots  of  eq.  (1)  be  divided 
into  parts,  or  periods,  corresponding  to  the  groupe 
considered  in  the  hut  proportion,  the  continued 
product  of  any  number  Qf  the  periods  will  be 
equal  to  the  sam  of  a  certain  number  of  the  same 
periods.  This  is  the  itodamental  principle  of 
rednctioa  m  Gausses  method.  To  prove  it,  con- 
sider merely  the  indices ;  and  represent  two  of 
the  periods,  which  are  to  be  multiplied  together 
by  tlie  two  series 

6,  6  m,  6  m',  ....  6  m*- » ; 


c,  c  ai,  6  01 ,  .  . 


ci»*~*i 


which  are  two  of  the  lines  of  hist  proposition,  b 
and  c  behig  some  powers  of  a.  We  find  as  a 
first  part  of  the  series  representing  the  product, 
the  set  of  quantiUea 

(6  +  c),  (6+c)fli,  (&+c)m). .  .  (>+c)ai*-». 

As  a  second  part  (by  adding  each  term  of  the 
lower  Ime  to  that  in  the  upper  line  one  place  to 
the  right),  we  find 

(dm+c),  (6m+c)fn, (6m  +  c)m*-*. 

As  a  third  part  (by  talcing  terms  two  places  to 
tiie  right), 


(5  »»  +  c),  (6 ai*+c) as  . . . .  (6  ai"+  c)  at>-». 
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By  reference  to  the  properties  already  proved,  it 
will  be  seen  that  the  k  groups  of  terms  thus 
iband  constitate  the  whole  set  of  indices  wliich 
represent  the  required  product.  It  will  be  seen 
also  that  each  of  these  groups  represents  some  one 
of  the  h  original  periods.  The  proposition  being 
proved  for  the  product  of  two  periods,  it  follows 
easily  for  the  continued  product  of  any  number. 
It  is  evident  now,  that  whatever  be  the  prime 
number  »,  we  can  find  (sect.  5)  the  coefficients 
of  an  equation  whose  roots.are  equal  to  the  periods 
which  wo  have  been  oonsi(tering.  In  this  man- 
ner we  can  depress  the  given  equation  to  one 
whose  degree  is  equal  to  the  greatest  prime  factor 
of  A  —  1 :  which  is  the  most  interesting  result 
of  Ganas*s  method. 

For  example,  the  equation 

x"  —  1  =  0 

may  bo  resolved  (its  roots  expressed  by  radicals) 
by  the  resolution  uf  several  quadratics.  For  a 
simple  exhibition  of  the  work,  see  Uymers  on 
Equations,  Sect.  4. 

83.  In  what  cases  can  an  equation  be  re- 
solved algebraically?    This  is  the  highest  ques- 
tion that  has  occurred  in  the  theory  of  equations, 
and  the  solution  of  it  is  not  yet  completed.    Many 
researches  have  been  made  upon  it,  at  the  head 
of  which,  as  starting  points,  must  be  placed  those 
of  Lagrange,  already  noticed  (sect.  29),  and  those 
of  Gauss  upon  Binomial  Equations.    Abel*s  theo- 
rem upon  non-resolvability  was  a  very  important 
step  towards  the  solution,  as  it  puts  out  of  ques- 
tion all  equations  of  the  fifth  and  higher  degrees, 
with  indeterminate  coefficients.    The  next  ad- 
vance made  was  a  very  remarkable  one.    We 
have  seen  that  in  the  series  of  the  roots  of  a 
binomial  equation,  as  arranged  by  Gauss,  each 
root  is  a  constant  power  of  the  preceding,  the 
first  root  bebg  this  same  power  of  the  last    Abel 
generalized  upon  this  hint     He  showed  that 
when  each  of  the  m  roots,  «i,  «s,  Xs,  . .  .  x^t  of 
any  equation  is  a  constant  rational  function  of 
the  preceding,  this  function  of  Xm  being  £uther 
equal  to  xi,  the  equation  is  resolvable  by  radi- 
cals: also,  that  if  two  roots  of  an  irreducible 
equation  of  prime  degree  be  so  connected  that  the 
one  is  expressible  rationally  as  a  fkmction  of  the 
other,  the  equation  may  be  resolved  by  radicals. 
(By  an  irreducible  equation  is  meant  one  whose 
first  member  admits  of  no  commeiuttrable  dimtor^ 
no  divisor  whose  coefficients  are  rational  func- 
tions of  given  numbers.)    Abel  improved  upon 
Gauss*s  theory:  he  gave  it  completeness  and  sym- 
metry, and  made  many  Suable  additions.    The 
next  important  step  was  taken  by  Galois,  who 
proved  the  following  beautiful  theorem: — To 
render  an  irreducible  equation  of  prime  degree 
resolvable  by  radicals,  it  is  necessary  and  suffi- 
cient that  any  two  of  the  roots  bemg  given,  the 
others  be  deducible  from  them  rationally.    The 
inquiry  has  been  prosecuted  more  recently  by 
Kronecker,  and  with  much  success.    But  as  the 
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space  property  allowable  ibr  this  article  is  now 
more  than  occupied,  we  must  refer  the  reader, 
for  a  full  account  of  Kronecker*s  researches, 
to  the  second  edition  of  Seiret's  A^ftbre  Alps- 
rieure. 

Standard  English  works  upon  the  solgect: 
Peacock*s  Algebra;  JVeatket  on  Eq^iuBliimi  by 
Hymers,  Young,  Murphy  (Ubraty  <^  U»^ 
Knowledge)^  lyory  (&u^fdqpaKiia  Brilamaoa). 
The  last  is  a  very  masteriy  production. 

E«mitl*na  •fO^Hdltleii*  The  Eqoatksts 
so  designated  arise  as  follows: — The  aim  of  ob- 
servation and  experiment  generally  is  to  deter- 
mine unknown  quantities  connected  with  each 
other  by  some  such  relation  as  this : 

fla  +  fl'y  +  o"s  =  0. 

The  quantities  whose  value  is  sought,  (9,  fft  s.) 
can  ratrdy  be  determined  directly,  but  it  is  unsUy 
possible  to  find  numerical  values  for  a,  a^,  a^,  && 
in  separate  cases.  It  is  easy  to  see  that  if  these 
numerical  values  were  absolotelj  correot,  that 
sets  of  experiments  or  observations  would  jidd 
three  equations,  and  therefore  sufiice  for  the  de- 
termination of  the  three  quantitiea,  «^  v,  and  £. 
But  the  experimental  valuation  of  Oy  </,  and  a'', 
is  always  sulject  to  error ;  and  it  is  not  there- 
fore hdd  sufficient  to  obtam  only  three  equa- 
tions. We  have  thus  a  case,  exactly  the  le- 
verse  of  that  of  Indeterminate  Equatitrntf  i  e.,  we 
have  many  mora  equations  than  there  are  vn- 
known  quantities ;  and  the  question  is,  how  shall 
tliese  equations  be  combined  so  that  the  nxMt 
accurate  attainable  values  of  s;,  y,  and  a  be  ex- 
tracted from  them  ?  The  mode  of  combinaUoa 
indicated  by  the  term  Equatume  qfCanditum  b 
exceedingly  simple.  Suppose,  for  instance,  that 
we  had  obtained  nme  numerical  equationa,  tbe«« 
may  be  reduced  to  the  requisite  tkrect  by  a  pro- 
cess of  simple  addition^  viz.^- 


(1)  +  (2)  +  (8) 

W  +  (6) 
(7)  +  (8) 


+  (6)  = 
+  W  = 


or,  again, 


i 


1)  +  (4)  +  (7) 

2)  +  (5)  +  (8) 
(3)  +  (6)  +  (9; 


0 
0 

O5 

0 
0 
0, 


and  also  in  other  forms.  The  mean  of  the  dlfier- 
ent  values  of  0,  y,  and  2,  will  generally  be  precty 
near  the  true  value.  It  is  neoessaxy,  however,  to 
take  account  of  the  weight  or  rdati%^  impor- 
tance of  the  several  observations  or  experi- 
ments, and  to  express  that  relative  importance 
numerically — Let  us  follow  an  example  of  the 
deteimination  of  an  unknown  quantity,  by  thne 
methods — ^the  ordinary  method,  or  that  of  the 
Mean;  the  method  just  indicated;  and  the  me- 
thod of  the  Least  Squaree.  See  Mkah,  and 
SQUARBa  THft  LBA8T.  Sun^xm  we  have  three 
equations^ 


350 


tf  ukl^  lla  M*aa,  wa  tod 


>  =  11. 

B^tetafolDgmMliod. 

«  =  1-lS. 

B7  Ik  MhDd  irf  LMtt  Sqauo, 

X  =  117. 

ml  tbt  Ihrae  cquUooi  tn  ■■  Mlowi : 

L  ,  =  +    -1 :  .'  =   0  !  ,-  =.  -  »-0 

II.  .  =   +■!«  .■•■=■«:,".—  0-8 

til.  ,  =   +  -17  :  /  =  -7  t ,-  =  —  0-7. 

That  B  ■  vary  •uiou  rrmr  intiuittnt  deto^ 

ibuDo  u  ngvib  tb«  third   «|u«tk».     The 
Mkd  OhMnMd  Id  thu  ■rticb  coaipara*  bvour- 

•U^wllhlbenwtbod  </ tb«  baM  sqaua ;  but 
tti  tM  strai  ii  Dot  gxaallr  »  fair  ODC 
■p  Mill.  *■■—!.  nft»  10  tbe  motion  of 

Ik  MD  nmd  tbe  cuth.    Vben  the  nia  ij 

tf  Mtnol  AMUoa  from  tbe  «arth  it  prodnoea 

ttMt  (AcU  of  p«tDriMtloD  on  tba  eutb-i  po- 
ridtiadootbtinoaD'jgeMnllT.    UkDotat 
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Tbe  aolatlaii  of  locb  qawtioni  Ii  the  object  of 
e  ealcalDi  of  flincttoiu.    See  Tvscnona. 
B^BMvr,   Celexlal.     That  gnat  dicle  In 
tbe  ikj,  which  i«p«eQta  the  proimigHioii  of  the 
plane  of  the  £qiut«i  of  the  Earth. 

~  |BM*r,  TtimtulmL  Th«  gnat  dnia  on 
tha  Eartb'i  (nrfitce,  half-vay  be^nm  the  two 
PoIeB.  It  dividn  tbe  Euth's  tnrtaot  into  tlie 
Nortbem  and  Sontluni  Haniapheras. 

Bvuttcrlsl,  or  ITi—leahl  Tdeacapru 
a  Eqnaloriil  Tcleaeope  la  a  lelcacope  m 
moDoted  aa  to  bsve  two  axea  of  motion  at  tl^bt 
■ngW  to  each  other ;  each  axia  eatiTing  a  gn- 
diuted  drcle,  and  one  of  them  tidng  panllel  in 
tbe  azie  of  tlia  Eartb.     In  the  adjo^ed  ml,  the 


iMbapiritkB). 


I  MMCantljrmovfaig  In  an  eUipae  nond : 
-atkk  woold  be  wmethbig  Uka  tbe  cue 
VAerrMainedlaacoiutaDt  idatirapoallion — 
<Mi  tefoaltj  <d  poaltlon  ma;  b*  ronaived  to 
Ml  Ika  poriden  of  tbe  earth  from  the  focus  on 
^Amiit;  aemetbnea  taking  it  brUuT  ftam  tb< 
■MB,  M  etber  ttmea  bringing  it  neanr.  Snp- 
p*|ltwiiininiii  drarrilinhfiiiiniinrirnin  bcr 
■mWeataite  aame  thnea,  it  is  dear  that  the 
«nk  hdog  tliH  at  diAnot  distances  from  hn, 
ikt  vin  Kaa  to  s  apectator  to  go  faala  when 
t»  k  aaanr  than  slw  doea  when  tbe  Is  &itbor 
nr.  Ske  vould  aiMn  to  do  so,  erea  If  the 
■nb  Bve  Ond  in  the  rocoa,  bat  nunifiatlj 
bAa  Mua  ^gne.  This  is  Ibe  origin  of  tbe 
iaal  E^Miab    See  Ltnu  Tnonr. 

M^mtitmm,  VanctlMML  A  special  kind  of 
efutkaa,  ia  iriiicb  tlwn  b  no  limit  whatever  to 
it  firm  in  whicb  tbe  idatkni  of  tlie  tinknawn 
«  atoowna  maj  be  staled.  In  algcbnicil 
^MtlMB,  AiKj  ate  coDoected  b;  any  of  Ibe  or- 
ikay  ilgabnleal  or  aritbmellcal  pniceww,  ad- 


'■ibalnL  and  cnlatiiia.  Hen,  thca  is  no  it 
aiwairj  ika  imknown  ia,  beaUea,  ralhs  a/o 
ikn  a  obcr  or  magnltada  in  this  case.  Thus 
As  Uawtag  la  a  ftm^lonal  eqoalion: — Reqiiit«d 
vl  ■■  algebnical  espnnio  aa  will  be  in- 
naed  h;  1,  whatvro-  ralne  li  aMigned  to  x, 
■kn  !■  is  anbstitated  for  x.  It  la  staled  ao 
f(..»J  =  f(»)  +  l.     Heqni«df(x). 


two  a-Tce  are  roptesented  canying  tbe  gradnatrd 
circlea  B  andu;  and  tlie  axis,  A,  points  to  tho  pnle 
of  the  Earth's  axis.  Tbe  coiueqaeiu»  of  this 
latter  proriucHi  is,  that  so  soon  as  the  lel(«ci>e 
U  fixed  el>  a  star,  il  may  be  clampod  at  tU« 
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circle  d;  for  by  moviag  slinply  around  the  axis 
A,  it  will  follow  that  star,— inasmuch  as  this  axis 
A,  is  nallj  the  axis  of  that  diurnal  motion  of 
which  tlie  star  partakes.  To  keep  the  star  fan 
the  fidd  of  view,  it  is  thos  needAil  to  move  the 
telescope  in  one  direction  only;  and  further,  it 
must—sinoe  the  diunial  motion  of  the  heavens  is 
uniform — be  moved  with  entire  uniformity  round 
▲  ;  so  that  i(  may  be  moved  by  doek  work.  A 
clock,  whose  weights  are  at  g,  is  now  accordingly 
always  attached  to  the  axis  ▲ ;  and  thus,  after 
having  once  fixed  the  telescope  on  an  ol]()ect,  the 
Observer  is  fineed  Cram  all  anxiety  regarding  its 
motion:  the  mechanism  retains  the  telescope 
on  the  object;  and  he  is  not  farther  diverted 
fh>m  the  task  of  examining  its  nature,  or  ascer- 
taining its  dimensions  by  the  microscope  at  the 
eye-piece.  It  were  impossible  to  exaggerate  the 
importance  of  this  instrument,  which  has  de- 
servedly become  a  prime  one  in  Observatories. 
There  are  various  forms  of  mounting — the  one 
in  the  cut  being  that  applied  by  Frauenhofer  in 
the  first  place,  and  subsequently  by  Merz,  to 
the  superb  Refractors  constructed  at  Munich. 
Other  modes  have  also  been  found  successful, 
especially  the  one  applied  by  Mr.  Lassell  to  his 
very  large  and  heavy  Reflector.  — On  the 
attached  drdes,  the  Decimation  and  Riffhi 
A$omtion  are  mariced  by  graduations  of  the 
requisite  fineness;  d  bdng  the  declination  drcle, 
and  B  the  circle  on  which  the  Hours  of  Right 

Ascenrionare  indicated All  Equatorials  demand 

the  following  adjustments: — 1.  The  Polar  axis 
roust  be  parallel  to  the  axis  of  the  Earth.  2. 
The  index  of  the  declination  circle  must  point 
to  zero,  when  an  Equatorial  star  is  in  the  centre 
of  the  field  of  view.  8.  The  Ifaie  of  coUimation 
of  the  telescope  must  be  perpendicular  to  the 
declination  axis.  4.  The  declination  axis  must 
be  perpendicular  to  the  polar  axis.  6.  The  index 
of  the  hour  circle  must  point  to  aero,  when  the 
telescope  is  in  the  meridian  of  the  place.^All 
these  acynstments  may  be  attained  by  suitable 
observations ;  and  if  error  remains  in  either,  it  can 
be  corrected  by  appropriate  formulie,  to  be  found 
in  any  work  on  Practical  Astronomy. 

B^vUftaiwBB,  TecliMicaL  The  state  of  rest 
of  a  body  or  system,  solicited  by  various  forces. 
The  science  which  treats  of  the  equilibrium  of 
bodies  is  Statics. 

K^vlaoctlaL  A  synonym  for  the  Equator, 
both  of  the  earth  and  of  the  heavens.  When  the 
sun*s  diurnal  path  is  along  this  drcle  there  is 
equal  length  of  day  and  night  all  over  the  world ; 
and  firom  this  comes  the  name. 

IE«ataoctiBl  Time.  As  the  date  of  a  phe- 
nomenon is  a  fact  of  great  importance  in  all  phy- 
sical, and  especially  in  astronomical  investigations, 
and  as  local  measurements  of  time  date  from  cir- 
cumstances purely  local,  it  is  desirable  that  some 
instant  should  be  selected  as  the  central  point  of 
a  uniform  reckonhig  of  time.  The  moment  when 
the  point  of  Aiies  passes  the  veornal  equmox  is 
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taken  as  this  starting  point ;  and  dme  dated  from 
that,  is  called  equinoctial  time. 

BvslBMK*  The  points  where  the  ediqific  and 
equator  cut  one  another  in  the  sky  are  cdhd  the 
equinoxes,  becaose  when  the  sun  is  in  than  he 
appears,  in  consequence  of  our  rotation,  to  de- 
scribe the  circle  of  the  equator,  and  the  day  and 
night  are  equal  over  the  world.  When  he  is 
passing  up  finom  south  to  north  be  pnases  the 
temal  equinox  (when  the  days  are  lengtbening), 
and  in  passing  from  north  to  south,  the  giif—siwf 
equinox  (when  the  days  are  shortening).  The 
dweDeis  in  the  southern  hemispbere  bav«  our 
vernal  for  their  autumnal  equinox,  becanse  wfaHe 
the  sun  is  south  of  the  equator  daily,  the  dajs 
are  long  to  them,  and  short  to  ns.  The  point  of 
the  equinox  does  not  remain  stationaiy.  Its 
motion  is  due  to  the  perturbations  of  the  planets, 
which  cause  the  ecliptic  to  move ;  and  nntatioB 
and  precession  both  operate.    See  these  aztides. 

B^mlmlaBtt  MamU^ — ^Nearly  two  oeoturin 
have  passed  shice  Locke  gave  a  definitioa  of  heat, 
which  he  probably  derived  from  Bacon. — ^**Heat 
is  a  very  brisk  agitation  of  the  insensible  parts 
of  the  object,  which  produces  in  ns  that  aensa- 
tion  from  whence  we  denominate  the  direct  hot; 
so  what  in  our  sensation  is  heai,  in  the  olgeet  is 
nothing  but  motion/*  If  we  add  Newton's  defi- 
nition that  the  force  possessed  by  matter  b  its 
power  to  persevere  in  its  state  of  rest  ormoCko; 
and  his  third  law:  that  reaction  is  eqoal  and 
contrary  to  action,  a  law  Induding  what  is  now 
called  eomervaHon  qfforoB—it  is  evident  tiiat  at 
this  early  period  the  prindples  of  a  tnie  doctrine 
of  heat  were  enunciated.  In  the  year  1798 
Beqfamin  Count  Rumford  published  his  Ingmy 
Conetrmng  the  Source  (if  HeaA  ioUe4  i$  Esakd 
bjf  FrklAon,  He  caused  a  blunt  steel  bonr 
to  revolve  with  great  friction  in  n  hottow 
cylmder  of  iron.  An  amount  of  heat  was  time 
generated,  the  experiment  bdng  sometimeB  ear- 
ned on  until  water  in  contact  with  the  metal 
was  made  to  boil  Rumford  careftiUy  examined 
whether  any  other  thermal  source  existed,  as 
change  of  spedfie  heat  of  the  iron,  oxidatioo 
by  contact  with  air,  &0.,  but  found  no  resaon  to 
suspect  that  such  was  the  case.  He  therefat 
concluded  that  it  was  "extremdy  difficalt,  if 
not  quite  impossible,  to  form  any  distinct  idea  of 
anything  capable  of  bdng  exdted,  and  oomnm- 
nicated,  in  the  manner  the  heat  was  exdted  and 
communicated  in  these  experiments,  except  It  be 
motion.**  Further,  Rumford  gave  figures  which 
expressed  the  relation  between  the  work  qwnt 
and  the  heat  evolved  in  his  experimentSL  Hie 
heat  he  estimates  at  ISO"*  Fahr.,  in  26-68  lbs.  of 
water;  the  power,  bardv  that  of  one  bone  for 
two  hours  and  a-halC  If  we  estimate  tin  power 
at  f  that  of  one  horse,  sr  24,760  foot  poonds  per 
minute,  we  shall  obtain 
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vbidi  it  almott  idflotkal  with  the  now  aaoer- 
tiiaad  aquivakot. 

It  doai  Bot  seem  that  koj  florther  step  was 
tsha  to  eralnate  the  medunism  of  tiest  until 
S^gna  pabUshed  his  woik  on  Baaways,  In  1889. 
hithBSlaias(p.  882)  his  belirf  thatacertain 
(fomitfof  caloric  disappean  in  the  very  act  of 
ths  production  of  nwrhanicaJfotce,  and  vice  twrso, 
wad  that  the  two  phenoiAena  are  united  to  "each 
oHmt  bf  eonditioiiB  whidi  assign  tliem  invariable 
idsdans;"  abo  at  page  888  ho  observes,  "  that 
tlM  wsfhanirt!  force  wlilch  appears  doling  the 
InvHiBg  of  the  temperature  of  a  gaa,  as  of  every 
Mhsr  body  which  ia  dilated,  is  the  measure  and 
tbs  Rpttsentatioii  of  the  diminntbn  of  heat" 
He  then  proceeds  to  state  that  the  mechanical 
*iftot  obtained  by  the  expansion  of  a  cubical 
ntee  of  vapour  compressed  by  a  weight  of  two 
Ukgiamnes  oo  the  square  centimetre,  when  it 
iiinowcd  to  expand  Into  a  space  corresponding  to 
a  pnsnn  of  ooe  kilogramme,  and  a  lowering  of 
tMpBstiiHj  of  XO^y  is  represented  by  a  weight  of 
Mil  kflograaunes  ralMd  to  the  height  <tf  one 


la  184S,  Dr.  Mayer  published  a  paper  en- 
tfefad,  ^Remarks  on  the  Forces  of  Inorganic 
Vatoie,"  in  which,  without  actually  going  be- 
Tsad  S^piiD,  he  stated  the  mechanical  theoiy 
BOSS  explicttly,  and  with  greater  perspicuity, 
'^ferees,  he  says,  "are  causes  in  which  the 
{rinapal  osMsa  eqial  ^luhim  must  ftiUy  hold, 
n  a  esasee  produce  an  effect  d,  then  e=:e.  If 
Ike  csBM  e  has  produced  the  work  e  equal  to  it, 
tfam  tbe  cause  e  will  have  stopped,  c  has  become 
ckasgvd  to  «,  and  thereSare  we  must  view  c  and 
•  m  ifiArent  foms  of  one  and  the  same  object" 
la  dM  can  of  the  fUl  of  heavy  bodies  the  effect 
ii  best  Adopting  the  hypothesis  advanced  by 
S^pnn,  Kayer  aasnmes  that  tbe  finroe  employed 
ts  eooipnBB  a  gas  is  equivalent  to  the  heat  given 
eat,  sad  thence  inftn  that  **  the  fall  of  a  i^ight 
km  the  height  of  about  866  metres  "  eorTe> 
ipoadi  whh  the  elevation  of  a  like  weight  of 
«il«ftomO*tolV 

It  wmt.  always  be  matter  for  wonder  that  the 
ewfc  of  Count  Emnford  attracted  so  little  of  the 
MtmtioB  it  deserved.  This  may  be  ascribed  to 
thistnog  bold  which  the  theory  of  cakric  had 
•jm  the  minds  of  phOooopher^  or  perhaps  that 
^  sxperimenls  were  not  deemed  sufficiently 
taaphti^  The  speculations  of  S^guin  and 
X^v  have  for  less  daim  to  be  received  as 
psdb  of  the  mechanical  nature  of  heat,  or  as 
efefing  sure  grounds  for  the  establishment  of  a 
■■Mricslrdatiion  between  heat  and  force.  Theee 
iperslsilwB,  so  for  as  regards  tiie  nature  of  heat, 
an  fcondsd  upon  the  hypothesis  of  the  faide- 
towaS^HStj  of  focoe^  whidi,  though  appsiently 
■If  siident,  and  gamaXly  received  by  pbiloso- 
pbvs  as  axiomatie,  nevertheless  was  capable  of, 
^  nquind  experimental  prooH  Then  an 
Wasipt  ii  made  to  estimste  the  mechanical 
•V^alnt  of  heal  bj  nslng  the  forther  hypo- 
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thesis  that  in  compressmg  an  elastic  fluid  the 
heat  generated  is  the  force  which  has  been  ex- 
pended. This  last  hypothesis  has  since  been 
shown  to  be  approximately  true;  but  at  the 
time  it  was  advanced  by  S^guin  and  Ma3rer  the 
published  results  of  experiments  led  to  a  different 
cmdusion.  From  all  that  was  then  known,  it 
was  iroposdble  to  predicate  with  certainty  that 
it  held  even  approximately.  That  such  an 
hypothesis  could  not  be  safely  received  without 
experimental  proof^  is  evident  from  the  consider- 
ation that  it  is  poesible  to  conceive  an  elastic 
fluid,  obeying  the  gaseous  laws,  which  on  com- 
presdon  shall  give  out  no  heat  whatever,  or  even 
shall  produce  cold. 

The  reeearches  of  Joule  data  from  the  year 
1840.  In  the  first  instance  their  object  was  to 
examine  the  relation  of  electridty  to  heat  He 
ibund  that  the  heat  evolved  by  a  voltaic  current 
arose  solely  from  tbs  resistance  it  experienced  in 
passing  through  the  wire  or  fluid  oonduct<»;  so 
that,  by  increasing  the  dectro-motive  force, 
which  permitted  the  use  of  a  drcuit  of  greater 
resistance  without  diminishing  the  flow  (J  dec- 
tridty,  any  amount  of  heat  could  be  obtained 
fix>m  the  same  quantity  of  electridty.  As  a  con- 
sequence of  this  law  it  immediatdy  followed 
^Ist,  That,  whether  the  circuit  was  composed 
of  good  or  bad  conductors,  the  same  quantity  of 
beat  would  be  invariably  produced  by  a  given 
chemical  effect  in  the  battery.  2d,  That  the 
heat  produced  by  a  voltaic  couple  is  proportional 
to  the  intensity  of  its  electro-motive  force.  8d, 
That  the  heat  produced  by  the  combustion  of  a 
metal  in  oxygen  gas  is  proportional  to  tlvs 
intendty  of  the  force  with  which  the  dements 
combine,  and  may  be  calculated  in  tbe  same 
way  as  if  the  oxygen  and  metal  were  a  voltaic 
couple,  the  poles  dt  which  were  connected  by  a 
resisting  metallic  wire.  All  these  laws  point  to 
the  conclusion  that  heat  is  derived  foom  media- 
nical  actioo,  and  accordingly  Joule  proceeded  to 
search  for  the  means  of  determining  the  absolute 
rdadon  between  the  two.  These  he  found  to  be 
presented  by  the  dectro-magnetlc  machine  or 
engine^  An  dectro-magnet,  furnished  with  the 
means  of  reversing  the  current  at  every  half 
revolution,  was  placed  on  a  vertical  axis,  between 
the  poles  of  a  powerful  magnet  When  a  voltaic 
current  was  made  to  traverse  the  dectro-magnet, 
it  revolved  with  great  velodtpr,  deoelopmg  a  oon- 
tiderablB  amotmt  ^  tMchameai  farce.  At  the 
same  time  the./fow  ^  eketridty  wu  reduced  in 
qmuUUjf  in  a  certain  proportion  as  the  vdodtv 
and  work  increased.  Now  Joule  had  already 
found  that  the  quantity  of  heat  evolved  by  a 
conductor  was  proportional,  in  a  given  time,  to 
tlie  square  of  the  quantity  of  current  But,  the 
quantity  of  chemical  acdon  bdng  umply  pro- 
portional to  the  current,  aocordmg  to  Faraday*» 
Uw,  it  followed  that,  if  the  evolution  of  heat  in 
the  revolving  apparatua  was  governed  by  the 
same  law  wUdi  obtained  in  a  stationaiy  dicuit. 
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there  xnnst  be  less  heat  evolved  for  a  given 
chemical  action  whea  the  machine  was  at  work 
than  when  it  was  at  rest     An  examination  of 
the  heat  evolved  bj  the  coils  of  the  electro- 
magnet whOe  rotating  proved  that  this  was  the 
fact ;  and  on  comparing  the  defalcation  of  heat 
with  the  force  developed,  a  mean  of  two  results 
showed  that — I.  For  every  degree  of  heat  per 
poond  of  water  ezpendedi  806  pounds  were  raised 
to  the  height  of  1  foot  by  the  work  of  the  engine. 
By  taming  the  machbie  in  the  contrary  direction 
there  was  an  expenditure  of  force,  an  increase 
in  the  flow  of  electricity,  and  an  increase  of  heat 
over  and  above  that  due  to  the  chemical  action 
of  the  batteiy.    In  this  case  a  mean  of  fonr  ex- 
periments indicated  that — II.  A  pound  of  water 
was  raised  one  degree^  by  the  expenditure  of  a 
mechanical  foroci  in  tnmmg  the  machine,  capable 
of  raising  962  pounds  to  the  height  of  one  foot 
In  the  course  of  experiments,  Joule  had  dis- 
covered that  when  a  bar  of  iron  is  rotated  be- 
tween the  poles  of  a  magnet  it  becomes  heated, 
the  efiect  being  oondderably  increased  by  coating 
it  with  a  conducting  substance,  such  as  copper. 
He  found,  at  the  same  time,  that  force  was  used 
up,  and  it  thus  appeared  fh>m  a  mean  of  seven 
experiments  that— III.  Each  degree  of  heat  re- 
quired the  expenditure  of  a  force  able  to  nise 
776  pounds  to  the  height  of  one  foot    This 
last  equivalent  was  considered  to  be  more  cor- 
rect than  the  previous  ones,  on  account  of  the 
greater  facility  with,  which  the  experiments  were 
made.    In  the  same  paper,  which  was  published 
in  1848,  it  is  stated  that  its  author  had  proved 
experimentally  that  heat  is  evolved  by  the  pas- 
sage of  water  through  narrow  tubes,  and  that 
— IV.  In  this  way  be  had  deduced  for  the 
mechanical  equivalent  of  heat,  a  term  which  he 
himself  was  the  first  to  employ,  the  number  770. 
An  experimental  investigation  on  the  changes 
of  temperature  produced  by  the  rarefaction  and 
compression  of  air,  communicated  to  the  Boyal 
Society  in  1844t  led  the  same  author  to  the 
belief  that  the  relation  between  the  heat  absorbed 
and  the  work  performed,  or  between  the  heat 
evolved  and  the  woi^  expended,  was  the  same 
as  he  had  obtained  iVom  the  electro-magnetic 
experiments,  and  he  therefore  concluded  that  the 
hypothesis  of  S^guin  and   Mayer,  of  whose 
writings  he  appears  to  have  been  then  ignorant, 
was  sensiblv  correct     The  numbers  obtained  for 
the  equivalent  were — ^Y.  In  the  experiments  on 
compression,  809,  and— YI.  In  the  experiments 
on  expansion,  which  wen  susceptible  of  greater 
accuracy,  798.    It  was  at  the  same  time  proved 
that  no  appreciable    absorption   of  heat   took 
place  when   air  expanded  without  performing 
work.    This  has  been  since  shown  by  experi- 
ments devised  by  Thomson,  and  carried  out  by 
him  and  Joule,  to  be  only  approximatively  correct 
It  had  frequently  been  observed  that  the  tem- 
perature of  the  sea  was  raised  after  long  con- 
tinued agitation  in  stormy  weather.    About  the 
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1840,  Mr.  Dyer  had 
structed  for  the  agitation  of  wat«r,  in  wiiSch  ha 
observed  the  developmeot  of  heat  to  take  pUok 
Mayer  soon  afterwards  amnoanced  tliat  hthad 
thus  raised  water  ih>m  12^  to  18<*.  Olhm, 
however,  dented  these  reanlts  Jools  bow  rs- 
tnmed  to  methods  that  bad  oooapiad  bhn  in 
1843.  His  new  apparatus  eonaiaCed  of  a  paddls 
wheel  working  in  a  vessel  rmtfaining  the  flail 
Three  researches,  sncoessively  improved  in  aeea- 
racy,  gave — YII.  For  the  mediudcal  eqiivi- 
lent  derived  from  the  agitation  of  water,  tlia 
numbers  890,  781,  and  772.  A  aeriai  d 
experiments  gave — YUI.  For  Uie  eqiBvakat 
obtained  fh>m  the  frictkm  of  oil,  782.  Tvo 
researdies,  ancoesaively  improved  in  aeenacr, 
gave— IX.  For  the  agitation  of  merBiiiy,  tbs 
equivalents  787,  and  774 — Lastly,  a  aeries  d 
experiments  gave — X.  As  the  result  ef  Hm 
friction  of  cast  iron,  the  number  776. 

Brl— ieter.  An  instrmnent  of  aome  in^nr- 
tanoe  and  high  interest,  invented  by  Dr.  Tbomai 
Young. — It  has  been  explained  under  Ddybao 
noN,  how,  if  a  divergent  ray  of  Ught  panes  the 
borders  of  a  hair,  or  fine  iron  thread,  a  series  of 
coloured  parallel  fringes  will  be  foond  on  the 
edges  of  the  shadow.  Now,  the  dfattnces  of 
these  fiinges  from  the  shadow,  and  from  each 
other,  increase  as  the  diameter  of  the  thread 
diminishes ;  and  if,  instead  of  a  Uiread,  a 
her  of  threads  be  used,  crossing  or 
with  each  other,  the  coloured  frniges  will  be 
changed  into  concentric  circles,  like  liakis,  whose 
diameters  are  inversely  as  the  tennity  of  the 
threads. — Again,  in  a  thin  circnlar  plate  kt  a 
very  small  hde  be  bored,  and  all  around  it,  ^ 
small  distances,  a  series  of  similar  drralar  holsiL 
Place  beihind  the  central  hole,  the  flame  of  a 
lamp,  and  examme  the  luminooa  point  through 
aome  substance,  that  it  is  desired  to  ■'■«»»»"»- 
Around  the  central  hole,  a  halo  will  ^pear,  and 
by  moving  the  substance  under  ^^utminariMi 
nearer  to,  or  farther  from  the  plate  (alio  a 
graduated  scale),  this  halo  may  be  made  to 
coincide  with  the  ring  of  holes  aarroanding  the 
central  one.  The  distance  of  the  object  or  sab- 
stance  from  the  ring  must  then  he  read  off  at 
the  scale;  and  this  distance  will  be  a  ooirect 
measure  of  the  diameter  of  the  fibres,  or  gloholeib 
of  which  the  substance  is  compoaed.  Toong 
computed  in  this  way  the  diameters  of  a  great 
number  of  substances,  such  as  the  fibres  of  fioeit 
cambric,  the  globules  of  the  blood,  &e. 

Envra.  It  has  been  already  explained  under 
CoRREcnoK,  that  no  Observer  vmtures  to 
assume  that  the  results  at  which  he  arrives  by 
aid  either  of  his  senses  or  uutrtmaUs,  can  lie 
accounted  perfect  Imperfections  inhere  in  hb 
own  temperament,  and,  it  may  be,  in  theaeaae he 
is  using ;  and  let  the  histrument  be  the  best  that 
ever  came  from  Arti8t*B  faanda,  we  may  be  weD 
assured  that  it  does  not  perform  with  absolute 
corroctness  any  one  of  its  professed  functkna.  The 
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ittftAm  nf  the  fixed  emn,  aHke  in  his  penon 
nd  Ui  iiiMnuiieDt,  is  tbocfon  a  fint  duty  of 
thsObwrnjr;  and  we  lia^  shown,  under  srdde 
■IradT  wftiml  to|  how  allowances  must  always 
fee  Bade  ibr  such  inaocnrodes.  Thi8done,how- 
cw,  errert  still  temain,  erron  from  aoddental 
enm,  or  at  all  events  of  irregular  origin,  and 
BBt  SBdndble  to  any  Uw.  For  faistanoe,  suppose 
tkaftthe  prablem  is  to  detennine  the  exact  posi- 
te  €f  some  remote  immovable  point,  die  Ob- 
Mmrfodt  chat  no  two  of  Ms  determinations 
ueedy  sgiee,  neither  do  the  observations  of 

To  insure  the  utmost 
,  observations  are  repeated 
SB  the  point,  and  numbers  of  determinations 
and  the  pnctieai  question  is^ 
>,  md  of^  iftess  mperfbet  deter- 
V  e^y  <As  tnUk  ai  totke  reqitind  pon- 
timih$deditoedMoeemxiiti^at  poMlet  Two 
paislB  bearing  on  thte  inquiiy  demand  especial 
Mtioe.— 1.  We  shall  here  presume  that  the 
ObsMnaiiuus  to  be  dealt  with,  are,  in  so  &r  as 
ifai  Observer  knows,  equally  good,-~in  other 
essii,tluit  he  has  no  reanon  to  place  greater 
nfianee  on  one  set  of  them,  than  on  another  set 
If  ihfa  is  not  Che  case,  the  nnmberB  given  by  the 
diAjuit  ohsHiBliuue  must  be  first  brought  to  a 
«nB£tiaa  that  win  permit  all  being  dealt  with. 
Si  if  it  were  the  caae.  And  for  the  mods  of 
isdaeliio,  hi  this  respect,  the  reader  is  referred 
Id  OasntvAnoxa,  WnoiiT  of.  The  mode  of 
coBbioiag  a  set  of  such  equally  probeble  Obser- 
ntiooMf  in  most  general  use,  is,  by  tailing  what 
h  taund  their  aasrai^  or  mean:  is.  the  separate 
nmhi  $n  added  toother,  and  divided  by  their 
■mbcr,— a  rule  whidi  holds  as  the  beet,  in  a 
evtaia  number  of  eases,  but  by  no  means  in  all 
not  even  in  the  laigest  and  most  impor- 
For  instance,  if  the  Observation 
to  a  dass  of  which  the  following  may 
be  tskm  as  an  illustrBtion,  the  rule  of  the 
Aridhactical  aieaa  or  average  would  be  the  true 
sue.   Soppose  the  Observer,  sedung  to  deter* 
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ths  poddoa  of  a,  took  five  observations 
remits  gave  him  the  pointo  a*,  a*,  a*, 
Ac.  iBitiad  of  A,  then,  assuredly,  the  most  pro- 
hihls  positioB  of  A  as  deduced  fhim  these  results, 
veoU  be  that  of  an  intermediate  point,  the  sum 
sf  whose ^fistances  from  a>,  a*,  a*,  on  the  one 
iUe  «f  it  aboold  just  be  equal  to  the  sum  of  its 
iirtiiiuis  fkom  a^  and  a^  on  the  other  side; 
sad  this  would  be  equiiralcnt  to  the  Arithmeti- 
cal HeaiL  But  suppose  the  points  were  not  in 
a  ftaigfat  fine,  but  scattered,  as  bdow,  around 
A,  ra  space,  the  Arithmetical  rule  would  not 
Ametly  apply.  To  find  tlie  most  probable  lo- 
cality of  A  la  this  case,  by  aid  of  the  prindple 
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of  the  average,  we  should  require  to  endose  the 
fbregoing  polygon  within  rectangular  co-ordinates, 
and  find  the  poeition  of  a  with  regard  to  each  of 
them.  But  there  is  a 
simple  methodf^one 
that  contains  the  germ 
of  the  most  general  ^^^ 
method,  and  wliioU 
will  be  readily  under- 
stood. The  most  pro- 
bable position  of  a, 
will,  in  tills  case,  be 
the  eeiUr$  qf  figure, 
or  thieoetiireqfgramty 
of  the  polygon.  But 
it  is  a  property  of  the 
centre  of  gravity  of 

such  a  polygon,  that  the  sum  of  the  squares 
of  these  lines,  aaS  a  a*,  &c.  a  a*,  U  loss 
than  the  sum  of  squares  of  similar  lines  drawn 
fh»n  any  other  pomi  to  the  angles  of  the  poly* 
gon.  These  lines,  a  a*,  &c  are  the  e»Tors  of 
the  separate  observations;  therefore,  the  rule 
for  finding  the  average  is  simply  this,— <]eter- 
mine  the  mean  point  8o,  that  the  sums  of  the 
squares  of  the  deviations  of  the  separate  01)- 
servations  from  it,  or  the  tume  of  the  squares  of 
the  ERRORS  shall  be  Vie  hast  possible.  This  m 
the  root  of  that  famous  prindple  of  the  least 
SQUARES,  introduced  by  Gauss  and  Legendre, 
and  now  of  universal  acceptance.  See  Squares, 
THB  L^ST. — 2.  The  true  mean,  or  average, 
thus  determined,  it  b  of  greatest  importance  to 
Imow  how  far  the  mean  may  be  supposed  still  to 
diverge  from  the  absolute  truth,  or  how  near  it 
may  be  supposed  to  approadi  itf  In  other 
words,  what  is  the  probable  Error  of  the  Mean  t 
The  rules  above  given  apply  to  any  set  of  Ob- 
servations, limited  or  numerous,  or  whether  made 
by  a  good  or  indifierent  Obeerver.  The  best 
Mea^y  will  in  all  cases  be  found  by  this  rule; 
but  the  weight  due  to  that  mean,  or  the  amount 
of  reliance  we  can  put  on  it,  will,  of  course,  vary 
with  the  drcumstanoes  just  mentioned :  and  that 
variation  may  be  expressed  by  HinepnAdils  error 
of  the  ifieaa.  It  is  clear  that  the  value  of  the 
mean  as  to  correctness,  or  its  reliability,  must 
depend  on  the  nearness  of  the  separate  observa- 
tions to  it,  whereas  we  shall  measure  ite  tmre- 
Uabiiitg,  or  its  probable  inaccuracy^  mainly  by 
the  remoteness  of  the  separate  observations  from 
it  The  following  are  the  rules  that  guide  us  in 
our  appreciation  of  all  its  qualities : — ^the  demon- 
stration of  these  rules  is  found  in  every  good 
treatise  on  Probabilities.  The  qualities  of  a 
result  obtained  as  above,  that  need  to  be  deter- 
mined, are  its  precision,,  its  wtight,  its  probable 
error,  and  ite  mean  error.  Taking  m  as  the 
mean  square  of  the  errors,  these  qualities  are 
determined  by  the  following  formulie: — 


Precisum  =.  ^-— . 
2  m 
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Wtiakt=JL. 
2m 

Probable  Error  =  -674489  V  m. 

Mecm  Error  =  '398942  V  m. 


An  instrament  chiefly  of  che- 
mical interest,  originally  employed  fai  the  analy- 
sis of  atmospheric  air;— a  result  of  Priestley's 
great  disooveiy  of  the  non-homogeneoiis  nature 
of  airs  and  gases.  It  was  thought  for  a  long 
time  air  and  gas  was  one  simple  substance. 
Priestley  discorered  that  in  atmospheric  air  there 
are  at  least  two  sorts  of  substances.  The  Eudio- 
meter is  an  instrument  invented  for  the  sake  of 
analyzing  air  quantitatively  as  well  as  qualita- 
tively—that 18,  obtainhig  the  knowledge  how 
many  proportions  of  each  different  element,  a 
given  quantity  of  air  (e.^.  100  parts)  contains. 
The  principle  is  generally  th^t  of  presenting 
some  body  to  the  oxygen  of  the  idr  or  other  gas 
(for  they  are  employed  for  analyzing  all  gases), 
which  may  be  capable  of  taldng  it  up  com- 
pletely, leaving  the  others  free.  The  details  are 
entirely  chemicaL  See  Penuy  Cydopadia  and 
Thomim't  Cyclopadia  of  Chemutry, 

BiiB««iia«  One  of  the  Asteroids.  For  Ele- 
ments, &C.,  see  AsTEBOiM. 

EH^hroayae.  One  of  the  Asteroids.  For 
Elements,  &&,  see  Astkroids. 

Balcvp«.  One  of  the  Asteroids.  For  Ele- 
ments, &C.,  see  AffTEROiDe. 

gymf  ■■■il»B.  It  appears  that  every  sub- 
stance, 9ofid  or  ^i^ttM^  tends  to  convert  itself,  to 
an  extent  depending  on  the  temperature  and 
other  circumstances,  into  invisible  vapour:  water, 
for  instance,  sends  off  vapour  from  its  surface  at 
all  temperatures,  2xea.  when  it  is  ice.  This  pro- 
cess is  termed  EvaporaUon:  VaporvsatUm,  as 
distinguished  from  evaporation,  signifies  the  con- 
version of  a  liquid  into  vapour  by  the  mode  of 
ebuUUUm,  It  appears  that  all  vapours  ei\}oy  the 
property  of  gases,  in  mixing  with  other  aeriform 
fluids,  according  to  their  own  laws,  and  as  if 
they  were  difibsed  through  a  void.  Every 
s|)ccial  atmosphere  of  yapour  within  our  com- 
pound atmosphere,  therefore,  acts  on  its  own 
particles  alone :  ia.  thv  aqueous  vapour  in  the 
air  acts  by  pressure  only  on  itself.  The  Ihnit  to 
evaporation  is  therefore  this;  if  an  amount  of 
vapour  has  already  accumulated  in  the  air,  so 
that  its  weight  equals  the  elastic  force  of  vapour 
at  the  temperature  of  the  surface  of  the  exposed 
liquid,  no  more  vapour  will  rise  from  that  sur- 
face ;  and,  cceterii  paribusy  the  rapidity  of  eva- 
poration will  depend  on  the  amount  by  which 
the  weight  of  the  vaporous  atmosphere  is  less 
than  this  elasticity.  The  second  main  physical 
character  of  evaporation  is  this — it  cannot  take 
place  vrithout  producing  cold,  A  body  in  the 
state  of  vapour  has  a  much  greater  capacity  for 
heat,  than  when  in  the  condition  either  of  liquid 
or  solid  ;  the  change  of  state  necessarily  causing 
absorption  of  heat,  by  the  vapour,  from  aU  sur- 
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I  rounding  bodies: — a  foct  readily  ntustrated  if 
one  pours  a  few  drope  of  ether,  or  any  liquid  ef 
rapid  emporation,  into  the  palm  of  tfie  hand. 
If  the  evaporation  proceed  with  great  rqiiditr, 
this  abeorption  becomes  sufficiently  puwcffid  to 
produce  noticeat^e  eflksts.  Evaporathm  of  ether 
in  vacuo,  may  be  made  to  freeze  mercuy:  ice 
is  formed  in  Leslie's  beautifal  experiment,  under 
the  receiver  of  on  air  pump^  by  the  erapoR- 
tion  of  water  itself:  by  the  same  power  of  rap*  1 
evaporation,  carbonic  acid  gas  was  9oli<fi6ed  by 
Thilorier,  and  BouUgny  has  recently  shown  in 
ice  produced  by  the  same  enei^gy  fa  an  fiiea»> 
deacenU  crucible  !  The  icy  carems  of  the  Jon, 
the  ice  cavern  of  Connecticut,  as  wdl  as  that 
remaiiuLble  one  of  Illetzkaya,  in  the  steppes  of 
the  Kirgfais,  owe  their  fiigoriflc  diaracter  to 
intense  evaporation  of  moisture  cassed  by  the 
adjacency  of  the  warm  and  dry  external  air: 
but  it  is  among  the  general  phenoraenji  of  Me- 
teorology that  this  important  agency  plays  its 
most  conspicuous  part  The  ruder  is  idfemai 
to  Htdbometeors,  Htoroxbtrt,  Mbteob- 
OLOOT,  and  Vapours. — Instruments  of  seveni 
simple  forms  are  used  to  note  the  rate  of  Evapo- 
ration, as  an  element  in  the  meteorological  char- 
acter of  the  time  of  observation. — See  further. 
Heat,  sec  19. 

BTiirei«ti«n«  RIeclMiaicsl  Tfcety  mt. 
In  various  parts  of  this  Cj'dopsdiA  proofr  are 
advanced  of  the  truth  of  the  modem  theoiy  that 
those  afi^ions  of  substances,  which  we  term 
their  relations  to  heat,  spring  from  notiiDiis  of  their 
molecules,  llie  inferences  from  this  theory,  in 
reference  to  evaporation,  are  curious  and  iDtcnst- 
big,  and  are  intended  to  be  briefly  explained  in 
the  present  article. — The  nature  of  the  motkas 
of  the  molecules  of  substances,  in  diArent  stitas 
of  aggrogation-^solid,  liquid,  or  gaseous — b  of 
conrBO  not  as  yet  matter  of  experiment,  and  has 
been  variously  conceived;  some,  witii  Pfiifewoc 
Rankine,  prefer  the  vortical  theory;  othsn  lesn 
to  the  idea  of  a  motion  of  translatjop  or  eseifla- 
tion.  Without  r^ectlng  the  notion  of  vortion, 
which  also  will  acoonnt  for  most  of  the  pbeeo- 
mena,  Jba/Ss,  in  1848,  represented  the  possible 
state  of  gases  as  a  state  in  which  the  moleeiiles 
are  in  rapid  translation,  impinging  on  each  other 
like  elastic  balls,  and  flniJly  on  the  sUas  ef  a 
vessel  contabing  them,  with  a  force  lepiMCnled 
by  their  elastic  or  expansive  eneiigy.  Takhig 
hydrogen  gas  as  an  example,  he  computed  that 
the  velocity  of  its  particles  at  60^  F.,  and  a 
barometrical  pressure  of  80  inches,  most  be  6,K6 
feet  per  second.  KHkdg  and  C/asmw  afterwanls 
worked  under  the  same  conception. — ^Tbe  condi- 
tion of  the  molecules  of  a  liquid  must  be  moie 
complex  and  less  easily  ntallzed.  They  may  be 
turning  round  their  centres  of  gravity,  and  tbeM 
centres  may  also  be  moved  out  of  thdr  place,  or 
have  a  limited  motion  of  translation.  In  fiKt,  a 
rotating,  an  oecillatmg,  and  a  translatory  moiioQ 
may  all  take  r  hice  simultaneoosly,  although  in 
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Utter  itself  ezpeb :  bo  that  the  namber  of  in61»- 
cules  of  vapour  to  the  unit  of  volume  requisite 
thereto,  is  the  samei  whether  the  space  does  or 
does  Dot  contaio  additumal  molecules  of  gas." 
It  will  be  easily  seen,  however,  that  the  pressure 
of  the  new  or  foreign  gas  exercises  a  very  differ^ 
ent  inflaenoe  on  the  inttrior  of  the  liquid. — As 
in  iaquidtf  ao  in  to&dt — ^the  possibility  of  an 
evaporation  may  be  comprehended ;  nevertheless, 
it  does  not  follow  ftom  this  that  an  evaporation 
mutt  take  place  on  the  sur&ce  o^  all  bodies.  It 
is,  in  fact,  readily  conceivable  that  the  mutual 
cohesion  oif  the  molecules  of  a  body  may  be  so 
great,  that  so  long  as  the  temperature  does  not 
exceed  a  certain  limit,  even  the  most  favourable 
combination  of  the  several  molecular  motions  is 
not  able  to  ovproome  this  cohesion.  It  will  be 
readily  seen  that  the  theory  now  given  quite  con- 
cords with  the  older  speculations  of  Faraday. — 
Joule's  memoir,  to  which  we  have  referred,  was 
read  to  the  Manchester  Philosophical  Society  on 
October  8, 1848,  and  is  republished  in  the  P/Uhto- 
phieal  Jfagaeme  and  JourmU  for  1857,  vol  ii. 
Kronig's  woik  is  entitled  GrwudzSige  eumr  Theorie 
der  Gtue.  The  veiy  interestmg  memoff  by 
Clansius,  ^  On  the  Nature  of  the  Motion  which 
w«  call  Heat,"  is  reprinted  in  the  volume  of  the 
PAUotopUoal  Ma^fazinB  juat  mentioned. 

BvecUoo.    A  lunar  inequality.    See  Luna  u 
Thbobt. 

Bvvlate.  A  term  correlative  to  imfolute — 
applied  to  a  curve.  One  curve  is  the  evdute  of 
another  when  it  is  formed  by  unrolling  a  thread 
wrapped  round  this  first  curve ;  and  to  the  end 
of  which  thread  a  pencil  is  attached.  The  in- 
volute is  the  curve  from  which  the  evolute  is 
formed— the  one  round  which  the  thread  is 
wrapped.  It  is  evident  that  any  given  cur\e 
can  only  have  one  evolute ;  but  it  is  also  mani- 
fost  that  the  same  evdule  may  be  traced  from 
many  involutes.  One  can  easily  trace  the 
evolute  of  a  circle  by  taking  a  crown  piece  and 
unwrapping  a  thread  as  described.  The  circle 
may  itself  be  considered  as  the  evolute  of  a  point 
Any  curve  may  ha^  an  infinite  number  of  invo- 
IpM  OB  tiie  Kquid  arises  soldy  from  the  fact  that,  lutes.  The  mathematical  equations  which  con- 
hcR  sad  there,  single  molecules  cf  the  gas  strike  nect  the  evolute  and  involute  are  the  following : 
agiioBt  tlw  Uquid's  snifiMe.    But,  inasmuch  as  Let 

these  aetnaUy  fill  bat  a  small  part  of  the  space,  •  y  =  f  c, 

thst  space  nay  virtaaUy  be  considered  as  empty,  be  the  equation  of  the  Involute ;  then 


that  these  moleoales  an  not 
thereby  separated  from  each  other,  but  remain 
wuhin  a  certain  volaroa  Let  us  now  oontem- 
(Jsts  tiw  state  af  the  surfkoe  of  a  liquid  thus 
cDpstitatcd.  Amongst  those  varied  motions  of 
its  molecules  to  and  fro—which  must  be  mdivi- 
dba%  irrq^lar,  although  their  mean  is  constant — 
it  CML  scarcely  happen  otherwise  than  that,  under 
a  faveonble  co-operation  of  all  its  constituent 
■Mlioos  (tnnslatory,  oscillating,  and  rotating), 
a  molecale  will  sepante  itself  with  violence  from 
its  aeighbean^  aad  receding  from  the  sphere  of 
their  action,  contioae  its  flight  into  the  space 
above  the  liquid.  Svpposs  that  space  enclosed, 
sad  en^pty,^it  will  gradually  become  more  and 
mon  fiUed  with  sndi  molecules,  which,  having 
aasamed  the  motioas  of  the  molecules  of  a  gas, 
will  strike,  as  already  described,  on  all  the  en- 
ixiiBces.  Bia  the  liquid  is  oae  of  these 
and  wben  a  molecule  strikes  against 
that,  it  will  most  probably  be  absorbed  or 
retained,  in  conseqaence  of  the  renewed  attrac- 
tioa  of  the  other  motonVa  into  whose  vichiitv 
it  has  been  driven.  A  state  of  equilibrium  wiD 
«Mae  wliea  the  number  of  molecules  in  the 
cDckised  space  is  audi  that,  on  the  average,  as 
naay  ttrike  against  the  sorfiwe  of  the  liquid  as 
are  expeDed  from  it  in  the  same  time.  This 
eqaiBbrlam,  tberefon^  is  not  a  state  of  vest  or  of 
fjircBMstisn  of  evaporation,  hut  a  state  in  which 
evaporation  and  condensation  continually  take 
piae^  and  conqpcnaale  each  other  in  consequence 
of  their  eqaal  intensity-  The  density  of  the 
vapour  necessary  for  this  compensation  is  evi- 
datly  dependent  npon  the  number  of  the  mole- 
cules expelled  from  the  saifoce  of  the  liquid  in 
the  anit  of  time— s.  €.,  on  the  acdvity  of  the 
within  the  liquid ;  in  other  words,  upon 
. — It  tB  easy  to  see  that  the  fore- 
goiag  change  of  motion  must  be  accompanied  by 
ihs  diiappeaianoe  ef  a  large  amoaat  d  thermo- 

to  whom  we  owe  the 
speculation,  proceeds  to  explain  why 
thi  presence  of  ansther  gas  above  the  liquid  ean- 
ast  fanpeds  its  evaporation.     The  pressure  of  the 


oftring  a  free  passage  to  the  molecules  of  the 
fiqaid.  **  la  general,  tliese  molecules  will  come 
iaio  oolHaian  with  iSbom  of  the  gas  only  at  com- 
psn&vdy  great  distanffa  from  tlie  snrfoce,  and 
the  fbmer  will  then  deport  themselves  towards 
the  latter,  as  wooM  tlie  raolecnles  of  any  other 
ateiaed  gas.  We  most  conclude,  therefore,  that 
the  lk|ttid  also  axpds  its  moleculeB  into  the  space 
filled  with  gas,  sjmI  that  in  this  case  also  the 
qnaatity  of  vaponr  thua  mixed  with  the  gas 
eoBiinoaB  to  increase,  until,  on  the  whole,  as 
suay  mofeenles  of  vaponr  strike  against,  and 
an  absorbed  by  the  snriaoe  of  the  liq^d,  as  the 
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(x-«)-KY-y)-/- 

ax 


0. 
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From  which  x  and  y,  being  ordinates  of  the 
in\'olute,  most  be  eliminated.  If  the  evdute  be 
given  and  the  involute  be  required,  then  y  =.yx 
must  be  used  instead  of  the  first  equation,  and 
from  this  with  the  other  two  the  ordinates  of 
the  evolute  x  and  r  must  be  eliminated,  giving 
a  difibrential  equation  of  the  second  order  for  the 
involute,  with  no  means  of  determining  the  con- 
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•tants.     The  nninber  of  iuvolates  of  a  given 
e  volute  is  therefore  infinite. 

]£T*l«tl«B«  An  algebraic  term  correlative 
with  involution.  In  the  technical  aenae  in  wlilch 
the  two  words  are  commonly  naed  they  mean 
the  extraction  of  rootSj  and  the  raiaing  to  pov/en, 
IVhen  any  nnmber,  as  6,  is  multiplied  by  itself, 
we  obtain  26,  the  second  power,  or  tquare  of  6. 
By  another  multiplication  we  obtain  the  third 
power,  or  cube ;  hy  still  another,  the  fourth 
power,  and  ao  on,  the  name  of  the  power  corre- 
sponding to  the  number  of  recurrences  of  the 
quantity.  Thus,  6X5X&X5X6,  "the 
//2A  power  (8125)  of  5.  This  condnoal  multi- 
plication is  called  in»ohdion,  Suppoee  now  that 
we  have  the  number  8125  before  us,  and  that 
we  are  required  to  find  a  number,  such  that 
when  it  is  thus  multiplied  5  times  into  itself,  the 
result  will  be  8125  ie.:— to  find  the  Jifih  root  of 
3125.  We  chance  to  know  that  the  result 
at  present  is  5,  but  when  we  do  not,  as  is 
ofteiiest  the  case,  we  have  to  enter  into  compli- 
cated processes  to  determine  it  These  processes 
are  called  evolutions,  A  more  extended  meaning 
has  been  given  to  the  terms,  according  to  which 
they  are  thus  defined: — Involution  is  the  per- 
formance of  any  number  of  successive  multii^- 
cations  with  the  same  multiples,  interrupted  or 
not  by  additions  or  subtractions ;  and  evolution 
U  any  method  of  finding  out  from  the  result  of 
an  involution  what  multiplier  was  employed, 
provided  that  the  said  method  proceeds  by  in- 
\'olution8.  Thus  [(2  a?  -}-  4)  a  —  3]  x  -f  10, 
is  the  result  of  involution,  which  consists  in  the 
performance  of  the  operation  indicated.  The 
deduction  from  the  simple  result,  2  x*  4-  4  a;* — 
3  X  -j- 10,  that  those  operations  have  been  per- 
formed, is  what  evolution  consists  in.  This  ex- 
tension of  the  term  makes  the  theory  of  equations 
a  branch  of  evolution,  as  unquestionably  it  ought 
to  be  considered.  For  the  discovery  that  a  cer- 
tain quantity  is  equal  to  (e^.)  10»  X  «  + 10« 
Xb  +  lOXc  +  dy  &C.  though  a  little  less 
complex  in  practice,  depends  on  the  very  same 
principle  as  the  more  general  question  of  evolu- 
tion. In  its  more  confined  sense — in  the  obtain- 
ing of  powers  and  roots  of  arithmetical  quanti- 
ties— ^6arlow*s  table  of  square  and  cube  roots  is 
invaluable  to  all  who  have  many  arithmetical 
calculations  to  make.  In  physical  inquiry  it  is 
constantly  requh«d  to  extract  roots,  or  to  raise 
to  powers,  and  the  waste  of  time  in  going 
through  veiy  long  processes  would  be  enormous. 
Such  tables  are  not  only  useful  for  determining 
square  and  cube  roots,  and  second  and  third 
powers,  but  also  for  determining  all  other  powers 
and  roots  by  simple  rules.  The  simple  for- 
mula applied  for  these  are,  (<**)^  stb  a"*,  and 
orXo^^^t^*^**^  involution ;  and  for  evoln- 

tion,  V  a**  sa  0** »  , 


r 


and-T-^ 


o» 


EXH 

Thus,  the  sixth  root  of  15625  womy  te 
found,  15625*  _ 

Agam,  the  sixth  power  of  5,  may  be  thus  fooDd, 

5«  »  5»  X  5*  «  125  X  125  ^  16625 
(a»  +  «  =s  0"  X  rt")i  or  this,  5»  =  (5*)»  =» 
(125)«  =:  15625  [(o»)-  =»  rf"} 

BxknntlMiSy  method  •<•  The  fntem 
by  which  the  Graek  Geometers  passed  fnm  the 
areas,  &c.  of  rectilineal  figures  to  those  of  emrvi- 
Kneal  The  latter  class  of  questioQs  cnoU  not, 
OD  the  ground  of  the  accepted  principleB  of  the 
ancient  Geometiy,  be  treated  directly,  or  ankss 
through  such  a  transition ;  and  the  method  off 
Exhaustion  was  the  logical  proeess  of  that  tran- 
sition. The  process  referred  to  must  be  eaio- 
lully  distingubhed  fh>m  one  of  mere  appcoxima- 
tion :  the  results  it  demonstrates  aro  liiBy  and 
rigorously  demonstrated.  The  Greek  Geometer, 
for  Instance^  was  not  satisfied  with  8ho«riiig  that 
we  could  oome  as  near  as  possible,  or  neanr  than 
any  ^ven  finite  quantity,  to  the  aren,  let  m  say 
of  a  circle,  by  increasing  indefinitely  the  nnmba' 
of  the  sides  of  inserted  polygons.  It  is  tniethat 
a  polygon  might  thus  he  conceived,  dSfieriog 
fh>m  the  drde  by  a  quantity  less  than  any  that 
could  be  stated ;  and  it  might  seem  qute  allow- 
able to  transfer  any  general  prc^wrty  of  the 
polygon  to  the  circle  ftseU^  or  to  **mV^*i»r  the 
two  identical:  but  this  would  not  hnve  satisfied 
the  critical  spirit  of  these  exquisite  reasoncn. 
And  that  there  might  be  ne  home  whatsoever* 
or  the  substitution  of  a  mere  i4>pnHumation  for 
the  absohite  truth,  Eadid — in  all  probability — 
Jirgt  sought  to  make  the  transitioo  aboolHtdy 
Intimate ; — resting  it  on  the  two  foDowiDg  pro- 
positions.— 1.  If  from  A,  more  than  its  half  be 
taken,  and  from  the  remainder  more  than  its  halC 
and  so  on,  the  remamder  will  at  hei  heeoms  kss 
than  B,  where  b  is  any  similar  nn^nitade 
named  at  the  outset  and  however  snsalL  2.  Let 
there  be  two  magnitudes,  f  and  q,  both  of  the 
same  kind,  and  let  a  snooesskui  of  other  m^gai- 
tndes,  which  we  may  call  i*iy  Pft  i^  be  each 
nearer  and  nearer  to  f,  so  that  any  one,  p^  shall 
diff'er  firom  f  less  than  half  as  much  aa  its  pre- 
decessor differed.  Let  Qi,  Q2,  Qf,  Sac  be  magni- 
tudes of  the  same  kind  in  regard  to  q:  and  let 
the  ratios  of  Pi  :  Qi  of  Fg  :  Qj,  &c  be  all  the 
same  ratio, — ^the  ratio^  we  shsSl  say,  of  ▲ :  b; 
then  must  the  ratio  oif  f  :  q  be  that  of  a  2  b. 
It  win  easily  be  seen  by  the  student,  that  if  f 
and  Q  be  two  cirdes,  f  and  q  inserted  squares^ 
F2  and  0}  inserted  octagons,  &c.  and  a  and  b 
the  squares  in  the  diameters  of  the  cirdes — it 
will  foUow  at  once  that  p  ;  q=a  :  b. — ^Tbe 
Method  of  Exhaustions  had  the  same  rdation  to 
the  modem  Method  of  Limitff  as  the  Method  of 
Indivitibki  to  the  Jti/lmte$inal  Method  ef 
LelUiita. 
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■  KzpWMiMk    The  two  ibroes  tchtch  chieflT 
I      «|iante  in  mainteiiiiBg  the  old,  or  censing  a  new 

■  Kate  of  Kggicgatioii  m  bodies,  as  solid,  liquid, 
I       «r  giBwmi,  are  the  foraes  of  tohuum  aod  Aeat 

'        ^^^  latter  u  the  disnniting  piinciple,  tending  to 

aolids  liquid  or  gaseous,  and  liquids  gas- 

The  fivmer  prinriide  produces  the  rsverse 

, — ^A.  certain  amount  oif  Aeot,  however,  Is 

nqjoiied  4o  produce  such  change  of  aggregate 

eoofitaoB;  and  quantitiee  short  of  this,  may  be 

€speetad  to  prodooe  some  change,  though  not 

eaa  ao  ftWB|iletf      In  fiMt,  heat  dues  expand 

ie.  it  driveB  the  particles  fkrther  fixxn 

,  bdof*  it  praduces  a  change  of  state; 

phsBeoMDon  Is  calkd  txpamUm.    The 

of  measoilag  expansion  are  detailed  in 

theartklaBpTBoiaETBBaBdTHBBMOsnfSB;  and 

ve  ahaD  proceed  here  to  giro  some  of  the  neuits 

^  aBaaanasent,  assuming  these  methods  to  be 

kaowiL^-We  should  expect  to  find,  and  actually 

dav  that  Itt  coosequeBce  of  the  diflerenee  of 

eonatitntion  in  solids  and  liquids  and 

then  wn  great  diflbrenoes  also  in  their 

far  expaasioa,  and  In  the  amounts  of 

it  imder  dHfciwit  dicnnietanoes.  —  In  experi- 

maai^  en  solid  bodies,  it  is  most  usual  to  heat 

k«g  pcisnatie  bars  through  oertafai  nnges  of 

and  watch  their  Increase  of  length. 

dsdnctioa  from  .the  fad  of  ex- 

ia  tha  danger  of  embeddmg  metals — 

wdiTy  expanding  or  oontractiog  —  In 

beildiBi^  the  atone  and  wo6d  of  which  expand 

hat  Htd^     la  winter,  the  metal  draws  the  stone 

lladl^  by  eontractkm,  and  In  summer. 


it  away— ao,  breaking  op  the  stone.  If 
quite  ftee  ItMlf  from  its  conneo- 
ttea, it  wiUdmtroy  the  building.  Sevendbulld- 
iufs  fcawa  nqatred  to  be  taken  to  pieces,  because 
tta  awhiim  rmj  Impmdeatly  made  use  of  iron 
of  eecuiitj.— -The  oeiowie  of  this 
as  we  haTS  said,  Is  usually  measured 
hj  Ae  dilatatioa  to  length,  of  rods  of  the  sub- 
ia  qacstion,  licated  through  a  given  ruige 
Such  a  method  is  evidently  veiy 
It,  as  the  amount  wanted,  is  capable  so 
It.  But  In  UqnIds  and  gases 
employ  it.  We  cannot  take  a  bar  of 
r,  and  measurs  how  mnch  longer  it 
a  given  amount  of  heat^ We  must, 
find  aeaie  relation  between  the  methods 
Ion  by  linear  dilatation,  and 
of  velana  Snppoee  a  leetangnlar 
bar,  whose  length,  breadth,  and  thick- 
an  a,  ii,  c,  nspeetivefy.  Iti  contents  will 
a  eertam  ratio  to  the  regular  cube  a*.  If 
li  ha  *»r^«'<*««i  it  wiD  OQBtinne  to  bear  the  same 
ntia  to  the  euhe  of  tlie  side  correspondtog  to  a, 
frr  all  parts  expand  proportionally.  Hence,  if  k 
he  the  linear  dllstatkm  of  a,  the  new  kngtli  will 
he  a-f-A,  and  the  ratio  of  the  contents  or  volumes 
will  be  a*  :  (a+i^)**    The  measure  of  linear 

then  ^""t"*^""*',  and  of  cubical  ex- 
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pension  («-|-^0*  — «*»  |],^  £„(  ^qnal  to  $!  and 
a*  a 

th,  «cond  to  I_»!»_»±£!  +  *lcr  to  ?-* 

a*  a 

+ +  - .    Now,  in  an  cases  of  solid  ex- 

pension,  1  the  linear  dilatation  is  a  very  small 

a 
fraction.    Th^^  for  tin  heated  from  82*»  to  212^ 
it  Is  only  1-462.    The  ratio  of  cubical  expsn- 

nh      8  h*. 
sion  to  linear  dOatation,  which  is  (  ~-|-  "JT'*' 

A»\^*    or8  +  8*+^,diflferverylittle, 

indeed,  from  8,  and  we  may  take  this  rule  when 
we  are  not  requiring  exactness  within,  perhaps, 
1-1 60th  of  the  whole  quantity  measured,  that 
the  cubical  expansion  may  be  found  by  trtbling 
ike  Unear  dUataHon.^>ln  measuring  the  amount 
of  such  expansion,  in  any  case,  the  great  diffi- 
culty is  to  avoid  errors  in  the  detection  of  a 
quantity  so  smalL  The  methods  employed  to 
magnify  the  visible  result  are  in  principle  the 
same  as  this  one.  The  bar,  a  b  (see  figure)  ia 
heated,  and  expands. 
It  is  kept  firmly  fixed 
at  one  end,  and  at 
the  other  end  pushes 
against  the  short  end 
of  a  lever.  The  long 
end  moves  through  a 
space  so  much  larger 
than  the  bar  and 
the  short  one  which 
moves  with  it,  as  It 
is  longer  than  the 
short  one.  If  this 
long  end  move  the 

short  end  of  another  lever,  we  may  have  the 
required  quantity  again  multiplied,  and  so  in- 
definitely. This  same  principle  of  multiplying 
small  motions  by  levers,  in  order  that  they  may 
become  more  easily  measured,  is  very  frequently 
employed  in  similar  determinations. — Another 
requirement  in  making  such  measures,  is,  that 
the  moving  bar  be  uniformly  heated,  so  that  the 
real  dilatation  of  the  bar  may  be  due  to  pre- 
cisely the  amount  of  heat  which  yon  measure. 
Lamps  arranged  under  it,  at  equal  distances,  are 
sometimes  employed  for  ^is,  but  the  more  usual, 
and  much  the  better  method,  is  to  place  it  in  a 
vessel  of  liquid,  at  one  extremity  of  your  tem- 
perature range,  leaving  it  there  till  it  gets  time 
to  take  its  temperature  exactly,  and  then  heat 
the  liquid  up  to  the  other  extremity  of  your 
temperature  range,  giving  the  bar  time  to  as- 
sume perfectly  t^  same  temperature  also.  Tak- 
ing this  Uttt  method,  the  followmg  mewurei  of 
liMar  dilatatinin  are  obtained: — 
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lOUS  DI&4TATI0V. 

▼nlgar 
VrMtlooB. 


Laroffller  tnd  Laplace. 

EngUsh  flint  Glass •OOOBllM 

Oi^Sliiary  Fxvnch  Qlaas -COOSlTMto 

-00067199 

Steel  aempered) "00138956 

Steel  (not  tempered) "OOIOTSSO 

Softlron -00123045 

Standard  Gold -00151M1 

Copper -OOmTSS 

Braas -00180670 

Standard  saver -00190868 

Tin  (Indian) -00198765 

Tin  (Falmoatli) -00217293 

Lead -00381836 

8meaton*to  obaeryations  give— 

White  GlaM  (BarometerB) ...  O008988S 

Steel  (not  tempered) •OOllMOO 

—    (tempered) -00193600 

Iron tN>126888 

Blamnth -OOUtOlOT 

Copper-]rel]ow,  from  mould . .  *00187fi00 

Copper  (bammered) 1)0170000 

Bran  and  Specnlum  metal . ..  D0198888 

PnreTln -OOSSSSSS 

liCad -00386667 

Zinc H)Q291167 

1^rooghton*8  obaerratlona  give— 

Platlnom -00090180 

Steel -00118990 

Iron-thread  from  draw  plate.  -00144010 

Copper -00191880 

SUver -00308260 

Dnlong  and  Petit  give- 
Platinum -00068420 

Glan 1)0066188 

Iron -00118310 

Copper D0171830 


1-1948 

1-1090  to 

1-1147 

1-807 

1-937 

1-819 

1-661 

1<582 

1-585 

1-534 

1-516 

1-463 

l-d51 


1-1175 

1-870 

1-816 

1-796 

1-719 

1-538 

1-688 

1-617 

1-436 

1-849 

1-840 


1-008 

1-840 
1-644 
1-531 
1-480 


1-1181 
1-1101 
1-846 
1-583 


This  table  gives,  pretty  aecorately,  the  observed 
dilatations  within  the  range  of  temperatoras, 
82^  and  212<>.  When  we  proceed  to  apply  it  to 
other  temperatoies,  however,  we  find  it  at  fault; 
the  cause  being,  that  the  amount  of  dilatation 
is  hot  the  same  for  equal  increase  of  measurable 
temperature  fh>m  difierent  starting  points.  It 
requires  a  diffiarent  amount  of  heat— leas  con- 
siderably—to raise  a  body  from  212°  to  218^ 
than  from  82°  to  83°.  The  cause  of  this  one 
can  understand.  In  solids,  there  is  a  balance  of 
cohesive  and  expansive  forces.  After  these 
latter  become  considerably  developed,  th^  par- 
ticles of  bodies  are  much  farther  distant  than 
before.  Now,  cohesion,  like  all  other  forces  that 
we  know  of^  diminishes  with  distance,  and  there- 
fore, new  heat,  in  caushig  still  farther  separation 
of  the  partidee  of  bodies,  has  to  act  against  con- 
siderably less  resistance  than  before.  It  accom- 
plishes more  sensible  work,  therefore,  Le.  gives 
a  larger  dilatation.  The  subject  has  not  been 
much  experimented  upon,  but  the  following  few 
results  are  trustworthy : — 


dlUtaUoaln 
rise  from  ns*  to  2lS* 

Olaaa, 1-69660  .... 

Platinum, 1-67860  .... 

Iron, 1-50760  .... 

Copper, 1-34130  .... 


071*  to  ITS" 
1-59230 
1-66840 
1-40678 
1-3U60 
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the  equal  rise  of  tempentore,  it  woiild  be  bert 
fitted  for  a  metallic  thennometer. — The  difibr- 
enee  in  the  rates  of  expansion  of  metali  can  be 
employed  as  a  veiy  delicate  thennomeCife  mnna 
Two  metals  are  oom6med  whidi  expand  Mk- 
ently,  and  this  difference  is  meanred.    BngmtC^ 
thermometer  is  an  admirable  SUostratioa  of  thk 
See  THKRMoianEB.— We  have  aaid  that  As 
rate  of  dilatation  is  increased  for  equal  asosBts 
from  increased  temperatures.    This  is  generally, 
but  not  always  true.   Somet]me8,ontheooiitnxy, 
the  expansion  takes  a  turn  dowuwanla,  aad  the 
body,  if  heated  fivther,  will  expand,  but  will 
also  do  BO  if  cooled  down.    In  pasrisg,  tbenfete, 
up  to  this  point  of  greatest  dciuity,  it  has  eoB- 
traded  iuMead  of  expanded.     This  piepetfy 
exists  also  in  liquids,  as  we  shall  immedialdy 
see.    Of  solids,  the  one  wUdi  best  exempBfcs 
it  is  that  called  Boss's  ftisible  metal,  which, 
when  heated  fin»n  82°  to  111°,  expends  fion 
100  to  100-88  parts.    On  heatmg  from  111^  to 
166°,  the  body  contracts  instead  of  expending, 
untn  at  156°,  the  body  is  only  99-291  hi  vol- 
ume.   From  156*^  to  178°  it  expends,  riaag 
to  100,  and  from  178°  up  to  201°,  ooothmes  to 
expand,  reachmg  100*862  parts,  end  then  it 
begins  to  mdt    It  is  eorioua  that  the  body  has 
no  point  of  maximum  density  when  in  this 
liquid  state,  as  most  other  liquids  have. — ^Pawag 
to  the  expansion  of  liquids,  we  find  this  seme 
phenomenon.    When  a  liquid  is  heated  from  a 
certain  iMint,  it  frequently — althoojf^  not  al- 
ways—  contracts,  instead  of  expending^  end 
expands  in  coming  down  from  that  point.    The 
general  law  seems  to  be,  as  hi  aolida,  that  the 
amount  of  dilatadon  for  equal  rises  of  tanpna- 
ture  is  greeter  the  greater  the  initial  tempctatevB 
is.    The  explanation  is  probably  quite  llie  same 
as  that  given  for  solids,  that  there  li  a  dhninidied 
ooherive  force,  against  which   the  expansive 
power  of  heat  must  act    The  amount  of  expsn- 
sion  of  some  liquids  in  passing  thnmgfa  160° 
Fahr.  is  herewith  given.    Alcohol,  1-9— Nitric 
Acid,  1-9— Fixed  Oils,  1-12— Su^urie  Ether, 
1-14— Oil  of  Turpentine,  1-14— Sulpfanrk  Aod, 
1-17— Water,  1-28— Mercniy,  1-56.    In  com- 
paring the  expansions  of  liquids,  it  has  been  vdl 
noted  by  Guy  Lnssac,  that  we  must  take  tiMsa 
at  the  same  point  where  the  cohesive  fimes  act 
similarly;  since  these  so  modify  the  visible  re- 
sults due  to  the  expanaiTe  fbvoes.    Taking  Ihb 
principle,  we  find  such  tables  as  the  foUmring. 
The  startmg  pofait  in  eadi  case  is  the  boiUng 
pomt  of  the  liquid,  for  Water,  212°;  for  Alco- 
hol, 178°;  for  Sulphunt  of  Caibon,  184°;  ftv 
Sulphuric  Ether,  96°*8.    TaUng  1,000  votnmei 
of  eadi,  and  allowing  them  to  oool — 

Water         ««^.w.i     BtHtlbmetHVt 


As  platinum  is  here  least  irregular  in  its  ex- 
pansion, giving  dilatation  most  nearly  equal  for 


18° 

6-61 

11^ 

13-01 

1617 

86 

1815 

9484 

»eo 

81«S 

54 

18«5 

84^4 

851W 

46^ 

73 

3410 

45<68 

45-77 

58-77 

00 

39M 

56-03 

sm-n 

7ita 

108 

83-43 

65-96 

(MUU 
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Tbtb  nmadcatile  coJaddeiiee  in  the  oontnetions 
9m  MCOgol  md  snlphuTBt  of  ctfiNNi}  hen  given, 
ft  dmilarity,  probably  an  identity,  of  mole- 
The  Ibroes  which  bind  two 
d'lliiiniii'  bodies  together  most  act  in  the 
way,  and  tha  disoo^iy  of  sncfa  a  reUtion 
is  only  ons  JnatanoB  of  the  value  of  the  principle. 
A  glaiioe  ftt  this  taUe  will  show  the  reader  that 
a8lftW4rf  incTCaae  of  dilatation  with  temperar 
tan,  already  notieed  in  solids,  holds  here  also. — 
II  mmt  be  wmwnbeted  in  comparing  soch  ex- 

and  eontiactioas  with  those  given  for 

in  tbe  Utter  ttiear  dilati^on,  ibsrs 

is  noted.     The  method  of 

the  one  to  the  other  has  been  snffi- 

adicated.— The  Uct  of  a  maximnm 
dbnrity  in  many  liquids  was  iint  noticed  in  water; 
ifti  valas  in  the  eeonomy  of  nature  can  be 
seen  l»y  it  If  ice  were  heavier  than  water, 
as  water  at  89^  is  heavier  than  water  at  40'',  ice 
woaU  be  foond  only  at  the  bottom  of  oar  streams, 
or  nther,  formed  in  its  passage  to  the  bottom, 
would  sink  to  it,  and  when  a  sufficient  degree  of 
cold  was  obtained,  they  would  fireeze  up  from  the 
boCton,  making  the  whole  water  one  solid  mass. 
As  il  is^  ice  at  82^  is  lighter  than  water,  and 
water  at  lower  tempentmes  below  89°  is  lighter 
Aaa  wftter  at  hij^ier  tempentuies  still  tebw 
that  point,  and  therefore  in  Uie  process  of  fieezing, 
Ike  water  which  is  sinking  In  temperature  from 
89^  to  3i^  keeps  at  the  top,  and  when  ice  is 
fonned  it  is  on  tlie  top  and  remains  there.  Now 
iee  docs  not  transmit  beat  very  well — not  nearly 
so  well  ae  water,  and  the  warmth  of  the  water 
bcbw  is  Aerefon  not  so  qniddy  given  away  to 
tlH  eold  spaces  above  as  it  would  otherwise  be — 
(searoe  at  all  by  condnction  through  ice,  and  in 
Mither  case  much  by  radiation),  or  if  the  ice 
wen  at  the  bottom  and  the  warmer  water  was  in 
iBnct  contact  with  the  air.  The  complete  frees- 
^  of  oar  riren  and  many  of  our  seas,  probably 
■aeonipenaatod  by  oonesponding  thaws  in  sum- 
■nr,  woold  lender  navigation  most  difficult  or 
altegetkei'  impossible  except  in  the  seas  of  the 
limpante  and  tonid  cones.  The  same  property 
Is  qolto  aa  notaoeaUe,  however,  in  other  bodies  as 
in  water.  In  fact  most  liquids,  in  passing  to  the 
aoiid  state,  exemplify  it  Thns  melted  metals 
poured  into  ft  raonld  would  give  no  impress  of  it 
if  they  contracted  constantly  as  they  cooled— or 
by  no  means  so  good  a  one  as  they  now  do. 
Fran  cartain  poinis  of  temperature  they  are  ex- 

in  cooling,  and  their  expanding  mass 
with  great  violenoe  against  the  sides  of 
themoold.  The  theory,  which  alone  seems  to 
gife  plansiWe  explanation  of  the  phenomenon— 
and  wliidi  is  still,  nnfortnnately,  e  mere  theoiy, 
is  tUs,  that  such  bodies  erystofiua  before  we  see 
tbem  do  ao.  How,  bodies  crystallizing  take  up 
gBoersIly  more  specs  than  before.  The  peculiar 
censtitution  of  cryatalBne  bodies  does  not  admit 
of  great  economy  of  spsoBi  The  particles  assume 
ft  definite  anangemeot,  and  vacua  result  in  the 
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spaces  which  they  prevent  each  other  from  fill- 
ing up.  Hence  it  is  natural  that  bodies  expand 
in  crystallizing,  even  though  the  cold  under 
which  they  do  so,  tends  to  make  them  contract 
If  the  theory  be  true,  the  amonnte  of  heat 
given  off  by  the  fluid  during  the  expansion  of 
cooling  ought  to  be  considerably  greater  than 
for  equal  diminutions  of  temperature  at  other 
points  of  the  scale^ust  as  in  the  actual  crystal- 
lizalion  of  ice  there  are  142°  of  heat  given  out 
without  any  noticeable  lessening  of  the  tempera- 
ture. One  considerable  difficulty  in  the  way 
of  this  hypothesis  is  ite  seeming  inadequacy  to 
explain  the  pexfectly  analogous  phenomenon  of 
Boee*s  fiisible  metaL  The  liquid  and  the  solid 
have  maximum  densities  in  all  likelihood  for  the 
same  physical  reason,  and  it  does  not  seem  pos- 
sible to  suppose  crystallization  in  the  process  of 
cooling  from  166°  to  111°,  whUe  it  does  not  take 
place  ih>m  110°  to  82°,  nor  from  211°  to  156°. 
Untfl  some  physical  foct  more  than  the  mere  ex- 
pansion due  to  crystallizing  can  be  brought  for- 
ward, it  must  remain  a  hypothesb,  with  no  other 
value  than  as  indicating  a  direction  in  which  re- 
searches should  be  carried  on.  As  the  amount 
of  expansbn  of  water  for  the  ordinary  range  will 
give  a  notion  of  the  like  expansion  in  other  bodies, 
and  is  besides  of  very  great  interest  in  itself,  we 
give  Despretz's  table  of  its  volumes  for  increase 
of  1°  at  each  successive  degree : — 


Omk.      Fahr.       VoIvibm. 


OmI.     r»br.      VohmMfc 


»• 

168 

1-0016811 

84 

93-9 

180666 

8 

17-6 

1-0018734 

86 

96 

1-00A9J 

19H 

1-00118M 

86 

968 

1-00624 

21-2 

1-0009184 

87 

98« 

1-00661 

28 

1^)006987 

88 

100^4 

1-00699 

94-8 

1-0006619 

88 

102-3 

1-00784 

26-6 

1-0004222 

40 

104 

i-oons 

28^ 

l-00080n 

41 

1068 

1-00613 

80-2 

1-0002188 

42 

1078 

1-00868 

82 

1-0001269 

48 

1094 

1-00694 

84-8 

1-0000780 

44 

111-3 

1O0968 

85-0 

1-0000381 

46 

118 

1-00966 

87-4 

1-0000063 

46» 

114-8 

1-01030 

89'2 

IDOOOOOO 

47 

1168 

1-01067 

41 

1-00000?2 

48 

1184 

181108 

A  * 

42-8 

10000S09 

49 

120-2 

1167 

44-6 

1-0000706 

60 

122 

1306 

46-4 

1-0001216 

61 

1238 

1248 

482 

1-0001879 

62 

126-6 

1297 

00 

1-0002684 

68 

1274 

1846 

61-8 

1-00086U8 

64 

1293 

1896 

68-6 

1-00047-24 

66 

181 

1446 

85^ 

1-0005862 

66 

132-8 

1495 

87-2 

1-0007146 

67 

1848 

1647 

89 

1-0006761 

68 

1864 

1697 

608 

1-0010216 

69 

188-3 

1647 

62^ 

1-0012067 

60 

140 

1698 

64^4 

1-00189 

61 

1418 

1763 

66'2 

100168 

63 

143-6 

1809 

20 

68*0 

1-00179 

68 

1464 

1862 

31 

898 

1-00200 

64 

1478 

1918 

8S 

71U 

1O0222 

66 

149 

1967 

23 

734 

1-00244 

66 

1608 

2026 

24 

73"2 

1-00271 

67 

1628 

2066 

2S 

77-0 

1-00298 

68 

1644 

3144 

26 

78-8 

1-00821 

69 

1663 

3200 

27 

804 

1-00846 

70 

168 

8266 

28 

82^ 

1-00874 

71 

1698 

3816 

29 

84*2 

1-00408 

73 

1618 

8876 

80 

86 

1-00488 

78 

1684 

3440 

81 

878 

1-00468 

74 

1668 

9499 

82 

89-6 

IHNMM 

76 

167-0 

2^3 

83 

9iA 

1-00626 

76 

1688 

2681 

861 
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Cam 

Fahr. 

TolttmM. 

77 

170« 

8084 

78 

178^ 

3761 

79 

174'9 

3828 

80 

178 

388S 

81 

177-8 

S9.H 

83 

179-6 

8023 

83 

181-4 

8090 

84 

183-9 

8156 

6S 

189 

8326 

8C 

186-8. 

8293 

87 

]88<6 

88G1 

88 

1804 

8430 

OmiC.     Vahr.      Tdmam. 


90 
91 
98 

93 
94 
95 
96 
97 
98 
99 
100 


193-8 

194 

195  8 

197-6 

1994 

301 -S 

908 

S04-8 

20  i« 

3084 

310-3 

313 


8M6 
»tS9 

mo 

8783 

88d3 

8935 

8999 

101077 

l-Otl53 

1-04238 

1^04815 


The  maximum  of  density  in  water  is  therefore 
about  4°  centigrade,  or  39*2  Fahr.  degrees.  In 
sea  water  it  is  26-39  Fahr.  In  alcohol  36*14. 
In  sulphuric  add  of  difierent  strengths  it  ranges 
trwn  80*92  to  26*534,  and  so  on  for  other  liquids. 
—In  gases  the  laws  of  expansion  are  much  more 
simple.  This  is  predady  what  we  should  expect. 
All  gases  are  in  the  same  condition  as  regards 
the  cohesive  forces; — the  cohesive  force  being 
simply  non-existent  in  them.  Hence  the  ex- 
pansive force  of  heat  does  not  act  against  a 
lesistanoe  growing  weaker  and  weaker  every  mo- 
ment, bat  not  against  any  resisdng  force  at 
all.  We  should  expect  from  this  want  of  cohe- 
sion that  all  gases  expand  alike  for  given  increase 
of  heat;  as  each  gas  does  expand  alike  for  equal 
increase  of  heat  to  itself  when  rising  from  different 
temperatures.  It  was  long  supposed  that  this 
was  the  case ;  bnt  the  singularly  accurate  investi- 
gations of  R^ault  have  proved  the  incorrectness 
of  the  notion.  Thus  common  air  expands,  under 
certain  pressure,  from  1,000  volumes  to  1,866 
in  passing  from  82^  to  212^  and  in  the  same 
passage  1,000  volumes  of  caibonic  add  become 
1,871,  of  nitrous  oxide  1,872,  of  cyanogen  1,888, 
of  sulphurous  add  1,890.  These  results  lead  us 
to  infer  that  the  usual  postulate  that  the  partides 
of  gases  do  not  at  all  act  upon  one  another  so  as 
to  resist  expansion,  is  somewhat  hasty ;  and  the 
subject  offers  an  admirable  fidd  for  fiirther  inves- 
tigation and  for  enlarged  theoretical  views.  It 
is  worth  notice  ttiat  those  gases  are  most  expan- 
sible which,  when  subjected  to  pressure,  liquefy 
most  readily.  Thus,  sulphurous  add  liquefies 
wider  a  pressure  of  two  atmospheres,  and  expands 
890  thousandths  of  its  bulk  in  passing  up  from 
82^  to  212^  Carbonic  add  again  takes  86  at- 
mospheres to  liquefy  it,  and  accordingly  only 
expands  871  thousandtlis  of  its  bulk,  while  ordi- 
nary air,  quite  incapable  of  liquefaction,  by  a 
pressure  at  all  events  of  800  atmospheres,  only 
expands  866  thousandths  of  its  bulk.  This  re- 
markable agreement  in  nature  it  is  not  easy  to 
represent  in  theory.  It  should  follow  that  there 
is  certain  molecular  action  between  the  particles 
of  gases  besides  the  ordinary  repulsive  action 
attributed  to  them,  and  that  there  may  be  dif- 
ferent amountH  of  dilatation  for  the  same  rise  of 
temperature  from  different  points  on  the  thermo- 
metric  scale.  In  fact  we  actually  find  such 
differences.  Thus  in  expanding  from — liB^  to 
82^  Fahr.,  8,660  volumes  of  air  become  10,000, 
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and  there  is  for  even*^  rise  of  a  degree  an  expan- 
sion of  20*77  ten  thousandths.  From  82^  to 
212^  the  10,000  parts  become  13,750,  being 
20*83  for  a  degree.  From  this  to  800°  they  be- 
come 15,576,  bdng  20*70.  From  this  to  887** 
we  get  17,889,  or  20*82  per  degree.  From  tfaiB 
to  478°,  19,189,  or  20  84.  From  this  to  659°, 
20,976,  or  20*88,  and  frvm  this  to  660°  they  be- 
come 28,126,  or  20*9  for  a  degree.  These  nsolts^ 
though  not  quite  accurate,  as  later  experimeota 
by  Rudberg,  Magnus,  and  Kegnaulthave  aiiowii, 
sufiidently  indicate  the  result.  These  latter, 
which  are  very  accivatdy  made  and  may  be  fnOy 

relied  on,  give  2*083  thousandths  or  -i-  as  ffaa 
'"»  492 

cubical  expansion  of  air  for  ea^h  rise  of  a  degree 
between  82°  and  212°.  For  each  rise  dsewfaers 
also ;  for  the  differences,  as  the  above  list  shows 
us,  are  very  small  and  almost  inconsiderable. 
In  consequence  of  this,  the  volume  of  a  gu  ob- 
tained by  measurement  at  a  given  tempentnrs 
must  dttier  be  stated  along  with  the  temperatm 
(e.^.  20ft.  hydrogen  gas  at  60°),  or  mnst  be  cor- 
rected for  variations  of  its  heat,  and  reduced  to 
the  volume  which  would  be  occupied  at  a  givea 
temperature.  Taking  atmospheric  air  as  an  ex- 
ample, a  volume,  say  100  cubic  inches  of  air  at 
182°,  must  be  reduced  to  so  many  at  82°,  when 
we  wish  to  compare  its  volume  with  a  series  o€ 
such  volumes. — In  connection  with  this  subject,  it 
may  be  proper  to  notice  here  that  the  steam  engine 
was  originally  driven  by  steam  of  not  very  hi^ 
pressure,  which  was  kept  pouring  into  the  piston 
during  the  whole  stroke.  It  was  found  econo- 
mical to  use  high  pressure  steam  instead  of  low 
pressure  steam,  prepared  as  in  Papin*s  digester. 
See  Digester.  This,  however,  could  not  be  let 
in  during  the  whole  stroke,  for  it  woald  send 
the  piston  alteraatdy  against  the  top  and  bottom 
of  the  cylinder  with  a  violence  that  would  canse 
great  inconvenience  in  any  building  in  which  the 
engine  might  be  placed.  Besides,  there  would 
be  an  enormous  proportion  of  the  work  of  the 
engine  used  in  merely  producing  this  mischievoos 
eifoct  It  was  evident,  therefore,  that  (even  with 
low  pressure  engines)  this  must  somehow  be 
stopped.  This  knocking  of  the  piston  on  the  ends 
of  the  cylinder  did  much  harm  to  the  madiine^ 
and  cost  a  laige  part  of  the  fueL  The  idea  was 
suggested  to  Watt,  that  in  order  to  prevent  It  it 
might  be  possible  to  adroit  the  steam  for  only 
haV  the  stroke.  This  would  give  a  certain 
amount  of  velocity  to  the  piston  rod,  and  when 
the  steam  was  cut  off  that  velodty  would  ood- 
tinne  diminishing  if  all  force  upon  the  rod  were 
immediately  to  cease.  But  in  the  ordinary  en- 
gine the  piston  is  pushed  towards  vacuum,  or 
rather  against  a  resistance  something  Uke  4  or 
5  lbs.  per  square  inch.  Now  the  steam  ad- 
mitted into  the  c}'linder  in  an  engine  may  be, 
suppose  of  20  lbs.  pressure  per  square  indk  Let 
it  be  cut  off  after  one-fourth  of  the  stroke  <^  the 
piston  is  accomplished.    Then  by  ManJotte*s  law, 
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k  ipHB  oo  thfoofcfa  the  rat  of  the  stroke  ood- 
ftutly  diimniafaiiur  m  elwtie  force.  At  one-hAlf 
ef  the  ilroke  it  faj»  oome  to  here  a  preaBQie  of 
eoly  lOIbe.  per  aqoaie  ioch — half  of  what  it 
WW  left  with.  In  coming  op  to  the  end  of  the 
next  quarter  it  lowers  its  pressure  to  64  feet,  and 
at  thetop  ithasapresBoreofS  feet  In  the  first 
qaaitcr  of  motion  then,  the  piston  lias  moved,  be* 
cane  of  the  excess  of  the  one  pressure  20  lbs. 
Cffv  the  other,  5  Iba.  per  square  inch,  and  there- 
in has  mored  with  an  efinkiye  preasars  of  16  lbs. 
per  aqnaiv  indi  tiiroogh  it  This  gives  it  a  very 
wwawlerahle  Tclociky,  which  it  is  its  tendency 
to  keep  and  the  tendency  of  the  fiiction  and 
•thsr  CBBBBB  to  destroy.  During  the  next  qnar- 
tsr  it  mores  with  an  excess  of  pressure  diminish- 
ing ftom  15  to  Slbs.,  bat  always  acting  in  the 

As  the  plitoo  tends  of  itself, 

any  psessnre,  to  keep  its  old  velocity, 
this  cooataBt  pressore  will  probably  be  sniBcient 
to  iBcreaea  the  velocity,  though  the  steam  has 
been  cat  ott,  and  the  body  tends  again  to  go  on 
with  tfib  Tdodty.  Daring  the  next  quarter  the 
excam,  still  in  the  same  diiection,  goes  down  from 
5  to  1^  IbSb  per  sqnars  inch,  and  this  is  perhaps 

ia  ofdinary  engines  to  prevent  the  frio- 
diminishfaig  the  velocity  with  whidi 
the  piston  started  in  this  quarter,  and  in  the  next 
qoarter  it  wQl  go  down  ttom  1|  lbs.  to  zero,  and 
be  prrhapa  capable  of  preventing  any  veiy  rapid 

of  vdodty,  certainly  kttiog  the  body  be 

vp  Iblly  to  the  end.  Here,  therefore, 
only  one-foorth  of  the  steam  has  been  used  and 
the  aama  motion  produced.  The  same  velocity 
indeed  has  not,  bat  if  the  steam  which  enten 
cama  with  a  pressure  of  80  instead  of  20  lbs., 
Ihcta  woold  be  quite  as  much  of  this  velocity  ob- 
taiaad,  while  the  employment  of  steam  of  that 
pcesBore^  dssfaable  on  aoooant  of  its  economy,  is 
■ot  possihla  with  the  old  methods.  Such  is  the 
^eajMmsMii,  without  which  the  modem 
engine  woold  be  a  dum^  and  incoove- 
contrivaaos^  and  to  which  diiefly  are  due 
an  that  perfect  quietness  of  movement  which  b 
so  woaderfnl  to  those  who  see  for  the  first  time 
the  ewgiaes  of  a  first-rato  steamer  at  work.  An 
Usa  of  the  vahie  of  this  contrivance  in  point  of 
ly  be  conceived  from  this  taUe  :^- 


Methods  of  calculating  the  value  of  this  economy 
man  accotatfly  depend  upon  the  higher  mathe- 
■latics;  hot  the  above  table  wiQ- give  the  reader  a 
notion  bow  much  can  be  thus  done.  The  simplest 
irmeral  role  we  can  give  is,  that  tlie  proportkms  of 
tiurk  done  by  the  same  fud  are  expressed  as  equal 
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to  1-l-Neperian  log  (1+4),  tekhig  for  example 
the  case  of  steam  cut  off  at  one-fourth  of  the 
stroke;  and  always  taking,  instead  of  4,  the  reci- 
procal of  the  ftaction  of  the  stroke  through  which 
the  steam  is  freely  admitted.  The  importonce  of 
the  utmost  economy  of  fuel  for  mercantile  pm^ 
poses,  and  espedaDy  for  the  purposes  of  steam 
navigation,  has  been  already  dwdt  upon  at  length 
in  the  artide  Air  Erocie  (q,9.)  See  further 
ELAsncmr;  and  Heat,  seofions  10»  14,  16, 
and  18. 

Bxp— at.  The  number  indicating  the  de- 
gree of  power  or  a  root  Thus  in  a*,  8Js  the 
exponent  of  the  given  power  off,  and  ^  x,  4  is 
the  exponent  of  the  given  root  Descartes  ori- 
ginated the  use  of  exponents^  Before  his  time 
the  quantity  a*  would  have  been  written  a  a  a. 

BxpaacatlaL  Quantities  representing  powers 
whose  exponents  are  variab&su  Thua  tF  is  called 
an  exponential  Quantities  in  the  axpresdoo 
of  which  such  a  dmple  quantity  is  cootoined  are 
also  so  called. 

Sya.  The  apparatus  by  whkh  the  sensation 
of  vision  in  the  animal  body  is  attained  has  at 
an  times  been  regarded  with  interest  by  the  scien- 
tific observer  from  the  time  of  Aristotle  down 
to  our  own  day;  and  even  now,  when  optical 
and  physfologfcal  researdi  has  advanced  so  for, 
it  cannot  ^-et  be  said  that  the  subject  of  this 
article  is  fully  undbrrtood.  In  the  lowest  or 
most  simply  constructed  animals  the  organ  of 
sight  seems  to  be  confined  to  a  mere  eye  spot,  aa 
it  is  called,  or  a  slight  expansion  ci  a  nerve  on 
whidi  the  rays  of  light  impfaige,  and  as  we  may 
suppose,  communicate  vague  sensations  of  viuoik 
Throughout  the  animal  series  many  instructive 
and  remarkable  variations  in  the  structure  of  the 
visual  apparatus  are  observed,  but  in  all,  the  es- 
sential parte  seem  to  be  a  sendtive  nervous  ex- 
panion  on  which  the  light  is  to  be  received,  a 
protecting  cavity  to  keep  oot  the  general  glare 
of  rays  from  other  objecte  than  those  to  whkh 
the  vision  is  directed,  and  aa  arrangement  more 
or  lees  complete  for  the  formation  of  an  image 
on  the  sendtive  nervous  surfaoa  la  what  fd- 
lows,  attention  wfll  be  directed  to  the  human  eye 
as  bdng  the  most  perfect,  and  the  type  of  all 
the  others.  Only  so 
much  of  the  ana- 
tomy and  nomen- 
clature will  be  given 
as  is  necessary  for 
reference  in  what 
follows.  The  eye-  a 
ban  is  about  nine-X'"^ 
tenths  of  an  inch  in 
diameter  froni  before 
backwards.      It  is  Flg.L 

nearly  spherical,  ex- 
cept at  the  front  part,  where  there  Is  a  sUght  pro* 
Jection  of  the  transparent  part  or  cornea,  a  tough 
membrane  about  ^^  of  an  inch  thick  througliout 
The  eomm  c  is  fitted  at  ite  boideis  into  the  front 
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opeinng  in  the  tderotic  s,  a  tough  and  strong 
opaque  coat  which,  under  the  common  designation 
of  the  white  of  the  e^  gives  form  to  the  ball  and 
fiTotection  to  the  soft  parts  within,  whilst  at  the 
same  time  it  perfectly  exdudee  all  light  except 
wbatenters  by  the  cornea. — Lining  the  aderotic  in- 
teriorly is  the  choroid  k,  a  thin  membrane  covered 
by  the  black  substance  or  pigm/OfUmm  nigrum, 
which,  by  abeorbing  the  rays  d  light,  causes  the 
pupil  of  the  eye  to  look  black,  and  which  answers 
the  same  purpose  as  the  black  lining  of  the 
camera  obonira,  viz ,  the  prevention  of  internal 
reflection  and  the  consequent  confuaioa  of  rays 
which  would  ensne.     Within  the  choroid,  and 
also  formmg  a  concentric  coat,  is  spread  the  deli- 
cate and  nearly  transparent  membrane,  the  retina 
R.    The  retina  is  in  direct  communication  with 
the  chord  coming  fiom  the  brain  called  the  optic 
tterve  o.    The  optic  nerve  does  not  enter  at  ex- 
actly the  back  part  of  the  eye,  but  at  a  point 
nearly  -(th  of  an  inch  nearer  the  nose.    At  the 
extremity  of  the  line  running  directly  fh>m  the 
middle  point  of  the  cornea  through  the  centre  of 
the  eye-ball,  which  is  called  the  axis  of  the  eye, 
there  is  a  small  perfectly  transparent  spot  with  a 
yellowish  margin  named  the  /uramen  oentrak  f. 
J  t  has  been  thought  by  many  to  be  altogether 
destitute  of  the  nervous  substance  of  the  retma, 
and  hence  called  a  foramen  or  hole,  and  yet  it 
would  appear  to  be  the  seat  pf  the  most  distinct 
vision,  as  will  afterwards  be  referred  to.    It  is, 
however,  not  a  hole.    The  interior  of  the  eye  is 
divided  into  the  anterior  and  potterior  chamber 
by  means  of  the  moveable  curtain  called  the  Irit 
I.    The  Iris  is  the  coloured  part  seen  on  looking 
through  the  cornea;  it  is  pierced  by  the  opening 
of  the  pupil  and  is  formed  of  circular  and  radiat- 
ing muscular  fibres  which  give  it  the  admirable 
property  of  contracting  and  expandmg  that  ap- 
erture so  as  to  modify  the  amount  of  light  ad- 
mitted to  the  interior. — In  fit>nt  of  and  behhid 
the  Iris  is  the  apieom  humour^  in  which  it  moves 
and  which  serves  to  distend  the  oomea.    Almost 
immediately  behind  the  Iris  the  remarkable  stmo- 
tnre  called  the  erystaUine  body  or  ^eru  l  of  the  eye 
is  situated.    It  is  a  dense  and  transparent  mem- 
branous substance  in  the  form  of  a  double  convex 
lens,  the  front  8urfigu»  being  lees  curved  than  the 
other.    The  lens  is  attached  by  its  outer  border 
to  the  ciliary  processes  p  or  folds  forming  the 
front  edge  of  the  choroid,  or  at  least  intimately 
connected  with  it.— The  tntreoue  humour  is  of  a 
jelly-like  consistency,  and  serves  as  a  support  for 
the  coatings  of  the  eye— it  fills  the  whole  cavity 
of  the  ball  bdiind  the  lens  and  has  the  retina 
expanded  on  its  surface. — From  this  brief  descrip- 
tion it  is  evident  that  the  eye  consists  essentially 
of  a  spherical  chamber  lined  with  a  dark  curtain 
and  having  an  opening  in  front  to  admit  a  limited 
quantity  of  light  whidi,  in  passing  back  towards 
the  sensitive  screen  or  retina,  traverses  the  differ- 
ent transparent  humours  with  which  the  interior 
U  filled.     Were  there  no  special  adaptation  of  the 
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Interior  humours  we  can  easily  percdve  thai  the 
rays  of  light  proceeding  from  the  point  a  of  an 
external  object  would,  in  passing  through  the 
pupil  and  falling  on  the  retina  at  the  back  of  the 
ball,  be  diffused 
over  a  space  a  a' 
and  constitute  a 
confused  spot  of 
light  80  also  with 
the  rays  proceed- 
ing from  another 
point  B,  and  like- 
wise firom  all  the 
other  points  of  the 
object,  and  thus  the  impresrion  made  by  light  firom 
one  point  would  be  interfered  with  by  those  tram 
another,  so  that  no  distinct  indication  of  fonn  could 
result  This  could  be  prevented  in  two  ways, 
either  by  limiting  the  fAte  of  the  opening  in  the 
flmnt  of  the  eye  to  a  mere  point,  or  by  interposing 
a  lens  or  otho*  apparatus  in  the  course  of  the  rvyn 
whereby  they  mi^t  be  arranged,  the  whole  coDe 
fh>m  each  point  which  entered  the  pu|dl  beipg 
again  collected  into  a  single  point  on  tin  retina, 
wherd>y  no  point  would  interiiere  witn  another. 
The  first  mode,  viz.,  that  of  restricting  tf  •«  open- 
ing of  the  pupil  to  a  mere  point,  is  repreKnted  In 
the  figure,  where  only  an  extremdy  attenoafeed 
pencil  of  light  be- 
ing admitted  firom 
eadi  point  it  cannot 
spread  itself  over  and 
interfere  with  those 
finom  the  neig^bouiv 
mg  pouita.  It  is 
evident,  however, 
that  a  very  faint 
image  would  result 
fh>m  this  restriction  of  the  light,  so  the  other  me- 
thod has  been  adopted,  viz.,  that  of  interposing 
in  the  course  of  the  rays  behind  the  pupO  a  kng 
of  such  power  as  to  refhust  all  the  nya  which 
strike  it  fir^m  each  pomt  to  meet  in  another  point 
on  the  baclc  of  the  eye,  as  represented  in  fig.  4. 
In  this  way  each 
pomt  has  its  cor- 
responding point 
depicted  on  the  re- 
tina, 80  as  to  con- 
stitute an  wMi^  as 
it  is  called.->That 
such  an  image  is 
really  fbrmed  can  F1&4 

be  seen  by  taking 

the  eye  of  an  ox  or  sheep  and  with  a  ahaip  knife 
cutting  cautiously  away  the  sclerotic  coat  at  the 
back  part  till  it  becomes  suffidently  translnoeiit 
to  allow  of  the  observation,  when,  if  the  pupil  be 
directed  to  a  window  or  other  luminous  object  a 
distinct  and  well  defined  picture  may  be  observed 
depicted  on  its  Ulterior.  In  this  way  the  eye  ia 
seen  to  bear  a  dose  analogy  to  a  camera  oAacwro, 
and  most  of  its  peculiarities  may  be  lllustimted 
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Kr  mmoB  of  that  instrainenf.  The  nse,  of  the 
lens  maj  also  be  made  matter  of  demonstration 
in  this  experiment,  for  if  a  needle  be  taken  and 
poihed  tfarangfa  the  dde  of  the  aderotic  coat  a 
fittia  behind  its  junction  with  the  oomea  it  may 
be  made  to  depraas  the  lens  bo  as  to  lemove  it 
from  the  ooane  of  the  rap.  The  image  of  the 
distant  window  will  then  be  seen  to  disappear  on 
the  back  of  the  ejra,  and  a  confused  glare  of  light 
to  take  its  place,  jost  as  in  the  case  of  the  camera 
obscom  when  its  lens  is  taken  away.  There  is 
ao  doobt  tliat  in  the  e^e,  as  in  the  camera,  the 
ftOKtion  of  the  lens  is  to  arrange  the  rays  of  light 
ialo  a  distinct  image,  by  oonoentratiog  the  whole 
pencQ  which  enten  the  pnpD  from  each  external 
point  into  another  point  similar  and  similarly 
sitaated  in  the  back  part  of  the  daikcned  cham- 
ber. Thus  fiur  all  Anatomists,  Physiologists, 
aad  Optkians  are  agreed. .  The  pnpil  admits  and 
rqcvbtes  the  quantity  of  light ;  tlie  lens  ammges 
it  into  an  image^  and  the  concave  sur&oe  at  the 
back  of  the  bdA  receives  that  image,  bat  in  what 
incr  that  image  becomes  oonverted  into  a 
ital  pefceptSon  lias  not  been  so  clearly  made 
Periiaps  an  mmeeesury  degree  of  mystery 
has  been  introduced  into  the  qoestion  by  the  mode 
of  stati^r  it.  We  are  asked  how  it  is  that  the 
image  'HI  the  eye  can  be  transferred  as  a  corre- 
sponding and  exactly  simOariy  ananged  impres- 
iioa  to  the  biain,  yet  the  channel  of  commnnicat  ion 
to  be  merely  the  pulpy  cord  of  the  optic  nerve. 
la  answer  to  this  it  mic^t  be  stated  that  there  is 
not  mors  difficu^y  in  perceiving  the  mode  of 
action  of  the  sense  of  vision  than  of  the  sense  of 
toncfa  or  of  any  other  sense,  if  we  merely  grant 
that  the  n^  of  Ught  have  the  property  of  excit- 
ing the  seMatkni  of  light  For  though  It  is  true 
that  if  any  nerve,  sodi  for  instance  as  that  of  one 
of  the  fingers,  be  severed  firom  communication 
with  the  brain  all  sensation  in  tliat  nerve  will 
eeaia,  yet  it  is  still  eqnaUy  true  that  the  sensation 
in  tha  ordinaiy  state  of  the  nerve  occurs  in  it, 
thai  is,  tiia  fiiiger,  and  not  at  a  distance  in  the 
brain,  as  tlie  ordinaiy  language  of  physiologists 
nigiit  at  first  sight  inculcate.  JS,  then,  in  the 
sense  of  vishm,  the  perception  occurs  in  the  eye 
itMlf  on  the  expanded  portion  or  soifSaoe  of  brain 
ca&ed  the  retina,  'then  there  is  no  difficulty  in 
perceiving  bow  a  sensstioa  similaTly  arranged  in 
its  parts  to  the  external  aeries  of  ol]jects  emitting 
the  raya  should  be  produced,  as  each  point  acts 
fcr  itsdf  and  is  impressed  only  by  the  point  cor- 
nppooding  to  it  exterioriy.  No  doubt  it  may  be 
objected  to  this  aasertkm  of  the  percipient  fkculty 
b^g  in  tlie  ejre  itself  and  not  in  the  brain — that 
if  tlis  optie  nerve  be  severed  vision  is  gone ;  but 
f  his  is  no  answer,  as  Am  the  normal  arrange- 
ncnls  of  the  parts  are  destroyed — ^vision  may 
still  be  prodooed  and  yet  the  oonsdous  perception 
of  it  by  the  other  parts  of  the  organization  be 
wanting.  The  optic  nenre  may  merely  serve  for 
pffwlocing  the  unity  of  action  between  the  eye  and 
tUc  other  parts  of  the  system  in  the  same  way  as 
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tho  miiUng  filaments  which  pass  bct^reen  the 
diflbrent  ganglions  act,  as  is  well  seen  in  the  ar- 
ticulated animals,  such  as  centipedes,  where,  if 
several  joints  be  severed  from  the  poeterior  part 
of  tiie  body  they  will  still  continue  to  move, 
though  the  head  and  other  |>arts  of  the  animal 
will  be  entirely  unconscious  of  the  continuance  of 
that  action.  It  would  seem,  then,  that  there  is 
not  more  difficulty  in  conceiving  the  mental  per- 
ception of  the  image  in  the  back  part  of  the  eye- 
bdl  than  in  understanding  the  action  of  any  other 
sensation,  and  that  the  question  has  perhaps  been 
rendered  unnecessarily  complicated  by  reference 
to  the  conveyance  of  sensations  along  fibres  to 
distant  points,  there  to  make  their  mental  impi«s- 
sion  with  relative  arrangement  and  position  of  all 
its  mulUtttdhious  parts  as  in  the  external  scene 
which  has  emitted  the  luminous  radiations.  It 
is  undoubtedly  possible  that  by  the  analogy  of 
the  telegraphic  wires  we  may  conceive  an  ar- 
rangement by  which  firom  each  point  of  the  retina 
there  should  arise  a  distinct  fibre  which  should 
proceed  along  the  optic  nerve  to  a  corresponding 
point  in  the  brain  where  it  should  transmit  its 
impression,  and  that  eveiy  point  of  the  surface  of 
the  retina  should  in  the  same  way  have  its  own 
fibre  originating  there  and  passmg  behbd  the 
other  points  to  the  optic  nerve  and  along  it  to  the 
brain,  where  there  would  thus  be  a  soies  of  as 
many  points  as  in  the  retina  similarly  placed, 
and  that  the  impressions  there  prodooed  should 
be  read  off  by  the  mind.  But  it  is  evident  that 
it  would  have  been  as  easy  at  first  to  suppora 
that  thb  reading  off  power  was  in  the  eye  itself, 
and  that  it  required  no  such  transmission  of  im- 
pressions. It  is  futile  to  object  that  if  the  eye 
be  severed  fhnn  the  brain  its  power  is  gone,  and 
yet  that  none  of  the  mind  Is  gone,  and  thus  that 
the  mind  could  not  have  been  in  the  eye,  as  this 
is  a  mere  untruth ;  the  power  of  vision  is  gone  and 
this  is  part  of  the  mind. — Passing,  however,  from 
such  diseusskms,  which  savour  too  modi  of  mere 
speculation,  it  must  be  stated  that  Physiologists 
are  divided  in  opinion  as  to  whether  the  retina 
or  the  choroid  is  the  seat  of  the  perception  of 
light  No  doubt  both  are  supplied  with  nerves, 
so,  without  any  violation  of  the  analogies  of  the 
other  senses,  either  may  be  the  seat  of  sensation, 
and  probably  both  are  to  some  extent  The 
cause  of  doubt  as  to  the  retina  befaig  the  seat  of 
viaon  was  Mairiotte's  discovery  of  the  £sct  that 
the  part  of  the  retina  where  the  optic  nerve  itself 
enters  the  eye  is  insensible  to  distinct  visfen.  The 
mode  of  proving  this  is  related  in  all  worics  on 
optics.  But  certainly  the  mere  fact  that  the  bulb 
or  termination  of  the  optic  nerve  where  it  diverges 
into  the  retina  is  incapable  of  giving  a  distinct 
image  b  very  far  from  proving  that  the  retina  is 
not  the  seat  of  distinct  vision,  as  at  thb  point  tho 
retina  b  differently  arranged  from  what  occuns  in 
other  situations,  the  fibres  from  aU  points  are 
here  oc^ected  and  pass  directly  back  to  the  optic 
nerve,  so  they  may  esttily  be  supiKMcd  to  be  in  a 
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tlate  less  fit  for  receiving  a  ^jitinct  image.  It 
appears  thea  rather  fiom  the  fact  that  light  is 
perceived  by  the  termlDation  of  the  optic  nerve, 
though  no  ditlmet  impression  is  prodnoed,  that 
the  optic  nerve  and  its  continoatlon,  the  retina, 
are  the  seat  of  vision.  Another  Csct  has  latdy 
been  brought  forward  in  favour  of  the  choroid  as 
being  the  seat  of  vision,  that  in  the  cuttle-fish  an 
opaque  membrane  is  interposed  in  front  of  the 
retina  so  that  the  impression  can  only  be  con- 
v^ed  to  the  latter  by  the  impressions  of  this 
membrane ;  but  even  if  this  observation  on  the 
eye  of  the  cuttle-fish  were  thoroughly  confirmed, 
of  oouTse  it  is  also  an  argument  against  the 
eboroid  being  the  seat  of  vision,  as  the  membrane 
is  likewise  in  front  of  U,  Again,  it  has  been  said 
by  Sir  David  Brewster,  that  in  the  eyes  of  young 
persons  the  choroid  reflects  a  pinkish  light  which 
can  be  seen  after  it  has  emeiged  tnm  the  pupil, 
and  that  as  this  light  must  have  passed  thRKiigfa 
the  retina  it  ought  to  have  excited  a  sensation  of 
the  same  colour  in  it  if  the  retina  were  the  seat 
of  vision.  In  answer  to  this,  it  ought  to  be  borne 
in  mind  that  the  first  impression  of  the  rays  as 
they  pass  back  through  the  retina  will  be  so  much 
more  powerful  than  the  efil^  of  the  comparatively 
feeble  portion  reflected  from  the  choroid,  as  to,  in 
a  great  degree,  overpower  it,  and  also  that,  as 
eveiy  thing  seen  by  the  eyes  of  those  persons  from 
whom  this  red  light  is  emitted  must  be  tinged 
with  the  same  tint,  and  as  the  d^^^ee  of  colour 
must  be  feeble,  it  will  not  be  in  general  percep- 
tible as  there  will  be  no  objects  of  the  ordinary 
hue  to  act  as  grounds  of  comparison.  Again, 
another  argument  against  the  fitness  of  the  retina 
to  act  as  the  direct  recipient  of  luminous  impres- 
sions is  its  transparency,  the  idea  being  that  the 
rays  of  light  not  expending  themselves  in  its 
substance  but  passing  through  it  to  the  choroid 
cannot  produce  the  eflect  of  sensation ;  but  this 
argument  seems  to  be  founded  upon  a  narrow 
view  of  the  nature  and  propagation  of  light.  It 
is  known  from  the  recent  progress  of  science  that 
the  medium  which  transmits  light  must  be  itself 
capable  of  vibration,  and  indeed  that  the  trans- 
mission of  light  is  and  constitutes  a  vibration  of 
the  particles  of  the  medium.  Why  then  should 
not  the  retina  be  so  endowed  that,  as  its  particles 
are  thrown  into  vibration  by  the  passage  of  the 
luminous  undulation,  this  of  itself  should  give 
rise  to  the  sensation  of  vision,  without  the  neces- 
sity of  the  stifling  of  the  rays  as  in  the  opaque 
substance  of  the  choroid  where  indeed  the  motion 
which  constituted  this  luminous  ray  is  ooDverted 
into  heat  and  is  not  fitted  to  convey  any  other 
impression  ?  According  to  these  views  no  argu- 
ment has  hitherto  been  brought  forward  which 
should  induce  a  doubt  as  to  the  retina  being  the 
true  seat  of  vision. 

It  is  well  known  to  those  fiimiliar  with  op- 
tical instruments  that  the  image  formed  by  a 
lens  becomes  more  and  more  indistinct,  or  as 
it   is  called,  less   defined,  as  a   greater  and 
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greater  portion  of  the  lens  is  used,  that  is, 
with  a  given  focal  distance,  as  it  is  made  lar|^ 
and  larger.  This  arises  from  what  is  calM 
spherical  aberration,  the  nature  of  wfaidi  may  be 
understood  as  follows.  Let  o  lepreBent  eoe  of 
the  points  of  an  object  of 
which  an  image  is  to  be 
formed  by  a  lens,  then  in 
order  that  the  image  may 
be  well  defined  it  is  re- 
quisite that  the  whole  nys 
emeiging  fifom  o  and  fall- 
ing on  the  exposed  sur- 
fiioe  of  the  lens  should  be  collected  into  another 
point  such  as  p ;  but  it  is  found  both  by  caleaia- 
tion  and  experiment  that  with  leosea  of  onfinary 
construction  the  portions  toward  the  edge  refrsct 
the  rays  too  much  so  as  to  bend  them  to  meet 
the  central  rays  at  points  too  near  the  kna,  as  at 
j1  so  that  instead  of  having  them  collected  at  r 
•they  proceed  to  a  position  l  on  the  screen  and 
oonfiise  the  image  of  neighbouring  pointSi  This 
delect  can  be  prevented  in  three  wnya — 1st,  by 
using  other  curves  than  portions  of  spheres  astlie 
surfaces  of  the  lens,  but  this  is  difificolt  of  attain- 
ment; 2d,  giving  the  lens  a  leas  denityasit 
approaches  the  edges,  so  that  its  ref^aetingpower 
will  only  serve  to  bring  the  whole  oooe  of  rati 
to  a  point  at  f;  or  Sd,  using  only  a  very  small 
part  of  the  lens  by  the  interpositioii  of  a  dia- 
phragm before  or  behind,  so  as  to  ezcfaide  such 
rays  as  are  not  brought  sufficiently  near  to  the 
focus  of  the  central  pencils,  which  is  the  method 
used  in  optical  instruments  on  account  of  its  sim- 
plicity, but  it  lias  the  disadvantage  of  causing  a 
dinmess  of  the  image  by  reason  of  the  smaU 
amount  of  light  allowed  to  go  toward  its  fbrma- 
tion.  In  the  eys  the  second  mode,  viz.,  that  of 
giving  the  lens  a  less  density  towards  its  edges^ 
is  the  one  chosen  in  nature,  and  it  cannot  be 
denied  that  in  practice  it  is  successful ;  the  vary- 
ing density  of  the  lens  from  the  centra  to  the 
circumference  may  bo  at  once  observed  by  press* 
ing  the  lens  of  the  eye  of  one  of  tiie  lower  animals, 
such,  for  instance,  as  the  sheep.  There  is  another 
cause  of  indistinctness  in  the  image  fonned  by  an 
ordinary  lens  to  which  it  is  neoessaiy  liere  to 
advert,  it  is  that  known  by  the  name  of  chroma- 
tic aberration  or  dispersion.  It  depends  on  the 
fact  that  a  ray  of  liglit  when  refracted  by  a  lens 
is  spread  out  into  a  coloured  band  instead  of  gi%'- 
ing  the  image  of  a  pomt  as  it  ought  to  da  This 
may  be  illustrated  by  the  accompanying  fignro. 
At  o  is  seen  a 
ray  o  i,  emeiging 
from  the  o^ect 
at  o,  and  pass- 
ing through  the 
lens  undivided,  as 
where  tliere  is  no 
refraction  there  is 
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no  dispersion ;  but  another  ray,  as  o  s,  on  enterinf? 
and  leaving  the  lens  is  refracted  or  bent  from  iti 
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not  in  one  Ifaw,  not  as  n  single  ny  as  It 
eaght  to  be,  to  give  s  well-defined  image  bj  its 
jncdon  wiUi  o  I  at  the  focos;  but  as  a  mnldtode 
of  eoloBorcd  rajs,  Uuee  of  which,  the  red,  yellow, 
aod  bfaie,  are  represented  as  meeting  o  i  at  differ- 
ant  pointa  and  croaring  it  so  that  if  a  ecreen  be 
hdd  at  I  the  focos,  inetead  of  a  pomt  a  spot  of 
eoloared  light,  would  be  seen.    Tliis,  as  may  be 
mppcsed,  woold  encroach  on  the  position  oociqried 
by  the  images  of  other  points  and  prodaoe  confii- 
aon.    It  may  eadly  be  imagined  tliat  in  general 
ia  the  eentral  parta  of  sodi  an  image  the  i^tore 
of  fiiennt  colocirs  from  neighbooriog  points  would 
be  io  great  as  to  prevent  any  one  from  being  seen; 
hmoB  it  is  only  at  the  edges  of  the  image  that 
wtA  cohwred  frlngea  are  observed — giving  rise 
te  the  oommoD  mistake  that  it  le  only  in  the  out- 
Uh  or  bolder  limit  that  the  figores  of  bodies  seen 
by  chromatic  abevration  are  distorted,  which  is 
f»  ftom  being  troe,  as  is  abondantly  evident. 
Them  are  two  ways  of  remedying  such  a  fimlt  in 
the  image  fonned  by  a  lens— 1st,  the  employment 
•f  oely  the  oentral  parts  of  the  lens  where  there 
ii  little  refrnction,  by  the  nse  of  a  stop  or  diar 
(hrngm,  as  then  thcire  Is  little  refraction  and  of 
eoBBM  little  dispersion ;  or  2d,  the  employment 
ef  a  combination  of  concave  and  convex  glasees 
ef  difluent  refractivw  and  dispersive  powers,  so 
that  the  one  glaae  may  reverse  or  nndo  the 
diqwnian  of  tire  other  without  altogether  nen- 
tn&iDg  its  refraction,  so  as  to  leave  still  the 
eoovcil^ii^  power  to  ibnn  an  image.    Practically 
tUs  is  now  to  a  great  extent  accomplished  in  the 
Caeiteiideal  instrumcots,  such  as  telescopes,  ca- 
&&,  whach,  as  has  been  said  hi  thdr  prin- 
ef  action,  are  nearly  identical  with  the 
e^gan  of  vigkm.    Much  baa  been  written  on  the 
mode  by  which  the  ^  is  rendered  adiromatic 
Vf  meaaa  of  tbe  mutual  adaptation  of  its  different 
haaMjun.    It  would  seem,  however,  that  all  such 
iB(|airiee  are  rendered  nsdess  by  the  observation 
that  the  eye  b  not  achromadc.    It  has  been 
mppeeed  that  this  is  demonstrated  by  looking 
tknagb  a  fine  slit  at  the  light  of  the  dky,  when, 
if  the  eye  wen  achromatic,  the  light  ought  to 
sfipear  cotourleaei  instead  of  which  a  fringe  of  red 
asd  ydk>w  are  seen  on  one  side  and  of  blue  on 
thsother.    It  may  be  remarked,  however,  that 
tUs  is  not  seen  if  the  sight  Is  so  arranged  that 
the  edges  of  the  dit  are  seen  distinctly,  or  if  the 
^  is  tocuwsed  for  its  precise  distance^  to  use  an 
«ptiesl  phrassi    Whence  it  would  seem  that  the 
eye  b  BO  csnstitiited  that  when  the  place  of  the 
<Katinet  image  falls  exactly  on  the  retina  that 
isMge  is  achromatic,  but  hi  other  circumstances 
it  is  not  SOW    Those  who  adopt  the  opinion  that 
■0  anaagement  is  made  in  the  oonstruction  of 
the  e^  for  preventing  chromatic  dispersion,  say 
tkat  it  was  unneoessanr,  the  confusion  resulting 
hem  it  being  imperceptible. 

On  looking  at  the  course  of  the  rays  through 

dn  popil,  or  in  examining  the  image  actually 

in  the  back  of  tha  dissected  eye,  all 
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observers  have  been  struck  with  the  fact  that 
the  image  is  inverted,  tiiat  is,  that  the  upper 
part  of  the  actual  object  occupies  tbe  lower 
part  of  the  image,  the  right  side  the  left,  and 
so  on.  And  great  amazement  has  been  ex- 
pressed that  aU  obrjects  are  not  seen  by  the  eye 
in  an  inverted  posi- 
tion. Many  have  gone  a 
so  far  as  to  assert  that 
children  and  young 
animals  see  objects 
thus  turned  upside 
down,  and  that  it  b 
only  experience  that 
teaches  them  the  error 
of  the  impression. 
The  following  explanation  of  this  ancient  puzzle 
Is  perfectly  sufficient,  and  it  is  therefore  unneces- 
sary to  notice  any  of  the  numerous  speculations 
which  have  been  at  different  times  brought  for- 
ward.  As  will  be  more  particularly  dwelt  on 
at  a  further  part  of  this  article^  every  point  of 
the  retina  acts  for  itself  and  sees  iu  its  own 
direction  (if  the  expression  may  be  allowed), 
and  there  is  no  doubt  tliat  this  is  in  the  direc- 
tion perpendicular  to  its  surface  at  the  point,  so 
that  any  point  of  the  retina  may  be  considered 
for  the  purpose  of  explanation  as  a  small  eye 
distinct  from  the  other  parts.  Consider  now  in 
the  figure  an  eye  placed  at  a  and  getting  a 
ny  of  light  irom  the  pupil ;  of  course  it  would 
poxseive  the  impression  in  that  direction  and 
would  see  the  object  in  that  direction,  or  as  at  a, 
hence,  then,  it  looks  up  for  the  top  of  the  object 
where  of  course  it  is,  and  so  with  every  other 
point,  acting  and  perceiving  distinctly  for  itself 
and  independently  of  the  otliers,  and  seeing  the 
part  of  the  object  in  the  direction  from  whidi  its 
rays  come,  that  is  the  top  of  the  object  in  an 
upward  duection.  The  whole  difficulty  seems  to 
have  arisen  from  imagining  the  mind  or  conscious- 
ness as  a  separate  existence  contemplating  the 
inverted  image  on  the  back  of  tiie  eye-ball  from 
without,  as  another  eye  looks  at  such  an  image 
in  the  dissected  ball  formerly  referred  to;  whereas 
the  case  is  totally  different,  it  is  the  oonscioas 
retina  itsdf  perceiving  the  parts  of  the  image  each 
in  the  direction  of  the  reys  which  indicate  its 
presence. 

Few  persons  are  aware  of  the  very  llmitel 
extent  of  the  whole  field  of  vision  which  can  Im 
seen  distinctly  at  the  same  instant,  yet  the  effort 
to  decipher  the  one  part  of  a  printed  line  or  even 
a  word  while  the  eye  is  kept  fixed  to  another 
point  in  its  Immediate  vicinity  will  convince  them 
of  the  fact.  It  may  be  said  indeed  that  distinct 
vidon  is  confined,  strictly  speaking,  to  one  point 
of  the  retina,  and  Uiat  the  reason  that  this  is  not 
more  generally  observed  is  the  npidity  of  move- 
ment  of  the  eye  which  passes  the  point  of  distinct 
vision  over  every  part  of  an  object  with  such  faci- 
lity that  no  Inconvenience  Is  felt  at  its  not  being  all 
with  equal  distinctness  seen  at  once.    Different 
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causes  have  been  aaugned  for  this  want  of  dun 
tinctneas  In  the  greater  part  of  the  field  of  vision. 
On  the  very  centre  of  the  retina,  or  rather  the 
part  exactly  opposite  the  centre  of  the  pupil,  or  at 
the  termination  of  the  asds  of  the  eye,  as  it  is 
called,  there  is  a  spot  subtending  an  angle  of 
about  4*^  tnm.  the  centre  of  the  ball,  consisting 
of  a  part  rather  more  transparent  than  the  re- 
mainder of  the  nervous  membrane  and  surrounded 
by  a  faint  }'ellow  margin.  It  Is  called  the  foramen 
centrale  or  central  hole  of  the  retina,  and  has 
by  some  been  thought  to  be  the  cause  of  distinct 
vision.    That  this  is  not  the  case  is  evident  from 
the  tad  that  it  Is  only,  aooordhig  to  Sir  D.  Brew- 
ster, found  in  man,  apes,  and  some  lizards ;  and, 
moreover,  Uiat  distinct  vision  does  not  extend 
over  so  large  a  field  as  4°,  and  besides  that  the 
area  of  distinct  vision  is  not  circumscribed  by  any 
boundary  as  is  the  case  with  this  spot    The 
distinctness  of  the  perceptions  gradually  diminish 
from  a  smgle  point  to  the  margin  of  the  retina, 
where  all  sensation  is  lost,  eo  that  distinctness 
can  in  no  degree  be  connected  with  any  parti- 
cular line  or  margin.    It  is,  however,  certainly 
confined  to  a  particular  point  of  the  retina,  as  no 
degree  of  mental  effort  or  practice  will  serve  to 
change  the  place  of  distinct  vision  from  one  point 
of  the  retina  to  another.    It  is  known  that  the 
images  formed  by  lenses  are  more  faint  and  con- 
fused towards  the  edges  of  the  field,  and  that 
even  in  them  perfect  definition  can  only  occur  at 
the  centre.    In  such  cases,  however,  a  very  much 
larger  amount  of  the  field  remains  comparatively 
distinct  than  in  the  eye,  ao  that  it  does  not  seem 
to  be  owing  to  the  obliquity  of  the  incident  pen- 
cils of  light  and  the  inherent  imperfection  of  the 
image  formed  on  the  retina  that  its  mai^glns  seem 
to  the  sense  of  vision  so  ill  defined.    To  put  this 
to  the  test  of  experiment  we  have  only  to  place 
a  very  small  opening  in  a  card  in  front  of  the  eye 
so  as  to  shut  off  all  but  the  central  parts  of  the 
lens  fifom  action,  when  If  it  were  on  account  of 
the  obliquity  of  the  pencils  of  uiddent  rays,  the 
indistinctness  ought  to  be  greatly  diminished, 
which  is  not  the  case.    So  we  are  forced  to  the 
conclusion  that  it  is  by  a  peculiarity  in  the  struc- 
ture of  the  retina  itself  rather  than  of  the  image 
tliat  the  field  of  distinct  vision  is  confined  to  so 
small  a  range.   Indeed  it  is  easy,  considering  that 
it  is  so,  to  &id  reasons  for  it  in  the  fact  that  con- 
centration of  attention  is  thus  produced  and  the 
mind  confined  In  its  observation,  at  each  instant, 
to  a  single  point — Cloeely  connected  with  the 
foregoing  peculiarity  of  the  eye  is  the  question  of 
the  period  of  duration  of  impression  made  on  the 
retina.    It  is  more  than  probable  that  this  im- 
pression is  an  undulating  motion  similar  to  that 
excited  in  a  pool  of  water  by  the  impact  of  a 
stone,  so  that  it  might  be  expected  some  time 
would  elapse  before  ^is  wave  motion  would  sub- 
side and  leave  the  surface  tranquil  and  ready  for 
another  impression.    This  is  accordingly  foond 
to  be  the  fact,  and  is  the  origin  of  soma  interast- 
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ing  peculiarities  in  the  sense  of  vidon  as  well  as 
the  foundation  of  curious  toys  and  phOoeophical 
experiments.    The  common  amusement  of  dul- 
dren  in  whirling  pieces  of  burning  wood  rapidly 
in  the  air  to  give  rise  to  the  appearance  of  ritn 
bons  and  luminous  figures  may  be  given  as  an 
instance  of  an  efiect  depending  on  the  dniatian 
of  the  impression  on  the  retina.    Snppoeiog  the 
luminous  pohit  at  a  to  have  its  impreaaion  at  a 
on  the  retina  hi  the  annexed  figure,  and  that 
while  it  moves 
on    to   B    the 
image  is  made 
on  other  points 
as  at  6  in  the 
eye,     then    if 
while  this  has 
occurred      the 
image  is   still 
perceptible  at  a, 
it  is  evident  that  the  whole  of  the  images  along  the 
line  which  were  successively  made  by  the  point 
wiU  be  seen  at  once,  as  if  the  original  line  of  mo- 
tion of  the  luminous  point  had  been  itself  Inmln- 
ous.    ISf  then,  anj  figure  be  completely  described 
by  the  moving  point  before  the  impressioci  has 
begun  to  fade  at  any  part  of  the  retina  passed 
over,  the  figure  will  appear  complete.     It  b  evi- 
dent that  the  conditions  of  this  are  the  raindity 
and  dimensions  of  the  original  movement,  its 
distance  fh>m  the  eye,  and  the  time  during  which 
the  impression  continues  on  the'  retina  after  the 
light  which  gave  rise  to  it  has  vanished. — It  is 
easy  to  arrive  at  a  knowledge  of  the  duratian  of 
the  impression  by  means  of  the  experiment  now 
noticed.    Say  that  such  a  point  is  whirled  n»nd 
on  a  wheel  In  fhmt  of  the  eye  more  and  moce 
rapidly  till  it  is  just  seen  as  a  perfect  circle,  tlien 
it  is  evident  that  the  time  of  one  revolotioii  of 
tiie  point  is  predsely  equal  to  the  duration  of  the 
impression.    In  this  way  it  is  foond  that  impna- 
aions  of  dlfibrent  strengths  and  odoars  diftr  in 
the  period  of  their  duration,  as  might,  fttNn  die 
analogy  of  the  pool  of  water,  be  expected.     Dif- 
faront  experimenters  have  given  the^,  },  ^  of  a 
second  as  the  average  period  of  duratkn,  and 
Plateau  finds  the  impression  least  pennaiient  in 
blue  Uj^t  and  most  so  in  yeDow  and  white^  the 
yellow  remaining  86  hundredths  of  a  second  while 
the  blue  only  remained  82  hundredths. — The 
appearance  of  foriced  lightning  as  a  contimMMift 
thread  of  light  is  no  doubt  to  be  ascribed  to  the 
peculiarity  of  the  eye  now  under  notke,  aa  also 
the  elongated  form  of  shooting  stars,  foiling  rain. 
&c.,  &C.    It  has  been  said  that  foeUe  ligfata  take 
longer  to  make  their  impression  tlian  strong  ooefs 
and  instances  have  been  given  of  the  cannoci  dao( 
passing  across  the  sky  being  invisible  whQe  the 
same  at  a  white  heat  against  a  darik  aky  is 
easily  perceptible;  but  this  does  not  seem  to  be 
the  true  explanation,  but  rather  that  the  dnratiuo 
of  the  impression  of  the  lumiiious  sky  prevented 
the  perception  of  the  impression  of  the  dsk  ball, 
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die  ratina  bnng  in  «  state  of  previous  agiUtioa 
viuefa  htd  not  time  to  tabdde; — The  Thaumt- 
trope  (Wonder  Titnier)  invpoted  by  Dr.  Paris  is 
a  plifloeophical  tor  founded  on  the  duration  of 
the  JiprMsion  on  the  retina.  A  flower  is  painted 
OB  one  side  of  a  piece  of  cardboard  and  a  flower- 
pot oa  the  other,  the  whole  is  suspended  by  a 
strfa^  and  a  rapid  wliirling  motion  communicated, 
when  the  two  sides  wfll  be  seen  at  once  and  the 
flower  appear  to  groi^  from  the  flower-pot  Pla- 
t«m*s  magk  diM  depends  on  the  same  cause. 
— A  drcalar  piece  of  card  has,  at  intervals  of  one 
or  two  indws  roond  its  circumfeieoce,  slits  of  J 
lack  broad  and  an  inch  deep  cut  out,  and  in  the 
■iterrals  tlie  same  flgure  painted  in  diflvrent  but 
rtnilai'  attitudes;  for  instance,  the  action  of 
^tofiwg^  the  diflSerent  positions  whidi  such  an 
action  would  give  rise  to  in  its  successive  phases 
mad  the  date.  When  a  pin  is  put  through  the 
ontee  of  ioch  a  card,  and  the  face  of  it  held  in 
front  of  a  mirror,  the  eye  of  the  obeerver  being 
Erected  through  the  sUts  at  tlie  images  in  the 
■irpor,  while  tlie  card  revolves,  the  images  in 
the  mirror  being  in  all  lespeets  reversed,  appear 
to  stand  still.  And  if  such  rapidity  be  given  to 
tfas  motion,  that  the  impression  of  one  figure  shall 
ooine  on  the  eye  through  a  chink  just  as  that  of 
the  lurmer  is  about  to  vanish,  the  figure  will  ap> 
pear  to  have  moved  and  taken  up  the  new  i^osi- 
tion,  ao  thai  all  the  semblance  of  a  living  object 
m^  bt  commnnicsted.  Twelve  slits  answer  well 
for  audi  m  disc,  and  a  diameter  of  eight  or  nine 
Ineheiu  Other  and  still  most  ingenious  arrange- 
mcnta  of  thb  curious  instrument  have  been  de- 
sofibed  by  its  inventor. — Of  all  questions  con> 
csrniag  the  fiMulty  of  vision,  the  one  which  has 
given  rise  to  most  discussion  and  has  been  most 
^fiflkalt  of  solution  is  the  mode  in  which  the  eye 
aeeonMMMlaias  itself  so  as  to  produce  distinct 
vMon  at  diflbrent  distances.  That  such  a  power 
is  mioired  and  actually  exists,  may  be  perceived 
bj  sneh  an  experiment  as  the  following.  Place 
the  cy«  at  a  distance  of  a  foot  from  the  glass  of  a 
wUow,  and  with  a  pencil  endeavour  to  delineate 
en  the  i^aas  a  tracing  of  the  ontlines  of  distant 
el(|eets  seen  through  the  window.  It  will  soon 
be  found  that  it  is  impoesible  to  see  distinctly  the 
fetal  ef  the  pencfl  and  the  outline  of  the  dbtant 
ebjeot  at  the  same  time,  so  as  to  cause  the  one  to 
foflow  the  other.  Either  can  be  seen  distinctly 
Mpantdy,  but  not  together;  the  eye  must  ac- 
commodate itself  to  either  distance  separately. 
1^  is  piecisely  anakgoos  to  what  occurs  in  the 
formation  of  the  image  by  means  of  a  lens  on  a 
screen.  It  is  found  that  the  distance  of  the  lens 
InNtt  the  screen  must  be  varied  to  suit  diflbrent 
«M*ni'**t  and  that  aU  the  images  of  the  distant 
eem  confused,  when  the  near  ones  are 
and  rios  verso.  What,  then,  are  the 
of  thia  adaptation  of  the  eye?  In  the  case 
ef  the  lens,  for  instance,  of  the  camera  obscure,  it 
b  found  to  be  easy  to  focus  all  distances  at  once, 
by  employing  none  but  nearly  central  rays,  that 
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is,  by  covering  up  all  but  the  centre  of  the  lent 
by  a  diaphragm,  leaving  only  a  small  opening. 
In  this  way,  the  blades  of  grass  dose  to  the 
camera,  and  the  scars  on  the  distant  mountains, 
are  all  depicted  at  tlie  same  time  equally' distinct 
M.  Pouillet,  from  observing  this,  and  also  noticing 
the  fact,  that  the  pupil  contracts  itself  when 
effort  is  made  to  see  near  objects,  ascribes  the 
acoofomodating  power  of  th^  eye  wholly  to  the 
contraction  and  dilatation  of  the  pupiL  fiut  that 
this  is  wholly  untrue,  may  be  at  once  made  out 
by  the  simple  experiment  of  looking  through  a 
small  hole  in  a  card,  when  it  will  be  obvious  that 
the  circumstances  are  the  same  as  in  the  con- 
tracted pupil,  and  that  though  it  is  true  that  the 
eye  is  now  accommodated  to  very  near  vision, 
yet  this  accommodation  difl^ers  from  that  which 
naturally  tues  place  in  this,  that  both  far  and 
near  objects  are  seen  distinctly  at  the  same  time^ 
which  is  never  the  case  with  the  natural  pupil.— 
A  very  prevalent  opinion  is  that  the  eye  is  wholly 
elongated  by  the  pressure  of  its  exteraal  muscles, 
and  that  this  is  equivalent  to  withdrawing  the 
retina  to  a  greater  distance,  and  thus  rendering 
its  situation  adapted  to  the  images  of  near  objects. 
But  such  an  elongation  would  necessarily  lead  to 
a  projection  of  the  front  part  of  the  eye  forther 
forward.  Sudi  a  prnjection  has  never,  even  by 
the  most  carefnl  observation,  been  noticed. — It 
ought  to  be  borne  in  mind,  that  in  what  Dr. 
Young  has  called  indolent  vision,  that  is,  in  the 
state  of  the  eye  when  its  vision  is  indifferent,  or 
directed  to  no  particular  distance,  it  Is  always 
fitted  for  the  most  distant  vision ;  so  that  only 
one  kind  of  ai^ustment  is  required,  the  other 
taking  place  without  effort.  The  celebrated  Dr. 
Thomas  Young,  who  devoted  much  time  to  the 
investigation  of  the  physiology  of  vlsio^i,  arrived 
at  the  condudon,  that  the  lens  has  a  muscular 
structure,  and  can  thereby  change  its  figure  to  a 
more  spherical  form,  thus  diminishing  its  focal 
distance,  and  that  thus  the  accoramodarion  to 
near  objects  is  produced.  He  instituted  experi- 
ments and  calculations,  to  show  that  the  amount 
of  change  necessary  would  be  but  trifling  in 
amount,  and  by  no  means  beyond  tLe  bounds  of 
probability:  musdei.  however,  are  liable  to  irre- 
gular and  spasmodic  action,  and  it  is  o  priori 
questionable  how  far,  where  such  perfection  of 
form  IB  required  as  in  the  lens  of  the  eye,  it  should 
be  left  liable  to  such  changes  of  shape.  Besides, 
our  more  accurate  knowledge  of  the  minute 
anatomy  of  the  texture  and  of  the  lens  itnelf, 
affords  no  sup{iort  to  this  view;  and  it  has  been 
still  more  decidedly  disproved  by  the  direct  experi- 
ments of  Oromer  and  others,  who  found  that  the 
crystalline  lens  of  recently-killed  animals  under- 
goes no  change  of  form  whatever  when  sub- 
jected to  the  power! ul  stimulus  of  a  romting 
battery.  There  Is  therefore  only  this  alterna- 
tive,— the  alteration  iu  the  form  of  the  lens  must 
depend  on  the  action  of  Uie  internal  muscular 
apparatus  of  the  eye,  which  in  man  consists  of 


869 


2  B 


EYE 

the  tr»  and  the  eiliarjf  mvtde.  The  qntttion 
remaifM,  therefore,  whet  part  is  played  bj  the 
iris  and  what  bj  the  ciliary  muscle  f — a  question 
ezoeedinglj  dIflScult  and  delicate,  bat  which  has 
at  last  been  satisfactorily  answered.  Having;  care- 
fullj  studied  all  the  more  modem  researches  of 
Cramer,  Donders,  Uelmholtz,  and  Van  Reeken, 
and  followed  up  their  experiments  by  independent 
researches,  Dr.  Allen  Thomson  has  exposed  and 
settled  the  whole  intricate  subject  in  one  of  the 
most  interesting  memoirs  that  we  possess  oon- 
oerning  iL     His  conclusions  are  as  follow : — 

"  (1.)  In  ac^ustment  fordistant  vision,  which  is 
usually  the  state  of  rest  of  the  eye,  the  flattened 
form  of  the  lens  is  maintamed  principally  by  the 
elasticity  of  the  parts,  and  more  immediately  by 
the  tension  of  the  elastic  fibres  of  the  zonule  of 
Zinn,  or  suspensory  ligament,  which  pass  to 
unite  with  the  capsule  of  the  lens,  both  on  the 
anterior  and  posterior  surfaee,  near  its  maigm. 
(2.)  In  adjustment  for  near  vision,  which  is  an  ac- 
tive condition,  the  increased  curvature  and  advance 
of  the  anterior  surface  of  the  lens,  together  with 
the  other  attendant  changes  in  its  form,  are 
efleoted  by  the  combined  action  of  the  ciliary 
muscle  and  iris,  which  compress  the  marginal 
part  of  the  lens  by  their  own  direct  action,  and 
through  the  ciliary  processes  and  fluid  of  the 
canal  of  Petit.  (3.)  By  the  contraction  of  the  ciliary 
muscle,  the  attachment  of  this  muscle  itself,  and 
of  the  base  of  the  iris,  along  the  line  of  junction 
of  the  cornea  with  the  sclerotic,  is  drawn  boom- 
what  backwards;  and  thus  the  outer  part  of  the 
anterior  aqueous  diamber  recedes,  and  is  widened 
transversely.  The  pupillary  maigin  of  tlie  iriS| 
though  contracted  by  its  sphincter  muscle,  is 
advanced  by  tlie  bulging  of  the  lens,  upon  which 
it  lies  closely  applied.  (4.)  It  may  be  doubtful 
whether  the  radiating  fibres  of  the  iris  contract 
actively,  or  are  only  in  a  state  of  teasion  between 
the  sphincter  and  the  dliar}'  muscle ^  but,  in 
either  case^  the  outer  part  of  the  iris  will  presa 
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upon  the  margin  of  the  lens  in  front.  (5.)  The  ex- 
ternal and  longest  fibres  of  the  diiaiy  mnsde, 
whose  contraction,  as  Van  Reeken  remarka,  moit 
be  the  greatest,  proceeding  towards  the  orm  aer- 
rata,  draw  forward  that  part  of  the  chon^  mem- 
brane, and  thus  have  the  effect  ef  reliaving  the 
tension  of  the  elastJc  fibres  of  the  suspeosoiT 
ligament  of  the  lens.  (6.)  The  remaining  part  of 
this  musde,  inserted  into  the  exterior  of  the 
ciliary  processes  and  suspensory  Ugameol,  mast 
gather  them  together,  rendering  them  alioftw 
from  without  inwards,  and  narrowing  them  finom 
before  backwards,  so  as  to  support  the  Titreoia 
humour  behind  the  lens,  and  thus  prevest  its 
moving  backwards.  The  yielding  nature  ef  the 
attachment  of  the  iris  and  ciliary  musde  to  the 
Ime  of  junction  of  the  cornea  and'  aderotic^  may 
allow  the  dliary  musde  also  to  act  oo  tbe  mem- 
brane of  DeseemeC,  so  as  to  give  increaaed  ten- 
sion and  support  to  the  fluid  in  tbe  aqiaeons 
chamber.  (7. )  The  combined  action  of  the  inner 
fibres  of  the  ciliary  muscle  and  of  the  im,  Is  to 
carry  the  ends  of  the  dliary  processes  agaioat  or 
near  to  the  mai^n  of  the  lens,  and  to  prodnee 
eompression  round  that  margin;  the  efibct  of 
which  pressure  may  be  rendemd  more  equal  by 
its  action  through  the  fluid  of  tlie  canal  of  Fetit 
This  canal  b  deepened  during  tbe  actkMi  from 
before  backwards,  and  its  fluid  may  thus  eoarey 
the  pressure  to  a  greater  extent  of  the  ntargin  of 
the  lens.  At  the  same  time,  the  direct  pressors 
of  the  outer  part  of  the  iris  on  the  marginal  part 
of  the  anterior  surface  of  the  lens  prevents  the 
advance  of  that  body.  The  kna  therelbra 
bulges,  especially  at  its  central  portion,  and  it 
seems  even  possible  that  it  may  bulge  to  a 
greater  degree  through  the  pupil  than  elsewhers." 
The  subject  is  made  much  mors  intelligible  by 
the  following  diagram,  modified  by  Dr.  Thomson 
from  one  given  by  Helmhcltx.  On  the  tight 
skie  of  the  diagram  the  lens  and  other  parts 
are  represented  as  in  atyustment  tot  near  vision; 
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oi  die  left  rid«,  fcr  distant  Tbioii  ;—<^  the  oomea; 
H tke MS|  J^  iclefotie;  dk,  choroid  membrane;  r, 
ictiDa;  A,  bjaloid  membrane;  cm,  ciKary  maecle; 
<g^  cQlaiy  proceeees;  o,  canal  of  Petit  and  bq»- 
pconrj  BgamcDt  of  the  lens;  I,  the  flat  leas;  f, 
the  lew  altered  in  form  for  near  viMon. 

By^-Ptorcw — The  fbnctioa  of  the  Objiot- 
Gukae  of  a  tdeaeope  b  simply  this,— it  presents 
ie  its  fccas  an  imafce  of  the  external  object  which 
h  wnA  w»m  buUnom  than  tl>e  object  appears 
to  the  vnassistcd  cre^  The  tke  of  the  image 
Taries  with  cirenmstanoes,  but  it  may  be  magni- 
led  by  aid  of  a  microscope^  in  proportion  to  its 
brighUicaa.  This  magnifier  or  microeeope  is  the 
SBuUl  twbe  thnragfa  which  one  looka  at  the  image, 
and  is  teehnksslly  termed  the  tjfe-pite$  ef  Uie 
triaseopeb  We  shall  briefly  describe,  in  the  flnt 
pboe,  the  natnre  of  the  e}^e-pieeee  generally  in  nse, 
and  then  rderto  the  important  subjiBct  of  their  oor- 
Nctioii  for  CkramtUie  and  Spkerioai  Aberraiiotu, 

I.  TBbGbxbralStructorbopEtb-Pxscis. 
^Eje-piceee  may  be  divided  into  three  classes : — 

1.  Tie  Smffk  Ltu. — ^This  is  a  mere  convex 
■apdfyiDg  glass,  so  placed  that  tiie  image  be  in 
its  focDB.  It  is  still  frequently  employ^  when 
a  Hatted  object,  or  part  of  an  object,  requires  to 
ae  riewed  with  a  very  high  power.  But  the 
elject  most  be  limited,  inasmudi  as  it  cannot  be 
eecB  distinctly  unless  in  the  centre  of  the  field  of 
▼lev  or  the  immediate  neighbourhood  of  that  cen- 
tra. At  any  appreciable  distance  from  the  centre 
ef  the  kua,  the  image  is  oolonred  and  disturbed 
tfaroogh  effiect  of  the  two  abemtions.  The  chro- 
■atism  of  such  a  lens  may  indeed  be  destroyed  in 
ttie  way  that  an  object-glsss  is  corrected  for  the 
;  but  this  can  be  efiected  mudi  more 

dy  and  certainly  when  a  compound  e}*e-pieoe  b 
•■pwyed.  The  single  lens,  therefore,  is  not  now  put 
■I  uas  unleM  in  the  circumstances  above  described. 

1.  The  Awirotumieal  fjie-piieee.— The  image  of 
an  oliJeGt  formed  in  the  focus  of  an  object-glass  is 
rillappearfrom  thefoUowing  diagram : 


The  applicataoD  of  a  simple  magnifying  power 
to  that  fanage  will,  of  coarse^  present  it  inverted 
sla^  and  enlarged  in  size,  jffow,  as  it  is  not 
ef  the  slightest  importance  in  astronomical  ob> 
■rvationa,  whether  the  obfect  appear  inverted  or 
epcii^t,  the  Ibnctioo  of  all  eye-pieoes  employed 
hi  SBcli  TCMsrches  is  merely  that  of  magnifying 
fr  iflwy  f  and  they  show  accordingly  the  objea 
bvcrtad.  As  we  shall  see  in  next  section,  the 
image  could  not  be  re-inverted,  or  the  object 
in  its  natural  position,  without  the 
of  a  new  and  special  lens ;  and  no 
can  be  interposed  unleM  at  the  coetly 
€f  «  q;oantity  of  lighL— Two  varietiea 
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of  such   eye-pieoes  are  in  common  nse — one 
called  the  negaiive,  the  other  the  potkwe  eye- 
piece.   The  negative  eye-piece  is  formed  of  two 
plano-convex   lenses,   a 
and  B,  fixed  with  their 
curved  surfaoes  towards 
the  object-glass,  at  a  di»- 
tanoe  from   each  other 
something  less  than  half     lA 
the  sum  of  their  focal 
lengths.    It  is  called  a 
n^ative   eye-piece^  be- 
cause the  image  viewed 
by  the  eye  is  formed  be-  Fig.  9. 

hind  the  inner  lena,  and  this  is  the  form  generally 
used  when  distinct  vision  is  the  sole  ob)^~The 
pontine  eye-pieoe  is  formed  of  two  plano-convex 
lenses,  o  and  o,  having  th^  curved  surfaces 
turned  towards  each  other,  and  placed  at  a  dis- 
tance from  each  other  less  than  the  focal  distance 
of  the  one  next  the  eye, 
so  that  the  image  of  the 
object  viewed  is  beyond 
both  the  lenses:  this  is 
the  form  adopted  for 
the  Transit  Instrument, 
where  spider  lines  are  in 
the  focus  of  the  object- 
ghua,  and  also  for  teles- 
copes with  micrometers, 


ng.  8. 


Fig.  4. 
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for  the  piece  containing  the  lenses  can  be  taken 
out  without  disturbing  the  lioea,  and  is  adjustable 
fur  distinct  vision.  As  the 
image  formed  at  the  focus  of 
the  object-glass  lies  parallel 
to  the  flat  fooe  of  the  conti- 
guous lens,  every  part  of  the 
field  of  view  is  distinct  at 
the  same  atyustment,  or,  as 
opticians  say,  there  is  ^fat 
fdd, — To  obviate  the  incon- 
venience of  observation  at 

high  altitudes,  a  diagonal  piece  is  often  used. 
A  flat  pieca  of  polished  speculum  metal,  v, 
applied  beween  the  two  lenses  at  an  angle 
of  46^  changes  the  direction  of  the  rays 
w  of  light,  and  forms  an  image  that  becomes 
•net  with  respect  to  aUUude,  but  is  still 
revened  with  respect  to  azimuth.  Instead 
of  the  speculum,  a  totally  irflecting  prism  may 
be  beneficially  employed.  The  most  elementary 
acquaintance  with  dioptrics  will  enable  the  reader 
to  trace  the  course  of  the  ray  of  light  thixHigh 
these  difierent  combinations.  All  varieties  of 
magnifying  power,  as  depending  on  the  curva- 
tures of  the  lenses,  may,  of  course,  be  given  to 
either  construction. 

8.  7%e  Erecting  or  Terrestrial  E^pieee,^ 
It  would  unquestiocably  be  surprising,  and  alto- 
gether unexpected,  that  one  should  have  remote 
terrettrial  objects  presented  to  the  ty%  turned 
upside  down ;  and  as  the  sacrifice  of  an  amount  of 
light  is  of  kto  conseqiwDce  in  this  case,  the  eye* 
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piees  of  an  ordinarv  terrestrial  (elfltoope  hat  mora 
lenses  than  twa  The  maimer  in  which  the  ob- 
ject aimed  at  maj  be  aooompltslied  by  the  uitro- 
doetioa  of  such  additional  parts  will  be  readilj 
nndentood.  Sappose  that  an  additional  lens  of 
the  same  nature  as  a  b  (see  fig.  1,  above),  were 
placed  beyond  the  image  n  m,  and  so  that  it  m 
should  be  in  its  focus,  it  is  clear  that  an  image  of 
»  m  would  be  formed  in  the  focus  of  the  new  lens, 
and  that  this  second  image  would  be  an  inversion 
of  the  first  image,  — io  other  words,  the  position  of 
its  parts  would  correspond  with  the  position  of 
the  parts  of  the  ol^ect  M  h,  that  is  to  say,  it 
would  be  m^eoL  The  terrestrial  eye-piece  could 
tlierefore  be  completed  merely  by  bringing  the 
magnifying  power,  or  some  form  of  the  simple 
aiitronomical  eye-piece,  to  operate  on  that  second 
or  erect  image.  This  is  not  indeed  the  actual 
arrangement  of  any  terrestrial  eye-piece  in  use; 
but  it  explains  the  principle  of  all  of  them.  Tiiey 
are  composed  sometimes  of  three  lenses,  sometimes 
of  four,  variously  arranged ;  but  one  part  of  the 
arrangement  always  bos  for  its  object  or  distincti\'e 
function  to  reverse  the  original  inverted  image, 
and  the  other  to  magnify  it  Ttie  mode  of  the 
arrangement  of  the  lenses  is  determined  by  cd- 
lateral  considerations, — mainly,  by  the  conditions 
most  favourable  for  the  destruction  of  the  two 
aberrations.  Two  of  the  three  arrangements  are 
shown  below  in  figs.  7  and  8,  where  the  places  of 
^-inversion  are  sv^dently  dearly  indicated.  Of 


increased  Or  diminished.  This  is  the  aacret  of 
Kitchener's  PanonOie  eye-piece.  For  priadplei 
of  computation,  &c,  aa  to  these  matten,  ess 
Lex8. 

IL  PBnrciPLBB  or  CoRRKcnoK  iob  tr« 
ABBRRAT10N8.— -These  aberrations  are  two— -the 
Chromatic  aberration,  and  that  of  Sphenckg, 

1.  ayfr^ecfM«^C%rosNrtieJ&eryttfioii.--Thk 
most  essential  correction  has  occupied  the  attao- 
tion  of  our  best  physicists  and  mi 


such  as  Euler,  Clairaut,  D'Alembert,  Boeoovich; 
and  in  modem  times  it  has  dicited  daboraie 
memoirs  from  Airy  and  BioL  The  researches 
of  Blot  are  in  the  Memokn  de  VLstitMi  for  1848, 
and  more  recently  ius  invaluable  treatise,  the 
Aiironomie  Phftiqvit,  Mr.  Airy's  woiiL  is  inaerted 
in  the  Cambridge  Philotophioal  TVanBadwiu,  voL 
iL,  beating  date  1824.  We  shall  give  a  brief 
account  of  the  latter  paper,  distinguished  alilce  by 
its  simplidty  and  exhaustiveness.  The  analytical 
process  employed  is  susceptible  of  e  short  and 
popular  explanation.  Chromatic  abenatiaii,  aa. 
explained  under  Abbrbation,  arises  from  the  im- 
equal  refrangibility  of  the  diverse  coloured  nye  or 
waves  of  the  spectrum.  The  general  principle  is 
this:— The  violet  pencil  is  more  refrangible  than 
the  red,  and  will  therefore  enter  the  eye,  making  a 
greater  angle  with  the  axis  of  the  tdeecope  t^ 
the  red  pencil  makes.  Looking  from  the  centn^ 
then,  or  along  the  axis,  at  the  refracted  aheal^ 


the  vblet  image  will  appear  as  a  ring  enveloping 
other  anangementa  the  following  may  be  spedfied  I  the  inner  red  ring  and  all  the  intermediate  ooes, 
as  very  generally  used.    AlUwugh  the  antigect  |  so  that  the  object  will  present  as  a  set  of  coloured 
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Fig.  ft. 

properly  bdongs  to  next  section,  It  may  be 
remarked  here  that  this  eye-piece  will  be  achro- 
matic under  the  foUowing  conditiona:^/*«vf, 
'life  four  lenses,  a,  o,  d,  b,  reckoning  from  a, 
ought  to  have  focal  lengths  in  the  proportions  of 
S,  4,  4,  and  8;  and  tlie  distances  between  them, 
reckoning  tai  the  same  scale,  should  be  4,  6,  6, 
and  2.  Saoondljft  The  radii,  rsckonhig  from  the 
outer  sorfooe  of  a,  should  be^-« 

^  {8lSff2!Sii::::*i]««"'yp»««>«»^ 


C   f5!?«^*S?Ll--  J}  A  mealscns. 


t  SeooDd  surf  ace, ... . 


Sir  David  Brewster  was  the  first  to  notice  that, 
by  varying  the  distances  between  o  and  i>,  by 
means  of  the  moveable  tube  containing  a  and  c, 
^be  magnifying  power  of  Uiia  e^'o-piece  may  be 


nngs  or  forms.  Now,  if  a  aecond 
glass  be  placed  at  some  distance  from  the 
first,  the  violet  rays,  after  refractioa  at 
the  first  eye-glass,  ivill  be  inddent  on  the 
second,  at  a  point  nearer  to  the 
than  that  at  which  the  red  raya 
inddent  on  it;  and  foiling  therefore  od  a 
smaller  repeating  angle,  they  noay,  bj  the 
proper  adjustment  of  the  lenses,  be  made  to  issoe 
paralid  to  the  red  rays;  when  the  obfect  wiU 
be  seen  without  any  tinge  of  ool>nr.  It  is 
singular  enough  that  the  eariy  double  eye-pieoe 
of  Hnyghens-Hdthough  originating  in  other  eoft- 
siderations—answered  this  requisition  in  the  way 
iitdicated  in  diagram,  fig.  6:  see  bdow. 

It  is  dear,  however,  that  an  adjustment  ao  im- 
portant should  not  be  left  to  chance,  or  enotimis 
surrounded  by  any  degree  of  vaguenesa.  Calling 
n  the  index  of  refraction  for  any  one  eoloor,  or 
for  the  mean  rays,  e  +  )  e  will  be  the  index  of 
refraction  for  nyn  of  any  other  cdonr.  It  then, 
by  aid  of  this  notation,  an  expression  is  fomd 
for  the  visual  angle,  by  tradng  the  axia  cf  a 
pendl  of  nys  through  the  eye-piece,  the  variar 
tion  Oi  this  expression  depending  on  the  forego- 
ing alteration  of  the  index  of  refraction,  mast, 
in  the  case  of  achromatism,  be  evidently  =  0. 
Fundamental  equations  are  thus  easily  formed, 
and  the  relations  among  the  required  quan- 
tities that  are  demanded  by  the  oonditioo  just 
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be  dctnrmined  at  onoa    W« 
to  frfro  more  thiin  a  few  of  Mr. 
In  caat  of  tba  ejro-pieoa  with 
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twoare-fi^aMM.  Let  d,  in  fig.  6,  be  the  distance 
of  the  fiint  eye-g)aia  from  the  ot^Ject-glaasi  p  ita 
focal  V*ngth|  a  the  ^Ittanftt  of  ibe  locoiid  eye* 


gtaaa  flvm  t\m  iint,  q  Ita  fbcal  lenj^h ;  then  the 
yielded  hf  tbe  foregoing  method  ia-— 


or  !f,  as  aetnanj  oecnn,  D  be  rerf  great. 

If  p  a  8  f ,  then  a  3  S  9,  which  is  the 
Hoygheoian  oonatnictioa  —(2.)  Tlie  ciye-pieoe, 
with  three  gluBaes,  aa  in  fig^  7. 


Tbe  teal  eqnatioQ 
tai^  2 6^— 2(n -hi) .  f— 2 « r -l-pf  4- 9r  s  0. 

If^  Fi  9«  *°^  *"  ^  given  quantities,  wc  have 
ft     2gy  't'  2  or — p  q — pr  —  qr 
3  a  —  2p  —  'Iq  ' 

If  a  s  j»  •!-  f  *  we  obtain — 


Jf'K.  7. 


f  +  r+ 


5" 


A  fbmnU  of  Beecoirich*a.  This  erfr-pieoe  ia 
little  used,  in  consequence  of  the  dilllculty  of 
getting  rid  of  sphericiil  aberration8.~(8.)  Tbe 
«}*e-pieoe  with  four  e;'e-glaMes  ia  now  nnivei^ 
▼enally  employed.    SitM  fig.  S. 


ivps. 


Ibe  final  equation,  aoppeaing  a,  (,  j>,  9,  r, «  to  be  given,  ia 

|*-(a  +  2?)-(2a~p)-(2*  — j)^-(r  +  s)  +  rf  |2a— fr+j)} 

^.|3  6  — 2(f +  r|  -k-q-U  -(o  +  ft)  — 2r  |— o(4  6— 8r) 


la  i»r  tdeseopca  examined  by  Airy,  the  valuea 
«f  e  ware  as  foUuws:— 

1.  A  eammon  penpeetive  glaasi  0  a    18 
1  Do.  do.  e  s  40* 

1  Oneof  DoUand'a,. 0  a  Sl'46 

4.  Onsef  IUmsden*B, e  »    M 

Th«  trasTalne  of  6  In  tlM  difleml  cases  ought 
to  bare 


2*81;  87-68;  19-87;  112. 
tbs  atedant  Is  ftirtbar  nfaned  to  Mr.  Afa7*s 


Memein^  and  to  the  writings  of  Blot,  already 
quoted.  See  also  an  instructive  chapter  in  Sir 
David  Brewstcr*s  Optic*, 

2.  Corrtetum  of  At  AbemHim  ofSpiktrieifff. — 
The  nature  of  this  aberration  has  been  explaimd 
under  Abkrratiox.  It  consists  in  this — all  parts 
or  sones  of  a  spherical  lens  have  not  the  same 
focus;  so  that,  except  in  the  immediate  vicinity 
of  the  centre  oY  the  spherical  lens,  the  image  of  an 
object  is  disturbed  and  indefinite.  The  practical 
correction  of  this  ab«mtion  can  never  be  perfect ; 
and  taken  in  connfction  with  the  neceasity  of 
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achiomatUin,  the  whole  rabject  Is  an  intricate 
one.  Hr.  Airy  has  pursued  its  theory  also 
through  its  most  important  relations,  in  an  ex- 
haustive Memoir  in  Cambridge  Phihtophieal 
TtxauaeUoMt  vol.  ili.  Referring  the  student  and 
scientific  optician  to  that  very  able  memdr,  we 
must  be  satisfied  here  with  a  fewpractical  remarics. 
(1.)  Inasmuch  as  it  is  exceedingly  difficult  to 
correct  for  spherical  aberration,  the  first  point 
to  be  determined  is  in  any  given  case,  Whai  are 
the  ipecial  errors  detired  to  be  guarded  againtt  t 
Airy  classes  these  as  follows : — Firtt^  A  defor- 
mation of  the  object  If,  after  examining  an 
otgect  in  the  centre  of  the  field  of  view,  we  bring 
it  to  the  outside,  we  shall  frequently  find  that  it 
is  extended  in  the  direction  of  the  radins  of  (he 
field  of  view,  and  that  it  is  increased,  though 
in  a  smaller  degree,  in  the  other  directions.  If 
we  look  at  a  square,  it  will  appear  to  be  drawn 
out  at  the  comers,  so  that  the  sides  are  all  con- 
vex towards  the  centre.  Sometimes  the  contrary 
effects  will  be  produced:  an  object  being  less 
ma^pDified  at  the  drcumferenoe  of  the  field  than 
near  the  centre.  This  defect  may,  in  many  cases, 
be  entirely  removed.  Seoond,  If  an  object  be 
distinctly  visible  in  the  centre  of  the  field  of  view, 
it  is  necessary  to  push  in  the  eye-piece  farther  in 
order  to  see  clearly  the  objects  at  the  ontdde  of 
the  field.  In  consequence  of  thb  it  is  impossible, 
with  the  same  position  of  the  eye-piece,  to  see 
distinctly  all  parts  of  the  field,  or  to  see  an 
object  dislisctly  as  it  passes  the  field  of  view. 
This  defect  can  never  be  destroyed.  Third,  That 
no  a<Qustment  of  the  place  of  the  eye-piece  will 
make  an  ol^ect  distinctly  visible  when  it  is  far 
from  the  centre  of  the  field  of  view.  If  a  brilliant 
point,  as  a  star,  l>e  viewed  in  this  situation,  with 
one  position  of  the  eye-piece,  it  appears  a  bright 
line  in  a  direction  perpendicular  to  the  former; 
with  other  positions  it  appears  an  ellipse,  or  a 
circle.  In  the  case  last  mentioned,  different  parts 
of  the  image  are  formed  at  different  distances 
from  the  eye :  in  which  case,  no  distinct  image  is 
formed  at  all,  except  in  the  centre  of  the  field ; 
the  rays  of  other  pencils  never  converging  accu- 
rately to  a  point  This  defect  may  frequently 
be  entirely  corrected,  though  it  is  sometimes 
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prudent  to  leave  it  partially  nncorrected. — As 
already  said,  it  i)  necessary  in  every  practical 
case  to  consider  on  what  defiet  cie  grttOeti 
eirest  ehouid  be  laid.  For  instance,  when  the 
aperture  of  the  telescope  is  very  small,  or  its 
magnifying  power  very  great,  the  breadth  of  the 
pencil  is  very  small,  and  the  second  and  third 
defects  become  insensible ;  so  that  the  first  con- 
dition ought  chiefly  to  be  attended  ta  In  cases 
of  micromatic  measurement,  the  power  is  rarely 
great,  and  distortion  is  of  less  oonaeqoenoe,  inas- 
much as  obfeci  and  mierometer-wires  are  eqoaDy 
distorted.  The  secoTtd  condition  is  here,  therefore, 
the  important  one ;  and  the  third  should,  as  far 
as  possible,  be  satisfied  also.  Mr.  Airy's  Memoir, 
which,  as  we  have  said,  is  almost  exhaustive^ 
proceeds,  of  course,  on  the  principle  that  the 
spherical  aberration  of  one  lens  must  be  used  to 
correct  the  spherical  aberration  of  another:  and 
the  applicability  of  this  principle  k  evident 
enough, — it  being  quite  the  same  as  the  prin- 
ciple employed  respecting  chromatic  aberr^ion; 
vis.,  the  ray  convei^ging  to  a  point  nearer  than 
that  to  which,  without  spherical  aberration,  it 
would  converge,  may  be  made  incident  on  tiia 
second  lens  at  a  point  where  the  separating  anglt 
is  so  small  that  it  shall  emei^  in  a  directiaD 
parallel  to  that  which  it  would  have  had  if  there 
had  been  no  aberration.  All  the  important  and 
applicable  combinations  of  lenses  are  separately 
and  elaborately  considered  in  Mr.  Airy*s  Memoir. 
— See  Objkct-Gi^bs. 

E7e-l»leco«  flolarf  or  Sir.  Davrcans* — An 
eye-piece,  recently  proposed  by  the  Ber.  B. 
Dawes,  and  executed  by  Mr.  Dolland,  Is  ensi- 
nenUy  successful  in  cutting  off  the  sun's  li^i^ 
and  heat,  in  so  laige  a  proportion  tliat  an  obseivei' 
may  view  the  spots  without  sensible  inooDTeoienes^ 
however  large  the  aperture  of  the  tdesoopSL  Tiktt 
resnlt  is  attained  by  the  insertion  of  a  diaphrtgm 
into  the  tube,  and  a  ring  of  ivory.  The  defect  of 
this  valuable  eye-piece  is  the  oontractedness  of 
its  field  of  view.  But  several  observcn  havo 
already  used  it  with  success  in  reference  to  the 
solar  spots.  Minute  descriptions  of  this  Sjre- 
piece  may  be  found  in  the  MotUh^  Notices  «f 
the  Boyal  Astronomical  Society. 
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See  Thkrmometeb,  Scales. 
See  Ak&olitbb  and  Mb- 
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TEOIiS. 

Fam  HmrgaMsu  A  phenomenon  chiefly 
noticed  in  the  Straits  of  Messina,  between  Cala- 
bria and  Sicily.  It  is  described  as  showing  the 
images  of  objects  on  the  coast,  sometimes  in  the 
water,  sometimes  in  the  air,  sometimes  at  the 
line  which  separates  the  two  media.  Sometimes 
two  images  of  an  object  are  shown,  one  inverted, 
and  one  in  the  natural  position,  and  sometimes  a 
great  number  of  images  are  observable.    The 


phenomenon  has  not  yet  been  perfet^y  aooonnted 
fi>r.  Philosophical  observers  of  it  have  not  been 
numerous;  and  due  records  of  the  meCeonlogieal 
circumstances  in  which  it  takes  place,  and  br 
which  it  is  certainly  very  much  modified  in  char- 
acter, have  not  been  preserved.  The  pecoliari- 
ties  of  the  coast  seem  to  ofler  an  explanation  in 
so  far  satisfactory.  These  coasts  endoae  a  por- 
tion of  nearly  stagnant  air,  susceptible  of  rapd 
alternations  of  temperature.  In  ordinary  drcom- 
stances  air  is  not  so,  chiefly  because  the  heated 
or  cooled  aur  is  immediately  replaced  by  other 
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tir,  hy  CbnvileffM  (q. «.)  Here,  hofrever,  a  series 
of  atmospberic  etnta  are  formed,  of  different 
dmatlee,  which  ii]ay,,and  probably  do,  act  an  so 
BaoT  mirTon  hung  in  tbe  air,  fW>ni  which  reflec- 
tions are  prodnoed.  The  series  of  images  may  be 
explained  by  tbe  nomber  of  these  mirrors;  and 
tha  cokiired  haze  which  frequently  sunounds 
then.  Bay  be  attributed  to  the  dispersive  pon-«r 
«f  the  globules  of  watery  vapour,  on  the  betero- 
gCBeons  rays  of  which  white  light  is  formed. 
See  MriuoB. 
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i  aad  TmsamlaatoB. 

the  Theocy  of  Light,  which  makes  it  to 
of  solid  particlo,  em  tted  from  luminous 
bo(fieS|  it  was  Deoessary  to  explain  the  fact  of 
ooa  portioa  of  the  light  inddeot  on  any  medium 
being  re6ectod  from,  and  another  being  trans- 
■littod  through  it  Kewton*s  explanation  assumed 
•  OMtoal  action  between  the  matter  of  light  and 
Ihait  of  ordinary  bodies — an  action  alternately 
and  r^pttZn'se,  numerous  altema- 
of  attraction  and  repulsion  within  dis- 
this  action  was  sensible,  and  an 
eqoaBtj  in  the  spaces  through  which  these 
diflewui  fits  ooBlinued  uniform.  Tbe  applica- 
lisa  of  this  hypothesis  to  the  pheaomenoo  of 
tUa  fdalies  (see  PiJiTisa),  by  which  it  was 
lint  anggested,  is  obvious.  In  passing  through 
the  tei  distance,  the  particle  of  light  is  in  a  fit 
of  easy  reflexion — ^proceeding  tlirough  a  distance 
twioa  as  great,  It  reaches  tbe  second  surface  in 
ona  of  easy  transmission ;  and  so  on  through  sao- 
cesrivastagca;  according  as  they  are  even  or  odd 
mltlrlfa  of  the  length  of  a  fit,  is  the  molecule 
at  iaeidence  on  the  surface  in  transmission  or 
reflexion,  aad  the  resulting  rings  appear.  It  is 
fanpoariUe,  oo  a  priori  grounda,  to  refute  a  hypo- 
qaite  consistent  with  the  known  laws  of 
action,  hlinuter  investigations,  how* 
r,  faito  the  laws  of  thin  plates  necessitated  the 
of  ao  many  sopplententary  hypotheses, 
that  it  broke  down 'beneath  their  weight.  Tbe 
thia  theory  afifords  of  ordinary 
and  reflection,  as  long  as  they  remain 
perfectly  ragna,  may  meet  with  a  certain  acoept- 
aae^  bat  tlMy  will  not  ataad  the  application  of 
WBj  qnantitative  test 

The  nature  of  flame  has  recently 
ly  investigated  by  Professor  J.  W. 
of  Kew  York.  In  1949,  this  eminent 
pfajMcist  aataUisbed  an  interesting  relation  be- 
tba  ooloor  of  a  flame  and  the  aneaegy  of  the 
ghring  rise  to  kL  The  more  vigorous 
the  ^mn^HlT>*«^*^  the  higher  tbe  refrangibility  of 
B^:  for  fnatance,  a  flamA  burning  in  its  most 
tardy  way  emits  rtd;  but  if  burning  in  the  most 
naanocr  possible,  tbe  ny6  are  violet. 
tbe  inquiry  quite  recently.  Draper  has 
aaalyMd  tbe  whule  phenomenon.  According  to 
aearcfaes,  the  flame  of  a  candle  or  lamp 
of  a  series  of  concentric  luminous  shells, 
central  dark  core.  Theee  shells 
with  difilBRni  culoun,  the  innermoet  one 
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Immediately  in  contact  with  the  dark  core  being 
red,  and  having  a  temperature  of  977°  F.  Upon 
this,  in  their  proper  order  of  refran^bility,  are 
shells,  tbe  light  of  which  is  orange,  yellow,  green, 
blue,  indigo,  violet  When  we  Took  upon  such  a 
flame,  the  rays  issuing  from  all  the  coloured  strata 
are  received  by  the  eyt  at  once,  and  impress  us 
with  the  sensation  of  white  light.  The  differently 
coloured  shells,  of  which  a  flame  thus  consists, 
may  be  easily  parted  out  from  one  another,  and 
demonstrated  by  a  prism.  Their  cause  is  tbe 
slower  rate  at  which  combnsticn  occurs  at  points 
more  and  more  towards  the  interior.  On  the  out- 
side, which  we  may  say  is  in  contact  with  the 
air,  the  combustion  is  most  vigorous  and  com* 
plete,  and  hence  the  light  there  emitted  is  violet; 
but  in  the  most  interior  portion  of  the  shining 
shell,  resting  upon  the  dark  combustible  matter, 
the  atmnfepherie  air  can  hardly  penetrate,  or, 
rather,  its  oxygen  is  exhausted  and  consumed. 
Between  the  exterior  and  interior  surface,  the 
burning  is  going  on  with  an  activity  constantly 
declining,  because  theinterpenetration  or  supply  of 
oxygen  is  gradually  less  and  less.  But,  besides 
this  collection  of  coloured  shells,  constituting 
what  may  be  termed  the  actual  flame,  there  is 
another  region  exterior  thereto,  and  to  be  dis- 
tinguished both  in  its  chemical  nature  and  in  its 
optical  relations.  Chemically,  it  consists  of  the 
products  of  combustion  and  of  the  unbnmt  resi- 
due  of  the  air,  that  is  to  say,  carbonic  acid, 
steam,  and  nitrogen.  These  are  all  the  time 
escaping  out  of  the  true  flame,  and  envelop  it  as 
an  exterior  cone  ordoak.  Optically,  this  portion 
differs  from  the  tnie  flame  in  the  drcumstaiice, 
that  it  is  shining  as  an  Incandescent,  ignited,  but 
not  a  burning  body.  For  physiological  reasons, 
the  tint  of  this  exterior  cloak  seems  to  be  a 
monochromatic  yellow.  That,  howe%'er,  is,  to 
a  considerable  degree,  a  deception;  prismatio 
exaralnatioD  proving  that  all  tbe  other  coloura 
are  present,  and  that  the  yellow  nMrely  exceeds 
the  rest  in  force  and  intensity.  A  flame  thus  fkr 
may  be  considered  as  offering  three  regions:— 
Firtt,  A  central  nndeos  wbidi  is  not  luminous, 
and  consists  of  combustible  vapour.  Seeandty^  An 
intermediate  portion,  the  true  flame,  arisbig  from 
tlie  reaction  of  the  air  and  the  combustible  vapour, 
and  bdng  composed  of  a  succession  of  superposed 
shells,  the  interior  being  red,  the  exterior  \iolet, 
and  the  intervening  ones  coloured  in  the  proper 
onierofrefrangtbility ;  tl:« cause  of  this  dlfl^renoe 
of  colour  being  the  declining  activity  with  which 
the  combustion  goes  on  deeper  and  deeper  in  the 
flame.  Aa  to  temperature,  tlie  inner  red  shell 
cannot  be  less  than  977°  F.,  and  the  exterior  violet 
one  probably  more  than  2500°  F.  Tkirdlg^  An 
envelope  consisting  of  the  products  of  combustion, 
exterior  to  the  true  flame,  shining  simply  as  an 
incandescent  body,  and  its  light  fw  the  most 
part  overpowered  by  the  brighter  portion  within. 
By  the  aid  of  the  facts  thus  presented,  we  can 
easily  explain  the  nature  of  the  other  regional 
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dKisions,  didtingaiAbable  in  mich  s  fltme.  There 
most  be  a  blue  portion  below;  blue,  because  it 
ooiuiats  of  the  most  refrangible  rays,  which  issue 
forth  in  abundance,  fpr  there  the  exterior  air  is 
moat  copiouBly  and  perfectly  applied.  At  the 
upper  end  of  the  flame,  particularly  if  the  wick 
be  long,  and  the  stipply  of  combustible  matter 
abundant,  the  light  emitted  is  red ;  for  the  pro- 
ducta  of  combustion  ascending  past  that  part, 
make  it  difficult  for  the  exterior  air  to  get  access. 
-—Upon  these  principles  we  may  also  predict 
what  colour  a  flame  will  have  when  we  varv  the 
drcomitancee  of  its  burning.  Tallow  or  wax 
at  temperatures  greatly  beneath  their  nsnally 
uoderstood  point  of  combustion,  oxidize  with  a 
pale  violet  piiosphoresoent  light,  quite  perceptible, 
nevertheless,  in  a  dark  room ,  and  here  the  light 
is  violet,  for  the  supply  of  oombustlble  matter  ia 
•mall,  and  that  of  the  air  abundant  The  oxida- 
tioD  Is  therefore  thorough  and  prompt  For  a 
like  reason,  sulphur,  as  we  commonly  see,  bums 
blue ;  but  if  a  piece  of  it  is  thrown  into  nitrate  of 
potash  ignited  in  a  crucible,  the  light  yielded  is 
of  intolerable  briUianov,  and  absolutelv  white.  I  ts 
whiteness  does  not  depend  upon  the  physiological 
fact,  that  any  colour,  if  it  be  intensely  brilliant, 
will  seem  white  to  the  eye;  but  it  is  optkally 
white^  as  is  proved  by  prismatic  examination, 
when  all  the  colours  are  perceptible.  And  the 
reason  of  this  is,  that  at  the  high  temperature  to 
which  the  sulphur  is  exposed,  it  volatilizes  faster 
than  the  nitrate  of  potash  and  air  together  can 
oxidize  it,  and  ofibrs  every  intermediate  rate  of 
combustion,  and  emits  rays  of  every  refrangibility. 
— In  like  manner  it  mav  be  shown  that  carbonic 
oodde  must  bum  with  a  blue  flame,  and  cyntmogea 
with  a  red.  We  can  also  foresee  what  must  be 
the  optical  result  of  resorting  to  unusual  methods 
of  combustion,  as  when  we  throw  into  the  inte- 
rior of  a  flame  a  jet  of  air  from  a  blowpipe.  In 
this  case  we  destroy  the  red  and  orange  strata, 
replacing  them  by  bluer  colours.  Examining  such 
a  blowpipe  cone  by  the  prism,  we  have  a  beautiftil 
demonstration  that  such  has  actuallv -taken  place. 
There  is  one  of  these  special  cases  which  deserves 
attentive  consideration  in  connection  with  the  ap- 
pearance of  the  electric  light ;  it  is  the  production 
of  Frauenhoferian  lines,  when  thuigs  have  been 
arranged  in  such  a  way  that  an  incombustible 
material  is  present  in  the  substance  to  be  burnt. 
This  state  is  perfectly  represented  in  the  case  of 
cyanogen,  which  contains  more  than  half  its 
weight  of  incombustible  nitrogen.  When  the 
peach  coloured  nucleus  of  the  cyanogen  flame  is 
properly  examined,  it  ^Helds  a  series  of  dark  lines 
and  spaces,  exceeding  in  number  and  strength 
those  of  the  sun- light  itj«lf.  These  fixed  lines 
are  the  represenutives  of  dark  shells,  superposed 
among  the  shining  ones  with  definite  periodicity. 
In  such  a  ci'anogen  flame  they  bear  no  relation 
to  the  burning  of  the  carbon,  but  must  be  attrir 
buted  to  the  disengagement  of  the  nitrogen.— 
In  other  cases  dark  lines  are  replaced  by  bright 
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ones,  as  in  the  well  known  instance  of  the  elcetrle 
spark  between  metallic  surfaces.  The  occvrreooe 
of  lines,  whether  bright  or  dark,  is  benoe  con- 
nected with  the  chemical  nature  of  the  substmnea 
producing  the  flame.  For  this  reason  they  nk«rit 
a  much  more  critical  examination  than  haa  jet 
been  given  them ;  for  by  their  aid  we  majr  be 
able  to  ai«certain  points  of  great  interest  in 
departments  of  science.  Thus,  if  we  are 
able  to  acquire  certain  knowledge  respecting  the 
physical  state  of  the  sun  and  other  aiara,  ii  will 
be  by  an  examination  of  the  light  th^  emi^ 
Even  at  present,  by  the  aid  of  the  few  facts 
before  us,  we  can  see  our  way  pretty  dearir  te 
certain  conclusions  respecting  the  sun.  Fer, 
since  substances  which  are  ineandescent,  or  in 
the  ignited  state  through  the  accumnlatioD  of  heat 
in  them,  show  no  fixed  lines,  thdr  priaosatic 
spectrum  being  uninterrupted  from  end  to  end,  to 
would  appear  to  follow  that  the  lumiooiis  ooadi- 
tton  of  our  sun,  whose  light  contains  fixed  linesy 
cannot  be  referred  to  such  incandescence  or  Igni- 
tion. At  various  times  those  wIm  have  stadied 
this  subject  have  offered  different  bypotbesea: 
one  regarding  the  son  as  a  solid  or  perfaafie 
liquid  mass  in  a  condition  of  ignition ;  another 
consklering  the  light  to  be  electrical;  m  third 
snpposmg  it  to  be  the  seat  of  a  fierce  eomboa- 
tion.  Of  sndi  hypotheses  there  b  sound  reaaoo 
f6r  declining  tlie  first.  Prismatie  ana]jaa» 
which  demonstrates  no  resemblance  between 
tlie  light  of  the  sun  and  that  of  any  form  of 
electric  discharges  with  which  we  are  fiamOiar, 
enables  us  in  like  manner  to  reject  the  second ; 
and,  upon  the  whole,  facts  seem  most  strongly  to 
prepossess  us  in  favour  of  the  third,  hi  artificial 
combustions  similar  fixed  lines  being  obucmd. 
If  such  Is  to  be  r^arded  as  the  ph^-skal  eondi- 
tlon  of  the  sun,  we  can  no  longer  contemplate  it 
as  an  immense  mass,  slowly  and  tranquilly  cool- 
ing in  the  lapse  of  countless  centuries  by  radia- 
tion IntQ  space,  as  so  many  consideracions  drawn 
from  other  branches  of  science  have  hitherto  led 
us  to  suppose;  but  it  must  be  regarded  as  the 
seat  of  ciiemical  changes  going  od  upon  a  pro- 
digious scale,  and  with  inconceivable  energy. 
If  the  law  designated  above,  that  the  more  ener^ 
getically  the  chemical  action  in  combustion  the 
more  refrangible  the  emitted  light,  be  trana- 
lated  into  the  conceptions  of  the  nndulatwy 
theory,  it  not  only  put^  us  in  possessloa  of  a 
distinct  idea  of  the  maimer  in  which  the  com^ 
bustlve  union  of  the  bodies  is  aeoomplidwd,  the 
quickness  of  vibration  increasing  with  the  cbeml- 
oal  energy,  but  it  also  enables  us  to  transier  for 
the  use  of  chemistry  some  of  the  most  interesting 
numerical  determinations  of  optics. 

Plexlea  t  Flez«re.  A  subject  of  ntnoeC 
practical  importance,  and  which,  alilce  ttom  the 
point  of  view  of  Theory  and  Experiment,  liaa 
recently  engaged  the  attention  of  our  best  Phy- 
sicists and  Engineera.  The  Physical  laet  con- 
tained In  the  phenomenon  of  FLauon  ia  the  fol- 
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'—If  a  baim,  of  mny  materitl  or  fbrm,  is 
badrd,  the  besm  bends  *nd  the  two  rarftcen 
take  m  opposite  carratares,  the  one  oonrex,  the 
ooncmve;  the  pertideii  of  thn  tolid,  at  the 
portion,  have,  through  effect  of  tliU  flexure, 
hMn  in  ao  ikr  separated  from  each  other;  the 
ptftklea  at  the  concave  surface,  on  the  other 
hand,  hare  been  forced  nearer  each  other;  and 
bitvM  the  two  surfaces,  there  is  a  line  of  no 
distmbaiioe,— which  line  passes  through  the 
antie  of  grmTit7  of  all  transverse  sections  of 
the  beam.  The  mathematical  theory  of  Flexion 
fitim  the  baaia,  or  datum  of  this  Line  of 
.-*We  owe  tlie  foundation  of  the 
ital  portion  of  tlie  subject  to  M.  Charles 
I>«|)in,  who  early  estaUiished  the  following  laws. 
An  other  things  being  equal,  the  flexion  of 
sold  beaoM  placed  on  two  supports,  and  losded 
at  their  ndddk  point,  are,  (I.)  proportional  to  the 
they  support;  (2.)  in  the  inverse  ratio  of  the 
of  their  breadtkM,  and  the  cube  of  their 
f;  and  (8.)  proportional  to  the  cube  of  the 
dSrtanes  between  the  two  supports; — to  which 
he  added  another  law,  via.:  that  the  flexure 
psedinjed  br  a  load  uniformly  distributed,  is  5-8(hs 
of  tiMt  due  to  the  sanM  load  placed  in  the  middle 
«f  the  beam.  These  laws  may  be  oonveniently 
tipitastd  in  formute.  Let  us  take  as  an 
cxampis  two  diflbrent  prismatic  pieces  of  the 
■■e  wood,  placed  on  two  supports,  and  loaded 
in  the  middle,  and  let— 

(1.)  /,  0,  6,  2p,  and  2r,  represent  the  flexnre, 
^  breadth,  the  thickness  or  depth,  the  load,  and 
the  ^Bstance  between  the  supports  in  case  of  the 


(2.)/,  a',  ^,  2p',  and  2c',  similar  quantities 
farthesenond  piece; 

(3.)  /  the  flexion  of  a  piew  whose  section  and 
discaDee  between  the  supports,  is  the  some  as 
that  of  the>«f  beam,  while  the  kwd  is  2  p"; 
ad 

(4.)  fi  the  flexion  of  a  piece,  where  the  load 
is  2r',  the  distance  between  the  supports  2r, 
tbs  breadth  tt  and  the  thickness  b^ ;— then  we 
ihallhsve 


/'/= 

p:p'. 

/:/.= 

1 
a6« 

1 

/f.r= 

c»:C» 

/:/  = 

PC»      . 

o4« 

P'C* 

/= 

PC* 

a6> 

propositions,  however,  contain  only  the 
elancats  of  a  subject  which  is  now  as  ex- 
es importanL      Questions  immediately 
I  eonceming  the  amount  of  strain  or  load  which 
indaes  fractore ;  the  puint  or  section  of  Frac- 
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ture — called  the  damgemut  iecfionf  Ow  depen- 
dence of  Flexure  and  Fracture  on  the  nature  of 
the  material,  and  above  sll,  their  ilependence  mi 
the/ttrm  of  the  6fam.  The  student  who  desires 
a  sati.'^factory  acquaintance  with  the  whole  sub- 
ject, is  referred  to  an  excellent  and  instructive 
volume  by  General  Mnrin,  entitled  R^sittance  de 
Materianx;  and  to  the  vast  and  varied  experi- 
mental rewarehes  of  Barlow,  Hodgkinson,  Willis, 
and  Fairbalm.  The  investigations  of  Mr.  Fair- 
bairn  especially,  which  led  to  the  construction  of 
the  immense  tubnlar  bridge  at  Menal,  will  ever 
be  accounted  classical  in  reference  to  one  depart- 
ment of  this  inquiry,  and  may  be  said  to  have 
effocted  a  Revolution  in  Bridge  Engineering. 
See  TnmuactioM  of  Bnfish  AtsuckUionf  pauim  ; 
and  Elasticity  and  Hkat. 

Flrxwrr«  Cmmtnurr*  A  curve  is  said  to 
have  a  point  of  contrary  flexure,  at  the  point 
where  it  changes  its  character  of  concavity  or 
convexity  towards  any  given  line  without    This 

point  occurs  where  -r-^-~  (the  difierential  of  the 

ax* 

tangent  of  inclination  of  curve  to  axis)  changes 
its  si^n.  It  may  do  so  through  either  0  or  oc. 
Hence  the  roots  of  the  two  equations 

^-,' =  0,  and  jr«  y  =0, 
dx* 

are  to  be  examined  for  values  which  will  give 
such  a  cliange,  and  these  values,  when  found, 
will  correspond  to  a  point  of  contrary  flexure 

FloAier.  A  contrivance  indicating  the  height 
of  level  of  a  fluid  in  a  vessel,  who«e  depth  we 
cannot  at  the  time  directly  examine.  A  body 
floating  in  the  fluid  bears  an  index,  whose  posi- 
tion may  be  read  off",  on  a  scale  readung  from  the 
bottom  of  the  vessel  There  are  various  con- 
trivances for  effecting  this.  These  indications 
are  often  of  extreme  Importance,  as  in  the  caae  of 
the  boilers  of  steam  engines. 

Fl0ni«  One  of  the  Asteroids.   For  Eleroeota, 

&C.,  see  AflTEROIDB. 

FlwM.  A  term  applied  to  those  bodies  whose 
particles  possess  perfect  mobility  among  them- 
selves, so  that  any  force  applied  to  the  body,  and 
not  resisted,  will  produce  a  change  of  shape. 
There  are  certain  bodies  which  are  called  semi- 
fluids,  where  a  very  little  force  applied  will  pro- 
duce such  a  change.  In  the  fluid  proper,  the 
uniting  and  separeting  forces  are  considered  to 
be  quite  balanced.  Ses  Liquids  and  VAPOuita. 
See  also  ELAancmr,  and  Hkat,  sec.  12. 

FIbxImm  {teekittcal).  When  the  diflerentlal 
calculus  was  introduced,  it  was  under  this  more 
general  form, — suppose  that  a  quantity  x,  in- 
creases uniformly,  required  the  oorrssponding  in- 
crements of /(«).  In  this  general  form  it  was 
found  difficult  of  solution,  and  not  so  valuable. 
And  so  the  after  question  arose; — Required  the 
ratio  of  the  incrementa  of /(x)  and  x,  when  the 
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increment  of  the  latter  becomes  indefiniteir  small. 
The  form  ia  which  the  problem  was  originally 
stated  involved  the  notion  of  velocity.  The 
small  increment  of  x  was  marked  thus  z\  and 
[calling /(«)  =:y]  the  corresponding  increment 
of  5f  was  y  .  Newton  called  x  and  y  flowing 
qtumtUtes  or  fluerUi^ — from  his  original  connec- 
tion of  the  general  notion  of  increments  with  that 
of  velocity.  lie  called  x'  and  y\  inversely,  the 
fluxions  of  those  quantities.     See  Calculus. 

FIf  Wheel*  In  employing  the  power  of 
nature  to  supply  the  wants  of  man,  we  frequently 
find  ourselves  in  possession  of  a  power  which  acts 
unevenljf  when  our  wants  can  only  be  oom)>lete1y 
satMed  by  one  acting  tvenly.  Sometimes,  again, 
our  power  may  be  quite  constant,  but  the  work 
to  be  done  by  it  varies  from  point  to  point,  so 
that  the  same  requirement  recurs.  The^^  tohul 
is  an  instrument  for  the  equalization  of  the  power 
and  resistance,  and  the  consequent  economy*  of  the 
power,  along  with  the  needed  regularity  of  the 
machine.  It  consists  simply  of  a  large  wheel 
attached  to  the  machinery  and  moving  with  it. 
This  makes  the  machinery  slower  in  moving  at 
first,  because  more  work  has  to  be  given  by  the 
power  to  the  machine,  to  overcome  the  total  re- 
sistance with  so  great  an  added  weight  It  will 
also  make  it  slower  in  stopping,  because  the 
machinery,  once  set  in  motion,  tends  to  continue 
in  motion  with  so  much  the  more  violence,  the 
more  work  has  been  given  to  it.  Now,  during 
motion,  when  a  cessation  of  power  for  a  moment 
occurs,  this  allows  the  machine  to  move  on  nearly 
the  same.  The  difference  of  the  presence  or  ab- 
sence of  the  power  for  a  moment  is  something; 
but  then  it  has  to  be  subdivided  and  distributt^l 
over  the  whole  heavy  machinery,  and  so  produces 
very  little  evident  difference  of  motion.  When, 
again,  a  greater  force  than  usual -acts  for  a  mo- 
ment, the  effect  is  something  of  the  same  sort 
There  t^  an  increase,  but  a  very  slight  and  scarce 
perceptible  one,  of  speed.  It  is  evident  also,  that 
the  increase  or  diminution  of  the  resistance  to 
motion,  due  to  the  effect  we  wish  produced,  will 
— ^just  as  these  increases  or  diminutions  of  acting 
force — ^be  absorbed  in  the  fly  wheel;  and  as  these 
are  almost  always  in  actual  cases  cyclical,  the 
fly  wheel  enables  us  to  equalize  the  power  and 
the  resistance.  Its  power  to  do  so  is  proportbnal 
to  the  square  of  its  diameter. 

F«eiis«  For  an  explanation  of  the  properties 
of  the  Focus  of  a  Lens  or  Mirror,  see  those 
articles,  and  those  on  Dioptrics  and  C  at<  iptrics. 
The  principal  focus  is  the  point  to  which  rays, 
falling  parallel  on  the  surface  very  near  the 
centre  of  the  lens  or  mirror,  actually  or  virtually 
converge.  The  focus  of  a  lens  or  muror  upon 
which  a  certain  series  of  rays  are  incident,  is 
similar,  that  to  which  they  actually  or  virtually 
converge. — The  foci  of  an  eUipse  are  those  two 
points  at  which  the  string  describing  the  ellipse 
may  be  supposed  fastened.  Any  two  lines  drawn 
from  them  to  i^  point  in  the  circumference,  have 
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their  sums  constant.  In  an  kjfparhdla,  the  difier- 
ence  of  two  lines  drawn  from  the  foci  to  any  pdnt 
in  it,  is  constant  In  a  parabola^  the  focm  is 
such  a  point  that,  a  line  drawn  from  it  to  any 
point  iu  the  curve,  is  equal  to  a  perpendicular 
drawn  from  that  point  on  a  fixed  line,  called  tbs 
directrix.  Tlie  connection  between  the  geometri- 
cal and  optical  senses  of  the  word  focus  will  be 
readily  seen  by  reference  to  the  articles  on  Cat- 
OFTRics  and  Dioptrics. 

Fogs,  are  of  two  kinds,— thejSral,  coosiating  cf 
precipitation  of  aqueous  vapour  near  the  snriiiee 
-of  the  Earth,  in  sufficient  amount  to  dlstoib  the 
transparency  of  the  Air;  and  secondbf,^  thoee  ap- 
parently anomalous  phenomena,  named  Dry  Fogs. 

(i )  It  has  been  stated  under  arti<de  Cloud, 
that  between  Clouds  and  Aqueous  Fogs^  there  is 
onl}'  a  circumsUntial  difference; — the  Ckmd\sM, 
Foff,  in  an  upper  stratum  of  the  Atmosphere,  and 
the  Fog  is  a  Cloud,  creeping  along  the  surface  of 
the  Earth  or  resting  there.    The  interest  beUng- 
ing  to  tills  curious  hydrometeoTy  mainly  attacbes 
itself  at  present  to  three  points,  as  follows: — 
1.  In  regard  of  its  constitutioih  eirery  Fqg  is 
composed  of  small  opaque  bodies  which  tam 
out  minute  aqueous  spherules.    Many  of  tfaeM 
spherules  are  probably  microscopic  drops ;  but 
for  the  most  part  they  are  hollow  vesides  like 
soap-bubbles.    This  alone  explains  why  a  fiare 
rainbow  is  never  observed  on  a  doud,  although 
Cloudy  Sun^  and  Spectator,  are  in  the  relaCiTe 
positions  most  favourable  to  the  developmeBt  of 
the  phenomenon; — were  these  sphemlea,  in  the 
main,  drops  of  water,  a  rainbow,  under  the  fitdng 
circumstances,  must  always  be  formed.  Compare 
Rainbow.     But  the  fact  in  question  can  be 
established  more  directly  in  several  wa%-s.    For 
instance,  Kratzenstein  has  settled  the  point  by 
positive  obs^vation.   Every  one  who  has  watched 
a  soap-bubble,  must  have  seen  these  beautifiil 
coloured  rays  that  develop  themselvea  at  iu 
highest  point,  as  the  aqueous  vesicle  grows  grada- 
ally  thinner.    See  Plates.    Now,  on  looking  at 
the  vesicles  rising  from  hot  water,  in  the  Sao, 
through  a  magnifying  glass,  this  PhyaicSst  de- 
tected, that  very  System  of  Rings ;  not  only  con- 
vincing hunself  thereby  that  the  structures  are 
analogous  to  those  of  soap-bubbles,  but  obtaining 
elements  from  which,  as  a  basis,  he  oould  dednos 
the  thickness  of  the  evanescent  envelope. — As 
already  mentioned  (see  Cloud),  these  vesides 
vary  in  diameter  according  to  the  season  of  the 
year;  attaining  their  greatest  magnitude  in  oar 
northern  climates,  in  December  and  Februaiy, 
and  reaching  a  minimum  In  August — 2.  The  cir- 
cumstances  or  eonditionSf  under  which  Fogs  form, 
are  very  simple: — they  are  the  reveree  of  thoee 
that  give  rise  to  Dew.    The  latter  is  a  precipita- 
tion from  the  comparatively  wann  air,  on  the  rar- 
faoe  of  the  cofd  ground; — in  the  case  of  the  former, 
the  surface  from  which  the  vapour  rises  is  wmmer 
than  the  air.     Imagine  an  extent  of  aqueous 
surface,  or  of  moist  marshy  ground  to  be^  from 
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viMterer  cmae,  wanner  than  the  raperinenmbent 
lir.  Evapontkm  will  neceasarily  proceed  from 
that  nirCMei,  with  a  rapiditv  determined  by  its 
teaperature.  Should  the  ftaperincumbent  air  be 
eztnoMlj  dnr,  the  aqueous  vapour  wUl  dtffuste 
itadf  thraugfa  it,  vp  to  a  certain  pointy  in  t  he  form 
«f  pat  or  ioiisitje  vapour,  and  there  will  be  no 
Fo^  The  extreme  limit  to  such  diffusion  is 
|4aiDlT  this, — so  soon  as  the  air  is  saturated,  in 
ether  wwds*  so  soon  as  tbe  quantity  of  vapour 
within  it  becomes  se  laige  that,  at  its  own  tem- 
pcntmei  it  can  sustain  no  additional  quantity  in 
the  ftrm  of  pure  vapour — the  vapour,  still  arising 
finooi  the  warmer  snriace  below,  cannot  diffuse 
itself  in  the  form  just  alluded  to,  and  must  be 
pne^itated  a$  ii  arUee,  To  the  formation  of 
Fegg,  therefore,  there  are  two,  and  only  two 
»ititiil  ooliditioiia,  tu.  a  moist  surflMe  warmer 
than  the  anperinciimbent  atmosphere,  and  that 
the  atmosphere  itself  be  moist,  or  nearly  saturated 
with  squeoo*  vapour.  These  two  conditions  ex- 
iting, Fo^  are  inevitable ;  and  the  greater  the 
cxeaas  of  the  temperature  of  the  moist  surface 
fter  that  of  the  saturated  air,  the  denser  and 
nora  eztensa\'e  must  be  the  Fog.  It  is  well 
known  that  in  winter  the  surface  of  masses  of 
vster  n  wanner  to  general  than  the  atmosphere. 
FniB  the  firat  of  Norember  to  the  first  of  March, 
ia  our  Latitudes,  the  air  is  colder  than  rivers, 
hka,  or  the  sea ;  and  as  that  is  the  season  of 
the  year  when  the  Hygrometer  indicates  the 
Bsanst  approach  to  satnratioo  in  the  Atmosphere, 
it  b  easny  seen  why  tiiat  also  is  pre-eminently 
the  aessott  of  Foffg.  All  local  and  apparently 
peculiarities  are  reducible  within  the 
bw.    For  instance,  Kcmtz  relates,  that  on 

a  column  of  Fog,  rising  from  a  small  part 
sf  a  Add,  00  the  breaking  out  of  the  Sun  after  a 
heavy  lain,  he  ran  to  the  spot  and  ascertained, 
that  the  spliere  of  the  fog  was  a  mown  meadow, 
■BVDoaded  by  pasCnrage  of  high  gnus;  the  latter 
hoag  less  heated  than  the  mown  surface,  ga\*e 
rise,  «f  coiine,  to  a  far  less  active  evaporation.  In 
Svitseriaad  again,  such  lakes  as  those  of  Tkun 
■Bd  Brimit^  are  often  quite  dear,  while  the 
aqghbooring  lakes  of  Zt^,  Zntkh^  and  Neuehaiel, 
SRcovered  with  a  dense  mist:  the  reason  Is,  that 
As  bitter  do  not  receive  such  streams  from  the 
gbders,  as  fsed  the  lake  of  Brientz — ^Its  tribu- 
tsiy  tlie  ilor  flowing  directly  from  the  eternal 
aovsef  the  GrvueL — The  extraordinary  density 
flf  the  fiunous  Lemdom  Fogs — of  which  we  have 
frtqaently  the  counterpart  in  Gkugow — ^is  per- 
haps reimble  to  two  causes ;  viz.,  the  great  and 
cxeeptiooal  nirfiuse  temperature  due  to  the  pre- 
Mses  of  an  immense  city,  and  the  intermixture, 
viih  ti»  aqueous  precipication,  of  an  immense  de- 
^ttopment  of  smoke.  In  so  far  as  they  contain 
tUi  latter  dement,  such  mists  partake  of  the 
chamcter  of  Oiy  Fog* — 3.  The  phenomena  of 
Ffl^i  have  been  connected  with  the  Electric 
by  M.  Peltter,  In  one  of  those  memoirs 

may  be  said  to  be  still  under  consideration 
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of  Physicists.  The  Hydrometeors  in  question  ars 
divided  by  this  inquiry  info  two  classes,  viz. 
aimpU  or  non^  Electric  Fogs^  whose  function  is 
due  solely  to  the  phenomenon  specified  above — 
the  reduction  of  the  temperature  of  the  air,  three 
or  four  degrees  below  that  of  the  surface  of  the 
water  or  the  moist  ground,— and £7eo/rtc  Fu^,  of 
which  Peltier  thinks  he  has  discerned  four 
varieties.  The  fundamental  principle  of  M.  Pel- 
tier*8  researches  is  this : — dissenting  from  Pouillet 
and  others  who  discern  in  the  act  of  Evaporation 
a  catue  of  devdopment  of  the  Electric  Forces^  he 
considers  the  development  and  relation  of  Atmo- 
spheric vapours,  as  largely  owing  to  the  opposite 
Electric  states  of  the  Earth  and  Atmosphere,  and 
always  modified  by  the  degree  of  that  polar  op- 
position. The  supposed  effect^  he  deems  an  effi- 
dent  cause.  The  Earth  being  negative,  all  va- 
pour rising  from  it  must  be  negative  also;  and, 
when  the  n^:ative  or  resinous  tension  is  powerful, 
Pdtier  insists  that  Evaporation  must  proceed 
with  great  rapidity,  inasmuch  as  the  vaporous 
particles  will  be  propelled  upwards  witli  an  aug- 
mented force.  In  tropical  regions,  for  imtanoe, 
where  the  tension  of  the  Telluric  and  Atmospheric 
Electric  Forces  is  very  great,  the  natural  stream 
of  Evaporation,  must  be  greatly  facilitated,  if  not 
increased  by  this  cause;  and  as  the  stream  of 
tropic  vapour  converts  itself  into  a  great  stream 
from  Eqiuitor  to  Pole  in  the  higher  regions  of 
the  air,  we  must  expect  to  find  there  a  corapara- 
tivdy  permanent  stratum  of  negative  or  resuious 
force.  As  to  Fogs,  the  following  is  a  rdsura^  of 
Peltier's  views: — "  It  would  seem  that  resinous 
fogs  should  be  the  more  numerous,  because  as 
the  terrestrial  globe  is  a  body  charged  with  re- 
sinous dectricity,  the  vapours  that  i-ise  from  it 
are  resinous  like  itself.  This  species,  however,  is 
not  common ;  the  cause  of  transformation  in  the 
signs  of  the  electridty  is,  in  the  very  law  itsdf 
of  electrical  induction.  The  earth  repds  the 
resinous  dectridty  toward  the  higher  strata,  and 
thus  renders  the  stratum  that  is  nearest  to  the 
ground  vitreous.  In  order  that  such  a  fog  may 
remain  in  contact  with  the  surface  of  the  globe, 
it  is  necessary  that  another  power  should  have  a 
preponderance  over  the  repulsion  of  the  earth,  or 
that  this  terrestrial  repulsion  should  be  reduced 
by  a  similar  force,  acting  in  the  contrary  direc- 
tion. The  former  effect  is  produced  by  the  spe- 
cific gravity  which  clouds  sometimes  acquire; 
and  the  latter,  by  the  repulsive  power  of  the 
highly  resinous  upper  strata.  Resinous  fogs, 
produced  by  these  two  causes,  are  dbtinguished 
by  particular  qualities,  which  divide  them  into 
two  difllerent  species. — **  Vitreous  fogs  are  also  of 
two  spedes,  which  present  very  distinct  results. 
The  first  is  that  which  occurs  under  a  serene  sky, 
without  any  other  dectric  influence  than  that  of 
the  globe.  This  species  has  its  lower  portions 
more  vitreous  than  the  upper,  and  they  are 
powerfully  attracted  by  the  globe.  The  other 
species  ia  that  which  is  formed  under  the  influenoa 
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of  the  masBtt  of  bigh]^  resinoas  vapoon,  which 
prevail  in  the  upper  strata.  This  latter  has  its 
npper  portiuns  more  vitreous  than  the  lower." — 
Tlie  whole  of  these  speculati jds  are  involved  in 
the  obscurity  sdU  surrounding  every  question 
connected  vrith  Atmospheric  Electricity,  and  the 
efficient  cause  of  Evaporation.  It  is  impoesible, 
however,  to  deny  the  credit  to  Peltier,  of  having 
regarded  the  subject  under  a  novel  and  far  firoro 
an  unnatural  point  of  view. 

(11.)  Dry  Fogs. — Atmospheric  meteors,  which, 
^-although  they  do  not  affect  the  Hygrometer,  or 
in  any  way  indi(<ate  moisture — have  yet  the  ob- 
scuring power  of  fogs,  are  frequent  in  certain  dis- 
tricts, have  now  and  then  in  a  way  apparently 
veiy  anomalous,  aflbcted  large  spaces  of  the  Earth, 
and  are  said  to  occur  regularly  at  certain  seasons 
of  the  day  in  various  countries.  1.  A  dry  fog  is 
periodical,  or  recurrent  with  the  season  of  the  year, 
over  a  very  extensive  district  of  North  Oermany. 
Accurate  observation  has  now  dissipated  the 
mystery  that  long  concealed  the  cause  of  tliis 
meteor.  It  is  smoke  arising  from  those  vast 
burnings  of  the  peat  bed$  occupying  so  much  of 
North  Germany,  which,  for  agricultural  purposes, 
aw  annually  resorted  to.  The  district  within 
which  these  systematic  and  prolonged  fires  take 
place  b  immense ;  and  this  tmoke  or  dry  fog  is 
carried  over  other  extensive  spaces,  whose  posi- 
tion depends  on  the  quarter  from  which  the  wind 
blows.  Every  feature  of  the  onoe  perplexing 
phenomenon  can  thus  be  explained:  the  same 
thing  on  a  small  scale,  is  observable  in  the  neigh- 
bourhood of  every  important  manufacturing  town 
in  Great  Britain,  or  in  those  Irish  dintricts  where 
corresponding  agricultural  processes  have  been  in- 
troduced. 2.  But  phenomena  of  a  similar  kind, 
only  extending  over  much  vaster  areas,  snd  quite 
independent  of  year  or  season,  are  also  on  record ; 
for  instance,  the  extraordinary  dry  fog  of  1783 — 
so  much  noticed  at  the  time, — extending  from 
Norway  to  Syria,  or  througli  26°  of  Latitude, 
and  from  England  to  the  Altai,  or  over  120°  of 
Longitude.  This  extraordinary  fog,  so  often 
described,  as  colouring  all  things  blue,  and  re- 
markable likewise  because  of  its  keen  and  acrid 
odour,  is  unquestionably  referable  to  clouds  of 
volcanic  athes.  Earthquake  shocks  and  terrible 
volcanic  eruptions  shattered  the  old  world  in  that 
year,  from  Iceland  to  Calabria.  In  Calabria,  the 
entire  relief  of  the  country  was  changed ;  mom 
than  a  hundred  mountains  were  torn  up,  over- 
thrown, and  transported ;  fifty  new  lakes  arose, 
because  of  the  blocking  up  of  rivers;  and  more 
than  one  hundred  thousand  persons  were  de- 
stroyed. Direct  observations,  now  in  great  num- 
ber, have  established  tliat  volcanic  aKhes,  IVom 
the  eruption  of  a  single  volcano,  are  often  carried 
to  great  distances,  and  that  as  they  drift  along, 
they  obscure  the  sun  and  destroy  the  traospar^ 
ency  of  the  air.  Such  the  origin  of  the  terrible 
fog  of  1783 ;  and  every  other  similar  record,  con- 
nects itself  with  the  some  daas  of  phenomena.^*'  I 
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3.  The  last  sort  of  dry  fog,  consists  mainly  of  tibsC 
dry  tmohf  korizon  said  to  be  obeenred  in  dSfiereot 
localities.  Its  origin  is  unknown ;  bat  we  mast 
in  fairness  express  a  doubt,  whether  the  fiMtt  re- 
garding it  have  been  established.  The  Caiimact 
southern  Spain  is  perhaps  its  bent  exempHficatioo. 
It  first  appears  about  the  middle  or  end  of  Jone^ 
constituting  all  round  the  horixrai,  a  band  of 
bluish-gray  mist  In  the  middle  of  A  ugost,  when 
the  temperature  has  reached  its  maximnm,  the 
Callina  covers  about  a  quarter  of  the  whole  sky. 
At  the  horizon,  its  colour  is  then  a  reddiab-Lnnm; 
higher  up*  it  is  yellowish;  and  from  its  npper 
rim,  as  if  a  thin  gauze  of  lead,  seems  at  times  fe» 
spread  over  all  the  sky.  No  odour  bdongs  to  it; 
and  the  traveller  never  knows  that  he  has  eatwed 
amid  the  curious  fog, — ^its  existence  is  igfaated 
solely  by  the  aspect  of  distant  objects^  Towmds 
the  end  of  August,  the  Callina  beoonaes  Ism  la- 
markable,  and  dimppears  wholly  about  the  bo- 
ginning  of  October,  or  at  the  autnrooal  eqainoz. 
— It  may  be  remarked,  witlumt  injnstics  to  ob- 
servers, that  it  is  by  no  means  establUhed,  that 
this  Callina,  and  other  similar  aspects,  ha^  na 
effect  on  the  Hygrometer,  or  that  they  mn  ^jf 
Jbgi,  More  delicate  instrumencs,  socfa  as  those 
now  in  use,  will  probably  reveal  cbarsctcristioB 
of  tliem  in  this  respect,  hitherto  onsaspecCad,  sod 
cspable  of  throwing  light  on  their  origio. 

Varre,  hi  mechanics,  means  an  action  b^ 
tween  a  pair  of  bodies,  which  ciianges,  or  teoffe  to 
change,  thefar  relative  condition  as  to  rest  or  sbo- 
tion.  By  an  extenswn  of  tlie  term  ^foroe*  looCliv 
branches  of  physical  science,  it  is  used  to  denola 
any  action  between  a  pair  of  bodieB  which  chai^e^ 
or  tends  to  diange,  any  physical  rdation  belveeB 
them,  whether  •mediiuiioal,  thermal,  rhfmtwl, 
electrical,  msgnetio,  or  of  any  other 
Forces  are  compared  in  magnitode,  and  i 
as  qnantitim  in  three  ways,  which  maj  ha 
reduced  to  two:~l.  The  Stntieal  jftmnitmtmt 
ofFt/reu  is  founded  upon  balancing  two  or  mora 
of  them  against  eadi  other,  so  that  their  cflcct  Is 
DulL  Two  forces  which  balaooe  eadi  other  are 
taid  to  be  equal  and  opposite;  two  equal  and 
similar  forom  oombhied  require  a  third,  oppoalo 
and  flf  double  magnitudSi  in  order  to  >>»>»'M*f 
them,  and  so  on.  MechauKal  forces,  as  tfaos 
measured  statically,  are  represented  in  magoitndo 
and  direction  by  strsight  linm;  snd  tba  Una 
representing  the  resultant  of  any  nnmbor  of  fonea^ 
is  found  by  patting  together  tha  Unm  reprannt- 
ing  the  component  fortes,  snd  Joining  the  eztre- 
mitim  of  tlie  compound  line  so  fbntied.— 2.  Tba 
Dynamioal  Meaturememt  of  a  ForoBy  in  mechanic^ 
is  efliBcted  by  finding  the  chango  of  vdodty  which 
it  prodnom  while  scthig  mibalaaeedi  during  a 
unit  of  time,  upon  a  body  whose  mam  is  mii^. 
It  \a  known  by  experience  that  the  reealts  of  tin 
and  of  tlie  preceding  method  of  massaremnt 
sgree.  The  common  British  unit  of  Ibrai  b  the 
pttund  avoirdupoia,  being  the  weight  in  Taeao  ef 
a  oertahi  piece  of  platinum,  which  is  kept  In  Ihs 
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EsdMqgv  oflice.     The  British  abeolate  onit  of 
fcR«  B  the  force  wbicfa,  acting  unbaUnoed  fur  one 
opOD  a  maas  which,  in  L<wdoD|  weigh« 
grain»  or  ^fww  P0*^^<1  avoirdapois,  produces 
b  dut  mass  a  velocity  cf  one  foot  per  second. 
This  mut  is  about  tt-t  of  a  grain.— 3.  The  third 
node  of  measumnent  takes  into  account  not  only 
the  magnitude  of  a  force,  as  determined  by  the 
flist  and  second  methods,  bnt  the  magnitude  of 
the  dkaoge  tlirooghout  which  that  force  con- 
tiaoes,  or  b  capable  of  oontmuing,  its  action; 
and  tiw  product  of  thoee  two  magnitudes  gives 
a  qaantity  which,  by  some  writers,  b  oiUed 
/oroe,  nr  Uvmg  Fnrot,  and  by  others,  in  order 
to  aroid  ambiguity,  Energy.    When  the  roagni- 
tode  of  the  force,  meajiured  statically,  b  variable, 
it  k  to  be  understood  that  the  mean  value  of  that 
nagnitnde  b  the  fiictor  by  which  the  magnitude 
cf  the  change  b  to  be  multiplied ;  or,  what  b  the 
Moe  thing  in  other  words,  that  the  energy  b  the 
iategnl  ef  the  Jbrce  wUk  retpect  to  the  change 
tkntyient  tdkicA  it  adty  or  u  capable  qf  acting. 
The  Britbh  unit  of  energy  b  a  force  of  one 
fmnid  avoirdnpob  weight,  acting    through  a 
(Satanee  of  one  foot,  and  b  called  a  foot-pound. 
~Thrre  are  different  forms  of  eneigy,  according 
ts  ths  kinds  of  force  and  of  change  by  which  the 
««gy  b  constituted.    Thoee  forms  are  dbtin- 
gwhhabb  into  two  dasses — potential   energy^ 
wiiieh  b  coDstituted  by  a  force  capable  of  acting 
tbrongboot  a  certain  change  of  condition ;  and 
eOeal  emergg,  which  eonsists  in  a  state  of  change 
gmg  OB.    TIm  following  are  examples  of  pard- 
cnbr  foTBH  of  euergy : — The  potentiid  eneigy  of  a 
pair  cf  bodiea  which  attract  each  other,  b  the. 
btqgrd  of  their  attractioo  with  respect  to  the 
dirtaaoa  betwcea  their  anrftoea;  or,  what  b  the 
aaoM  thiag,  the  ptodnet  of  that  distance  into 
theb  meaa  attnustion  tfaroog^nt  that  distance. 
—The  actaal  energy  of  a  system  of  bodiea  mov- 
b(  valh  given  vdodtieal  relatively  to  their 
eoonoo  ecotre  of  gravity,  b  the  sum  of  the 
pradads  cf  the  mass  of  each  body  into  the  half- 
i|«B«  of  te  Telocity. — ^The  potential  energy  of 
•  pifr  of  aahatanoai  which  tend  to  combine 
rtiiaiitBlly,  b  the  product  of  the  weight  of  the 
which  thqr  teud  to  fonn  into  a  specific 
depending  on  the  nature  of  the  sub- 
— The  actual  energy  of  heat  in  a  hot 
body  b  the  pradoct  of  its  weight,  x  its  aboolute 
bapentvra,  x   lbs  real  spedftc  lieat,  x  a  oon- 
«BBt,caned  ■*Jott]e*a£quiva]ent.''    (See  U  bat, 
Mwrnawoai.  Acnov  or.)— The  actual  energy 
if  an  cbctric  cuircnt  b  the  product  of  the  square 
of  the  strength  of  tlie  cnrreot  into  the  reriatanoe 
of  tlie  drcait — If  the  meaning  of  tlie  word  ybroe 
vira  to  be  extended  to  all  combinations  of  forces, 
it  would  also  compreheod  couples.    A  couple 
caaaiBU  of  a  pair  of  equal  and  parallel  forces, 
•ppoaite  fas  direction,  but  not  directly  opposed, 
applied  to  one  body,  or  connected  system  of 
hodiaa.  The  tendency  of  a  coopb  b  to  make  the 
body  or  i9lta■^  to  whkh  it  b  applied,  tun  about 
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in  the  plane  of  the  lines  of  action  of  the  pair  of 
forces;  and  the  magnitude  of  that  tendency 
(which  b  called  a  etatioal  moment)  b  measured 
by  the  rectangle  of  the  line  re)>resentlng  the 
magnitude  of  either  of  the  force%  and  the  per- 
pendicular dbtance  between  their  lines  of  action. 
A  <»up1e  cannot  be  balanced  by  any  single  force, 
but  only  by  another  couple  in  the  same  or  a 
parallel  plane,  equal  in  moment  and  opposite  in 
direction,  or  by  a  combination  of  couples.  The 
word  force,  however,  b  never  employed  in  the 
sense  ot  couple.    See  Couplb. 

Force,  C«naervntion  ef,  or  Conservation 
•f  Energy,  is  the  fact  that  encrg}*,  as  defined 
in  the  preceding  article,  can  neither  be  created 
nor  destroyed,  but  only  transferred  and  trans- 
formed; in  other  words,  that  m  ang  tgatem  of 
bodice,  the  turn  of  the  potential  and  actual  energiee 
of  the  bodiet  ie  never  altered  by  timr  mutual 
actione.    Thb  fact,  or  physical  law,  has  been 
learned  by  experience;  but  it  can  also  be  shown 
to  be  essential  to  the  permanent  existence  and 
order  of  the  known  universe. — In  mechanics,  thb 
law  b  simply  equivalent  to  the  two  long-known 
principles  <^  virtual  velocities,  and  of  the  conser- 
vation of  vie  viva.    As  to  its  application  to  other 
branchea  of  physics,  see   Hkat,  Mkchamioal 
Action  of;  Machinb;  Thermo-Elkctricitt; 
Tbermo-Magneti8M  ;  also,  Grove  on  the  Corre- 
lation ff  Physical  Forces;  Rankine  on  the  Science 
of  Energetics  (m  Ediubttrgh  Philosophical  Jour- 
naif   1855).  —  Besides    energy,    there  are  two 
mechanical  magnitudes  which  are  constant  in  a 
system  of  bodies  acted  upon  by  their  mutual 
foroea  only, — viz.,  the  resultant  momentum  of  the 
system,  and  its  resultant  angular  momentum;  bnt 
these  qualities  are  purely  mechanical,  and  theur 
conservation  in  the  mechanical  form  b  absolute 
under  all  circnmstsnces,  being  a  necessaty  con- 
sequence of  the  equality  of  action  and  reaction ; 
so  tliat  thinr  do  not  connect  mechanics  with  other 
branches  of  physics,  as  the  quantity  called  eneigy 
does.    See  Cemtrr  or  Gravity  ;  and  Ahbas, 
Conskbvatiom  or. 

Farcee,  CSarrelaHan  af,  b  the  term  used 
by  Mr.  Grove  to  express  the  fact,  that  every  kind 
of  physical  force  (in  the  sense  of  '*  energy**)  may 
be  made  the  means  of  producing  every  o'her. 
(See  Forob,  and  Force,  Conservation  of.) 

Favtiflcauian*  The  art  of  covering  an  army 
with  an  immovable  defence,  or  of  putting  a  piece 
of  ground  into  sudi  a  condition,  that  an  army 
behind  it  or  snrrounded  by  it,  may  be  able  to 
resist  another  army  of  superior  strength. — The 
character  of  such  artificial  fortification  must,  of 
course,  be  largely  modified  by  the  nature  of  the 
ground ;  and  it  has  also  necessarily  changed,  as 
the  modes  of  ofifence  or  attack  have  changed.  We 
cannot,  within  the  limits  of  thb  article,  touch  on 
the  hbtory  of  thb  art, —the  grand  crisis  of  which 
naturally  attached  itself  to  the  invention  and  use 
of  gunpowder :  neither  shall  we  attempt  to  refer 
to  the  innttmerabte  variations  and  expedients. 
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«h1cb  ptCdUaritlcB  In  the  amtoDT  oT  th«  ipol  ba  I 
i>  Ibrti^ing,  will  luggcM  (0  (veiT  good  officer  of 

engliwen A  general  notion  of  our  nwdeni  for- 

tifitd  enctonin^  will  be  obMlned  froin  the  in- 
noxed  dmwing; — onr  description  of  it  pn>u|>- 
poMi  a  certain  elemmiaijr  knowledge;  nor  can 
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critlusni  of  pruidpha.  The  main  line  a,  a,  a,  ■ 
(lig.  1),  la  a  parapet  of  no  great  eleration, 
eluped  by  eanliworka,  towards  a  lUteh  t,  I, 
b,  6.  B  and  D,  £«..  an  ita  bat/iomi,  and  oot- 
dda  the  whole  ii  the  ditch,  b,  i,  i-    Akog 


I  with  ordnance, 
wltoie  ginen]  iwe^  ta  luffideally  repmentid 
by  the  lines  of  Aot,  The  exposed  and  wealc 
part  of  the  curtain  c,  li  alwayi  defended  by 
an  exterbr  triangular  work  beyond  the  ditchj 
Til.,  the  AomIm  n.  Beyond  ttie  ravelin  are 
other  placti  i'arvia,  and  the  whole  lermiaato 
in  a  ilope  or  glacit.  It  a  pretty  clear  that 
the  flanka  or  aides  of  the  Basliona  are  all  well 
defended  hy  dirtet  Jirt.  The  point  which  is  not 
and  cannot  be  eo  defended,  ii  the  taZioif  angU  at 
the  Bastion;  and  it  is  there  accordingly  that  the 
breach  is  most  frequently  eSected  by  the  assault- 
ing force. — Let  ue  next  glance  at  the  usual  mode 
of  attacking  a  place  so  fortified.  The  attacking 
army  makes  its  approachea  towards  the  first 
panllel  (which  Is  usually  juit  beyond  reach  nt 
the  Are  of  the  tortnss)  by  lig-zag  ditches  or 
trencbes.  At  the  diataoce  delenninsd  oa,  the 
first  panllel  is  thrown  up,  as  in  the  subjoined 
cut  (flg.  2).  These  parallels  are  ditches,  with  the 
earth  dng  out  of  them  iccumuUied  in  froat,  so 
as  to  form  a  sloping  eanhwork,  little  liable  to  be 
seriously  disturbed  by  the  guns  of  the  fort,  and 
being  therefore  a  sufficient  protection  to  the  be- 
sieging troops;  On  the  edge  of  this  parallel,  at 
convenient  places,  t>atteries  are  eslablished,  which, 
as  represented  in  the  cat,  ought  to  be  snScient 
to  disable  the  artillery  of  the  defence,  and  which, 
in  practice,  quite  succeed  in  destroying  the  (fleet 
of  the  more  advanced  aimamoit  of  the  (oiljcsh 


npllehcd,  anotfas' dg-iag 


is  dug 

fio 

la,  of  couiaa,  mach  more  de«racIlT&  A  tluni 
parallel  succeeds,  from  which  a  practicable  bnadh 
is  nude  withoat  difficnlty;  and  if  Ibe  gnrison 
does  not  capitulate,  the  ossmA  fbUowa.  Tin 
dniwing  makes  it  suSctenily  manifest,  how  ta- 
(aln  of  the  more  distant  batleria  an  employed 
to  enfeeble  the  flanks  of  those  ravelins  and  Iws- 
tions,  that  would  play  with  more  deadly  eAct 
on  the  works  of  the  advanced  parallds.  U  i%  ef 
coarse,  understood  that,  all  Ibe  «hiK  mntdcTooi 
shells,  and  a  vertical  ,/ai  ifatftr,  hare  beat  ssidlj 
thinntog  the  ranks  of  the  garrison,  however  pro- 
tected by  casematee On  a  cursory  glance  at 

the  condition  of  this  great  uiedianieal  cmSict  [be 
inch  It  b),  two  general  couaidenliona  of  priruaty 
importance  present  themnelrta.  Finl.  la  otdcr 
to  secure  success  on  the  part  of  the  ben^er^  it 
is  necessary  that  the  force  of  tbs  garriioii,  and 
its  amonnt  of  available  mattriil,  cm  limited. 
Should  its  power,  or  Its  means  of  supply  be 
such,  that  Ibe  breschn  msde  each  day  by  the 
batteries  of  the  flnt  parallel,  con  be  i^wircd  dm- 
ing  night,  and  the  disabled  guns  refjaced  Indt- 
Gnitely  by  frseh  ones,  it  is  not  difficult  to  aee  that 
Ihe  adranoe  of  Ibe  tNsi^en  may  lie  Impeded  alss 
indefinitely,  and  Ihe  captun  c^  Ihe  fbmcaa  b*' 
come  Impossible.  These  conditions,  of  cooi*^ 
never  do  occur  in  tha  ease  of  a  thatoof^y  in- 


Totoii  or  bdetguered  fortress ;  bot  they  did  ocenr 
•I  Sevastopol.  The  «e^  of  that  powerful  areenal 
was  &r  lesa  a  regular  siege,  than,  as  Ixird  Pal- 
■cntoD  justly  dttcribed  it~a  struggle  between 
the  entire  might  of  Kussia  at  one  extremity  of 
iUdonUDioos,  and  the  might  of  the  Allied  Powers 
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at  a  point  removed  by  two  or  three  thousand 
miles  from  its  centre.  And  the  result  depended 
as  much  on  the  ability  of  the  several  belligerents 
to  put  forth  their  full  or  disposable  strength  at 
that  particular  point,  an  on  the  absolute  tDeiyht  of 
that  strength.    Ruaaiaeffected  marvels;  but  she 
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had  her  anenal  prepared ;  she  waa  resisting  an 
iavaaioa ;  and  her  military  system  had  been  iabo- 
ooastnict«d  with  a  view  to  snch  exigen- 
The  AUiea— especially  Great  Britain— had 
the  advantage  of  no  such  preparation ;  and  the 
iMoe  of  thb  partial  conflict  ought  to  leave  no 
ioabt,  aa  to  the  potential  result  of  the  terrible 
tfrife  now  agitatini;  Earopei — But,  secoaJ{^,  the 
npcfkrity  St  the  be»icgera  dependa  on  this — can 
tt^  aiMitk  their  fint  batteriesf  If  the  fire  of 
the  Caftreas  can  be  concentrated  on  any  given 
point,  with  saffident  force  to  liinder  the  estab~ 
ithaaeat  of  a  batteiy  there,  no  effective  ap- 
inaeh  can  possibly  be  madoi  The  range  of  the 
of  a  fortress  may,  of  course,  be  always 
;preat,  aa  that  of  any  probable  betdeging 
tiaia ;  tlia  qoestion,  therefore,  is,  as  to  the  ability 
tecBiwiiiafe  ita  On.  And  here  is  the  weak  part 
«f  the  bastioci  or  modem  fortification  system.  1 1 
ii  a  maxim  in  this  a^'stem  that  the  bastions  be 
bw;  OB  which  account  they  carry  only  one  tier  or 
ia0ge  of  gnu.  The  lowneas  of  the  bastion  wall, 
k  4ktated  by  the  necessity  that  no  wall-face  be 
vtposed  to  the  hostile  batteries;  no  such,  indeed, 
coald  stand  the  »hock  of  a  modem  battery  fur  an 
hair,-i-witncaB  the  speedy  destruction  of  the 
Ml^  waDs  of  tlM  Ma>.AKuFF,  by  the  fint  and 


comparatively  feeble  bombardment  of  the  Allies. 
But  this  advantage  is  secured  by  the  immensa 
sacrifice  that  the  opposing  batteries  can  be  acted 
on  by  only  one  tier  of  guns, — a  disadvantage 
whoee  magnitude  must  be  patent  to  any  one  who 
chooses  to  compare  the  sliot  of  an  ordinary  ship, 
with  the  terrific  broadside  of  a  three  dedcer. 
There  is,  however,  another  great  disadvantage  aa 
to  the  defence  of  a  modern  bastion :  it  is  this, — 
the  guns  being  placed  along  a  Ime,  and  the  em- 
brasures being,  for  security,  necessarily  narrow, 
the  concentration  of  much  of  their  fire  on  a  dis- 
tant point  is  utterly  impossible.  And  in  these 
two  circumstances  lies,  at  the  present  moment, 
the  great  superiority  of  benegen.  In  such  a 
conflict  as  that  which  has  terminated  at  Sebasto- 
pol,  the  besiegers  had  no  such  advantage.  From 
the  nature  of  the  ground,  the  im'eflnite  supply  of 
labour  and  matcrUl  at  command  of  the  Russian 
army,  it  was  not  difficult  to  meet  batteiy  by 
battery,  nay. — with  all  allowance  fh>m  what  b 
due  to  the  genius  of  Todlkbkn — it  is  easy  to 
see,  that  the  besieger  could  in  no  case  expect  aid 
from  the  operation  of  circumstances  usual  in 
sieges:  so  that,  again,  thb  was  not  a  siege,  but 
a  conflict  of  Empires.  We  doubt  not  that  when 
iu  hiatoiy  ahall  be  fully  written,  it  will  he  Ibund 
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that  tbe  F.ngineen  and  Artillar  of  the  two  |  Tie  gni«nl  idea  and  little  die  Ii  itpntrMibj 
Allied  Annies  have  well  performwl  ihrir  duly.—  lij  but  the  Idea  may  be  carried  oat  ititomrr 
Socb  being  (he  del^M  of  the  Bastion  SJ■^lem,  |  dctiil  or  minute  part  of  a  fiiFlT»«».  The  lemr 
(be  mnraentov!  qawlinn  arise*, — can  Ihej-  be  re-  I  ll(fure  is  (he  grvand  plan ;  Ibe  upper  the  rtSef. 
mored?  1>  it  not  powibl*  (o  have  liert  of  cun«,  The  broad  ditch  [9  in  this  ra-e  mppoeed  Hied 
witboat  high  and  dalruelibU  parapf'it  And,  niih  water  from  a  ntighlionring  rivtr  of  «•*. 
with  all  its  advantage*  aa  to  flanking,  may  not  I  But  it  may  be  dry.  With  the  earth  obnuwl 
the  rectilineal  arrangement  of  guns  lie  aupi^Unted  from  Ihii  deep  and  broad  ditcta,  let  a  modnd  be 
bv  aome  cur%ilineal  arrangement,  that  will  per-  framed  of  great  dimeorfone,  aidrding  Ibe  perf- 
niit  Terr  largely  of  etmctnlnlioa  of  flie?  The  lion  to  be  defended;  and  let  this  mooDd  becit. 
Engineer  It  reiguoled  to  glance  at  (ho  annexed  •»  (be  projilt  ibowa,  into  a  watwmdaa  of  toraoH 
riuuh  of  •  fort,  propoaed  by  Ur.  Ferguaeoii.  i  (Gg.  3%    On  each  tenace  is  a  raaqait  with  \a 
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anayof  gnna;  and,  bflieeth,  the  cawmelcs  end 
migaeina.  The  pover  of  oimoontration  of  Are, 
OB  the  part  of  luch  ■  brtreaa,  against  an;  ex- 
ternal point,  and  of  coune  its  po»er  to  render 
nearly  impomibie  the  constnietlon  of  any  efliK- 
tire  external  balteiy,  is  n-ident ;  nor  could  any 
meat  city,  with  adequate  internal  sopplils,  thus 
Ibrtifled,'  be  taken,  nnleM  alter,  what  baa  jnN 
occnrrcd — a  trial  of  strength  bclween  fin/nrei.^ 
In  all  sieges,  the  element  of  Time  it  ererytbing. 
If  a  gf  at  siei^  is  prolonged,  Itmust  be  r^ierrd, 
"'  rbe  confesalon  made  thst  thr  State  to  which  it 
balangs  Is  defiled. — We  csnnol  go  further  into 
detail  in  this  Dictionary: — it  is  enoof^h  to  have 
laid  down  the  general  mechanical  conditions  Ihit 
control  the  entire  subject.  As  to  the  qoestion 
recently  raised,  leganlinti  earthvroriu  and  parapet 

nmarksble  pnpers,  understood  to  be  fmm  (be  pen 
of  Sir  John  Barftoyne,  that  bave  lerently  ap- 
peared  in  Ibe   Umiltd  Strtkt  Magaaat. — See 


further,  the  Si-je»  wi  SpaiTt,  br  (imenl  Jiw". 
The  military  student  will,  of  coiiree,  neon  far  all 
technical  irfcrmalion  1q  the  common  mH  knew" 
worlu;  hitt  ire  especially  request  the  attnitlna 
of  all  thinking  engineers  to  tbe  tenaHiaUe  ess^ 
by  Mr.  Ferguwon. 

P«ftia»B.  One  of  tbe  Asteroida.  Fer  De- 
roents,  Sx.,  see  Asteroiim. 

■rraetan.     Sea  ELAsncrrr. 

PimaeBbalin^  iAmtm.  A  noma  gtm  ia 
honour  of  the  Physicist  who  fhst  tborovgUf 
examined  tbem-^tbey  wm  certainly  iBmiimi 
by  our  own  Wollaaton)— to  a  lingular  sysHn 
of  rertici]  dark  linoi.  which  a  (riescnpe  of  snfi- 
cient  power  reveals  in  the  prismatJc  spectnm. 
This  spectrum,  it  is  well  known,  connats  of  seven 
colon™,    which   are  ' 


That  the  spaco  occupied  by  IbesO;  doea  not  ai- 
haust  the  sphere  of  the  true  spectnim  ai  we 
TKns   ooderKand  It,  ta  fiiUy  azplwied  ta>ds 
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SncTBDX ;  nemerthdeM,  we  do  not  require,  $A 
piweot,  to  orerpus  the  limits  of  the  DOtioeabla  or 
bright  spcctnizn  cs  above  defined.  As  already 
stated  under  article  DifiPKBSiON,  the  Spectram 
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thus  examined  would  appear  as  i^",  in  the  sub- 
joined figure,  the  upper  portion  iihowing  the  dark 
lines  were  superimpoeed  in  the  lower  or  colourtid 
portion :— > 


It  win  be  sera  at  a  glance  how  irregular  is  the  |  The  Electric  Light  yields  hrighi  instead  of  dark 


disfiribtttioD,  and  how  various  the  cluiracter  of 
these  lemarkable  lines, — some  of  them   being 
stmigly  marked,  others  fiunt  almost  to  ex^an- 
CNenoe — part  of  the  spectrum  being  very  firee 
from  them,  while  other  portions  are  quite  ribbed, 
mm,  by  mnltitudes  of  Imes  of  very  perceptible 
distances,  and  in  other  cases  by  groups  so  dose, 
that  to  a  small  magnifier  they  appear  as  one 
fine.    That  points  of  certain  and  fixed 
might  be  found  within  this  confusion, 
FmeDhoihr  distinguished  the  lines  marked  as 
■,  c,  D,  B,  F,  o,  H,  as  offiBring  the  double  ad- 
Tantafe  of  being  readily  recognized,  and  distri- 
buted with  some  regularity  through  the  spec- 
tmn;   and  all  physicists  since  have  followed 
bis  example.     Oiie  of  the  chief  practfeal  uses 
«f  these  lines  has  been  explained  under  article 
DnrBiaioii,  q.v  —It  is  worthy  of  remark  that 
while  the  ratios  of  the  distances  of  these  lines  vaiy 
JB  the  Spedrmm  of  Refraditm  with  the  refractive 
— *M«iiii>  employed,  they  never  vary  in  the  Spedntm 
idJ>^raeliom:  and  it  is  to  this  latter  spectrum 
that  w«  must  always  apply  in  the  attempt  to 
determine  the  length  of  those  waves,  which,  ao- 
eorfing  to  the  theory  of  Undulation,  produce  the 
difirant  colours. — ^We  shall  briefly  refer  to  several 
points  of  great  interast  oooceming  these  lines:— 
(1).  It  may  be  confidently  stated  that  we  have 
obtained  a  correct  idea  of  their  actual 
Aocording  to  Frauenhofer,  there  are 
MM  vdl   defined  ones  between  b  and  o;  be- 
tween c  and  D,  tkirtjf;  from  d  to  B  he  counted 
e^Ug'/omr;   from  B  to  f  upwards  of 
between  f  and  o  there  are  one  Aun- 
eigA^JSve;   between  o  and  h  one 
Taking  account  of  the  lines 
these  limits,  Frauenhofer  reckoned  that 
the  solar  spectrum,  in  its  entire  length,  shows 
ftsm  MS  to  Mvtm  hundred  of  these  very  enigm»- 
ticsl  iMBMla:  but  the  researches  of  Sir  David 
Brewster  have  extended  this  number  to  somo- 
tUag  Hfce  tev  ikotucmd.    It  is  not  yet  well 
deteminedlt  whether  the  conditions  of  observation 
(a.^.,  the  res*<^  ^  ^  *^  ^'^"'^  which  the  speo- 
tnm  is  obtained),  have  serious  influence,  or  what 
exact  infloeooe  ia,  on  the  visibility  of  these 
~(2)b  PhflDomena  shnilar  in  kbd,  but 
diverse  hi  detailf  are  detected  in  spectra 


bands — the  one  of  greatest  brilliancy  being  found 
in  the  green.  Solar  Light,  r^kded  by  the  moon 
and  planets,  yields  the  same  system  of  lines  as 
the  direct  spectrum ;  but  with  the  Fixed  Stars  the 
case  is  wholly  different, — Siriti*  yields  quite  a 
peculiar  system,  remarkably  distinct  and  definite ; 
the  spectrum  from  Castor  is  like  that  from 
Sirius ;  PoUuaf  yields  a  great  many  feeble  lines ; 
while  lYocyon  manifests  very  few. — The  phe- 
nomena manifested  by  spectra,  from  the  flames  of 
different  substances  when  under  combustion,  pre- 
sent a  most  perplexing  diversity.  In  some  cases 
we  have  multitudes  of  lines,  in  othcra  none  are 
perceptible;  while  in  a  few  instances,  coloured 
lines  also  appear.  Our  limits  forbidding  the  spe- 
cification of  these  curious  details,  the  student  ia 
referred  to  tlie  elaborate  and  admirable  researches 
of  Sir  David  Brewster ;  to  the  papers  by  Professor 
Miller  of  Cambridge,  on  the  spectra  produced 
from  certain  coloured  flames,  and  from  the  com- 
bination of  different  substances  in  a  jet  of  oxygen 
and  hydrogen ;  and  still  more  to  the  extraordinary 
results  procured  by  Mr.  Wbeatstone,  M.  Foucanlt, 
and  M.  Soleil,  on  spectra  firom  the  ignition  of 
metals,  &c.,  between  the  poles  of  a  voltaic  pile. 
It  is  unfortunate  that  no  result  of  a  general  na- 
ture, or  calculated  to  throw  light  on  the  origin  of 
these  lines,  has  hitherto  been  dedudble  even  fhmi 
so  brilliant  a  series  of  experiments. — (8).  Per- 
haps the  most  remarkable  and  pregnant  phenome- 
non yet  remains  to  be  described.  On  examining 
the  spectrum  formed  from  ordinary  light,  trans- 
mitted ^rough  the  thick  and  red  vapour  of  nitrous 
gas,  Sir  David  Brewster  made  the  striking  dis- 
oovuy  of  the  existence  of  a  multitude  of  new 
dark  bands,  crossing  it  at  all  points,  and  parallel 
to  the  dark  lines  of  Frauenhofer, — these  lines 
being  broader,  darker,  and  more  numerous  to- 
wards the  more  refrangible  extremity  of  the  spec- 
trum, and  alwaj^s  appearing,  whatever  the  na- 
ture of  the  light  employed.  Many  other  gaseous 
substances  have  since  tiien  been  examined  by  the 
foregoing  distinguished  inquirer,  by  Professor  Mil- 
ler, and  the  late  Professor  DsnieL  Piofessor 
Miller  expressly  engaged  in  elaborate  researches, 
with  a  view  to  some  clue  to  a  connection  between 
the  phenomena  produced  and  the  nature  of  the  sub- 
stances through  which  the  beam  of  light  is  made 
ykided  by  light  Dot  issuing  directly  from  the  to  pass: — unhappily  with  very  slight  effect  The 
An.  TakB  m  hutmrm  the  following  facts : —    followiog  copclusions,  for  the  moat  part  nega- 
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tive,  appear  established  by  hLs  reaearchea: — FirUi 
Colourless  gases  give,  in  no  case,  additional 
lines,  or  lines  different  from  those  of  Frauenhofer. 
S^eondb/:  The  mere  presence  of  colour  is  not  a  se- 
curity that  new  lines  will  be  prodaced ;  for  in- 
stance, of  two  vaponrs,  undistingaishable  >by  the 
eye,  one,  brome^  gives  a  great  namber  of  new 
lines, — the  other,  Mjrwre  of  tungsten,  exhibits 
nonei  Thirdly:  The  position  of  the  new  lines  has 
no  connection  with  the  colour  of  the  gaa : — with 
green  perchlorure  of  manganese,  the  new  lines 
abound  in  the  green  of  the  spectrum ;  with  red 
nitrous  acid,  they  increase  in  number  and  den- 
sity, as  we  approach  the  spectrum's  bbie  extremity. 
Fourth^:  Simple  bodies,  as  weU  as  composite 
ones,  evolve  these  lines.  Two  simple  bodies, 
whidi,  when  isolated,  produce  none,  often  pro- 
duce multitudes  when  in  combmation.  And 
conversely,  lines  which  appear  in  the  vapour  of  a 
simple  body,  frequentiy  disappear  when  the  va- 
pours of  its  combination  are  employed.  Fifthfy^ 
The  same  lines  are  frequently  produced  by  dif- 
ferent degrees  of  oxidation  of  the  same  substances. 
Sixthh/:  The  lines  increase  in  number  and  density 
with  the  thickness  of  the  medium  through  whidi 
the  ray  of  light  is  being  transmitted,  or  when 
some  accidental  cause  deepens  its  colour.  When 
the  vapour  is  dense  and  uniformly  diffused,  they 
are  often  too  numerous  for  the  eye  to  count  them. 
Seventh^:  Whether  ordinaiy  or  polarized  light 
be  used,  the  result  is  always  the  same. — ^It  scarcely 
requires  us  to  add,  that  the  whole  subject  re- 
mains one  of  the  most  obscure  in  physical  optics. 
-^4).  Quitting  the  mere  phenomena,  and  rising  to 
the  inquiry  as  to  their  causesj  we  enter  on  a  still 
more  arduous  path.  The  phenomena — defying, 
as  we  have  seen,  all  attempts  hitherto  to  reduce 
them  within  empirical  laws — no  complete  ex- 
planation or  theory' of  them  is  possible.  All  that 
theory  can  be  expected  to  do,  is  this — it  may 
explain  how  dark  lines  of  any  sort  may  arise 
within  the  spectrum.  Of  the  two  opposite  gen- 
eral views  concerning  the  nature  of  Light,  the 
theory  of  £m»«tbii  offered,  apparentiy,  the  readiest, 
although  a  very  vague  and  unsatisfactory  solu- 
tion. A  dark  band  in  the  spectrum  merely  indi- 
cates a  certain  amount  of  light  destroyed, — it  has 
l)een  abtorbed,  said  the  Emissionists,  in  passing 
through  tiie  media  it  has  traversed.  The  dark 
lines  of  Frauenhofer,  therefore,  are  so  many  indi- 
cations of  absorption :  and  the  opinion  assuredly 
received  great  apparent  support,  ftpom  the  action 
of  gaseous  media  as  above  described.  But  in  the 
present  condition  of  science,  it  were  worse  than 
folly  to  accept  any  explanation  from  the  theory 
of  Emission.  See  Light.  According  to  the 
opposite  doctrine  of  Undulation^  the  destruction 
of  Light  can  only  arise  ftom  the  Interference  of 
waves.  See  Intbrfbrence.  But  the  qne»- 
tion  recurs,  how  may  we  suppose  that  adequate 
interferences  do  in  this  case  take  place?  The 
aiiflwer  to  this  question  ia,  unfortunately,  not 
^H>iibU>le  witliin  the  limits  of  a  work  like  the  pre- 
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sent.  It  hat  been  undertakn  by  Gandiy,  hw 
Erman,  and  especially  by  BaroD  Too  WiedSi 
Simply  remarking  that  the  attempted  aolstion  li 
in  every  respect  moat  ingemons,  we  again  nfer 
the  student  to  the  dissertation  of  the  latter  Phy- 
sidat  in  Taylor's  Sd&Oifie  Mmuin.  See  abo 
Ihtbrfbrbhcb. 

Frecxinf,  in  its  most  geoeral  dgnificathm,  ii 
the  process  by  which  a  liquid  body  passes  into 
the  solid  form,  when  reduced  to  the  requisite 
temperature; — more  usually  it  refers  to  the  ftr- 
mation  of  ice  or  the  solidiflcatioo  of  water.  We 
shall  employ  it  here  in  its  restricted  meaDipft 
partly  because  the  phenomena  aooompaoying  the 
fteesing  of  water  may  be  taken  as  vepresentative 
ones.  Several  important  classes  of  eoDaktaatkn 
are  connected  with  ^  Congelatkm.** 

I.  The  thermal  phenomena  which  pmssnt  then- 
selves  during  Freezing  and  Fosioii,  attcaded 
attention  long  ago.  Observers  eonld  not  Cul  to 
be  struck  by  the  Hxi  that  a  block  of  ioe^  exposed 
to  any  amount  of  heat,  never  becomes  wumr 
than  82**  F.,  while  the  water  dropping  ftom  It 
indicates  the  same  temperatore :  and  yet  a  greal 
quantity  of  heat  must  have  entered  it  dnriqg 
that  process  of  melting.  The  ocmrem  aha 
holds,  i.  a.,  a  mass  of  water  does  not  freeie  aiid> 
denly;  heat  is  bdng  abstracted  from  it  darinig 
the  progress  of  solidification,  but  it  mnams 
steady  at  82°  F.  The  phenomenon  is  desriy 
thi8--a  quantity  of  heat,  dnring  fusion,  beoooHS 
insensible  to  Uie  thermometer,  and  takes  on 
some  new  ibrm  or  function.  The  natore  of  thii 
change  of  form  and  function  has  been  variansly 
accounted  for,  aocerding  to  the  nature  of  tlw 
theory  of  heat  prevalent  at  the  time: — the 
view  at  present  reodved  is  given  fiinber  on,  in 
Hbat,  Mbchabical  Tbsobt  of.  But  ajiart 
from  apeculation,  there  is  a  practical  problem  of 
highest  importance,  viz..  What  is  the  gyaafi'i^  ef 
heat  which  disappears  on  fusion,  and  reappesrs 
to  the  thermometer  on  freeziog  ?  The  honour  of 
determining  this  important  physical  oonstaot, 
within  narrow  limits  of  error,  belongs  ta  the 
Scotchman,  Dt,  Black.  B)ack*a  method  was 
of  course  the  method  of  miaatitres.  Taken  in  its 
full  generality  the  process  is  Uiisz^Introdoce 
into  a  vessel  containing  a  known  weight  W  of 
water  at  the  temperature  t,  a  piece  of  pmre  ies 
at  Mero  (0°  C. ;  82''  F.),  mdting  rapidly 
On  its  completion  the  temperature  most*  be 
sured,— call  that  t.  Weighing  the  vessel  oon- 
tauiing  the  mixture,  we  find  the  weigiht  of  the 
ice  added  =  W.  Supposing  that  obvious  caiitirs 
of  error,  eliminated  by  the  care  of  the  experi- 
menter, and  the  multiplication  of  expeikDieota, 
it  is  easy  to  see  that 

or  the  quantity  of  heat  lost  by  the  wdttr  doriog 
the  process,  must  be  equal  to  the  sum  of  tfao« 
employed  In  melting  the  ice,  and  in  raising  tiie 
water  resulting  from  it  to  the  temperatnn  $ ,  so 
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that,  calling  w  the  iieat 
poaad  ofiee,  wa  most  have 


to  melt  a 


or 

_  w  -  (I — /) — \r  •  # 

Blacks  original  detannination  was  144"  F. 
WQeka  altcrvaxdt,  and  Laplaoe  and  Lavoisier, 
■ade  tba  oooetant  much  less;  bat  the  more 
feoeat  and  br  more  acconte  proeeweo  of  Provost- 
eava  aad  I>eeali»,  have  ncailj  reinstated  Blaclc*B 
nambar.  The  constant  now  accepted  is  142** -66 
F^  or  79'''25  G.  :—i  e^  dnring  the  melting  of  a 
poand  of  soe  tMs  dednite  qoantity  of  lieat  ceases 
to  be  appreciable  bv  the  thermometer.  The 
b  of  ooons  applicable  to  all  solidi- 
•ad  flisions;  and  it  has  been  applied 
aoooBBsAiIlj  to  tlie  case  of  varioos  liquida 

II.  In  the  oase  of  many  liqaids — (and  here, 
toOk  mater  may  be  taiun  is  a  repruentadve  sub- 
i) — some  apparently  anomaloos  drcum- 

appear,  when  tlie  tempentore  approaches 
Che  fraeiing  or  oongealing  point  The  fact  that 
•Of  ^faofa,  shows  that  its  density  is  lem  than  the 
^  of  the  nnfnneo,  and  therefore  warmer 
7  in  which  it  is  floating.  But  this  seems 
eontrjwy  to  the  general  law,  that  the  density  of 
liaishee  as  thieir  temperature  as- 
Aboot  tho  year  1804  this  coxions  snb- 
jset  was  investigated  by  Tralks,  of  Switierland, 
aad  Hope^  of  Scotland;  and  both  drew  oonda- 
sisoB  from  the  same  experiments.  If  a  vessel 
fcD  of  water^-aay  at  60'*  F.— b  left  in  absolute 
nM»  in  the  midst  of  a  space  at  32°,  or  some  infe- 
rior tamparature,  the  lower  strata  of  the  liquid 
show  Ibr  aomo  time  the  growing  depression  of 
ceasperatnre  eooncr  than  the  upper  stmta.  But 
after  the  tfaermometsr  immened  in  the  lower 
strata  haa  ivarhed  about  40°,  it  remains  inva- 
rlabla,  wntU  tiie  upper  one  shall  itself  have 
attained  it;  after  which  it  descends  anew,  only 
lesi  repidly  tlun  the  upper  thermometer,  around 
which  tos  begins  easliest  to  form.  The  result 
evidently  proves  that  water  attains  its  maximum 
temperature  at  40°  nesTly ;  after  which  it  begins 
to  aapand,  and  the  expansion  continues  until 
ssildiABation  takes  place.  Duprttz  has  recently 
evylewd  the  whole  progress  of  the  phenomenon, 
and  repreaented  by  curves  the  relative  mareh 
ef  tha  two  thermometen  after  the  discrepancy 

to  diaappear.    The  point  of  maidmum 

ha  fixes  at  d9°-2  F.    He  has  further 

his  researebes  to  a  large  number  of 

aolotioosL — The  explanation  usually  re- 
erived  k  probably  the  true  one.  The  liquids 
which  manifest  the  freesing  phenomena,  all 
pam  into  ctysfaffwe  solids;  and  this  point  of 
BMxfannm  doisity  seems  to  mark  the  commence- 
■Mat  of  that  intonal  molecular  arrangement 
wliieh  coDstiUites  tha  crystalline  state.  Now, 
aach  nhimate  anangemeot  is  not  con- 
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detent  with  the  closest  molecular  paektng^  or 
with  the  greatest  ecooomy  of  space,  expaDsion 
must  ensue  from  a  certain  fixed  point,  and  oon- 
tinne  until  solidification  is  completed. — Simple 
though  this  pb^nomena  seems,  it  plays  an  im- 
portant part  in  the  economy  of  nature,— e.^., 
the  icy  covering  of  a  stream  really  defends  Uie 
water  under  it  from  excessive  external  cold. 

IIL  The  temperature  of  tlie  freesing  point  is 
not  absolutely  fixed  and  constant, — rigorous 
scrutiny  having  brought  to  light  minute  irregu- 
larities, some  of  which  carry  important  conse- 
quences.— (1.)  The  temperature  it  the  point  of 
fusion,  although  more  steadfast  than  its  correla- 
tive is  not  steadfast, —  several  considerations 
rendering  it  probable  that  the  interior  of  a  block 
of  ice  may  be  even  8°  above  32°.  But  water 
may  be  kept  from  solidifying  until  its  tempera- 
ture is  22°,  or  even  lower,  just  as  it  may  be 
raised  to  270°  under  the  ordinary  pressure  ci  the 
atmosphere,  and  remain  as  water.  The  subject 
has  received  much  intereetiog  experimental  illns- 
tntion  from  the  reeearches  of  M.  Donny.  Fara- 
day's theoretical  views  have  been  given  under 
Co:(OBLATioM.  He  thinks,  apparenUy  correctly, 
that  the  irregularities  in  question  are  due  to  a 
certain  range  of  cohtncm^  which  enables  sub- 
stances to  withstand  a  diange  of  temperature 
which,  without  that  cohesion,  must  have  caused 
a  change  of  state.-;— (2.)  One  genersl  and  uni- 
form law  to  which  the  phenomena  of  freezing  is 
subjected  was  recently  discovered  by  Mr.  James 
Thomson,  and  experimentally  confirmed  by  bis 
well  known  brother,  Proftesor  William  Thomson. 
It  occurred  to  the  latter,  as  a  oonsequence  of  the 
great  principle  of  Camot,  that  water  at  tktfrtezmg 
point  may  he  converted  into  ice  by  a  procett  eoMy 
fMdkatuoaly  and  yet  vnthotU  the  Jinal  expenditure 
of  any  me^Aanical  work.  But  as  water  in  freez- 
ing eacpoftdSf  and  therefore  must  exert  a  certain 
mechanical  effiBCt,  this  is  tantamount  to  the 
assertion  that  mechanfeal  work  could  be  got  out 
of  notliing!  In  illustntion,  suppose  that  into 
an  indefinite  lake  at  82°  a  cyUnder  with  air  at 
82°  is  plunged.  Compress  that  air  suddenly  by 
a  piston.  Heat  will  be  given  out,  and  diiltased 
through  the  lake.  Let  the  piston,  bdng  relieved 
from  the  compressing  force,  be  permitted  to  start 
back  to  its  original  position;  it  is  evident  that 
the  expandmg  air  will  withdrew  from  the  water 
nearest  it  the  heat  ih  gave  out,  and  that  in  con- 
sequence this  water  must  freeze.  Now,  at  the 
close  of  the  experiment,  all  things  are  as  they 
were  at  first;  the  force  employed  in  compressing 
the  air  has  been  returned  by  the  equivalent  force 
of  resilience ;  wliile  the  freezing  of  the  water  and 
the  mechanical  eflect  due  to  its  expansion  are 
superadded, — ^in  other  words,  we  have  obtained 
these  to  the  bargain  1  Mr.  Thomson,  with  great 
sagacity,  detected  the  necessary  presence  of  a  new 
and  unsuspected  element,  and  he  at  once  declared 
that  this  element  must  be  the  truth  tkat  tkefrea- 
iny  poiiU  becomee  kiwer  at  the  preeewrt  to  which 
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the  voter  u  mAjeeied  i$  incrtated.  The  origliui] 
memoir  will  be  found  in  the  TroMoctioaa  of  the 
JRoffal  Sookty  <^  Ediniburghy  vol.  xtI.  ;  and  is 
a  very  fine  instanoe  ef  caatioos  and  sucoesafiil 
general  reasoning.  Mr.  Thomson  even  dedaoed 
the  formula  applicable  to  the  phenomenon : — it 
b  this,  the  lowering  of  the  freezing  point  fi>r  n 
atmospheres  of  pressare  is 

1  =  O^-OOTSn-C. 

Professor  W.  Thomson's  experimental  yerificaUon 
of  this  formnla  is  deacribed  in  the  PkUoeophicai 
Maffozme  for  Aogust,  1850.  This  invastigation 
U  not  more  interesting  and  important  through  its 
resolts  than  its  character.  It  is  a  thoroughly 
a  priori  deduction,  or  one  of  those  happy  pre- 
visions of  fiicts,  which  go  so  far  to  illustrate  and 
ocmfirm  theoiy.  Kor  is  it  the  firat  time  that 
such  predictions  have  been  ventured  on  by  aid  of 
Camot*s  Function. — We  shall  advert  to  some 
consequences  of  the  discoveiy  under  Iob. 

FvMslBg  aftUUUTM.  See  **  Cyclopcedia  qf 
Chemistrgr 

FrlctiMk  A  form  of  mechanical  resistance 
to  motion,  depending  on  the  structure  and  sur- 
faces of  bodies  in  contact,  which  demands  closest 
attention  on  the  part  of  every  one  having  to  do 
with  the  working  of  machines.  The  influence  of 
Friction  indeed,  alike  as  it  affects  the  stability  of 
fabrics,  and  the  action  of  machines,  is  one  of 
those  points  whose  determination  constitutes  a 
chief  object  of  the  science  of  Engineering. — ^There 
are  two  primary  kinds  of  FHction^ — ^that  which 
impedes  tiie  tliding  of  bodies  on  eac^  other,  when 
their  surfaces  are  in  contact;  and  that  which 
may  be  termed,  the  resistanoe  to  rolling  motions, 
— the  resistance,  for  instance,  »which  a  carriage 
offeK  to  traction*  We  shall  briefly  notice  each 
of  these: — 

I.  Frictions  of  the  firtt  claasj  are  also  of  two 
kinds — friction  of  sliding  properly  so  called,  and 
the  eflfects  arising  from  Uie  stifihess  of  the  cords 
employed  in  pulling  or  in  any  other  mode  by 
which  motions  are  connected. — ^The  vibst  de> 
Bcription  of  frictions  have  been  made  the  subject 
of  extensive  experimental  researches.  And  three 
great  or  primary  laws,  may  be  considered  ascer- 
tained. 1.  The  friction  i$  proportional  to  the 
preuttre:  that  is,  the  resistanoe  is  always  the 
same  fraction  of  the  force  which  presses  tiie  one 
surfrice  upon  the  other.  2.  Friction  it  indtpendeat 
of  the  extent  of  the  tmfacee  in  contact^ — ^provided 
always,  that  the  pressure,  or  weight  of  tiie  body 
that  lies  on  the  other,  be  not  changed.  8.  FHo- 
tion  is  independent  of  the  velocUg  with  which  the 
one  body  ie  drawn  acrote  the  etafaee  qftheother: 
that  is,  it  requires  the  same  quantity  of  energy  to 
surmount  friction,  or  to  make  a  body  pass  across 
a  fixed  space — whatever  the  velocity  of  its  motion. 
— The  ooejident  of  friction  for  any  body  or  any 
two  bodies,  is  the  constant  ratio  of  friction  to 
finessnre;  so  that,  if  in  any  case  /be  the  coefli- 
cient,  p  the  pressure,  and  f  the  IKction,  we  have 
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r=j»./.— 

and  for  the  work,  caused  by  frietioD,  while  the 
bodies  slide  over  each  other  a  certain  distance  % 

w=ji-/.  a. 

In  the  ease  of  wooden  axles,  the  dutmce  passed 
overperminuteisfiX  2  er.r;  » being  the  nom- 
ber  of  revolutions  per  minute  and  r  the  m&a  of 
the  axle,  the  work  per  second  will  b* 

0-1047, /.  IS.  r./p. 

The  coefficient/  is  of  ooorse  determinnble  by  ex- 
periment, and  extensive  tables  of  its  vafaies  wiU 
be  found  in  all  works  on  Practical  Engkieerin^ 
There  are  two  chief  modes  ef  dimSnishing  the  rs- 
sistanoe  of  tac^&n^—^firtt,  by  employing  hard  and 
polished  snr&oes,  and  eecondfyf  by  the  use  ef 
oUy  or  fatty  ofaitments. — Smooxdut,  as  te  the 
St^kettofCorde  or  Ropes,  This  Ibnn  of  pasBve 
resistanoe  has  a  large  and  determinate  efiect,  ia 
the  action  of  ships'  tackUng,  in  qratcma  of  pul- 
leys, in  the  action  of  machines  for  raising  wei^±^ 
such  as  cranes,  &c  It  varies  with  the  thicknws 
and  nature  ef  the  ropes  used,  and  also  with  tfat 
hygrometric  state  of  the  air.  If  a  and  h  lepn- 
sent  two  quantities,  constant  for  the  aaoia  de- 
scription ol  rope^  but  varying  with  the 
of  the  rope,  with  the  degree  of  the  rope's 
ness,  and  the  hygromeiuic  slate  ot  the  air,  tiis 
resbtanoe  can  ea^y  be  expressed  aeeocdiqg  to 
Coulomb,  in  terms  of  those  quantities.  The  diffi- 
culty is  to  determine  a  and  &.  Tha  foUowint; 
laws  appear  established  by  ample  aeiiea  of  ex- 
periments : — 1.  In  the  caaeof  aMsantamd  henfKB 
ropes,  the  values  of  a  and  b  (all  other  tlungs  hdag 
equal),  are  neariy  as  the  squares  of  the  diamelen 
of  the  ropes.  2.  In  the  case  of  half  vsad  op 
ropes,  the  fame  quantities  are  piopoftional  to  Ae 
square  roots  of  the  cubes  of  tlie  diamciiea*  8. 
For  tarred  ropes  the  quantity  b  is  pwnwiintial  to 
the  nuipber  of  threads  in  the  rope  yarn.  The 
quantities  a  and  6,  are  sevenlly  detcnnined  by 
experiment 

II.  Ciariage  Traolum. — ^TbegenenleoDcluaions 
of  chief  import,  that  may  be  deemed  estaUisiwd, 
are  the  following : — 1.  The  resistanoe  opposed  to 
the  traction  of  carriages,  on  paoed  or  aolitf  nwds, 
— ^referred  to  the  axletree,  and  to  tlie  dirsdioa 
paraUd  to  the  road — is  sensibly  propoetional  to 
the  pressure,  or  to  the  total  weight  of  the  vehids, 
and  inversely  proportional  to  the  diameter  of  the 
wheels.  2.  In  soUd  or  paved  roads,  the  resist- 
anoe b  almost  independent  of  the  breadth  of  the 
whed.  3.  On  sojl  roads,  the  resistanoe  decnMSS 
as  the  breadth  of  the  wheel  increases.  4.  On  seff 
roads,  the  resbtance  is  independent  of  tlie  Tdodty 
of  traction.  5.  On  hard  or  paetd  reads,  the  re- 
sistance incRaees  with  the  velocity.  This  in- 
crease is  so  much  the  lew,  in  as  for  as  tbe 
springs  of  the  vehicle  are  good,  and  the  road  good 
and  solid.  6.  The  best  direction  of  traction,  is 
evidently  the  horizontal  one;  for  in  that,  the  re- 
sistanoe firem  friction  it  tlie  minimnm. — These 
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ibupk  lam,  maA  not  be  taken  as  absDlate,  bat 
Apptuxiinativv. 

IIL  #Vticftoii  w  GenoraL — Tbe  phenomena  of 
Friotkm  haTe  reoenUj  aasanied  an  importance 
not  at  ene  tiine  soppomd  to  belong  to  them.  The 
iral  erolred,  la  an  esBential  dement;  and  it  is 
found  bj  aoooBte  experiment,  that  the  qnan- 
ti^  cvotvnd,  is  tteae^  mffhient  to  repfvduoe  the 
i^fri  ctmted  tn  oeereoatMy  tke  Jnction.  See 
Hkat. — ^SefacDoe  is  further  made  to'BBSiST- 


A  tedinical  term  in  optics,  meant  to 
,  bands  oteUJraetion^  which 
a  beam  of  Light  passes  the  dean 
cdgn  of  a  aereen,  or  is  transmitted  throogh  a  nar- 
roir  dit  or  hole.  See  DiWRAcnoif .  The  term 
has  also  been  applied  (o  tiioee  carious  appear* 
nnoea  by  whlA  Haidinger  bas  recently  shown  that 
pelniiarf  light  can  be  detected  by  the  naked  eye. 
Thtb  aame  in  this  csm,  how«ver,  bj*  no  means 
defioea  the  objects.  These  should  be  called  Hai- 
dinger^ejKndJr  or  tu/tt.  They  are  spoken  o^  at 
•aaae  lenigth,  onder  UaiDniom^a  Tuftb. 

MFliMSi  When  the  temperatora  descends  be- 
low SS^  F.  all  sopeifidal  moistare  becomes  frozen, 
or  pnaaes  into  the  condition  of  foe.  Tlusisi^vft, 
■I  the  common  aooeptation  of  the  word.  iVhUe 
Jrm^mBtarJirMt^iatimfAjJroumdew;  aphe- 
■»"■""?■**"  oocorring,  whenever  terreBtrial  radiation 
la  anficicntly  intense  and  prolooged,  to  redooe  the 
ttnqMntnin  of  the  £arth*8  snrftoe  bdow  the 
fraeniag  pofait,  while  that  of  the  Atmosphere  oon- 
that  point.  See  Svow. 
The  prop  npon  which  a  leiw  rests. 
In  raising  by  a  lever  a  piece  of  stone,  a  bit 
«f  wood  is  tliniat  in  below  the  lever,  and  it  is 
prasaod  down  on  the  wood,  to  raise  tin  weight 
TUs  is  tim/UbrMs. 

VtasdiMH*  Any  alg^ebraie  expression  whose 
irnlna  dipends  on  a  dmple  fnanti^,  is  said  to  be 
ayWifltfan  of  that  qutmti^.  For  instance,  a", 
h^  «,  sfai.  JB,  nre  all  saki  to  be  functions  of  «; 
and  no  with  every  conceivable  combination  of 
^kneCions  are  generally  divided  into  Al- 
and  IWmaeenJeirfa^ — the  latter  indud- 
Loffonthmi  and  Trigommetrical 
I  or  any  combination  of  these.  .  Looking 
siifa|eei  more  generally,  the  most  im- 
nnbdivisions  of  Fonctions  are  the  Or- 
:  A  dradating  Faoction, 
ibination  of  the  variable  «,  whfch 
pomible  valoes  of  c,  from  0  to  infinity, 
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dtmSi  present  only  a  regularly  recarring  series 
valnea.  For  instance,  sin.  s  is  a  cir- 
Dctien :  it  can  as  it  is  well  known  ob- 
tslB  no  values  not  indoded  between  1  and  —  1, 
akhongh  c  be  varied  infinitely.  In  the  largest 
of  tbe  word,  tbe  Trigonometrical  Anal3r8ls, 
he  considered  a  ftmdamental  and  diief 
«f  the  Analysis  of  Circulating  Functions. 
Fmiodk  Functions,  again  have  for  Uielr  expres- 
an  eqaation  like  the  followtng,^ 
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in  other  words,  they  are  combinations  of  ^  of 
such  a  kind,  that  if  that  operation  or  combination 
be  repeated  any  number  n  of  times,  the  resulting 
value  shall  stUl  be  x.  These  are  divided  into 
orders  aooording  to  the  value  of  n :  j.e. 

is  a  periodic  function  of  the  second  order, 

a  periodic  fimction  of  the  tliird  order,  and  so  on. 
The  student  may  be  interested  hi  proving  the 
following  fonctioas  to  be  periodic  functions  of  the 
third  order: — 

1.       ^  X  =: . 

a  —  X 

Z.       ^  .  X  352  ■  ■  ■       ■     ■■    • 
1  — iX 

8.     f  .  X  =  —  log.  (1  —  Ijt). 

The  following  are  a  few  of  the  nxth  order : — 

1 


1.  f  .  r  = 

2.  f  x=: 


8  (1  —  x) 

8 
8  — X  ' 


8.    ^.x  =  l(*--.|)l. 

The  subject  of  Fftuctional  SquoOiorUy  is  a  most 
important  and  complex  one.  In  all  its  generality. 
it  comprdiends  the  theory  of  Equations  of  Differ- 
enoec,  as  a  particular  case.  Its  object  is  to  de- 
termine that  form  of  a  Function  of  the  variable, 
whidi  shall  have  a  particular  property.  Sup- 
pose the  Equation  to  be 
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the  meaning  is — what  forms  or  combinational  of 
X  have  the  property,  so  that  if  x  be  changed  into 

_  ,  their  value  shall  not  be  altered  ?    These 

X 

Equations  are  of  infinite  variety ;  nor  are  they 
perhaps  susceptible  of  general  solution.  Tbe 
student  is  referred  to  an  interesting  and  valuable 
Essay  by  Mr.  Babbage,  printed  at  the  dose  of 
Sir  John  Herschd^s  tractate  on  Finitt  Diffei-ence*, 
and  also  to  the  article  Calculus  of  Functions  in 
Enejfdopesdia  Mefropotitana. — Tlie  Calculus  of 
Generating  Functitms,  may  9till  be  best  studied 
in  the  grand  work,  where  its  foundations  %«-ere 
laid,  viz.  the  Theoriedes  ProbabUites  by  Laplace. 

FwninieiMtal.  Tbe  gravest  note  of  a  series 
of  several  concords,  is  the  fundamental  note. 
Thus,  in  sol^  si,  re,  fa— sol  is  the  fundamental 
note.  So  also  in  a  tube  capable  of  produdng 
sound.    See  Acx)Ustic& 

Vnatow,  is  that  ver}'  noticeable  phenomenon 
with  which  we  are  presented,  when  a  solid  body 
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becofin«s  liquid.  S<»ne  soUdfl  beeorae  flaid,  under 
1  he  «p()licatian  of  Tery  moderate  heata.  Othera, 
ngaio,  require  more  violent  heats  to  melt  them. 
It  IB  interesting  to  inquire  if  all  are  capable  of 
being  melted.  All  l>nt  carbon  give  indications  of 
this.  Some  oiganic,  and  a  few  inorganic  com- 
poundSi  indeed,  do  not  at  flnt  seem  so,  but  they 
are  80  easily  dtoompoMd  by  heat,  that  we  cannot 
accurately  experiment  on  them,  and  we  Icnow 
that  their  solid  components,  carbon  excepted, 
are  capable  of  being  heated  to  fusion.  Some  ex- 
rerimenterB  have  asserted  that  they  find  the 
marks  of  fusion  on  the  edges  of  diamonds  (pure 
carbon),  which  they  have  subjected  to  violent 
lieat;  but  this  is  not  certain.  There  are  two 
Bpedal  phenomena  incident  to  fusion.  The  faai 
iM.  that  the  fiision  of  a  given  body  takes  place  at 
a  constant  temperature  for  the  same  body,  under 
whatever  circnmstanceB  it  may  be  placed.  The 
9fe(md  is  the  absorptk>n  of  heat  which  does  not 
become  sensible  to  the  thermometer,  but  which  is 
neoeasaiy  to  the  liquid  constitution.  This  sub- 
ject has  already  been  considered.  It  thus  b^ 
comes  a  matter  of  physical  interest  to  know  the 
temperatures  of  fiision  of  diffBrent  bodies  and  so 
aettlsd  is  it,  that  chemists  not  unfrequently  make 
it  a  means  of  distinguiahing  body  from  body  (an 
dement  of  ^KoittaftM  analytUy  We  take  from 
PouiOet,  the  following  table  of  the  fusing  points 
«jf  various  substances :— . 
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Enalish  hammered  iron im> 

Softinm  (French) iMO 

The  leas  ftnlble  steels.- I40a 

The  more  AaalMeilcels UOO 

Manganesed  cast  iron mo 

Grej  cast  Iron,  second  flislon ISOQ 

Grer  east  Iron,  rtrj  flntble UOa 

White  east  iron,  scarce  ftuibleL 1100 

White  cast  iron,  venr  ftftrihle 1050 

Very  fine  gold 12S0 

Standard  ((Old 1180 

^▼er.  very  pore lOOO 

Bronse 9no 

Antimony 4SS 

Zinc MO 

Lead oso 

Biamuth ^..  »i2 

Tin 210 

8ah>har 114 

Iodine 107 

Sodium  ^ 90 

Potaasfnm 68 

Phoqjhems 4S 

Stearic  add 70 

White  wax €8 

Unbleached  wax 61 

Margarle add SStoOO 

Stearins 49toi8 

l^>ermaoeti 40 

Acetic  add 4i 

Tdlow tttoO 

Ice 0 

Oil  of  turpentine —10 

Mercniy 


kT«see* 


For  Latest  Hkat  of  Fusioji — see  Hi 
tion82. 


G 


Ctetaxr*  See  Mqjct  Wat  and  Stabs.  The 
term  Galaxy  was  at  one  time  used  exclusively  as 
an  equivalent  to  Milky  Way:  it  has  recently 
been  employed  as  a  name  for  remote  dusters. 
See  Scabs  and  17bbul4l 

Puis  ■■Ism     See  Elbgtbicitt. 

CtelTsiMiiscMr*  SeeEuEcrmuiTi  and  Mul- 


TIPLIEB. 

Osw.  A  gas  may  now  be  defined  as  the  aeri- 
form condition  of  ady  one  substanoe  or  descrip- 
tion of  matter.  The  physical  distinction  between 
what  at  one  time  were  termed — permanently 
electric  gases — and  vapours,  liaving  been  broken 
utterly  down  by  those  superb  experimental  re- 
searches of  Faraday's,  which  terminated  in  the 
liqueCwtion,  and  in  some  cases  in  the  solidifica- 
tion, of  many  gases  formerly  considered  permar 
neiitly  elastic, — we  are  now  obliged  to  consider 
all  the  different  states  in  which  matter  exists,  as 
primarily  owing  to  the  relatfons  of  their  atoms  to 
Heat.  Further  remarks  on  this  subject  will  be 
found  under  Heat — ike  cowe  of  change  qftlaie: 
and  tlie  whole  large  subtjeet  of  the  specific  rela- 
tions of  gases  to  heat,  now  one  of  the  most  im- 
portant in  practical  as  well  as  theoretical  physics, 
will  be  discussed  under  Vapoubs.  Suffice  it 
to  recognize  at  present  the  signal  obligations 
owing  by  science  in  reforenoe  to  this  very  Im- 
purcaut  questiun,  to  M.  Kcfsuault,  and  to  an  In- 


quirer of  our  owi^  whose  name  appeaia  in 
prefiuse,  and  whose  contributions  form  one  of  the 
most  valuable  portions  of  this  Dictionary. — Apart 
from  the  relation  of  gases  to  Heat,  there  aresevwsl 
phj^rical  qualities  belonging  to  tliem  that  merit 
bikf  noCioe. — I.  As  to  their  specific  gravity,  «r 
the  comparative  wei^Us  cf  equal  volmncs  at  the 
same  temperature.  TaUes  A  specific  gimvitiea 
are  inserted  at  the  dose  of  this  volume:  wu  shall 
merdy  enumerate  at  present  three  irapoctani 
laws  that  connect  the  specific  gravities  of  tlao 
different  gases  vrith  their  alotmc  weigkU.  (1.) 
In  the  ease  of  gases  of  equal  atomic  vohuDei^ 
the  spodfic  gravity  of  hydrogen,  multiplied  by 
>he  atomic  weight  of  the  gsa,  gives  the  specific 
gravity  of  that  gas.  (2.)  In  gases  whose 
atomic  vdnme  is  half  that  of  bydivgeo,  die 
specific  gravity  of  hydrogen  multiplied  by 
twice  the  atomic*  wdght  of  the  gas,  gives  tiio 
spedfic  gravit^of  the  gas.  (8.)  For  gases  whoes 
atomic  volume  is  twice  that  of  hydrogvi,  tiie 
specific  gra/ity  of  hydrogen  multiplied  by  half 
the  atomic/wdght  of  the  gas  gives  its  spedfic 
gravity.^I.  Gases  are  singularly  a^sor&aMi  by 
other  bodieswhether  solid  or  liquid.  Inthocaseef 
solids  this  seems  to  depend  on  their  porotUy^  for 
no  chemical  chsnge  is  effected  by  this  abaorptkn. 
In  the  case  of  liquids  the  amount  of  abaofpCaon 
is  proportional  to  the  jTressurs  applied  to  the  gas 
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nttiag  ow  the  liquid  sniface. — ^IIL  The  ODguIar 
pbenooMBa  of  the  difiiuion  of  gases  heve  been 
abeedjT  elHided  to  under  DiFFUsiOHf  and  shall  be 
again  noticed  under  Osmotic  FoRC&  Connected 
ako  with  this  sabject,  are  Faraday's  cmioos  de- 
tenniaatioos  of  the  velocities  with  which  different 

artificially  hy  the  sanie  degree 
LO  tiieir  escape  through  a  capillary 
tube. — IT.  Gases  likewise  vaiy  in  their  Kmfsrwu 
properties,  and  in  the  coAwr  they  give  to  the  eko- 
trie  spark  when  transmitted  through  them.  No 
physical  law  has  yet  been  discerned  connecting 
then  special  pheiKmiena  with  other  qualities  of 
the  several  gasea. — We  again  refer  to  the  im- 
portant artide  Yapouks.  Other  special  facts 
sad  laws  nigarding  the  physical  attributes  of 
the  gases  are  detailed  under  CoicpRBSSiBiLrrTf 
CoRDucnoii,    ELiftancrrT,    ExPASsioii,    and 

HlAT. 

fISBslai.-  The  twina^Castor  and  P<^ux. 
The  thhdcoDstdlatioo  of  the  zodiac.  Itisnamed 
from  its  two  brightest  stars,  •  Geminorum  or 
Cstfor,  of  the  first  magnitnde,  and  fi  Geminorum 
or  Mho,  of  the  second.  The  constellation  is 
Bear  Bcgnlue  and  Aldebaran.  It  is  maiked  by 
the  Cum  n,  and  extends  Crom  60°  to  90°  longi- 
tude. 

CliisiiBmii,  The  place  of  a  body  seen  from 
the  earth  is  tanned  its  ffeoeeittrie  place.  Bioce 
the  esrth  moves,  its  geoceotile  place  is  evidently 
not  an  oftsotes  plac& 

fleeisay.  The  soisDoe  which  measures  the 
Bifth  itsdf  and  great  portions  of  its  surface.  For 
the  lenlts  ef  the  geodetieal  measurements  of  the 
Esitt  baOtt  we  nfer  the  reader  to  the  article 
Eaktb.  We  slinll  only  mention  here,  some  of 
the  physical  diikalties  with  which  Geodetie 
sdflMs  has  lo  coBtend.— The  first  is  in  actual 
neasaieuiuitB  of  particular  lengths.  If  rods  be 
empbyed,  they  must  be  evidendy  all  laid  in  the 
aact  fireetlQa  of  the  linear  or  bate  measure,  and 
be  an  exactly  together,  leaving  no  interval 
.  This  last  difficulty  would 
ceoee  so  nnich  lUc  of  error  that  chains  are  gene- 
rally employed.  Here^  >g>hi,  each  link  must 
ht  corefidly  stretdied^none  catching.  But  a 
■ore  matoial  error  arises  from  the  dilatation 
hy  heat  {Expamtiom)  or  contraction  by  oold  of  the 
■eesons  in  queation.  Tliis  causes  a  diflerenoe  in 
^  aetosl  le^Eths  of  the  standard  to  which  we  refer 
<psBtities,  and  wUch,  though  not  very  great,  must 
hecnelUlyalkmedfor.  But  espedally  diflicult 
h  it,  in  sBch  Inveedgations,  to  socoeed  in  getting 
a  pertely  level  plane  along  which  the  straight  line 
ietobsmeasared.  YaDeys,  and  undulations,  and 
■tnaois  the  most  inconsiderable,  may  prevent  this. 
Henes,  nMaouieis  take  simply  one  line  at  first  ui 
the  most  convenient  position  fiv  its  level,  and  eal- 
calste  othenby  ft,  1^  trigunomelric  observations 
and  penceeses.  But  there  rsmalns  the  great  dlf- 
fashy  of  measuring  any  sufficient  base  line^ 
And,  in  taking  trigonometrical  observations  of 
Ihs  bsorng  of  astnt  oljeeti  €Q  the  Earth's  our- 
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face,  it  will  be  found  that  the  three  angles  of  any 
triangle  we  may  form  will  be  greater  Sian  180  . 
In  fact,  the  triangle  is  not  a  plane  one,  which 
might,  without  so  much  difficulty,  be  solved,  as  a 
tpherioal  one ;  and,  if  we  reduce  it  to  the  methods 
of  the  plane  triangle,  we  have  to  subtract  one- 
third  of  thdr  spherical  ezcees,  from  each  of  the 
angles.  Then,  our  observations  of  angles  mmt 
be  made  on  objects  somewhat  elevated.  This 
gives  an  ang^e  very  slightly  diflbrent  from  what 
we  should  have  had,  i  the  object  viewed  had 
been  in  our  plane ;  but  so  difibrent  that  the  oor-> 
rection  corresponding  must  be  calculated  and  ap- 
plied. Our  observations,  though  made  on  the 
horison,  or  reduced  to  it,  in  each  case,  however,  are 
not  all,  perhaps,  made  at  the  same  level.  Great 
care  must  be  taken,  therefore,  in  applying  the 
neceesary  corrections  for  this  error  also.  Another 
correction  is  of  still  greater  importance.  Hori- 
zontal refraction  is  a  cause  of  very  considerable 
error,  for  which  due  allowance  must  be  made  in 
all  observations.  The  air  is  denser  at  the  horizon, 
and  therefore  there  the  refraction  is  of  greater 
amount  Average  corrections  can  be,  and  are 
applied  ibr  this,  but  no  corrections,  in  our  present 
position  as  to  meteorological  sdenoe,  can  be  quite 
satisfactory,  more  especially  if  the  horizontal  at- 
mosphere is  unsettled  at  the  time.  It  will  be 
most  advisable,  therefore,  always  to  make  ob- 
servations when  the  atmosphere  is  quite  undis- 
turbed and  has  been  so  for  a  considerable  period. 
— ^These  remarks  will  give  an  idea  of  the  principal 
difficulties  in  conducting  geodetio  measurements. 
It  win  be  at  once  evident  that  the  more  difficult 
trigonometry  and  the  delicate  applications  of  the 
calculus  of  probabiliUes  will  be  required  for  them. 
— The  reader  is  referred  to  the  great  work  of 
Puissant. 

Gemnetty.  A  science  which,  as  the  name 
implies,  originated  hi  efforts  to  measure  portions 
of  the  surface  of  the  Earth.  It  obtahied  its 
foundation  in  Greece;  but  it  was  not  bng  ere  the 
singular  power  of  abstraction,  which  formed  so 
chitfacteriiBtic  a  feature  of  the  genius  of  the  people 
of  that  country,  raised  it  into  a  general  Science, 
concerned  about  determining  the  relations  of  all 
portions  of  ^^^urols  Magnitude.  Geometry,  in 
this  extended  sense,  is  a  science  of  the  purest 
kind.  Resting  on  a  few  elementary  conceptions, 
whose  truth  is  confirmed  either  by  elementaiy 
intuitions  or  universal  experience,  it  proceeds, 
by  way  of  ptare  deduction,  never  again  postulat- 
ing any  fieui— except  the  pognbUity  of  the  figures 
it  supposes  constituted,  and  whose  properties  it 
undertakes  to  determine.  If  the  elementary  con- 
ceptions, at  the  root  of  this  s}'Stem  of  deduction, 
should  be  sufficiently  oomprdiensive  or  exhaus- 
tive, it  is  evident  that  no  flaw  need  exist  in  the 
deductive  process;  and  that  the  Geometer  by  the 
mere  exerdse  of  logic  must  succeed  in  determm- 
ing  the  reUtkms  of  all  the  parts  of  any  conceiv- 
able Jbrm  or  magnitnde  in  space.  Some  critical 
questioiia  regardhig  the  sufficiency  of  the  con- 
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o(^ptiolu  onUnorfly  received  as  dementary  will 
be  fottod  diflciused  under  Parallel  Ldibs. — 
Geometiy  has  many  sabdivisions,  some  origi- 
nating in  the  kinds  of  magnitudes  treated,  others 
in  peculiarities  of  the  mode  in  whicli  they  are 
treated.  As  to  the  former  ground  of  division, 
the  separation  of  Plane  from  Solid  geometry,  has 
obtained  univerBal  currency,  and  will  be  under- 
stood without  definition :  the  dbtinctions  depend- 
ing on  the  latter  cause,  however,  require  certain 
elucidations,  and  are  briefly  explained  in  order, 
in  the  following  artidee : — 

Ge*BMirical  AmJyaia  aad  Sfatkwia. 
The  mode  in  which  geometrical  demonstration 
was  usually  conducted  by  the  ancients,  and  all 
pure  geometers,  is  this, — a  new  truth  is  deduced 
or  shown  to  foDow  necessarily,  from  combmations 
of  truths  already  established.  Euclid,  for  in- 
stance, makes  every  proposition  depend  strictly 
on  preceding  propositions;  and  the  truth  of  that 
new  proposition  comes  out  as  the  Q.  £.  D.  at  the 
dose  of  eveiy  demonstration.  This  process  is  the 
formal  Geometrical  Sgnthesit.  But,  although 
powerful  for  demonttraiion^  this  Synthesis  was 
not  found  fertile  as  to  invention ;  or  well  calculated 
to  enable  the  Geometer  to  find  the  mode  of  de- 
monstration. And  he  called  to  his  aid,  the  much 
less  arduous  process  of  Anafyeis,  In  this  process, 
the  truth  to  be  proved  is  amtmed  as  frve,  or  the 
construction  to  be  established  imagined  as  alreadjf 
convicted.  Seasoning  backwards,  from  either 
assumption,  any  one  skilled  in  such  analysis  will 
very  soon  arrive  at  some  elementary  truth,  or  some 
simple  construction  on  which  his  first  assumption 
depends,  or  which  it  dearly  involves ;  and  thus 
ho  obtains  a  ready  guide  to  the  erection  of  his 
Synthesis.  The  Greeks  made  extensive  use  of 
the  method  of  discovery  by  Analysis;  and  we 
have  in  the  fi^sgments  they  have  left,  many  fine 
examples  of  it  The  student  of  dementary  geo- 
metry, ought,  on  eveiy  account,  to  familiarize 
himself  with  this  most  elegant  practice;  and  he 
will  find  no  better  instructor  than  in  a  volume 
expressly  devoted  to  its  exposition  by  the  late 
Professor  Leslie  of  Edinbutigh, — a  work,  probably 
the  most  permanently  advantageous— of  all  the 
contributions  to  sdence-— ofiered  by  this  very  in- 
genious Inquirer. 

€4«*mcirf«  Ansilytlcsa  •«  AlgeknUcal. 
The  entire  structure  of  this  most  important  mode 
of  contemplating  /Y^ure,  and  deducing  the  pro- 
perties of  Figurate  Magnitude,  may  be  said  to 
have  been  completed  by  the  illnstrious  Descartes. 
To  define  Analytical  Geometry  in  the  most 
general  manner,  we  may  say  that  it  is  the  art 
of  reducing  the  quality  of  Ftfu/urs  mthin  the  cate- 
gory of  the  quantity  or  Number;  a  curve,  of 
whatever  complicacy,  or  any  solid — whether  with 
plane  or  curved  surfaces, — may  be  represented 
and  perfectly  defined,  in  the  method  of  Descartes, 
by  pure  Alg^bnucal  or  Transcendental  Equations, 
It  is  Impossible  to  overrate  the  impulse  given 
to  geometrical  research,  or  the  amount  of  un- 
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looked  for  power  placed  in  the  hands  of  geaneten^ 
by  this  one  stroke  of  genius :  it  changed  the  en- 
tire aspect,  and  indefinitdy  enlaiged  the  bound- 
aries of  Inquiry,  whether  in  Geometry,  or  in 
Dynamical  Science;  and  most  of  the  new  methods 
in  the  Calculus— most  of  those  extcnaioos  wfaidi, 
sinoe  then,  have  marked  the  onward  course  of  pore 
Analysis,  must,  in  simple  justice,  be  attrihotrf 
to  it,  as  tbeh:  exciting  cause.  The  leading  featarss 
of  this  remarkable  method  have  been  aheady 
populariy  explained  under  Co-orducatss;  and 
we  shall  further  speak  of  it,  in  the  way  of  critical 
appreciation,  under  Quatbrmiohs.  Exedleot 
treatises  on  Analytical  Geometry  and  eveiy  por- 
tion of  it,  are  so  numerous,  that  specificatloa  were 
needless.  Some  of  the  steps  by  which  it  has 
been  advanced  will  be  signalised,  in  the  historicsl 
article  immediately  subjdned. 

Ou— sail,  lieacriptivie*      A   method  in 
geometry  due  to  the  illustrious  Mooge, — one  of 
the  most  brilliant  of  those  geniuses  which,  like  a 
galaxy,  adorned  the  sky  of  France,  in  the  times 
of  the  Revolution  and  the  early  Empir&    The 
object  of  this  method  is,  to  represent  on  two  plane 
surfaces— two  rectangular  or  other  p]ane»--4be 
elements  and  character  of  any  body  of  three 
dimensions ;  in  other  words,  to^  represent  by  a 
plane  figure  all  the  dements  neceaaaiy  to  define 
and  enable  us  to  describe  any  figure  of  three 
dimensions.    Evidently,  such  a  Geometry  is  only 
an  extension  or  general  application  of  the  prin- 
ciple of  Profections;  and,  as  sudi,  it  must  he  said 
to  have  alwa>'s  existed.    We  find  traces  of  it 
among  the  Andents;  we  find  it  approedied  almort 
in  due  generality  by  Desargues ;  and  every  great 
architect  must,  however  imperfectly  and  unoon- 
sdaiiously,  have  employed  it:  neverthdess,  it 
was  reserved  for  Monge,  to  connect  this  whols 
order  of  questions,  and  base  them  on  a  few  abstiact 
and  dementary  operations,  as  well  as  to  present 
them  in  a  special  treatise,  whidi  bestowed  on  than 
the  character  of  a  theory  or  doctrine  whoOy  m- 
dependent  of  the  spedalties  that  gave  rise  to 
former   divene   and   isolated   practices.     The 
practical  value  of  this  great  step  in  Scsenoe  was 
at  once  recognized  by  the  French  Comentim: 
and  it  cannot  be  doubted  that  the  great  tkeor^tieal 
superiority  of  d vil  and  military  engineering  aerosi 
the  channel,  even  at  this  moment,  is  owing  to  an 
early  familiarity  with  procedures  that  have  yet 
scaredy  found  a  restuig  place  among  the  sdioob 
of  England.    Descriptive  Geometry,  shnple  and 
accessible  in  all  its  processes,  presents  a  very  Ihraag 
of  practical  applications.  Let  us  spedfy — penpee' 
tive;  the  construction  of  reUe&;  the  determination 
of  shadows;  gnomonics;  stone-cutting;  carpentry; 
the  planning  of  roads  and  canals  in  countries  of 
varied  contour;  naval  constructiona;  thedirecCiaB 
of  mines;  and  much  of  the  sdence  of  fortifica- 
tion.— The  student  can  yet  obtahi  no  better 
guide  than  the  work  of  Monge  himself:  bat  wt 
refer  him  also  to  the  volumes  by  Le  Roysnfi 
Olivier.    A  treatise  has  recently  been  publtslied 
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in  thb  muatiy  with  gpedal  rafwmoe  to  shSp- 
JwiMing,  b J  Profenor  Woolej. 

«^    A  flories  of  modem  raKarches,  is  folly  en- 
titled to  this  nrnme,  wliich — partly  by  iDtrodoclog 
mem  Jbrwtal  awlAodt,  partly  by  realizing  the  geo- 
wttAemk  Die  and  application  of /ma^marin,  pvtly 
by  diseeming  the  great  importance  and  wide 
apptication  of  a  few  proportions  connected  wi'.h 
JXmrpmg  Lmes — has  really  bestowed  on  the  ordi* 
Bary  geometry,  an  efficacy  in  research,  which  it 
did  not   obtain   even  from   Descartes.      This 
Hjglier  Geometry  has  not  hitherto  been  much 
caltivatad  in  Greal  Britam :  the  genius  of  Cam- 
bridge is  still  pnrdy  analrtieaL    Bnt  the  suc- 
csasful  calture  of  it,  is  a  distinguishing  feature  of 
that  renaxkable  School,  of  which  Trmity  College 
Dnblitt,  is  the  centre  and  Abna  Mater;  nor  have 
we,  penonally,   the   slightest   doubt  that  the 
labours  of  this  school,  in  this  and  even  moreardu- 
oat  waja,  Is  destined  to  impress  a  most  beneficial 
lailf  iBciB  oo  an  fatnre  geometrical  inquiry.     The 
stadeot  is  referred  to  the  Elementary  Treatise  by 
PuifcBnoi  llukahy,and  espedally  to  Mr.  Salmon's. 
works  OD  Coiue  SeeUont  and  the  Higher  Cumee, 
Bat  the  model  and  satisfactory  book,  in  th^ 
Is  the  volume  by  Cbasles,  entitled 
Siqteriewpe,    Brief  descriptions  of  a 
few  of  the  methods  and  conceptions  at  the  basis 
of  this  new  geometry,  will  be  found   under 
IjiTouraiov;  Pbscus  Harmonic;   Polars; 
Psojsonoiirs;  Pbofobtiox  Habmokic;  Ratio 
AxBAKMoinc;  and  Transtebsals.     The  ex- 
piaofltkms  given  under  these  notices  are  of  course 
sapposed  to  be  known  by  the  reader  of  our  sub- 
aiigfat  sketch  of  the  History  of  Geometry. 
B|wdbollcwl«    Under  Alokbra 
It  WM  stated  that  the  signification  of  the  usual 
sigiis  of  operatMMi,  vis^  -|-,  — ,  Xt  and  •—-, 
altboogb  originally  repneenting  mere  arithmetical 
aeiioo  on  nnmbera,  need  not  be  limited  within 
the  narrow  circle  placed  around  them  by  the 
chcomsUinoes  of  their  origin.    On  the  oontraiy, 
they  may  be  taken  as  the  signs  of  any  general 
set  of  rriations  which  stand  towards  each  other 
aeoorduig  to  the  fundamental  or  abstract  oondi- 
tkmst  which,  under  a  special  and  very  limited 
fMm,  ooDDect  these  aritlmietical  signs.    Hence 
tile  Important  idea  of  a  eakvhte  afoperatinnt: 
hrnee  also  the  fimher  and  eminently  prolific  idea 
that,  If  the  fundamental  relations  of  any  science 
be  placed  within  the  category  of  relations 
by  -f,  — t  Xt  and  -f-,  there  is  at 
laecearible  for  tlie  advancement  of  that  science 
or  branch  of  inqniiy,  the  entire  mass  of  subtle 
VMthods  hitherto  elaborated  for  the  service  of 
analysis   alone.      Symbolical   Geometry 
at  its  root,  the  geometrical  interpretation 
and  applieatioB  of  those  originally  arithmetical 
signsL    The  stndent  will  easiest  be  introduced  to 
Its  natore,  by  the  study  of  parts  of  Profeuor  De 
Mofgan's  work  on  Trigonometry:  but  it  were 
gnas  liQustioe  to  withhold  the  tribute  firom  Sir 
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Wmiam  Hamilton  of  Dublin,  that  in  a  suceesHioR 
of  papers,  in  various  sdentitic  journals,  he  first 
of  all,  and  most  thoroughly  of  all,  has  shown  the 
resources  of  this  method  of  applying  algebraical 
signs.  Sir  William  Hamilton  has  other  and  far 
higher  claims  on  the  respect  of  this  age;  he  » 
sure  of  the  respect  of  the  future.  The  Founder  of 
a  new  Geometry,  the  originator  of  a  mode  of 
reducing  Form  under  the  category  of  Quantity, 
simpler  in  reality  than  what  is  contained  in  the 
conception  of  Descartes,  and  far  more  fertile  and 
powerful — may  not  consider  the  subject  of  Sym- 
bolical Geometry  as  cursorily  sketched  by  him, 
worthy  of  that  continuous  attention  which  all 
other  Geometers  desire  it  should  obtain  at  bis 
hands:  nevertheless,  no  intelligent  stndent  of  the 
Essays  alluded  to,  will  refrain  from  ofioing  him 
his  earnest  thanks.  They  belong  to  those  few 
things  in  the  mathematics  of  our  present,  rather 
formal,  day,  which  indicate  the  certain  advances 
and  potency  of  the  future. 

OoooMCrf,  HialMT.of*  The  History  of 
Geometrical  Science — using  that  term  in  its  widest 
sense— having  a  much  greaterpon^iDe  yalne  than 
the  history  of  almoeC  any  other  branch  of  Pk^tia 
or  AtatkenuUicSf  it  has  been  oonridered  expedient 
to  depart,  to  some  extent,  from  the  genenil  plan 
of  this  volume,  and  to  make  it  the  substance  of 
a  separate  and  detailed  article.  The  subject  na- 
turally divides  itself  into  three  heads :— the  His- 
tory of  Geometry  among  the  Ancients;  the 
History  of  Geometry  during  the  Middle  Ages, 
and  up  to  the  commencement  of  the  Nineteenth 
Century ;  and  its  History  during  what  has  passed 
of  the  Nineteenth  Century.  This  arrangement 
is  commended  by  the  distinctive  nature  of  the 
progress,  which  has  signalized  these  three  impor- 
tant periods. 

(1.)  Hittory  of  Geometry  enumg  the  AncieiUt, 
— As  already  briefly  intimated,  the  Gredis  had 
perfected  both  methods  of  geometrical  investiga- 
tion (see  Geombtrigal  Analysis  akd  Stn- 
THEsis) — that  method  by  Synthesis,  or  the  way 
of  advandniK  finom  known  to  unknown  truths 
which  is  so  finely  exemplified  throughout  the 
Elements  of  Euclid ;  and  the  method  of  Geometri- 
cal Analysis — illustrated  also  by  Euclid  in  the 
artifice  of  the  reductio  ad  abtunhm — which  pro- 
ceeds by  assuming  as  true,  the  proposition  about 
to  be  demonstrated,  or  the  propoeed  problem  as 
already*  resolved,  and  descending  fh>m  the  hypo- 
thesis, by  clear  logical  steps,  until  some  known 
truth  is  reached,  or  smne  elementary  and  poesibie 
constructkm  obtained. — The  Greeks,  in  full  pos- 
session of  these  two  powerful  method^  and  aided 
by  that  singular  subtlety  of  intellect  and  fondness 
for  speculation,  which  so  eminently  belonged  to 
them,  appear  to  htnt  succeeded  in  reaching  a 
grand  and  symmetricalfabric  of  Geometrical  tmtli, 
which  certainly  may  contest  the  palm  with  the 
achievements  of  any  age,  and  whose  positive  value 
has  only  hem  surpassed  by  the  acqniritions  of  oar 
oivn.    Unfortunately — through  the  loes  of  many 


39J 


GEO 

of  th^r  most  important  treatises— w«  are  redaoed, 
in  frequent  cases,  to  guess  merely  as  to  the  con- 
tents of  these  elaborate  works;  and  our  only  clue 
b  found  in  the  fragmeatary  and  often  enigmatical 
CoUecUons  of  Pappus, — an  author  whose  writings 
assuredly  demand  ftom  Scholars  a  oompleto  and 
critical  edition — the  more  especially,  as  invalu- 
able materials  for  it  exist,  ynder  the  hand  of 
Robert  Simson,  within  the  Library  of  the  Uni- 
versity  of  Glasgow.  There  were  three  divisions 
of  geometrical  science  in  those  days : — the  Jirtt, 
that  of  the  Ekmenti,  now  represented  by  the 
well  known  Euclid;  the  second,  occupied  with 
Practical  Geometry  or  Geodety;  and  the  third, 
that  virtual  parent  of  our  own  Higher  Geometry, 
wherein  all  investigadons  were  mainly  conducted 
by  Analysis.  According  to  Pappus,  the  treatises 
forming  this  Higher  Geometry,  were  as  f(^ws : 
—I.  The  Data  of  Euclid.  II.  The  Hectim  of 
liaHos  by  ApoIIonius.  III.  Two  books  of  the 
Section  of  Space;  two  ot  Hie  Detemunate  Section ; 
and  two  concerning  Contacts  or  Tangmdes,  also 
by  ApoIIonius.  IV.  Three  books  of  Porisms  by 
EucUd.  y.  Two  books  aalncUnalion;  two  on 
Lod  Plant,  and  eight  on  Conic  Sections,  again  by 
ApoIIonius.  VI.  Two  books  on  Solid  Lod,  by 
the  elder  Aristseus.  VII.  Two  books  on  Lod  on 
Surfaces  (probably  curves  qf  double  curvature), 
by  the  fertile  Euclid.  And,  VIII.  Two  books 
on  Afean  Ratios,  by  Eratosthenes. — But  of  all 
these  treatises,  three  only  havo  reai-hed  ns ;  via., 
the  Data  of  Euclid,  the  seven  first  books  of  the 
Conies  of  ApoIIonius,  and  an  Amliic  trai):>lation 
of  the  Se(^ion  of  Ratios,  by  the  same  great  geo- 
meter. Several  other  treatises  have  been  at- 
tempted to  be  restored,  in  accordance  with  the 
hints  of  Pappus;  none  more  ingeniously  than 
that  of  Porisms,  by  Robert  Simson,  to  which, 
because  of  its  rare  importance,  we  have  devoted  a 
separate  article  (Poresm).  Among  those  works 
which  have  escaped  the  moths  of  ages,  we  must, 
of  course,  reckon  among  the  greatest,  the  works 
of  Archimedes,  rich  as  they  are  in  geometrical 
truths,  and  in  the  suggestion  of  methods;  nor 
ought  the  historian  to  overlook  the  Almagest  of 
Ptolemy,  a  treatise  evincing  ingenuity,  and  offer- 
ing instruction  m  every  chapter,  but,  nnfortun- 
atdy,  occupied  with  the  exposition  of  a  false  and 
cumbrous  astronomy,  and,  therefore,  seldom 
studied,  unless  by  the  Antiquarian. — If  one  would 
estimate  aright  the  permanent  scientific  value  of 
this  Ancient  or  Greek  Geometry,  a  dbtinction 
must  be  carefully  made.  That  Greometry  had 
tuHf  purposes: — Onb,  to  Mbasurs  magnitudes, 
linear,  plane,  or  solid ;  t.e.  to  compute  how  often 
a  certain  unii  of  linear,  superficial,  or  solid  mag- 
nitude is  repeated  or  contained  in  any  line  right 
or  curved;  in  any  SigMr/icies,  rectilineal,  or 
curvilineal;  or  in  any  so/*d^  whatever  the  char- 
acter of  the  suriluxs  by  which  it  is  bounded. 
Within  the  sphere  of  this  portion  of  geometrical 
science,  the  usefulness  of  the  labours  of  the 
ancients  may  be  said  to  have  long  tennfaiated ; 
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only,  however,  because  the  methods  invented  and 
employed  by  Euclid  and  Arnhimedes  have  been 
perfected,    llie  transition  finom  the  meMaremeDt 
of  rectilineal  quantities  to  the  measurement  of 
curviHneal,  is,  in  a  purdy  geometrical  sense,  the 
object  of  the  Infinitesimal  Calculus;  but,  ahboagh 
we  have  so  ikr  improved  our  algorithm,  tibat  a 
reversion  to  the  ancient  methods  would,  in  any' 
case  be  considered  only  a  wasteful 
it  must  never  be  forgotten,  that  the  true 
foundations  of  the  Modem  Calculus;  vix^  the 
method  of  lAmits,  or  of  Prime  and  Ultimafa 
Ratios,  must  be  traced  to  the  Greek  metkod  of 
Exhaustions.   In  this  important  respect,  wldle  tfaa 
ingenious  Cavalieri  preceded  Leibnitx,  the  ftr 
more  powerful  spirit  of  Ardiimedes  was  the 
worthy  precursor  of  Newton.    But  it  is  aorelj 
something,  that  the  practical  value  of  these  eariy 
logical  methods,  terminated  only  at  an  epoA  so 
recent,  as  that  of  the  most  iUustrioos  of  cor 
modem  geometers. — ^The  Sbcond  great  divisian 
of  the  Greek  Geometry,  consisted  In  the  effint  to 
discover  the  relations  of  the  parts  of  figurate 
magnitude, — ^to  determine,  in  fact,  and  define, 
^e  various  attributes  of  FoRic. .  Success  in  the 
nbrmer  effort  necessarily  involved  great  advance- 
ment  and  success  in  this  one;  ^t  the  Greek 
Higher  Geometry  had  evidently  advanced  so  £n' 
in  the  latter  dass  of  invest^atiooa,  that  tbt» 
most  accomplished  modem  inquirer  in  diis  spe- 
cial walk,  would  assuredly  welcome,  as  a  great 
probable  aid,  the  recovery  of  any  of  the  ket 
treatises  whose  titles  have  been  transoiitted  by 
Pappus.    In  tmth,  the  signifioance  of  many  of 
the  enundations  in  Pappus,  have  only  been 
divined,  through  aid  of  geometrical  discoveries 
that  contribute  to  the  scientific  glory  of  the 
nineteenth  century  ;.^the  germs  of  speculations 
are  met  there,  that  might  have  emanated  fhim 
the  schoob  of  Camot  and  Monge.    That  anspi- 
dous  rs-opening  of  the  East,  whidi  may  fidilT 
be  looked  for,  as  one  sure  result  of  our  leoent 
straggle  with  Muscovy,  will  probably  reveal  some 
of  the  riches  of  these  andent  times,  through 
medium  of  Arabic  manuscripts,  now  rottiog  in 
what  they  term  *  libraries,'  in  those  useless  and 
already  rotted  monasteries  of  the  Eastern  Chutdi. 
(2.)  History  of  Mediasval  Geometry,  and  of 
Discovery  down  to  the  close  of  the  Eij^eentk 
Century — ^The  period  po  which  refersnoe  b  now 
to  be  made,  was  distinguished  by  tiuee  gnnd 
achievements.    Multitudes  of  potent  geometers 
illustrated  these  centuries,  and  every  one  of  tlie 
steps  now  to  be  oommemoratad,  requuned  the  co- 
operation of  many  minds  to  consummate  it ;  bat 
we  cannot,  in  this  place,  refer  to  special  labooiai, 
nor  attempt  to  determine  the  amount  of  desert 
bdonging  to  the  concurrents,  in  each  of  those 
momentous  discoveries.    The  points,  on  whl^ 
the  student  of  history  will  always  rest,  are  tlie 
following. — L  In  the  hands  of  Vieta,  first  arose 
the  inviduable  sdence  of  Symbols.    Arithtnetical 
Algebra  ezistedi  prevkms  to  the  labours  of  tlw 
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to  Un  is  mqiiestioDably 
•ving  the  ideA  of  a  sciflDce  of  abstract  symbols, 
anl  the  oooosptSon  that  such  symbols  might  be 
wIljsctBd  to  ah  the  operations,  by  which  nmnben 
ilons  had  been  pfe^ously  combined,  or  to  ope- 
ntions  sfanilar  to  these.  From  the  moment  of 
this  happy  dhcuvery,  the  possibilities  of  a  new 
SMthod  of  traatmeot  in  geometry  arose.  Linear 
and  angolar  tenetSons  might,  liiie  every  other 
ipeeiBB  of  qnantlty,  be  repressnted  by  abstract 
symbols,  and  thsir  relations  laid  down  in  eqoa- 
tioos^  Henoe,  too,  the  modern  vicioos  meaning 
impseed  on  the  term  ondB^.  Analytic  reason- 
ing hefaig  condocted  most  casfly  by  aid  of  this 
gnsral  symhoUo  language,  mere  algdroic  geo- 
Bsliy  eme  to  be  teroMd  ilaoi^ins,  as  if  by  special 
fight;  whfle  the  ftrmer  Gredc  method  retained 
the  aaoM  of  Sjfnikui:  A  mistake  of  frr  larger 
reach  Aan  a  mere  misapplication  of  words;  and 
wfakh  it  behoves  the  accorato  student  very  care- 
faDy  to  eonect  The  term  oao/ynf  ought  ever 
to  be  applisd  to  that  mental  operation  wliich  re- 
soires  or  decomposes  a  proposition  into  its  ele- 
mentary  and  constxtoent  parts — an  operation  im- 
plyfaig  an  attentive  semtiiiy  of  the  Hung  con- 
iidend — m  iitelf,  and  in  all  iU prvperUes,  Orto 
nudtr  the  point  perfectly  dear,  let  us  add  the 
voids  of  Peinsot: — **  True  antdjfm  consists  in  the 
aHmtive  examination  of  the  problem  to  be  re- 
solved; and  in  those  iirst  reasonings  by  which  we 

to  express  it  in  the  form  of 
To  transform  these  equations  aiter- 
that  is  to  ssj,  to  combine  them  with  each 
other,  er  irith  other  evident  ones,  is,  at  the  root,  a 
efanple  4Mbent;  unless,  indeed,  the  idea  of  any 
tfansftmnafion  be  soggeeted  by  some  new  mental 
act,  oraome  new  and  oi%inal  reasoning,  which,  of 
eoone,  mnild  be  a  new  act  of  Analyais.  Apart 
ftoen  this  Ui^it-giving  procedure,  thoe  is  no  An- 
alysb;  hot  only  an  obscure  Synthesis  of  algebraic 
fefmnfae^  which — oo  tospeak — ^we  hiy,  the  one  over 
the  othsTy  without  seeing  very  clearly  what  may 
eoawooftoftheoonstitntloo.''  It  has  been  deemed 
the  mora  needftil  to  make  this  distinction,  be- 
casee  tiie  discovery  by  Vleta,  and  his  firm  estab- 
Briiaimf  of  a  yecm/feyMtic,  has  been  represented 
as  the  dlacoveiy  of  a  snbstituto  for  those  fine  and 
sabtls  plays  of  ths  spirit,  that  so  delight  every 
faucBcct  versant  with  the  labours  of  the  illos- 
ttioBi  andsnt  geometen.— IL  By  the  Greeks, 
fir  the  moat  part,  problems  were  viewed  as  mdi- 
eidbab,  and  treatod  as  siMh.  As  time  proceeded, 
advances  were  made,  with  tiie  important  aim  of 
lieatlpig  them  in  ^msiss,  or  even  genera;  that  is 
to  say,  of  detecting  genenl  solutions  which  should 
be  appBeatila  to  Iwge  massss  of  geometrical  mo^ 
aifalb  aad  Jbnn»,  It  were  heavy  ii^ustke  to 
omit  the  nan»e  of  Pesargues,  a  geometer  of  Lyons, 
who  labonnd  In  this  direction,  with  success  so 
riwiailaliki.  that,  in  the  opfaiion  of  Poncelet,  he 
msrltB  the  appellation  of  the  Honge  of  Ms  age ; 

aaqnestionably  the  germs  of  much  that  dis- 

tfcy^w  tba  Higher  Geometry  of  our  own  time, 
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are  found  in  his  work  on  Conies.  But  the  glory 
(»f  estabUshing  a  truly  univerBal  method,  is  due 
to  Descartes,  who,  grasping  the  algorithm  of 
Vieta,  founded  that  Analytiod  Geometry  which, 
ever  since  his  period,  has  been  so  powerful  an 
engine  in  the  hands  of  every  inquirer.  Already 
we  liave  explained  his  method  of  Co-ordinates, 
and  briefly  appreciated  its  resources ;  nor  shall  we 
here  resume  the  subject,  or  more  than  indicate 
the  amount,  which  it  owed  for  the  promotion  of 
its  success  and  acceptance,  to  the  subsequent 
labours  of  Clairant  and  Cramer.  One  remark, 
however,  is  essentiaL  By  the  Cartesian  method, 
problems  regarding  form  are  immediately  thrown 
into  eqwUiotu;  and  the  subsequent  treatment  is 
mainly  that  Synfhentf  which  Poinsot,  in  the  words 
already  quoted,  has  aptly  termed  a  mere  super- 
position of  eqnatk>ns.  Notwithstanding  the 
amazing  facility  afforded  by  the  use  of  this 
method,  it  becomes  therefore  a  questk>n,  whether 
its  constant  and  inordinate  use,  has  not  deprived 
the  study  of  Mathematical  Science  of  one  of  its 
inestimable  benefits— Ito  power  to  encourage  ori- 
ginal thought — to  exercise  the  best  of  our  mental 
powers?  History,  it  is  to  be  feared,  will  not 
pronounce  favourably  concerning  it,  in  this  re- 
spect ;  nor  is  better  proof  needed  than  the  ft^uent 
incapacity  of  mere  analysts,  to  grasp  thoronglily 
a  soiid  geometrical  or  d^nnaroiail  truth,  or  the 
mass  of  merely  fantastic  writhig  on  real  Physics 
whidi  one  finds  among  the  volumes  of  a  Euler, 
or  if  one's  reverence  would  permit  one  to  say  it, 
even  in  some  pages  of  Laplace.  Happily,  a  reac- 
tion is  occnrrhig.  Men  of  the  age  of  which  we  are 
writing — men  like  Desargues,  like  Halley,  like 
our  Scottish  Madaurin— had  scattered  through 
thefar  writings  good  general  principles  of  another 
order,  by  which  geometry  oonld  be  tresited  gene- 
rally without  ceasing  to  be  Geometry;  and  tiiese, 
fertiliaed  by  the  genius  of  Camot,  Monge,  Pon- 
celet, Hamilton,  and  several  more,  have  sprung 
up  into  what  is  already  the  goodly  and  more 
healthful  growth  of  our  Modem  Geometry. — 
in.  The  third  grand  achievement  of  the  age, 
whose  services  we  are  recording,  has  already  been 
discussed  and  explabied  in  this  Dictionary  (see 
Calcui^ub,  &C.)  It  consisted  in  the  perfecting, 
by  Newton  and  Leibnitx,  of  the  ancient  method 
of  Exhaustions,  and  the  Method  of  Indivbibles, 
by  Cavalieri.  There  is  no  need,  again,  to  speak 
of  the  origin  of  that  Calculus,  or  of  ite  vast  efficacy 
and  range.  All  difficulties  in  the  way  of  the 
transition  fhxn  consideration  of  rectilineal  to  that 
of  corvilineal  ibrms,  it  has  extinguished  for  ever; 
and  it  grasps,  with  every  ease,  the  whole  extent 
of  tlie  problem  as  to  the  measure  of  magnitudes. 
But  the  student  who  is  not  a  mere  tradesman, 
should  not  be  satisfied  ^th  knowing  this  Cal- 
culus, as  it  now  exists,  or  using  it  as  an  ArL 
Let  him  study  it  as  it  grew, — firom  its  first  and 
obscure  vitality,  in  the  writbgs  of  Fermat,  of 
Pascal,  and  Barrow,  to  its  living  form,  as  first 
wiekied  by  Newton,  by  Leibniti,  by  the  Ber- 
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nmitllia,  and  their  iUostrioos  oompanioTUi.  This 
Calculas,  in  its  applications  to  Geometiy  (with 
which  alone  we  have  at  present  to  do),  has  had 
much  of  its  form  and  specific  methods  impressed 
on  it,  by  tlie  uiiversal  nse  of  the  Geometry  of 
Descartes:  but  its  foundations  are  firm  and' in- 
dependent, and  new  modes  of  applyin;^  it  will 
arise,  should  the  requirements  of  another  Geo- 
metry demand  them. 

(8.)  BiUory  6/ the  Gtometry  of  the  NmeUenth 
Century, — The  woi4cs  that  led  the  way  towards 
thoee  researches  which  now  constitute  our  Higher 
Geometiy,  are  unquestionably  thoee  of  Monge 
and  Camot.  Of  the  volume  by  Monge,  entitleid 
AppUeatiam  de  PAnaijfse  a  la  GeomHrie,  we  shall 
not  speak.  It  is  a  virtual  continuation  of  the 
Geometry  of  Descartes — reposing  on  the  ana- 
lysis of  Infinitesimals,  as  the  work  of  the  former 
does  en  that  of  finite  quantities.  Monge,  as 
usual  with  him,  handles  his  subject  originally — 
bestowing  upon  it  every  conceivable  extension ; 
and  the  relations  he  establishes,  between  equations 
of  partial  differences  and  certain  classes  of  sur- 
faces, ofler  fine  examples  of  the  reciprocal  aid  and 
illustration  which  Geometry  and  Analysb  always 
afford  to  each  other.  Already  full  refiprence  has 
been  made  to  the  fkr  more  distinguished  achieve- 
ment of  this  great  Frenchman,  as  oonstitnted  by 
his  Geomeirie  Descripiive  (see  Geombtrt  De- 
ecRiPTtvs);  but  it  ought  to  be  especially  men- 
tioned, that,  besides  its  merit  as  the  Elements  of 
a  new  form  of  Geometrical  Science,  it  contains, 
richly  strewn  among  its  pages,  hints  and  s|)ecu- 
lations,  which  have  amply  fulfilled  the  purpose  of 
their  Author,  by  stirring  up  inquirers  interested 
in  the  lai^  domain  of  general  Geometry.  To 
Camot  we  must  refer  in  greater  detail.  His 
labours  had  for  their  special  object  the  extension 
of  the  Geometry  of  the  Ancients.  Their  elements 
lie  in  the  labours  of  Robert  Simson,  of  Madaurin, 
of  M.  Stewart;  but  they  are  stamped  with  that 
spirit  of  generality  which  one  finds  previously,  in 
the  writings  of  Desargnes  and  Pascal  alone. 
Camot's  first  contribution  to  general  geometry  is 
what  he  termed  the  Principk  of  the  Correlation 
of  Fiffwes;  and  which  has  since  been  farther 
genendized  under  the  name  of  the  Principle  of 
Contimuiy.  At  all  former  times,  it  was  consi- 
dered necessaiy  by  pure  Geometers,  to  ofiler  as 
many  demonstrations  of  a  proposition  as  the /orm 
to  which  it  related,  oould  take  on  different  aspects; 
Camot  proved  that  one  demonstration  applied  to 
a  sufficiently  general  state  or  condition  of  the 
figure,  was  universally  applicable;  and  could  be 
realized  for  every  specific  state,  by  a  right  use 
and  interpretation  oSf  the  positive  and  negative 
symbol,  in  Geometry.  It  would  scarcely  be  con- 
ceived, how  \'ast  an  amount  of  generality,  ease, 
and  vigour,  this  simple,  but  energetic  conception, 
has  infused  into  Geometry!  Caraot*s  second 
achievement  was  his  Theory  of  TraneversaU — 
also,  a  method,  much  more  than  a  collection  of 
Propofiitious.    The  tiact  in  which  he  exposed  it, 
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consists  of  a  set  of  theorems,  expressing  the  rda- 
tions  among  the  segments  of  a  Bysteta  of  Bne>, 
cut  by  any  transva^  straight  line  or  enrra 
He  shows  that  these  relations,  which  are  usually 
expressed  by  equations  of  two  tenD»— are  the 
same  in  profecttone  of  the  figure,  whether  per- 
spective or  orthogonal ;  and  that  the  same  rda- 
tions  hold,  among  the  sines  of  the  angles  of  the 
projecting  stndght  lines.  Traces  of  the  Theoiy 
of  Transversals  are  found  in  Pappus;  but'anwDg 
the  modems,  Camot  had  the  honour  of  reviving 
it,  and  of  showing  its  immense  power  in  simpli- 
f;^ing  extensive  dasses  of  demonstrations.  As 
given  by  this  great  Geometer,  the  Theory  cf 
Transversals  is  Uie  foundation  ci  the  remar^Ue 
Traire  dee  Proprietee  Profectwee,  by  IL  Poo- 
celet,  in  which  we  find,  for  the  first"  time,  that 
marvdlous  Theorie  dee  Polairee — a  method  wfaidi, 
by  afibrding  the  means  of  inventing  at  will,  and 
in  a  way  almost  mechanical,  theorems  exoeed- 
inj^y  diverse,  yet  all  springing  flrom  one  n»c, 
constitutes  one  of  the  most  fotUe  rteources  of  tbs 
Modem  Geometry.  It  were  Tidn  to  endeavoar 
here,  to  characterize,  or  even  enumerate,  the  msny 
labourers  who  have  recently  wrought  with  efl^ 
in  this  oomparativdy  new  and  fertile  fidd.  la 
Germany,  in  France,  in  Italy,  men  of  higbeit 
ability  have  been  attracted  l^  Its  promise:  nor 
must  we  foi^t  our  own  Dublin,  or  the  contribu- 
tions of  a  Maccollagh^above  all,  of  our  Hamil- 
ton, and  the  admirable  writings  of  Mr.  Salmon. 
What  has  been  done,  however,  is  yet  only  a  pro- 
mise, or  a  bad;  neverthdess,  the  nature  of  die 
frait  is  clear:  what  Poinsot  has  done  for  Statics, 
is  being  accomplished  for  Geometiy ; — ^we  thsll 
no  longer  be  satisfied  to  readi  results  by  a  soft  of 
legerdemain,  but  through  processes,  of  which 
every  step  has  a  dear  ngnificance,  in  which 
thinffe  can  never  be  forgotten  or  obliterated  by 
thdr  symbols,  and  whose  development  therefcre, 
must  keep  distinct  before  the  eye,  that  didn  of 
real  cauee  and  ejffed  which  exists  in  Nature  itself 
It  b  not  to  be  doubted^  that,  under  such  eoodi- 
tions.  Geometry  might  become,  as  it  wis  of  old, 
a  high  mental  discipline.  Emancipated  alike 
from  its  ancient  dements  and  mediasval  symbol- 
ism, no  study  oould  be  a  greater  favourite  with 
the  young  and  aspiring;  nor  may  it  be  presump- 
tuons  to  hope,  that  the  great  Univerrities  of 
England,  in  thdr  effbrts  to  regenerate  tbeb  intd- 
lect-nal  disdpline,  will  soon  inquire,  whether,  in 
this  matter  of  thdr  teaching,  there  is  not  much 
to  regenerate. — ^The  student  is  earnestly  recom- 
mended to  the  recent  most  important  volome  by 
M.  Cliades,  entitled  Geomeirie  Svperieure,  Sepa- 
rate articles  in  the  Dictionary  have  already  been 
feferred  to. 

G«orslwBB  Sldna.    See  URA^nra. 

Ocysen.  Hot  springs  in  Iceland,  whid 
burst  up  from  the  Earth,  carrying  masses  of 
stone  along  with  them.  Thdr  origin  is  evidently 
volcanic  The  water  at  the  surface  of  the  great 
spring  m  lodand  is  Sd"*  Cent,  and  at  the  lottoia 
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ft»  high  M  127^-5.  The  water  at  the  bottom  is 
hottest  H/c/re,  and  coldest  c^er  a  great  eraption, 
hot  that  at  the  top  it  seems  very  little,  if  at  all, 
illiBCted  by  It.  A  geologi^  explanation  of  this 
is  giTfn  by  Lyell  in  his  Prinapka  of  Geology^ 
to  wUch  we  refer  the  reader.  Henchel  pre- 
sents the  phenomenon  in  a  sufficiently  su^Qgesdve 
war.  Take  a  tobaooo-pipe  and  heat  the  shank 
Rd'  hot;  then  fill  the  bowl  with  cold  water-« 
inclining  the  pipe  a  little.  The  water  will  flow 
iniD  the  shaidE,  a  series  of  violent  explosions 
wiQ  resolt,  in  which,  as  in  the  actual  case  of  the 
Geysers,  a  gush  of  vapoor  is  always  projected 
before  the  jet  of  water.  The  interval  between 
the  explosions  seems  to  depend  on  the  degree  of 
beat  and  the  amount  of  inclination  of  the  tabe; — 
their  dnration,  on  its  thickness,  and  its  condnct- 
iog  power. 

<}Ab««a.  Convex  on  both  sides,  as  the 
moon  iq>peara  when  more  than  half  advanced. 

CMarlcvn.  Immense  masses  of  ice  which  fill 
the  slopes  of  Mount  Blanc,  and  the  Alpine  Range 
of  the  Pyrenees,  the  Balkan,  and  every  mountain 
chain  over  the  world,  which  rise  so  high,  as  to 
pieree  the  limit  of  perpetual  snows.  They  are 
thick  heavy  layers,  firequently  very  irregulai^  and 
sofflethnee  extending  fu  down  into  the  valleys 
below  the  fimit  of  snows.  The  explanations  which 
geokie^sts  offer  as  to  their  causes  are  of  great 
interest ;  but  we  refer  the  reader  to  Agassiz  and 
Cliarpeutier*8  description  of  them,  and  Forbes* 
TVtaeeU  in  Norway  and  Sweden,  No  natural 
phenomenon  is  more  grand  than  the  spectacle  of 
these  enormoQs  masses.  In  the  Al[»ne  chain, 
from  Mount  Blanc  to  the  Tyrol,  about  400  of 
them  are  ooonted,  and  these  are  on  the  average 
from  10  to  16  miles  long,  from  one  to  two  broad, 
and  from  100  to  600  feet  thick.  This  will  give 
some  idea  of  their  enormous  bulk,  and  of  the 
great  part  which  they  must  play  in  the  physical 
htstonr  of  the  Earth. 

Ctolalii  ■%  Wmttmm,  Mr.  Glaisher,  the 
eminent  observer  at  Greenwich,  has  investigated 
with  much  care  the  corrections  to  be  applied  to 
the  monthly  means  of  the  Barometer,  Thermo- 
meter, and  HygTtiroeter,  for  any  hour  of  the  day, 
ao  that  the  monthly  mean  of  the  day  be  therefrom 
ehCaincd.  These  corrections  are  called  Glainher's 
They  are  c^  great  value  to  the  meteoro- 
and  are  presented  among  the  tables  ap- 
pended to  this  volume 

^mmtmmm,  A  geometrical  term.  When  a 
ractangle  is  divided  into  four  parts  by  cross  lines 
paraDd  to  its  sides,  the  sum  of  any  three  is  called 
the  gmomtm.  It  has  also  a  meaning  in  Dial.- 
LUG  (}.  r.) 

<ilaMea  IVaasbcr.  See  Cycle — ^where  the 
Metonie  Cyde  is  described. 

An  instmment  employed  to 
the  angin  of  cr^'stals.     The  simplest 
fonn  ooDsfota  merely  of  a  semicircular  graduated 
of  degrees  with  a  moveable  and  a  fixed 
TIm  one  edge  of  the  crystal  is  laid  along 
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the  fixed  line,  and  the  other  brought  into  contact 
with  the  moveable  ono,  and  the  number  of  de- 
grees indicated  read  ofi;  This  instrument  does 
not  admit  of  much  aocuracv.  In  Wollaston^s 
goniometes,  which  is  used  for  all  purposes  of 
accuracy,  the  angle  of  the  crystal  is  measured  by 
determining  through  what  angular  space  the 
crystal  must  be  turned,  so  that  two  rays,  reflected 
from  the  two  surfaces  successively,  shall  have 
exactly  the  same  direction. 

0«vcns*r«  An  ingenious  mechanical  ar- 
rangement by  which  regularity  in  the  motion  of 
a  steam  engine  is  secured.  When  new  fire  has 
just  been  put  on,  more  steam  is  apt  to  be  gene- 
rated than  the  engine,  in  its  ordinary  state,  can  use; 
and  if  free  communication  between  the  boiler  and 
cylinder  be  permitted,  more  will  be  generated. 
To  prevent  this,  two  balls  are  set  upon  a  cylinder 
which  revolves  with  the  engine,  and  these  tend 
to  revolve  faster,  the  faster  the  engine  goes. 
When  it  is  going  very  slowly,  they  exert  a  cer- 
tain action  on  a  moveable  part  to  which  they  are 
attached,  so  as  to  keep  open  a  valve  between  the 
boiler  and  cylinder ;  when  it  is  going  very  quick, 
the  bslls  fly  &st,  and,  being  connected  with  the 
valve,  tend  to  close  it,  proportionally  as  tliey 
have  diverged  from  the  spindle.  The  steam  has 
thus  less  outlet  from  the  boiler,  and  is  held  in,  until 
the  engine's  requirements  and  the  supply  beooiTie 
equalized:  the  balls  then  fall  to  an  averago 
position. 

CInUlmitloB*    See  Division. 

dniphfc  nietbikia.  It  is  oilen  of  the  ut- 
most importance  to  represent  tables  of  related 
niunders,  by  means  of  curve  lines,  or  other  figures 
that  show  to  the  eye  the  nature  of  the  relations  or 
laws  expressed  or  rather  concealed  within  the 
mass  of  numbers  constituting  the  Tables^  Not 
only  does  such  a  mode  of  representation  at  once 
manifest  these  laws — almost  rendering  them  pal- 
pable— but  it  farther  points  out,  by  the  irr^u- 
larity  of  its  curves,  in  what  coses  natural  laws 
are  not  represented,  and  therefore  what  the  cases 
are  that  require  a  greater  amount  of  observatioa 
We  shall  state  briefly  in  what  manner  this  gra- 
phic mode  of  representation  may,  in  the  most 
usual  classes  of  circumstances,  be  made  efiective. 

(1.)  When  the  tabhs  contain  the  rekUiont  (f 
two  co-variable  quantities. — It  is  easy  enough  to 
see,  that  in  such  a  case,  the  end  may  bo  eflected 
by  making  one  of  the  sets  of  quantities  the 
oAsciMcs,  while  the  others  are  corresponding  or- 
dinates  of  a  cur\''e.  Thus,  if  the  hours  of  the  day 
be  made  obscisece,  and  the  temperatures  corre- 
sponding with  them^ordinates,  the  line  joining  the 
tops  of  the  ordinates  will  give  the  curve  of  diurnal 
temperature.  And,  accordmg  as  this  curve — de- 
pending, in  the  main,  on  the  course  of  the  sun — is 
regular  or  not,  we  shall  learn  whether,  and  at 
what  hours,  our  collected  observations  have  been 
sufficient  or  insufficient  for  the  determination  of 
the  mean  temperature  of  every  hour  of  the  day,  at 
the  place.    Nay,  the  curve  being  continuous,  we 
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the  flgnre  had  been  dnwn  on  ■  aaffidentl;  hrge 


tsnnedUtc  tlioe :  ir,  for  the  half-houn  (be  ImOncs. 
rimpty  by  ereding  perpendEcoUre  or  ordinaret 
b«lf  my  between  each  fomisr  ordiiute,  and  ac- 
curately meaeoTlng  them.  la  llie  saiiM  way 
CDDld  be  tjested  the  reliiian  b«twMn  the  epoch 
of  tha  yvar  and  Ibe  lempentjira  of  any  givm 
time  of  the  day ;  the  ralalion  bMveen  the  htighta 
of  tbe  baimneter,  and  the  time  of  the  day  or  of  the 
year,  or  any  other  two  Interdependent  variables. 
Tbo  meCbod  baa  f^iedal  appUcatiou  to  eladstical 
iuqiuriu;  «nd  tbe  great  facility  it  fumishfB  lor  Ibe 
d«[«niibution  of  uneimediale  aiid  mean  values, 
gives  it  Ip  thii  cue  remailublB  value.  Then  ts 
no  aimidar  or  tcirer  mode  of  eitncting  from  tables 
of  Durulity  rauh  elsmenti  ai  the  probable  life, 
tba  maiB  lil^  and  the  meui  age  of  the  population. 
JiUHUMnblaexunplaortuch  happy  ^plications 
at  It  wHl  be  emnd  in  the  wridngs  of  Quetelet— 
Tban  Is.  howoTer,  ■  aeeoud  mode  of  eiecnting 
■iinilar  npnantitioDg.  wbich  may  be  termed  the 
polar  mods.  This  Is  Ibe  pielenible  one,  when 
one  of  Che  qtuntities  has  to  do  with  direelioH ; — 
for  iaetancs,  sbonld  one  of  tbem  be  Che  direction 
of  the  wind,  and  tbe  other,  tbe  oorrcspoTiding 
meaii  bt4ght  of  tbe  Iberniometer,  baromMer,  or 
hygrometer-  Let  us  take  as  an  euunple,  from 
Ibe  work  of  Mahlmann,  the  variattoos  of  tam- 
peratares  during  the  four  sedsons,  according  u 
tbe  dlfierant  winds  at  Paris :  it  gives,  what  maj 
be  termed  the  tbermometric  card  of  the  winds  foi 
the  yesr,  and  for  each  Bea3on-.-A  being  the  cnrvi 
oF  the  mean  of  the  year,  A'  that  of  autumn,  a  that 
of  spring,  8'  Ikii  of  summer,  and  w  that  (rf 
Car.  The  student  will  be  at  no  loss  to  dii 
iiD«  Ibrtik  aoch  a  reple«ei)tatiaa  niut  be  of 
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case*.— As  alrMdj  bfaKed,  both  Die(hoda 

afford  nsdy  means  for  mlerjio,'aliim ;  and  «vta 
Imgularities  exist,  the  mean  or  true  ciirv* 
be  had,  by  appniilmatloD,  by  Judidomdy 
drawing  It  through  the  aphere  of  Ibe  cooffictiiig 
obeervBllons,  eo  that  it  repreaent  the  ceotrc  i^ 
gravity  of  tlia  Irregnlar  ayatem  Ibey  Ibnn.  By 
this  latter  meani  Sir  John  HenchelBiM  appnixi- 
mated  to  Ibe  orbit  of  one  of  tbe  J>MiMe  Aars. 
(2.)  men  nlatioiu  an  ajirttttd  tfmai^  Am 

variablet Tbe  mode  of  tttineeatatkin  is,  1/ 

XFotse,  much  moi«  oompilcaled  than  tlie  firmer; 
levorthelen  It  has  also  great  value.  It  will  bM 
»  nnderitood  by  an  example.  8up|»ee  il  were 
required  to  reprtsent  to  the  eye,  the  curved  wr- 
faces  exprening  Ibe  mean  tempvatm  ot  aaj 
bour  of  the  day  on  any  month  <rf  Ibe  year.  8el 
olT  on  the  axis  of  sbsciiiiB  twelve  equal  diviricos 
repreoenting  the  moolba,  starting,  let  us  ny. 
with  March :  set  off  next.  00  Ibe  mxis  of  lbs 
ordbialeB, twenty- foor equal diviatons  ii[iiif  iirinfl 
'  '  inn  at  tbe  day;  and  Ihnngh  tbe  several 
iHia  of  these  two  sets  draw  peT})eiidicnlar\ 
aa  in  the  sqljoliied  Bgnn.      Tbe  i^ane  </  Iha 


Ajnm  Ibna  prepared,  we  procMd  to  artett 
any  temperature — say  !0°  Centigradei  BMit 
Ike  poinu  eotT(a|)ondlng  to  it  in  tonpera- 
tDre,at  the  Inuneetioiiof  IbeahsdasBandotdi- 
nateB  of  every  month  liiat  contains  a  tanpnala* 
of  20° ;  join  these  pcnnta,  end  yon  have  the  cmve 
at  equal  temperatura  (or  20",  repnaeoud  m  the 
face  ctf  the  plane.  AU  other  temperature  withla 
the  range  of  the  year  may  tbns  also  be  repre- 
sented, as  in  the  diagram,  by  th^  fining  cnrna. 
We  have  no  space  to  dilate  oo  tbe  tesnlls  that 
may  be  deduced  at  once  Aom  such  a  plctan— 
The  method  now  exemplified.  Is  predaely  thai  by 
wbidi  lines  of  eqoal  deration,  or  eoafeur  SaU, 
are  represented  on  at)  good  engineeting  mafS; 
and  [ta  applicmtioos  have  a  wide  range.  Far 
ftirther  and  very  mlnate  infonnatioa  00  this  wtt 
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inportant  practical  ntgect,  tbe  reader  is  referred 
to  a  diflBettation  by  H.  Lalaone,  prioted  as  aii 
appeodiz  to  Blr.  Walker's  exoeUent  translatioo 
of  KcmU'a  Mettorology.  And  if  he  desires  to 
pamie  the  sahject  iSulher,  we  oommeod  next  the 
vabaUe  Cahidpar  Is  Tnaii,  by  M.  Cousineiy. 

CliatllBiiwi.  The  great  theme  of  Gravita- 
tion naturally  arranges  itadf  under  three  divi- 
sions:— the  discovery  of  the  Law;  the  sphere 
it  dtMoinates, — thb  latter  subdividing  itself  into 
of  planetary  and  extra  planetary 
and  the  nature  of  the  Law.  We  shall 
discuss  the  sal^ject,  as  briefly  as  possible,  under 


(1.)  Dueovay  of  the  Law  o/Gravitalum.'-Tba 
MHotial  prdimlnaries  to  the  establishment  of  any 
Law  of  the  Celestial  Motions  was,  of  course,  tbe 
dbewcry  of  the  rharactw  of  these  motions.    The 
plsa  of  our  Solar  System  was  laid  down  hy  Go- 
peraicns;  but  its  definition  is,  unquestionably, 
das  to  Jdhn  Kepler.    Tbe  three  grand  Laws  or 
principles  of  Onkr  discovered  by  him,  had  the 
■Mrit,  beyond  all  doubt,  of  staUog,  for  the  first 
tine,  the  rules  according  to  wiiich  the  planetary 
bodies  move.     He  informed  us^s^  that  every 
pIsDet  revdres  around  the  Sun  in  an  ElUpH^ — 
the  Sun  beiog  in  the  focus  of  that  Ellipse: 
fseoatf^,  that  the  velocides  of  these  planets,  at 
dUtnat  parts  of  their  orbits,  are  regulated  by 
tbe  principle  of  Areas ;  or,  that  the  rwiku  vector 
sweeps  over  equal  Areas  in  Equal  Times :  and 
lUrigy  be  connected  the  distances  of  the  different 
Itboets  from  the  Sun  with  their  times  of  revolu- 
tion, by  his  last  great  Law — that  the  s^ttoref  of 
the  times  occapied  by  the  several  planets  in  their 
rsTolatioos  in  tiieir  elliptic  orbits,  are  proportional 
to  the  eaftes  of  their  mean  dis^ces  fVom  the 
eonmon  focoa  of  these  ellipses,  or  from  the  Sun. — 
To  reduce  these  Laws  of  Kepler  into  one  simple 
ezpremian,  could  not  be  other  than  a  grand  step 
in  pbHosopfay :  and,  such  a  reductitm,  would  seem 
tfK  grander  an  advance,  Vty  when  accomplished,  it 
WBS  found  to  comprehend  and  explain  phenomena 
aever  known  to  Kepler.    Previous  to  Newton's 
period,  the  best  cultivatora  of  physics  had  gra- 
dasDy  been  growing  accustomed  to  the  funda- 
■eatsl  idea  of  GRAvmr.    Whatever  that  force 
is,  they  saw  it  acting ;  and  Galileo  had  deter- 
the  laws  of  its  action  on  falling  bodies,  or 
bodies  near  the  snrfiux  of  tbe  Earth.    Long 
the  more  distinct  idea  of  central  force* 
or  of  fbnses  drawing  bodies  towards  certain 
hwwiablt  points,  or  towards  the  centres  of  other 
nsMs.     General  propositiona,  of  incalculable 
vihe,  had  even  been  enunciated  on  this  subject; 
vitk  regard  to  the  more  general  conditions  of 
dradar  motion,  by  the  acute  and  fertile  Dutch- 
Ban,  Huygliena;  and  our  own  Robert  Hooke, 
— whsae  rare  ingenuity  has  been  -undervalued, 
pvtly  because  cf  his  restless  activity — unques- 
tloaablr  shadowed   out   the   probability  that, 
tkroQ^  sndi  considerations,  the  world  would 
find  a  comparatively  plain  solution  of  all  the 
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celestial  motions.   But,  to  accomplish  and  perfect 
such  a  solution,  was  reserved  for  Sir  Isaac  New- 
ton.   Earnest  and  most  clear  in  judgment,  he 
rarely  gave  way  to  mere  hypotheses;  and  he 
ended,  by  consolidating  Kepler's  theorems  into 
that  general  Law  of  the  Solar  System,  which 
succeeding  experience  has  almost  entitled  us  to 
designate  a  fundamental  Law  of  the  whole  material 
changes  of  the  Universe.    The  steps  of  Newton's 
firet  deduction  were  as  follows: — From  Kepler's 
second  Law ;  viz.,  the  I^aw  of  the  Areas,  he  drew 
the  condnsion,  that  every  planet  is  retained  in  its 
orbit  by  a  central  or  attractive  force,  directed 
towards  the  centre  of  the  Son,  or  rather,  towards 
the  focus  of  the  Ellipee : — from  the  fact  that  the 
planetory  orbits  are  eUtpHcalf  he  inferred,  that, 
with  regard  to  each  orb,  this  central  force  varies 
in  intensity  according  to  the  inverse  square  of  the 
body's  distance  from  the  focal  point :  and  Kep- 
ler's third  Law,  led  him  to  the  important  con* 
elusion,  that  this  Central  Force  is  homogeneous 
throughout  our  whole  system;  in  other  words, 
that  the  force  which  retains  Jupiter  in  its  orbit, 
is  precisely  that  which  retains  the  Earth,  only 
diminished  in  eneigy,  in  the  ratio  of  the  squares  of 
their  respective  distances  from  the  Sun. — It  is 
easy  to  see  with  how  great  a  light,  a  discoveiy  of 
this  kind  illuminated  the  whole  Order  of  the  Solar 
System :  nevertheless,  in  so  far  as  we  have  now 
stated  it,  the  Law  of  Gravitation  was  but  a  com- 
bination, or  contraction  into  one,  of  the  three 
general  principles  of  Kepler.    But  Newton  now 
advanced  alone.      Having  discerned  that  the 
Satellites  must  be  retained  around  their  Primaries 
by  a  principle  exactiy  similar,  he  put  the  novel 
and  startling  question.  Is  not  the  force  with  which 
the  Moon  gravitates  to  the  Earth,  precisely  that 
with  which  a  heavy  bodv  falls  towards  the 
Earth,  at  ite  own  surfiicer    Exact  calculation 
confirmed  the  conjecture ;  and  our  great  Inquirer 
instantiy  discerned  that   the  Planetary  force, 
whose  character  he  had  been  tradng,  was  not 
merely  a  planetary  one ;  but  only  a  manifestation 
within  planetary  regions,  and  with  regard  to  the 
planetary  masses,  of  an  energy  which  every  atom 
of  matter  in  the  Universe  most  probably  obeys. 
So  that  Gravitation  must  now  be  described,  even 
with  this  grand  generality : — Everjf  two  portions 
of  matter  within  the  Unitferae  attract  each  other, 
with  a  force  proportional^  directly  to  the  quantity 
of  matter  they  contain,  and  to  the  inverae  tquare 
of  their  cAiftano6S.-^uch  the  Law  of  Universal 
GraviUtion. 

(2.)  The  i^ikere  of  the  Dominion  of  Gravitth' 
tion. — As  we  have  now  explained  it,  that  sphere 
is  universal ;  and  the  agency  of  Gravitation  has 
been  already  traced  as  far  as  accurate  observation 
has  carried  us. — I.  The  conception  of  a  mutaal 
action  among  the  planetary  bodies,  necessarily 
involved  the  fallacy  of  Kepl^s  Laws — as  perfect 
representations  of  the  truth.  Pure  elliptic  motion 
could  consist  only  with  the  action  of  a  central 
body  over  tbe  orbs  environing  it, — not  with  the 
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mperadded  fact,  that  these  otIm  act  likewise  on 
each  other.  Kow,  in  the  case  of  the  Moon,  it 
was  knovm  before,  that  neither  pare  elliptic  mo- 
tion, nor  the  Law  of  the  Areasi,  could  be  predi- 
cated. That  Body  is  subject  to  many  inequaii- 
tieif  or  equafioM,  as  they  are  termed.  Kewton^s 
f^enios  quickly  traced  the  origin  of  these:  his 
work  on  the  Lunar  Theory  (see  Ldkab  Theory) 
was  one  of  his  most  remarkable  achievements  { 
nor  did  any  part  of  his  immortal  Principia  con- 
tribute more  conclusively  to  the  establishment  of 
its  great  doctrine.  These  investigations  form  the 
basis  of  the  celebrated  problem  of  the  Three 
Bodke.  But  perturbations  or  inequalities,  are 
not  confined  to  the  Moon.  Every  planet  must 
be  drawn  from  its  rigorous  elliptic  path  by  the 
sympathies  of  the  others.  To  trace  these  per- 
turbations, to  detect  their  sources  and  nature,  to 
determine  their  amount,  and  to  estimate  their 
import  as  concerns  the  stability  of  the  Solar 
System,  has,  indeed,  been  the  great  task  of  Phy- 
sical Astronomv  from  Newton*s  time  until  now. 
Some  of  the  features  of  this  arduous  enterprise, 
and  something  of  the  measure  of  our  success 
will  be  found  by  the  Student  under  Solar 
Sybtkie  and  Neptukk.  Nor  have  the  triumphs 
of  Gravitation  been  all  gained  on  so  wide  a 
field.  The  little,  as  well  as  the  great,  is  com- 
prehended and  determined  by  it.  It  explains 
the  Tidee;  it  determines  the  Figure  of  the  Planets ; 
it  originates  and  governs  aU  such  moUons  as 
those  of  the  Prkcession  of  the  Equinoxes, 
and  Notation  of  the  Axis  of  tiib  Eabtb 
(9.9.) — 11.  But  we  follow  this  grand  Law  as  our 
guide  through  spaces  transKxnding  infinitely  the 
limits  of  the  Solar  System,  and  the  fates  and 
nature  of  it  9  small  orbs.  On — towards  distances 
next  to  inconceivable — the  eye  of  Reason  can,  by 
its  aid,  pursue  the  wanderings  of  the  Comets: 
we  detect  the  same  controlling  Law  in  the  revo- 
lutions of  the  DooBLU  Stars,  and  likewise,  in  all 
probability,  in  those  more  massive  arrangements 
of  myriads  of  nocturnal  luminaries,  which  are 
now  engaging  the  contemplation,  and  arousing 
the  hopes  of  a  new  age.  Not  unreasonable,  then, 
is  it  to  conclude,  that  the  illustrious  Englishman 
had  the  rare,  if  not  the  absolutely  singular  feli- 
city, to  reach  an  ultimate  and  nniversal  principle 
of  material  Nature. 

(8.)  The  Nature  of  the  Law  of  GravitaHon. — 
Speculation  could  not  fail  to  arise,  and  to  expend 
itself  on  impracticable  inquiries,  as  to  the  intimate 
,  nature  of  this  force  of  Gravitation :  even  the 
acute  Laplace,  deemed  that  he  could  show  the 
neoeidly  of  the  rule  of  the  inverse  squares  of  the 
distances.  Light,  he  said,  and  everything  radi- 
atmg  from  a  point,  diminishes  in  intensity  — 
ikrough  an  absolute  geomeirlcal  necetsiiy — accord- 
ing to  this  Law.  He  foigot  that  be  had  present  to 
his  mind.  Light,  as  a  matoial  emanadon  or  radi- 
ation, proceeding  along  straight  lines ;  and  that 
this  subsumption  had  no  visible  or  conceivable 
connection  with  the  law  of  the  increase  or  dimina- 
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tion  of  the  Energy  of  a  Force.  That  the  mle  of  the 
inverse  squares  has  some  explanation,  is  unques- 
tionably true ;  but  we  shall  not  discover  that,  by 
a  priori  reasons :  it  may  become  clear,  so  soon 
as  inductiTe  Inquiry  has  determined  the  exact 
correlation  of  Gravity  and  other  Material  Forces. 
This  correlation  is  the  problem  of  oar  highest 
science :  it  cannot  be  detected  by  hypotheses,  nor 
shall  we  advance  one  step  towards  its  scdotion, 
through  the  assumption  of  infinities  of  Ethtrs, 
Neither  let  it  be  forgotten,  that — when  our  loftier 
attainable  generalization  shall  have  been  reached, 
— LaW' — in  its  highest  majesty,  its  ultimate  purity 
and  nakedness— can  only  be  apprehended  by  the 
human  mind,  as  the  immediate  will  or  direct 
ordinance  of  the  Infinite  Spirit,  whose  essence  U 
partially  revealed  by  that  brilliant  creation — **tbe 
work  not  made  with  hands.*' 

CJmvity.  A  term  usually  applied  to  the  ter- 
restrial action  of  Gravitation.  See  Acceleeatld 
Motion  and  Earth. 

ermrity.  Centre  •£  See  Centre  of  Gri- 
virr. 

OfttTity,  SpecUlc.    See  Specific  GRArrrr. 

Greyorftaa  Calendar.  See  Calendar  and 
Bissextile. 

Onnnerr.  In  this  article,  we  shall  notice 
such  of  the  practical  details  of  the  science  of 
gunnery,  as  our  space  can  enable  us  to  find  room 
for : — tiie  laws  of  Projectiles,  upon  which  the 
science  founds,  being  purely  mathematical  and 
mechanical,  wOl  be  treated  separately  under 
that  head. — And  first,  of  the  powder;  that  which 
gives  it  its  power,  is  its  capacity  for  decom- 
position under  combustion.  Gasoous  products 
are  suddenly  evolved  from  the  solid  grains,  sod 
these  taking  np  space  much  larger  than  that 
allowed  them  in  the  chamber  where  the  powder 
Is  contained,  tear  away  or  drive  out  that  part  of 
it,  the  ball,  where  there  is  least  resistance  to  ex- 
pansion. Powder  may  be  mflamed  either  by  an 
electric  spark,  an  ignited  body,  or  a  sudden  heat- 
ing up  to  a  temperature  of  about  600^  Fafar. 
We  say  a  sudden  heating,  because  a  slow  heating 
would  not  ignite  it;  it  would,  instead,  decompose 
it  gradually,  first  subliming  the  sulphur,  and 
leaving  what  is  not,  in  fact,  powder  at  tJL  A 
sudden  stroke  is  quite  capable  of  producing  such 
a  heat:  thus,  iron  struck  against  iron,  copper 
against  copper,  copper  against  iron,  lead  agahist 
lead,  and  even  lead  against  wood,  will  generate 
heat  enough  to  kindle  powder.  It  is  deserving 
of  notice  that  the  heat  of  ignition  of  the  powd«T 
communicates  to  the  ball  and  expands  it  For 
this  reason,  the  bullet  must  alwa^'s  be  something 
less  in  diameter  than  the  gun  barreL  The  care 
with  which  it  should  be  handled,  is  the  most  im- 
mediate consequence  of  this.  At  first,  the  powder 
was  ased  in  the  state  of  fine  dust,  but  it  was  found 
that  this  produced,  on  the  side  of  the  gun-barrel, 
a  moist  scum,  which  prevented  it  from  falling 
down  readily  to  the  bottom.  It  has  been  since 
used  in  grains ;  and  it  is  found  that  two  parts  of  it 
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in  tfait  fUte,  {oodiioe  as  mncfa  effect,  as  three  in 
tke  itatie  of  doat.     In  fact,  the  graina  leave  inteiv 
into  which  the  mflamed  gaaea  immediately 
,ao  aa  to  oommnnicate  the  heat  fredj  and  at 
;  and  in  this  way,  the  whole  chai^  explodes 
nearty  at  one  and  the  same  time.    In  oonsidering 
of  the  nqpidity  of  explodon,  then,  we  lure  to  think 
the  vehekjfofm/iaamaiUm,  that  is,  the  qieed  with 
wUch,  when  one  grain  is  inflamed,  the  combustion 
apTOMis;  and  the  veheiiyofeombuttiony  that  is,  the 
ynkfdtj  with  which  a  i^igle  grain  boms  from  sor- 
fiaostooentra.  The  fintis,  with  grain  powder,  very 
mat,  at  least  eteven  or  twelve  yaids  per  second. 
It  is  BotieeaUe  that  this  diminishes,  if  the  msg- 
nitadB  of  the  grains  increases — if  the  charcoal  be 
nd  inatead  of  black,  or  if  the  grsins  be  ronnd  in- 
amdof  angnlar.    Theeanseof  the  latter  of  these 
fwnlts  is,  that  angular  grains  may  get  gathered 
or  vadged  into  a  mass.  Just  as  if  the  poller  were 
m  tike  fimn  of  dnst    The  method  which  M.  Pro- 
berl  Biiggests  to  prevent  explosions,  depends  on 
tite  same  principle.    It  consists  merely  in  mixing 
«p  tha  powder  with  fine  charcoal,  from  which  it 
ba  i^ain  separated  by  sifting,  when  wanted 
Theee^d^  of  combtulioH  is  soch,  that 
aiqgk  grain  eonsnmes  away  ttom  surface  to 
at  the  rate  of  aboot  *49  of  an  inch  per 
Now,  the  initial  velocity  of  a  bnllet,  in 
any  case  may  be  known,  and  the  time  which  it 
will  take  to  traverse  the  gnn-barrel,  in  conse- 
qnaDce;  it  is  manifest,  then,  that  in  order  that  the 
powder  shoold  produce  its  total  eflfect,  it  should 
afl  ba  consumed  when  the  bullet  is  leaving  the 
gm,  seeing  that  all  gases  developed  afterwards, 
CBmiot  affect  it    It  never  is  perfectly  so.     It  is 
preaonied  that  eight  ounces  of  ordinary  powder 
naj  be  consumed  in  aboot  T^^th  part  of  a 


The  length  of  the  charge  which  pn>- 
daoes  the  maximum  vdodty  may  be  stated,  in 
gencnl,  as  about  ^  that  of  the  bora.  There  is 
fittfe  advantage,  however,  in  increasing  the  charge 
to  tiiat  which  will  produce  maximum  velocity, 
becBuae  the  resistance  of  the  air  increases  in  a 
■mch  laiger  ratfo  than  the  velocity  does.  It  is 
this  atmospheric  renstanoe  which  prevents  the 
pnjectile  finim  moving  in  a  parabola,  or  in  any 
carve  equally  inclined  at  its  points  of  section,  to 
QBs  of  its  chords.  Its  amount  is  in  proportion  to 
the  density  and  radios  of  the  buUet,  and,  on  an 
aieB^ge,  to  the  square  of  the  velocity. — ^As  we 
hsse  abeady  noted,  the  greater  the  grains  are,  the 
kager  time  will  the  powder  take  to  consume. 
IhM,  powder  which  will  not  drive  the  bullet  out 
it  aD,  will  do  ao,  wiien  it  is  divided  into  grains, 
wien  or  ei^t  tiroes  less.  There  are  other  com- 
fiiMliMrn,  again,  which  burn  so  fiut,  that  the  gun 
vouftd  be  likely  to  explode  alt<^ther.  This  prs- 
nots  the  use  of  gun-cotton,  and  of  the  chlorites 
sad  aiOBteB  in  generaL  Some  explosive  mate- 
rials, again,  whidi  an  not  so  violent,  but  explode 
man  rtfUfy  than  powder,  would  leave  slight 
nsidaes,  which  would  attack  the  gun-barrel  and 
doviy  ooDoda  H,  thoa  renderiDg  the  gun  only 
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safb  fbr  a  limited  period,  depending  ibr  its  strength 
on  the  care  with  which  the  barrel  may  be  cleaned 
after  firing.     In  powder  itself  the  proportions  of 
the  ingredientB  exercise  considerable  e^«t  on  the 
speed  of  combustion.    Thus,  in  order  that  this  be 
the  greatest  possible,  the  proportion  of  sulphur 
should  be  between  8*5  and  '12*5  per  cent.    The 
less  then  is-^be  sulphur  remaining  the  same — 
the  dower  is  tlie  combustion.    Powder,  when 
burnt,  gives  two  diflbrent  products,  soUd  and 
gaseous.    The  ibrmer  consists  of  sulplute  of  pot^ 
ash,  subcarbonato  of  potash,  and  charcoal  and 
sulphur,  which  come  off  solid,  undeoomposed, 
along  with  thee&    The  gaseous  products  are— 
carbonic  add,  nitrogen,  carburetted  hydrogen, 
sulphuretted  hydrogen,  and  nitrous  gas.    The 
solid  products  are  aJso  volatilized  at  the  moment 
of  explosion  by  the  great  heat,  so  that  good 
powder  leaves  no  stain  on  paper  on  which  it  is 
fired.     It  is  impossible,  theoretically,  to  discover 
the  expansive  force  of  a  given  powder,  because 
we  have  not  merely  to  deal  with  permanent  gases 
but  with  vapours,  on  which  the  eflects  of  high 
temperatures  are  very  marked, — the  slightest  dif- 
Ibenoe  being  indicated  by  great  dif^noes  of 
expansive  fbrce.    Various  experiments  indicate 
tlie  expansive  fbrce  to  be  between  25,000  and 
82,000  atmospheres^    As  for  the  proportion  of 
the  work  spent  by  the  powder  upon  the  bullet 
and  on  the  recoil  d  the  musket,  we  have,  neglect- 
ing the  allowanoe  for  the  fKction  of  the  ball,  and 
in  the  case  of  ordnance,  of  the  gun-esrriage,  and 
supposing  the  bnllet  to  fit  tight  (that  is,  techni- 
cally, supposing  the  vmtdage — ^namely,  the  excess 
of  the  diameter  of  the  bora  over  that  of  the  bullet^ 
to  be  nothing),  from  the  principle  <^  the  equality 
of  action  and  reaction,  w  v  =  w'  r',  if  w,  w^, 

V  and  r'  be  the  weight  and  velocity  of  the  gun 
and  bullec  respectively.  Now,  let  the  bullet 
weigh  'gijsih  part  of  the  weight  of  the  gun,  then 

V  =  800  V.    But,  the  total  woric  done  by  the 

powder  fa  w  r*  4-  w^  v'*       j^^  ^^^^^^  ^^ 


of  this,  the  work  on  the  gun,  will  be  only  about 
the  three-hundredth  of  that  on  the  bullet  We 
might  even  say  that  the  charges  are  proportional 
to  the  virti  viva  of  the  bullets,— so  small  is  the 
proportion  of  eflfect  which  is  wasted  upon  the  r»- 
coiL  The  methods  adopted  in  the  manufiscturB 
of  powder  do  not  belong  to  our  subject — The 
next  point  of  interest  is  the  huUet  or  prqfeetUe, 
itselfl  Thera  are  three  drcumstanoes  on  which 
the  effectiveness  of  the  projectile  depends.  The 
first  is  its  <fais»^.  The  quantity  of  movement 
is  in  proportion  to  the  mass.  Lead,  which 
alone  of  tiie  metals  is  satisfaetoiy  in  this  re- 
spect, is  veiy  largely  used  fbr  projectiles.  The 
second  is  its  kaHnea.  Lead  is  too  soft  to  fire 
against  such  obstacles  as  stone  waUsi  It  would 
merely  be  JlaUened^  or  even,  if  the  vdodty  were 
great,  mdted  against  them.  The  dennty  of  cast 
iron,  which  is  chiefly  employed  instead,  is,  how- 
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e%'er,  eiUj  7*8,  while  that  of  lead  is  11-8.    Bolls 
of  the  same  size  are  therefore  very  mach  lighter 
than  balls  of  lead.    Compouad  shot  is  used  for 
the  sake  of  combining  the  two  advantages.    It 
consists  of  an  iron  envelope  with  a  case  of  lead — 
the  envelope  being  so  thick  as  not  to  be  broken 
by  the  impact.    The  third  is  the  form.    The 
projectiles  in  artillery  are  generally  spherical,  so 
that  they  may  fit  into  the  gun  in  all  positions. 
It  would  be  naturally  expected  that  the  solid  of 
least  resistance  should  be  chosen  for  the  form  of 
the  bullet     But,  for  it,  the  resistance  is  only  less 
than  that  of  the  sphere,  in  the  direction  of  its 
axis,  in  the  opposite  direction,  indeed,  it  is  much 
greater.    As  the  barrel,  however,  is  never  exactly 
fitted  by  the  bullet,   there  is   almost  always 
some  irregular  motion  of  rotation  given  in  the 
passage  through  it  which  would  make  the  resist- 
ance greater  than  for  the  spherical  projectile. 
Cylindroconical   balls,  when  fitted  accurately, 
have  in  more  recent  forms  of  musket  been  of  the 
greatest  ser>'ice,  as  we  shall  afterwards  notice. 
We  have  different  forms  of  projectiles.    There  is 
first,   the   solid   bullet,  which,   for  cannon,  is 
usually  made  of  cast  iron,  of  a  spherical  shape, 
and  80  as  to  fit  pretty  accurately  into  the  bar- 
rel.   Then  there  are  hollow  prcijectiles,  made  of  a 
hollow  spherical  cast  iron  envelope,  filled  with  a 
sufficient  quantity  of  powder  to  explode  it    Usu- 
all}',  too,  in  order  that  nearly  the  full  explosive 
force  of  the  powder  may  be  obtained,  this  en- 
velope is  so  Uiick  as  to  contain  at  least  ^  of  the 
total  volume.    The  greater  the  quantity  of  pow- 
der contained  is,  the  more  complete  will  be  the 
rupture  of  this  envelope.    The  projectile  of  this 
sort  is  fired  off,  like  an  ordinary  projectile,  from 
the  cannon,  but  it  is  fitted  with  a  wedge  of  wood 
running  into  the  mass,  and  through  the  centre  of 
which,  some  rapidly  combustible  matter — a  fhaee 
or  the  like — passes  down  to  the  powder.     At  the 
explosion  of  the  charge,  the  high  temperature  to 
which  the  liberated  gases  are  raised,  causes  the 
fusee  to  light,  and  it  ought  to  continue  burning 
until  the  projectile  falls.    Those  which  are  shot 
from  cannons  nearly  horizontal  are  called  shells 
•^ those    which    are   shot   high,    at    a  larger 
angle  than    46°,  are   bombs.      There  is  also 
what  is  called  oblong  shot,  consisting  of  a  cylin- 
drical bar  with  hemispherical  ends.     These  may 
be  used  with    advantage  where  the   guns    at 
command,  as  in  a  ship,  are  small,  and  where  the 
destructive  effect  of  large  ones  is  required.    It  is 
manifest,  however,  that,  from  the  want  of  perfect 
symmetry  in  the  figure,  the  oblong  shot  must  be 
liable  to  much  greater  irregularity   of  motion 
—especially  at  high  ranges— thkn  the  sphericaL 
Within  about  6°  from  the  horizon  this  is  not, 
however,  very  material.    An  oblong  shot  twice 
the  weight  of  a  round  shot  of  equal  diameter, 
fired  with  the  same  charge,  will  only  produce  half 
its  efiect  but  the  charges  must  be  raised  corre- 
spondingly.    Sometimes  two  or  three  shot  of  the 
same  size  are  fired  off  from  a  gun  at  once.    The 
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only  tdvvDtage  gained  by  this  is,  in  doe  aodoii, 
the  excessive  rapidity  of  fire.    When  IIm  sbipe 
are  near— for  instance,  in  a  naval  engagemoit — 
almost  every  shot  is  certain  to  strike,  and  in  eon- 
sequence,  the  diffarent  velodtiee,  and  tberefim 
different  nmges  of  the  shot  will  not  matter  ssfi- 
onsiy.    Two  shot,  of  the  same  e{2e  and  density, 
fbr  instance,  will  be  fired  off,  the  one  nearest  the 
month  of  the  gun  with  ^.  and  the  other  widi  \  of 
the  velocity  of  one  of  them  alone  with  the  nme 
charge.    There  is  the  additional  disadvantage  of 
danger  to  the  gim,  and  greater  inegnlarity  in  (he 
motion  firom  collision  within  the  barreL     Then 
are  also  projectiles  in  use,  made  up  of  combina- 
tions of  smaller  ones,  such  as  the  cliain-flibot 
sometimes  employed  in  naval  actions,  and  sem&> 
times  boxes  or  canisters  filled  with  smaller  shot 
For  short  ranges,  this  canister  shot  Is  exceedingly 
efibctive — scattering  when  it  strikes  against  an 
object,  and  being  then  as  if  fired  off  new  at 
band :  for  long  distances  it  is  not  mndi  osed. 
What  are  called  rockeu,  consist  of  an  inflam- 
mable composition  contained  in  a  cyBndrleal  case 
of  stout  paper  or  iron,  the  head  on  fh>nt  part 
having  the  form  of  a  ooul,  occasionally  of  a  hemi- 
sphere or  paraboloid.    The  oompositian  for  the 
cylindrical  part  is  in  the  proportion  of->ntlre, 
4  lbs.  4  oz. ;    sulphur,  12  oz. ;   charcoal,  2  Iba. 
When  the  rocket  is  merely  intended  for  signals, 
the  head  is  filled  with  a  composition  for  produc- 
ing, at  the  time  of  explonon,  the  stars  of  light 
which  constitute  the  signal.    Several  small  aper- 
tures are  made  in  the  posterior  part  of  (he  aper- 
ture, where  a  straight  rod  in  the  direction  of  the 
axis  is  placed.    The  rocket  is  then  set  in  a  tube, 
and  a  fuse  inserted.    The  liberated  gases  press 
against  all  parts  of  the  endoang  case,  hot  as  they 
are  let  out  slightly  at  the  back  part,  they  press 
strongest  against  the  front    There  is  then  a  re- 
sultant force,  continually  accelerating,  directed 
along  the  axis  of  the  rocket  to  the  posterior  part 
It  is  clear  that  the  rod  or  stick  will  serve  to 
steady  the  vibrations.    At  first  the  rod  was  at- 
tached to  one  side  of  the  rocket     Sir  William 
Congreve  placed  it  where  it  now  is.     It  is  easy 
to  see  that  rockets  may  be  used  as  the  means  of 
projecting  a  shell,  or  similar  projectile  accom- 
panying them,  which  may  act  as  an  ordinaiT 
shell  does.    The  irregularities  of  motbn  are,  how- 
ever, very  considerable ;  so  much  so,  indeed,  that 
rockets  of  this  sort  have  never  been  found  effective 
against  the  actual  defences  of  a  place,  though 
very  much  so  against  private  dwellings,  which 
they  set  on  fire.    Their  moral  effect,  upon  bodies 
of  cavalry,  makes  them  sometimes  also  valuable 
weapons.    It  is  very  certain  that  the  enthusiastic 
belief,  entertained  by  Sir  William  Congreve,  that 
his  rockets  would  supersede  artillery  in  the  land 
service,  has  not  been  verified.    Mr.  Hale's  new 
kind  of  rockets  dispenses  with  the  stidc,  by  mak- 
ing the  rocket  rotate.    The  rotation  is  produced 
in  a  very  ingenious  way.     Instead  of  permitting 
the  msh  of  flame  to  escape  from  tke  boUom  ori- 
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ie%  in  •  Una  ^dlh  the  axil  of  the  tube,  by  which 
tht  flane  acts  direetly  agaiart  the  air,  the  hnm- 
iag  Bialflrial  iasaa  tnm  Jwe  orifice*  made  near 
Ae  meekf  obliqpiely  to  the  axk  of  the  tube;  the 
eiSact  of  which  is,  that  the  body  of  the  rocket  ia 
oiade  to  rotate,  while  it  is  ako  propelled.  Tbia 
!« certainly  a  ver^  iDgenioiis  contrivanoe ;  bat  the 
c-iockat  contipaiiai  its  flight,  durected  by  the 
after  the  inflanunable  composition  has  bnnit 
eat;  whOe  the  Hale  rocket  loses  aU  directing 
powar.  The  Hale  rocket  has  also  been  found  to 
fidl  at  kyw  cHevations,  and  is  therefore  oseless 
agaiost  troops  in  plane  battle-fields.  Unless  this 
diefeet  can  be  remedied,  the  inventioa  will  fiuL— 
The  depth  whidi  a  given  ballet  will  penetrate  into 
a  wall  or  ahip's  side  is  a  point  of  great  practical 
iDteresL  It  Taries  in  general  as  the  radios  and 
daneity  of  the  shot  and  the  sqoare  of  the  velocity 
at  the  time  of  penetration.  It  is  important,  espe- 
cially in  ojwal  battlas,  that  the  wall  penetrated 
shoi^  thiow  off  eplinten  as  nnmeroos  as  possible: 
these  act  exactly  like  canister  shot  If  the  velo- 
city be  joak  snffident  ftr  the  ball  to  penetrate  the 
ehip*s  side,  then  will  be  a  great  many  spUnters 
flaqg  all  rotmd— if  higher,  the  hole  w&  be  more 
nearly  a  mere  roond  hole,  withoot  jagged  edges 
«r  splinten;  jost  as  we  may  see  in  firing  a  ballet 
thfoo^  glass,  from  the  same  gun  with  diffiarent 
cbaiges.  If  ib%  vdocity  be  considerable,  there 
win  be  DO  raya  on  the  glass  round  the  hole  at  aU. 
— We  pass  to  ooosidflr  the  difierent  descriptions 
of  fire-aina  and  projectile  weapons  commonly  in 
BSflL  In  ^fire-wme,  we  have,  in  the  first  place, 
the  inn  work  and  the  wood  work  distinct,  the 
Utter  consisting  of  mere  junctores  and  adapta- 
tions, and  entirdy  t«:kni<»l  in  its  nature  The 
barrel  of  the  gun  is  an  iron  tube  exactly  cylin- 
drical ia  shapes  and  nther  wider  at  the  bottom 
than  at  the  nkooth.  The  ordinary  dimensions  of 
a  mibket,  as  used  in  Francs  and  England,  are 
given  below: — 

Wnnth.         Snglub. 
I>iaiiieCer  of  the  barrel 

orcBlllkre "OS'SAiet    'OfiSSfeet. 

Dtavieter  at  the  ben DftM  —     D361  ~ 

Wdiht  of  the  bell  grains 

tnf, 428  4G5 

Ln«lhortheterreL,...JS74      —   8*51 

Icn«th«rtlieaim. l-SM     .    1-628     — 

Total  length  of  gan  and 

bairooet. .4'986     —    5*038     — 

W«i|rtit  of  the  gun  end 

.  .^..-. — llIfaasTOird.  13-3  Iha.  avoird. 


The  hammer  of  the  gon  causes  the  percussion 
which  ignites  the  powder.  The  mechanism,  in 
its  simplest  form,  consists  of  a  central  piece, 
called  the  htmblerj  of  the  same  piece  as  the  cocit, 
which  a  great  spring  tarns,  brioging  down  the 
cock,  unlffls  when  that  is  stopped  by  a  catch, 
which  is  of  one  peoe  with  the  tumbler.  There  is 
a  slight  danger,  in  the  use  of  this  mechanism, 
little  particles  of  fulminating  powder  from  the 
pereusNon  cap  are  apt  to  collect  and  remain,  so 
that,  it  is  possible,  even  when  there  is  no  cap,  diat 
the  weapon  should  be  fired  off.    To  prevent  this, 
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a  very  simple  contrivance,  Invented  by  M.  Fon- 
tenau,  is  made  use  ot  He  inserts  a  screw 
into  the  top  of  the  cock.  When  we  wish  to  get 
rid  of  this  powder — perhaps  after  using  the  gun 
for  a  day  or  so— we  unscrew  this  and  clean  it  out 
easily.  It  can  be  left  with  the  screw  off,  when 
it  is  entirely  harmless,  and  may  be  handled  by 
children  with  perfect  safety.  There  are  nume- 
rous other  important  advantages  connected  with 
this  appliance  which  we  cannot  recount  here. — 
The  most  effective  method  of  increasing  the  mili- 
tary resources  of  a  countr}',  open  to  the  gunsmith, 
is  to  increase  the  accuracy  and  the  range  of  fire- 
arms. The  rifie  is  used  for  this.  There  is,  how- 
ever, very  considerable  diflference,  in  the  rapidity 
with  which  rifles,  and  ordinary  muskets  can  usu- 
ally be  fired.  This  will  be  intelligible  on  a  short 
description  of  them.  The  rifle  barrel  has  seven 
indentations  inside,  running  up  in  a  spiral  fomi. 
A  spherical  bullet,  just  a  little  larger  than  the 
bore  is  driven  into  the  barrel  by  blows  from  a 
hammer,  so  that  it  fits  very  accurately,  and  when 
fired,  it  follows  the  direction  of  the  lifle  barrel, 
twisting  along  with  the  spiral  twists,  and  leaving 
with  a  decided  rotation  on  its  axis.  Mr.  Jovell, 
director  of  the  royal  manufactory  at  Ensfield,  has 
suggested  a  form  of  rifle  barrel  and  of  ball,  that 
are  still  more  convenient.  There  are  only  two 
spiral  grooves,  and  the  ball  being  accurately  fitted 
to  than  can  be  tUd  in  easily,  as  in  the  ordinary 
musket  balL  It  is  possible,  also,  to  give  in  this 
way,  a  much  greater  velocity  of  rotation  to  the 
bullet  than  in  any  other,  because  it  does  not  need 
to  follow  so  many  grooves.  Hence  the  spiral 
twist  can  in  this  case  be  much  more  decided.  In 
the  ordinary  rifle,  it  ought  never  to  make  more 
than  from  ^  to  ^  of  a  turn  for  the  whole  length 
of  the  barrel  Experiments  made  with  this  rifle 
show  that  it  produces  more  effect  than  the  old 
musket,  at  double  the  distance,  and  that  it  can 
be  loaded  with  greater  ease  and  speed. — Still, 
the  obstacle,  which  has  prevented  the  universal 
use  of  rifles,  has  been  the  difliculty  of  loading, 
where  the  ball  fully  fills  up  the  barrel,  as  in  the 
case  of  the  first  described.  The  invention  of  M. 
Oelvigne  removes  this.  In  his  rifle,  the  baD, 
which  falls  freely  down  into  the  rifle,  rests  at  the 
end  of  a  chamber  wrought  in  the  breech,  and  a 
single  stroke  of  an  iron  ramrod,  makes  it  change 
its  dimensions,  when  it  has  got  there,  so  as  accu- 
rately to  fiU  up  the  whole  space  of  the  grooves 
and  the  barrel.  The  perfect  certainty  of  effect 
which  this  gives  is  very  remarkable.  The  Chas- 
teurs  de  Ftncemies,  can  with  this,  aim  with  great 
accuracy  at  a  distance  of  600  to  700  j^ards. — 
Further  attempts  have  secured  still  further  pro- 
gress; in  the  way,  however,  of  giving  a  new  form 
to  the  projectile,  rather  than  a  new  shape  to  the 
gun  barreL  We  have  spoken  already  of  the  solid 
of  least  resistance,  lyid  seen  that  what  prevented 
the  use  of  bullets  of  its  shape,  was  the  irregular 
motion  as  to  rotation,  wliich,  in  ordinary  wea- 
pons, they  were  certahi  to  leave  with.    But  hi 
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Mm,  we  have  fonnd  that  dw  TvpilM'  m 
■long  Ihe  gtDores  glvet  i  perEectly  ngukr  molkm 
ot  loutlOD.  round  the  BxU,  uliich,  like  nil  motkiaa 
of  nitaCkin,  destrojt  ud  nnden  mMnoble,  wbM- 
evcsleuecii-rtgulariliw  might  exist  Itwillliave 
beem  noticed,  dut,  in  order  to  this,  th*  ball,  in 
themostapptOTed  conUrudim,  hu  to  Ik  crushed, 
M>  thU  ■  oonaiderstile  put  af  the  impulnre  (brce 
is  gpent  in  aoddng  tliis.    ilance, 
then  is  k  limit  in  the  Dalvigne 
riSe,  to  its  CDpadty  u  ■  weapon. 
The  most  improved  fonn  of  the 
Delrigna  mu^iet,  with  Thoavco- 
iii'a  and  all  the  mors  ntxot  ha- 
pnvetnents,  it  hen  shown.    Hm 
npp«r  rircle   rapneenia  a  cross 
seMlon  of  the  rifle  bam),  a  is  the 
pnjectUe,  and  e  the  Tamrod,  the 
end  of  which  fits  the  cjliodro- 
conieal  bullet   The  bullet  is -S&T 
loehea  ia  diameter,  and  wdghs 
Tia  gnius.    The  biml  of  the 
innsket  Is  H  mciae  long.    The 
f^  or  pillar  o,  b  smwed  into  the 
lace  of  the  bieast-pin.    The  cart- 
ridge contains  2^  drachma  ef  pow- 
I  der,  and  is  msdo  of  etroog  paper, 
I   tied  round  the  projectile  It  D.  The 
I   soldier  breaks  the  cartridge  in  load- 
'   ing,  and  the  powder  falls  down  hito 
FF,  the  paper  of  the  i^>per  part  of 
the  caitridgv  bdng  tluowa  away. 
Then  the  b^  is  itrni^  onartlj  with 
IhersmiodE,  and  being  supported 
on  D,  it  is  ehortened  and  widened, 
ao  that  the  lead  and  paper  nmnd 
it  are  forced  into  the  grooTM  of 
nf,  L         tliB  riile,  the  paint  being  held  in 
the  ojds  bj  the  point  of  the  ram- 
mer. The  oaiUidge  p^ier  protecu  the  ride  groarcs 
niul  tbe  rect  of  the  bairel  from  being  Icj  ^ "' 
This  rifle  (the  piilar  breech  rifle)  howerer, 
fbond  Inoouvanient  In  deaniog,  aa  tbe  chunber 
IV,  gets  Ibol  and  the  pillar  is  liable  to  be  brokoL 
Ttie  oparatfam.  of  loading  is  alio  fatiguing  alter 

*  w  rounds.     M,  Uinii  rerr 

hj  making  hi*  projectile 

I  the  figDie,  b  biing  a  pert  which 

I   i*  forced  op  into  the  hollow  space 

:   a,  when  the  exploenHi  takes  place, 

so  that,  ia  this  wa}*,  the  lead  of 

Ihe  ballet  is  forced  into  the  grooves 

of  tbe  riSe,  and  the  diminution  of 

windage,  and  consequent  accuracy 

□f  aim  of  tbe  rifle,  takes  place 


leSD  with  the  Mmi^  shot,  the  hollow  pant  wa> 
iODietimes  aitjielf  separated  from  lbs  aonical 
part,  and  sometimes  drtveo  violeotly  iatn  snae 
part  of  the  ban^  More  careful  constnction  of 
th*  bullet  entirely  prsnnta  this.    We  gire  tbe 


tbnn  of  the  RegukHon  Sllni^  bullet,  u»I  in  tha 
Britista  senriaa.     Bataw  is  also  that  iwd  ia  tbe 
rice.     They  wo^  T67  gnina — bong 
modi  beavio'  than   tha  Eg^iih.      Th^  ■nn 
maeb  ini^oi  to  tbe  Eng- 
lisii  Regnlatkn  Him^  ball 
Id   all    Ituae  nnketa   tlie 
kuding  ie  by  tha  mnzile  of 
the  band.     There  ore  con- 
siderable dliadvantflgea  in 
The  gnn  is  randend 
I   It  tbe  ramrod,  lor    ', 

X,  Ik  losti  till  a  new    it 4 

ODe  be  obtsiHd.  ToiBmedy     >  ' 

this,  loading  at  the  breech  tig.  <. 

has  bean  often  euggoted. 

It  seems  that  the  Teoetlaiu  had,  before  1S5D. 

many  gone,  carrying  4  lb.   balls,  k>  loaded. 

They  were   known  also  in  Englalid  in   1M6. 

Hie  most  fnterating  of  this  deecriptioa  is  U» 

Pnurian  atmdaaditgeicetr,  n  Deedte-prinie  ima- 

ket     We  gire  a  figure  of  it  (flg.  5).     The  abol 

ia  of  Ihe  form  of  the  dotted  liafa  ta  tbe  Bfftt 

part  of  (fig,  S),  and  weighs  one  ounc*  awirdBpoii 

exactly.     Its  diuaeler  at  (he  shoulder  ii  -632 

inchea.    Dnderoeathitisthe^MC^  OTbotlom,  of 

wood  with  paper  rolled  hard  round  it,  and  with 

a  hollow  at  the  niqier  eod  fix'  tlia  end  of  tlie 

balL      Beneath  II  is  a  small  cup  p  (SX  o™- 

laining  an  igniting  ocimpiHillan.     Tbe  ouiiidge 

below  ooolains  the  powder,  as  in  (3)  and  (t). 

The    barrd  A   A   ia  like    that  of    the   pUiar 

broA  mnaket  and  of  the  same  length.     It  is 

screwed  into  a  itrong  open  guide  or  chaiind,  B  B. 

Tbe  chunber,  properly  so  called,  is  bored  ont 

frma  behind,  slightly  oontcsl  in  shape,  ao  that 

when  tbe  cartridge  is  placed  In  it,  the  shoaldrr 

of  Ihe  baS  c  D,  is  etopped  by  the  rifle  groona. 

Inside  is  an  iron  tube  e  a,  with  a  strong  handle 

V,  and  liaving  at  hont  a  space  q  o,  of  about  t^ 

liiat  action  of  the  eiplodon  of  the    inch  long.      In  tbe  middle  ol  this  then  in  ■ 

,  so  sa  to  force  the  lead  into    pillar  h,  pierced  for  Ihe  needle  N,  which  is  to 

thfl  tbpt  moTCB  at  all,  the   ignite  the  charge.     It  Is  screwed  Into  a  plate  jj, 

odvautaga  of  a  rifie  would  not  be  secnred,  aa    behind  which  Is  a  tube  taotshown)wilh  a  doable 

ihe  paper  (the  cartridga  being  ^plied  as  in  Ihe  I  catch    spring    attached,   which   carries    witUn 

above  case),  would  be  Iasul£cieDt  to  n-.Bk«  tha'it  asmaH  inner  lube  k  k  (1),  with  pr^ectioDS 

«4 
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(.[,«■  on^hiB  hi  teogtli.  uid  i  spiral  tpring  w, 
OB  tin  Mber.  Tbnmgli  Ihis  inbs  Cbe  ottAtt — a 
ttnl  win  abcnt  -43  Inch  dUsitMr,  blimtlj  pointed 
at  the  «d,  |HMni  At  Iti  otber  md  tbe  ntadls 
wif  into  ■  bnM  bad  o,  wbUi  again  Kmri 
faHu  tka  iDMT  lahe  to  «hidi  tlia  qrical  iprliig  b 
aitMbal    Tba  t^gga  eooU  not  ba  tntalligiUy 


whole  mil  tmilMi  at  tlw  tuba  s  k,  baiuK  Aawn 


IV  dbSng  tobt  la  eapiUa  of  being  moved 
baikwvdi  a-  brmdi  in  tba  band,  new  the 
btnA,  bf  mil  nil  of  a  pio  or  bindle  In  lla  lide. 
WbcB  k  ii  dimwB  aa  br  back  ai  la  allowed, 
tfaoc  fa  an  open  diambar  left  where  tbe  diarge  la 
Intradaetd.  Tbe  tabe  la  Iben  pnHcd  forwaid, 
■ad,  hj  a  Tcry  almple  conlriTance,  locked  Into 
Ihe  gna  H  brfbre.  In  tbfa  rtaUi  tbe  needla  li  In 
fimifftlM  wUh  tbe  trigger,  and  the  BUiikM  Ix 


radyto  be  Bnd. — Tbe  evMmt  advantage  of  lb? 
needle-prinw  mnakflt  is  (he  veiy  gtnt  rapliUtjr'of 
Bra.  In  an  aigagement,  bowever,  thia  is  per- 
ha|«  tiot  so  RialeriaL  Tbe  delinicj  of  die  whole 
Is  meall?  against  the  genera)  em- 
nf  this  weapon.  Bat  as  the  Pmssian 
at  Is  Tnlly  conTinrad  of  the  gnat 
rapalorily  of  this  rifle.  It  has  armed  their  sol- 
diers with  It,  to  a  very  lai^  eilaiL  The  prin- 
ciple of  loading  at  the  bnech  has  been  applied  lo 
tbe  liTga  Dcdnanoe  by  CiTalll  and  WahTcndoTir 
lnlg4B.  This pomita rVAui OBuuit.  Itappesn 
doabtfal  whether  the  Caralli  guns  are  luiG- 
dortly  atmng  to  eadnre  long  oontlnned  Bss.  The 
Wahrandoiff'  guns  bare  hltberta  answered  bet- 
ter ander  aotoal  trial.  Tbe  principle  of  rotat- 
ing allot  has  been  ncently  applied  lo  Cannon, 
by  Ur.  [«ncaster,  bi  hi*  gnns  of  elliptical  bore. 
TtXM  make  the  shot  rotate  brfbre  passing  oat 
lod  prowed  like  a  ball  sent  from  a  rifle.  They 
have  been  nsed  fbr  sbelt,  bnt  the  v[i>!ent  motinn 
agaiiM  tbe  side,  in  numy  eases,  broke  tbe  shell. 
In  using  beavin  shot,  sgatn,  it  has  been  founil 

ytC,  onlj  an  experimenL    Pistols  a> 


depend  upon  prindplM  in 
degree  Mmttn^  ihim  those  alnndy  axplehMd. 
Tbe  raMber  hsa  only  one  band ;  Ihe  breech  car- 
ika  dz  oavHIoa  far  rii  ebargea,  and  makee  one- 
■Isth  «f  a  ntadon  each  time  ibtx  the  nopon  is 
Bred  off,  potting  itadf  Immediately  so  ts  to  be 
nady  to  be  find  off  again.     There  are  viiij  oDn- 


thenlcttMMof  tbemechanion;  bnt  in  sncb  wea- 
pon* as  Colt's  i«tiJtw»i  these  are,  In  oBect,  verj- 
soffidvitly  uveJUaufL- — As  for  Carmona,  and  the 
larger  pines  of  ordnanoe  ffnployed,  there  are 
thrH  thing*  to  be  coosidord:  tbe  accnncy  of 
aim,  the  maiKenTrfng  (br  which  Ibsy  are  In- 
twtded,  and  tbe  nMaOs  of  truspoTl  In  view  of 
all  these,  we  reqidre  dlflbi3it  anwigBnents  Ibr 
alraoat  arery  dilfa«nt  porpose— ao  that  we  have 
monntaiD  artdloy,  Add  aitllleTy,  naval  and  slegx 
aitOlsry,  and  tbe  like.  For  Add  aTtiUeiy,  tbe 
Ant  easentisl  Is  moUIi^.  The  carriage  consiMii 
of  two  principal  parta,  tbe  eaiiiage  properiy  sn 
called,  and  tb>  waggon,  whSdi  aoeonpaniea  tb* 
gnn  (br  the  sake  of  cairylng  vaifcms  supplies  of 
shot,  powder,  Ac..  IIm  vlolenea  of  lecoU  ki  caie- 
fblly  to  be  guarded  against  1  and  (bis  may  be  done 
in  two  ways :  diber  by  increaslag  tl»  wdgbt  of 
tbe  cBiiDon  in  proportion  to  the  bait  orby  making 
the  beam  of  the  gnn  carriage,  by  which  It  fits 
Into  the  waggoo  that  goa  betoTm  m  long  that  it 
tie  at  a  very  acute  angle  tO  tbe  gTomid.  fflsfte 
■rlllleiy  li  much  brnviar  tlian  ordintiy  Add 
artillery,  and  (he  oonditioD  of  mobility  i*  not  so 


having  great  wdgfat,  it  la  nscassary  that  thdr 
rocofl  ibould  he  as  slight  as  is  posdMe.  Bavd 
artillery,  and  fcctiaa  artinery,  sgdn,  an  sobject 
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t«  oonditioni  tuSiy  coDOMnd,  which  ante  m- 
iBia  technical  modMcatlone  in  their  consliuctioD. 
The  cmUga  its  unuUy  nuda  of  wood ;  eome- 
tinio — Cot  the  uke  of  lutiDg  )ong«i — or  bronze. 
The  cannon  U]e>n>elT<a  are  nude  of  broom,  ud 
inaUeable  or  caaC  iron.    Tbe  qutUitia  d«unitile  In 
their  conslniction — whicb  neith«r  of  tbeM  matala 
full;  procnres — are  aufflcient  leiuKilj/,  in  vhkb 
napect  Uiej  stand  in  the  (bllnwiDg  rdatiocu: — 
Malleable  iroD,  21.    Bronie,  13.    Caat  Iron,  6. 
(Tbe  correspondins  denntiea  of  tbe  thraa  matiti 
an  7'78,  8826,  and  7'Oa  ropectiToly.)— Neit 
their  bardcera.    Tben,  there  is  also  required,  that 
if  Uw  cannoa  ahould  bunt,  tbs  espkaion  ebonld 
be  13  little  duigeroui  as  poaaible.     Tbts  is  tbe 
grealtst  objection  to  caet  metal,  which  would  be 
scaltered  aBunder  in  ■  thousand  fragmeuta   in 
■ueh  H  case,  while  bnnzB  iind  malleable  iron 
would  probafalj  orack  before  they  broke.     And 
there  are  further   economical  consideraiiaQS  of 
priis,  and  of  a  aupply  that  may  answer  any  da- 
niand.     In  t£eae  latter,  lie»  the  greatest  obje^ 
tiuD  to  (he  employment  of  broiue.     Cannons  aie 
now  frequently  made  of  a  sort  of  compoaita  of 
cast  and  malleahla  iron,  the  Inner  part  btdng 
malleable,  (he  outer  cast  metal,  and  in  the  inlar- 
val,  (he  two  metals  shading  down  one  into  the 
other.    It  must  be  remembered  that  the  dilTerence 
of  the  two  metals,  is  only  a  little  m 
of  cirtion  in  their  compogitlon ;  and  that  metali 
— of  qualities  approaching  nearer  and 
oiDUntially — can  be  oied  for  tbe  diOsrent  laytn. 
There  hsva  been   attempts  to  use  iHonze  and 
cut  iron,   but  the  different  dUatability  of 
two  meLals  iDterpoBca  an  almoat  insuperable  1 
Tier.     Even  the  outermost  layer  of  cast  Iron, 
very  nearly  Iha  same  dilstahility  as  the  im 
most  of  malleable  iron.    The  succeuion  of  metals 
i)  something  like  this.     Iron,  steeled  ii 
while  cast  iron,  grey  cast  Inm.     Tlie 
itself  no  trace  of  carbon  in  it,  the  steeled  iron  has 
traces,  the  steel  from  '6  Co  IG  per  cent, 
while  inn  ^m  2  to  4,  and  tbe  grey  from  3 
per  cent — Yery  ample  details  on  the  pioci 
of  maauficluie  adopted,  will  be  found  in  the 
French  Dldionnairt  da  Aiit  ti  ifomi/iKAra, 
irticica  AJ'at,  Anna  o/eu,  Boucha  a/tu,  JViuifrw 
a   CanoB,    and  ProJtcUlet,    and    Sir    Howard 
Douglas's  admirable  work  on  Narai  Gmntry .-  tc 
,  all  of  which,  the  present  article  la  indebted. 
Gnuer^  I^Ibc     A  seals  upon  which  i 
beis  are  Isid  down  opposite  thdr  logarithnia. 
Suppose  the  scale  to  be  in  inches,  and  to  1 
inch»  long— thea  1000  might  be  maiked  at 
end  (ID*,  3  being  the  logarithm  of  lOOa), 
at  two  inches  from  the  beglnaing  (2  being  the 
logarithm  of  100),  and  10  at  one  mch  from  it, 
the  intennisliale  internals  of  an  mch  being  filled 
up  by  the  nuaibers  whose  Tarious  Ic^aiithms 
correspand  to  the  respective  lengths.     Its  use  is 
just  like  that  of  a  logarithmic  table.     If  we  want 
to  mnltiidy  4  X  B,  Cake  the  length  marked  4, 
extend  it  from  the  point  mariud  S,  and  we 
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rvme  to  SS.  Tba  reMa  ll  trident,  w* 
been  adding  dw  logaiilhmB.  8a,  to  take 
qoaie  or  cubs  Tool  of  a  nDmber,  biaeet  or 
t  its  length  on  Gontes'a  Una,  aod  to  tab  its 
square  or  cntis,  double  or  triple  it.  And  ta  on. 
~  mtt^  Hcale.  A  aale  of  gnat  ase  id 
la  working  aimpb  qoaMioDa  of  navigation. 
Yariona  trigonoaetrical  qnantitita,  sneii  a*  Ata, 
ritrads,  tBDgenCa,  Ix.,  <it  diBb«nt  an|^  Hre  laid 
town  on  it;  anditiifreqiientlyofenisklenMaad' 
rentage  in  practice.  Its  oae  depeaih  on  trignn- 
netric  nrindnle^nst  as  the  use  cf  the  libie  of 
li^arilhma.— TbT  CtnttrV  C^am,  used  by  sur- 
veyors, ie  also  worthy  of  uotiae.  Ila  length  is 
G6  feet,  and  10  square  chsiosgive  an  acre-  It 
is  divided  into  100  links,  so  tkat  tlXI,tOO  aqure 
links  make  up  an  acre  accurately.  It  ia  nrr 
useful  wheo  measariog  laud  fbr  agrieolnial  pur- 
poeea  Co  ha«a  ao  ready  >  owlW  af  tan^  the 
results  into  acrea.  Thus,  suppose  a  rectaagahr 
fieId,7-9GchaJBsluif[(i^*-7d^i«iB61inka),aad 


go  eh^n*  bmad,  then 
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Ha  diieei  dYnanie  «fiect8-*the  diurnal  rotation 
9i  thb  Earth.  The  Tatianaia  of  tha  iostnimeDt 
haa  ban  akaady  adverted  to  In  page  202 ;  the 
iDlloviBg  are  a  few  dataSs  regarding  its  Btractnre. 
Ita  abject  beug  to  aoabia  a  heavy  disc,  a  a,  in 
lafid  rolatioo,  to  preserre  what  plane  d  n>ta- 
tioa  Ua  dynamie  oondhions  may  require  it  to 
wfiatntiin,  the  oeea  of  tlie  Tarioos  parts  of  the 
OyTQsaope  will  readily  appear.  Tlie  tall  figure 
ebova  the  gjrroeeope  hi  mippoeed  action,  and  a 
eimple  mipectmi  will  evince  how  very  free  is  tlie 
fioaiM  e«  to  tbitt  its  plane, — being  suspended  at 
ila  top  by  a  simple  thread  passing  thrcn^  the 
^■ight  cjUBder,  and  restuig  at  its  bottom  on  a 
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very  fine  point  placed  in  an  agate  cup.  Witliin 
the  frame  e,  the  detached  frame  c  e  may  be  laid, 
at  any  time,  so  that  the  knife  edges  dd  rest  on 
hard  plates ;  and  as  that  frame  is  so  constructed 
that  the  heavy  rim,  a  a,  which  constitutes  its 
chief  part,  may  be  put  into  rapid  rotation  by  a 
separate  machine,  it  is  evident  that  the  said  ring 
may  easily  be  placed  in  that  state  of  rapid  mo- 
tion within  0  e,  and  so  left  that  it  experience  no 
appreciable  obstruction  in  its  efforts  to  preserve 
its  natural  plane.  The  form  of  the  instrument 
has  since  been  simplified:  that,  just  described,  is 
Foacanlt's.  In  reference  to  its  important  object, 
it  is  most  suooesBfuL    See  Earth,  page  202. 
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WimUilmgtm^  Friagea  wr  Tallai  a  very 
corioas  set  of  phenomena,  first  discovered  by  the 
cnunent  mineralogist  of  Vienna,  by  means  -of 
which  folmrked  l^kt  may  be  detected  by  simple 
visKNL  These  tofto  require — in  order  that  they 
ha  eaaly  Men— the  Observer  to  have  a  ptetty 
disCmct  ooDioeption  of  them,  and  also  that  he  have 
an  eye  naturally  sensitive  to  colour.  Neither  the 
werdynn^  nor  ^ft,  adequately  explains  the  ap- 
pearances diacemed  by  Haidinger :  the  following 
will  better  define  Acm: — Take  a  set  of  small  twigs 
ef  willow— of  oonrse  of  yellowish  cobur — and 
tie  them  tightly  by  the  middle.  The  ends  of  the 
twigi  will  of  coarse  spread  out  somewhat,  and 
form  yettowish  ItiflM  or  brtuhet.  At  tlie  waist,  or 
aaiTOfW  part  of  this  bundle,  conceive  a  slight 
amount  of  vkiU  light:  that  is  the  complete 
pfetme  of  what  every  good  and  careful  eye  may 
detect  when  receiving  a  beam  of  polarized  light 
The  pheoomenon  is  not  special  but  universaL 
Light,  If  rfmply  polarized—from  whatever  quarter 
or  in  whatever  way  it  comes — ^whether  polarized 
by  artificial  aKKlee,  or  natural  modes,  such  aa  by 
the  atnwaphare,  whether  polarized  by  reflection 
or  icfraeCioii,  uniformly  exhibits  It;  so  that 
Haidingei^s  fa^  are  an  infallible  criterion  to  a 
goodt^  whether  the  light  it  disoema  is  polarized 
or  not  Haidinger  considers  further,  that  the  dis- 
poritkA  af  these  tofts  clearly  indicates  the  pkoM 
ef  poiorizotkm — the  axis  of  the  yellow  light 
always  being  in  that  plane. — ^The  theoretical  ex- 
pianatiftn  of  these  remariuble  colours  is  perhaps 
ttlll  to  find.  Bat  it  probably  holds  by  this  law, 
medium  aaa  poAirue  oU  the  coUmred  rayt 
As  aoaie  MCMfieaos;*io  that  the  disappear' 
Iff  ike  refheted  royneveream  be  entire.  The 
inlKiDefiata  eafours  alone,  would,  under  such 
chcnmataiieaa,  be  quite  lost  to  the  eye;  and  the 
nnaiotag  complementary  ones,  viz. :— the  yellow 
ad  ewte— aorviving,  ao  to  speak,  the  compara- 
cifv  cstlaccioii  of  Hie  olhen,  would  ariange  them- 


selves, in  some  form,  befbre  the  attentive  operator. 
They  mnst  also,  if  this  be  true,  arrange  them- 
selves in  tufts,  with  axes  at  right  angles  to  each 
other. — ^The  subject,  however,  remains  obscure. 

Bbill  %  Hall-9tarai.  One  of  those  meteoro- 
logical phenomena,  of  which  the  explanation 
continues  exceedingly  difHcult  and  doubtful — The 
circumstances  of  a  llail-storm  are  generally  these. 
It  is  preceded  by  a  rustling  noise  in  the  air,  and 
a]wa}'8  accompanied  by  electrical  effects :  thunder 
is  sometimes  its  precursor ;  it  is  often  hejird  dur- 
ing the  storm,  and  at  the  approach  of  that  storm, 
the  electrometer  frequently  changes  its  sign, — 
indicating,  at  the  same  time,  great  differences  of 
electric  intensify.  In  our  climates,  these  showers 
usually  occur  in  spring  and  summer,  and  almost 
always  about  those  hours  when  the  daily 
temperature  u  highest  Hail  often  precedes  and 
accompanies  heavy  rain-showers;  it  rarely  fol- 
lows them.  The  clouds  that  scatter  this  meteor 
are  extremely  dense,  and  generally  they  exhibit 
a  sort  of  bronze  colour ;  their  edges  are  irregular; 
they  manifest  great  irregularities  in  their  solid 
contour,  and,  in  the  main,  they  are  not  much 
elevated.  Like  all  great  storms,  these  Hail- 
storms are  local ;  but  their  devastation  extendi, 
nevertheless,  over  considerable  spaces.  By  one 
single  storm  in  France  in  1788,  the  damage 
done  was  computed  at  one  miUion  of  pounds  ster- 
ling,— this  storm  ravaged  upwards  of  a  thousand 
parishes. — ^The  Hail-drop  is  usually  composed  of 
several  distinct  and  very  distinguishable  layers 
of  transparent  ice,  surrounding  a  white  and 
opaque  nucleus,  which  appears  a  mere  flocule  of 
snow.  The  weight  of  the  hail-drop  often  reaches 
that  of  a  hundred  or  three  hundred  grains. — How 
is  it  to  be  conceived,  then,  ^t  solid  pieces  of  ice 
of  such  weight — ^the  assemblage  of  which,  con- 
stitutes those  dark  bronze-looking  clouds-— can 
sustain  themselves  in  the  air,  or  dsvelop  them- 
selves within  those  clouds?  A  problem,  whose 
solution  is  not  achieved.  The  explanation,  on  the 
ground  of  electrical  operations,  first  given  by 
Volta,  has  recently  been  modified  by  M.  Peltier, 
and  praseoted  in  the  folbwing  shape.     When 
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t\ro  dondf,  in  opporite  eleotiio  states,  an  plaeei 
one  above  the  other,  their  mutual  attraction  is 
GODsiderable:  the  two  strata  approadi  without 
any  signal  dectaic  discharge— only  they  act  on 
each  other,  throagh  it^uenaB'—iiuA  is,  as  one 
pointed  or  corrogated  dectrfc  body  acts  on  an* 
otlier  of  the  same  kind.  The  electricities  are  tiius 
ezdianged;  but,  according  to  Peltier,  no  each 
exdiange  can  take  plaee,  withoot  producing 
vegforkation  of  the  water  of  those  drops  or  resicles 
of  which  the  donds  are  composed :  hence,  a  low- 
ering of  temperature— rq>id  in  proportion  to  the 
deotric  tension  of  the  two  doods.  If  the  tem- 
perature of  the  two  donds  is  considerable,  no 
noticeable  effect  results:  but  if  one  of  them  is 
near  sero,  this  diminntion  of  temperature  must 
produce  congelation  of  the  portions  of  it  not  ea- 
j9ort«et}— transfiising  them  into  flakes  of  snow. 
Pdtier  fi^IlowB  the  oonise  of  these  flakes,  showing 
how,  in  his  opinion,  they  must  be  quieUy  8or> 
rounded  by  strata  of  solid  ice:  but  as  the  entire 
views  of  thU  Inqnirer  are  simply  under  ooosideni- 
tion ;  and-vbe  it  firankly  oontaed — as  the  whole 
subject  appears  at  prssent,  much  more  a  UUk 
about  a  thhig,  than  a  carefiil  dednotioa  of  neces- 
sary results,  we  shall  not  ibllow  him  Into  details. 
Kaemtz,  on  the  contrary,  is  inclined  to  attribute 
all  known  effects  to  the  low  temperatures  of  thoee 
upper  atmospherical  strata,  in  wiiich  the  paitides 
of  water  solidify.  Neither,  however,  does  his 
theory  at  all  satisfy  one.  There  is,  indeed,  at 
present,  no  sufficient  explanatian  of  the  pheno- 
mena of  a  Haxirttonn;  and  it  is  abundantfy 
necessary  tliat  Physicists  betalro  themadves  to 
closer  and  more  numerous  veriflcatioos  of  all  the 
fkcts  connected  with  these  extraordinazy  and 
formidable  Hydromti&jn, 

Halley^  Ctenaet*  One  of  the  best  known 
and  earliest  discovered  of  the  comets  of  our  sys- 
tern.  Halley,  the  celelmted  En^iah  astronomer, 
compared  the  various  omets  which  had  appeased 
before  his  time,  with  the  recorded  dements  <tf 
their  orbits  at  each  time,  and  found  that  three 
comets  had  appeared  in.  the  years  1681,  1607, 
and  1682,  at  intervals,  and  with  elements  diflfar> 
ing  only  as  any  one  imowing  gravitation  would 
expect  them  to  do.  He  ventured  to  predict  that 
it  would  return  in  the  year  1768.  It  did  appear 
accordingly  on  Christmas  di^  of  that  year,  and 
was  afterwards  rspeatedly  observed  at  ysbrious 
points  in  Europe,  though  not  at  all  by  the 
naked  eye.  The  prediction  of  its  return  in  1886 
was  easUy  made ;  but  there  remained  the  enor- 
mous labour  of  making  the  correotioaB  which 
the  perturbing  forces  of  the  planets  would  re- 
quire It  was  at  last,  however,  undertaken,  and 
the  comet  returned  as  predicted.  It  had  been  pre- 
dicted by  Rosenbeiger  on  the  11th  November, 
and  by  Sdimann  on  the  26th,  and  it  actually 
passed  its  perihelion  on  the  16th.  It  is  not  diffi- 
cult now  to  predict  its  return  aiwut  tlie  year  1911, 
but  the  labour  of  calculating  its  perturbations, 
and  the  exact  date  of  its  reappearance^  has  yet  to 
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be  gone  fhtongb.  With  all  the  increased  power 
of  our  mathOBoatical  analysis,  we  should  be  able 
to  predict  its  return  within  a  day,  or  even  a  ftw 
hours  of  the  truth.  The  following  are  tlieeleDients 
as  observed  in  the  Perihdion  passage,  November 
16*98646  of  Greonwidi  mean  astranomleal  thiie: 

Place  of  Perlbelion  on  the  orbit...80l^  Zaf  ^-3 
Long,  aseendlnff  node. .«..«.. ~.~..  56    8  1^*9 

IndTnatlon  of  orbit. .-......« 17  4.'>  567 

Eooe&tricitj ... .,...«....• ^SSfAMO 

Seml-axl8  major............. ........  18'0779886 

SeeOoMBis. 

Haloca)  PaitMlta.  Haloes  are  extremely 
complex  opdcal  pheBomeoa,  due  to  the  refractlQD 
of  light  through  small  flxMsen  pattides  floating 
in  the  atmoepherSi  Haloes,  properly  so  called, 
are  ooloursd  drcles  aronnd  the  luminary  whose 
ny9  give  rise  to  them:  the  mdius  of  the  firrt 
drde  subtaads  an  ang^e  of  2S^t  that  of  the 
second,  46° ;  and  there  is  sometimes  a  third,  the 
visual  angle  of  whose  rsdius  is  90°.  AH  three 
are  coloured  prismatlcally ;  in  the  two  first,  tike 
rsd  is  within,  and  the  vwlet  without;  while,  in 
tiie  third  drde^  the  opposite  atrangement  tskes 
plaoe.  The  atmospheric  modifications  that  gire 
rise  to  these  concentric  drdes  around  the  Sun, 
may  also  produce  a  white  eirde  paralkl  to  tiie 
horizon,  as  broad  as  the  Sun,  and  passing  through 
his  disa  Sometimes  anot^ier  white  band  is  vb- 
ible,  also  psssing  tfaroo^  the  Sun,  but  perpen* 
dicular  to  the  finmer,  giving  rise  to  a  white  crass 
within  the  drdee  of  the  halo:  whidi  cross,  bow> 
ever,  often  extends  i>eyond  these  cirdes,  the 
horizontal  one,  as  just  remarked,  going  louiad  the 
enture  horizon. — PaHuXot  or  images  of  the  Sua, 
axe  formed  upon  these  white  buds,  near  their 
intersectioD  with  the  drcles  of  the  haloes,-p4heir 
distance  from  the  centre  of  the  Innunaiy  beiiig 
greator,  the  higher  tiiat  luminary  is  hi  the  skf  . 
Paihelia  axe  cdonred  like  haloes,  and  have  fin- 
quendy  a  sort  of  tail,  lying  along  the  parbdic 
drde  on  wlildi  they  are  formed.-*-i1nally,  quite 
independent  of  haloes  properly  ao  eslled,  or  of 
drdes  oonoeDtric  with  the  Sun,  and  also  of  par- 
helia— Umgwt  cMm  are  sometimes  disoenied,  and 
portions  of  elliptic  ares,  of  an  extremdy  coanplex 
aatnie;  evidently  connected,  however,  with  the 
concentric  and  parlidic  qrstem. — ^Maniotte,  long 
sgo,  attributed  haloes  to  tiie  refraction  of  light 
throi4;fa  small  crystals  of  ice ;  and  all  obeerva- 
tion  appears  to  confirm  his  view.  Calculation 
also  confirms  it,  for  the  angles  subtended  by  the 
radii  of  the  concentric  cirdes,  ^n  dedudble  from 
the  natural  shape  of  these  crystals  of  ice,  which 
are  always  referable  to  hexagonal  prisms.  The 
tliird  dide,  vrith  colours  in  the  inverse  order,  is 
probably  due  to  the  refi'aofion  of  the  rsnrs  that 
have  undergone  a  first  sefleetion  within  dm 
prisms.  The  raCMnals  of  diis  proosss  may  be 
comprehended  by  ^le  student  who  reads  artaele 
Baubow.  Pariidie,  horisontal,  and  vertloal 
ofadas,  being,  on  the  other  hand,  white,  er  vn- 
coloured,  mast  origmate  in  r^ketkmB  of  Hgfat : 
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•nd  kuikmeiB<iir^leotiam  by  tbe  Mnall  flakes 
off  U0W,  thtA  tlMj  flnd  their  «z{dan«tk».  See 
te  diUOe»  any  extended  optieel  traedio^  er  the 
exceDflBi  vork  on  Boeteoiobgy  by  Kaemts.-* 
Then  plKiiaiiiene  are  norer  eeen,  imkai  the 
ewTM,  or  eirrtk-9lralm  doad,  iaterraaes  between 
the  Ininiiiaiy  and  the  obeenrer; — a  £ict  decisively 
eaUfaliihing  the  natnre  of  the  stmctiire  of  theee 


of  enbetaneee,  k  a  quality  by 
which  we  are  frequently  enabled  to  draw  clear 
dhtmcttons  between  them.  It  ia  probable  that 
the  haidw  of  all  the  vkiaMto  atooM  is  the 
eauR,  though  no  eatparimentti  investigation 
Umwa  Ught  on  such  a  point'^We  fonn  tablee 
of  the  haidnen  of  bodici^  pladng  them  in  the 
oedv  of  their  capacity  for  Mratehing  one  another. 
If  one  body,  draim  akng  another,  leaTce  a  Mratch 
on  ita  eartee,  it  nay  be  aet  down  n  harder  than 
IL  It  wanld  be  Impnipw  here,  howeyer,  to  make 
the  ecratchug  body  rvy  ibaip  pointed,  aa  eoch 
a  point  woold  make  na  beiaere  the  eeratched  body 
eolkar  than  it  nally  ia,  aa  gUne  ia  aometfattn 
■cmtcfaed  by  a  peetty  ehaip  pin  point  Mohl  has 
taken  the  fDlkwing  bodiee  aa  hie  nnita  of  hard- 
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of  anch  aobatanoea,  we  may, 

to  be  able  to  fix 
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We  have  eeen  (Aooustecb) 
a  atiing  ie  aet  to  vibrate,  eo  ae  to 
tonee,  its  halvee,  its  thirds,  its 
aod  eo  on,  vibrata  eleo?  prodocing,  ac- 
to  the  fondamental  laws  of  vibration, 
with  twke,  thne  times,  fear  limes,  &o.,  tiie 
number  of  vibratioas  which  the  original  bad. 
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Then  notes  are  called  Actnnontcs  to  the  origbal 
one.  Aooording  to  this  method,  it  is  evident 
that  evecy  note  will  have  its  jost  harmonic,  aC 
the  same  point  in  the  seoceeding  octave,  es  it 
occupies  in  its  own.  Thus  o  produces,  for  ex- 
ample, C;  if  </  be  the  c  of  the  octave  immediately 
abcrre;  and  as  C  has  2  a  vibrations  (a  being  the 
number  of  the  original  note),  the  next,  which  han 
^  Of  or  f  X  2  a  vibrations,  will  be  o',  ie.  o  of 
the  same  octavei  The  next  with  4  a  vibratbn*, 
Qr2X2a,willbeC',  and6a,or  f  X  4 a,  will 
be  W\  The  series  of  harmonics,  when  the  funda- 
mental note  is,  €,ff.  o,  wiM  therefore  be  thus, — 

C,  C,  O',  C",  E",  Q"  (B'"  flat)  C'"I>""JC"F'"0'"A'",  &c 

When  we  employ  an  inatmment  consisting  of  a 
single  tube  open  or  closed,  the  foregoing  most 
be  the  serin  of  notn  that  can  be  obtained 
from  it  The  exact  serin  will  depend  upon  the 
foDdamental  note.  (See  Aoomnos,  Table$,} 
The  bogle,  the  French  horn,  and  the  trumpet, 
are  exarapln  of  audi  instmmentBL-^In  no  in- 
smment  is  it  possible  to  give  the  whole  serin 
of  heimonics.  We  have  already  pointed  oat 
(A<»U8ncB),  that  there  is  a  limit  at  once  to  the 
nomber  and  the  fawnen  of  the  vibrations  which 
are  andiblste  the  human  ew.  Several  of  then, 
it  ia  not  possible  for  ordinaiy  people  to  sound. 
Henoe,  the  range  of  8!ich  inatruments  is  snffi- 
olsotly  limited,  and  yet,  remembering  that  the 
ftmdamental,  without  being  either  incapable  of 
being  heard  or  sounded,  may  have  a  pretty  small 
fraotion  of  the  higimt  number  of  audible  or 
sonndable  vibratians,  we  may  make  the  range 


The  act  of  hearing  is,  of  course, 
that  accomplishment  of  sensation  for  which  pro- 
vision ia  made  by  the  organism  of  the  Ear.  It 
may  be  used  in  a  wider  senn  to  denote  the  ao- 
compHshment  of  that  sensation  by  aid  of  any 
meohanlam.  To  determine  the  cireumstancn 
under  vriddh  Hearing  is  the  easint — to  determine, 
ibr  instanoe,  the  etructureof  a  large  room  or  hall, 
sd  that  a  speaker  be  heard  with  ftunlity,  is,  un- 
fortunately, as  yet,  one  of  the  great  duidtraia^ 
and  dediireMda  of  practical  scienoe.  The  first 
neeessity, — the  only  one,  hideed,  dearty  reoog- 
niaed^^is  the  prevention  of  eohon ;  and,  this  ia 
aeeomplidied  best,  by  such  fanregalarity  of  interior, 
M  ehall  prevent  any  one  predomhiant  reflection 
of  aound— an  inegularity  that  may  break  up  the 
reflected  wavn  into  a  great  number  of  small  ones, 
many  of  whioh  may  be  sappoeed  to  interlere  with 
and  destroy  each  other.  When  the  speaking  for 
which  a  room  ii  to  be  used,  takn  plan  invarUbly 
at  one  epot-*-'aecfa  m  a  Church,  or  a  public 
assembly  with  a  TiUmne,  the  vok»  of  the  speaker 
may  be  gieatly  aided  by  reflecton  placed  behind 
hims  but  when  the  speaking  ooeurs,  as  in  our 
HooM  of  Commons,  at  all  parts  of  the  building, 
no  %neh  aid  ia  admisaible.  The  fnfoncy,  or  rather 
total  abeenoe  of  applicable  scienoe  on  this  subject, 
haa  lately  been  auAdently  proved  by  Sir  Charln 
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Bairy'a  efforts  at  Westiuiiuter.— -The  pncttsed 
8i}eaker  learns  that  there  is  an  art,  in  this  matter, 
which  be  must  acquire  for  himaelL  Kveiy  room 
has  its  own  peculiar  or  fundamental  note ;  and 
if  the  voice  be  pitchedi  in  conformity  with  that 
note  or  any  of  its  concords,  speaking  and  hearing 
will  be  alike  comparativdy  easy. — See  farther, 
article  Sou5i>,  Trantmission  of. 

Hoot*  or  Caloric*  the  cause  of  our  sensa- 
tions of  Heat,  and  the  source  of  many  of  the  most 
important  and  manifest  actions  and  changes  that 
occur  in  the  material  world.  The  phenomena 
connected  with  this  powerful  physical  agent,  are 
described  and  discussed  under  various  separate 
articles  in  our  dicUonaty.  For  Healf  as  modifying 
the  condition  of  bodies,  see  articles  Ezpansiom, 
CoNOELATiOK,  Yapobization,  and  the  one  im- 
mediately following  this  notice.  For  the  laws  of 
the  diffusion  of  Heat,  the  student  is  referred  to 
Absorption,  Conduction,  Speoific  Heat; 
and,  with  respect  to  free  Caloric,  to  our  long 
article  on  Radiant  Heat,  as  well  as  to  Refbac- 
TioN  and  Polarization.  The  whole  modem 
theory,  termed  the  Meghanioal  Tukort  of 
Heat,  has  been  discussed  in  a  Yery  elabo- 
rate article  from  the  pen  of  Professor  Rankine  of 
Glasgow  University,  to  whose  researches  its  de- 
velopment owes  so  much.  The  applications  of 
Heat  to  practical  purposes,  are  treated  under 
Heating  of  Buildings,  Ventilatiok,  Aib- 
Enginb,  Stbam-Enoinb,  and  Yafouss.  For 
tho  modes  of  measuring  Heat,  see  Ptrombtbb 
and  TuEBMOMETEB.  And  every  important  cur- 
rent speculation  regarding  its  cosmical  action, 
will  be  noticed  imder  Sun  and  Tempebatube. 

Heat*  oi  the  Cause  of  Change  of  Slate* — Until 
quite  recently,  it  would  have  been  enough  to 
state  in  this  place,  that  under  the  influence  of 
Heat  or  of  its  abstraction,  all  bodies  may  be  made 
to  assume  the  toUd^  Uqttid,  or  gaseous  form ;  but 
the  remarkable  investigations  of  U.  Boatlgny 
d*£vreuz  relative  to  the  phenomena  and  con- 
ditions of  change  of  state,  demand  a  special  notice. 
The  primazy  fact,  in  this  curious  inquiry,  was 
noticed  by  Lddenfrost  in  1790.  It  is  this— if  a 
drop  of  water  be  let  fall  on  a  red  hoi  dry  plate, 
instead  of  distributing  itself  over  the  surface  of 
the  plate,  or  immediately  evaporating,  it  rolls 
about  over  that  surface,  and  remains  rolling  for 
a  considerable  time.  The  observiUions  and  re- 
searches of  Boutigny  have  given  this  curious 
phenomenon  full  definiteness,  and  seem  to  lead 
to  practical  results  of  greatest  importance.  It 
appears  that  whenever  water  or  other  liquid  is 
dropped  on  a  plate  or  capsule,  at  a  temperature 
considerably  higher  than  the  boiling  point  of  that 
liquid,  it  Immediately  assumes  the  form  of  an 
oblate  spheroid,  becomes  subject  to  the  aforesaid 
nndulatory  motion,  and  requires  a  very  much 
longer  tune  for  its  evaporation,  than  bad  the 
plate  been  merely  at  the  temperature  of  its  boil- 
ing point  Boutigny  calls  this  the  tpheroidal 
state  of  bodies  sul^lect  to  the  actum  of  Caloric^  or 
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the  ^phBroUod  sfecti  of  Cahrie.  It  dbo  wppbin 
that  if  the  bulb  of  atherttonder^ie  phttged  kAo 
the  spheroid,  that  thermometer  always  indicates 
a  lower  temperature  than  the  point  of  ebuIlitioD: 
let  the  metallic  capsule,  however,  be  allowed  to 
cool,  the  temperature  of  the  water  will  imme- 
diately rise,  and  ebullition  of  a  roost  violent  and 
convulsive  nature  takes  place  on  the  instant.  It 
is  easy  to  see  how,  on  the  ground  of  these  most 
singular  f^cts,  the  moistened  hand  may  aaSAy  be 
brought  into  contact  with  red  hot  metals;  al- 
though the  astonishment  is  not  yet  ibrgotiea, 
with  which  the  members  of  a  recent  meeting  of  the 
British  Association,  saw  M.  Boutigny  handfiiig 
innocuously,  and  without  fear,  maases  of  UuHqg 
lead;  thus  apparently  realizing  the  talea—osoally 
deemed  legendary— -of  escapes  in  ancient  times 
from  the  ordeal  of  Fire,  It  will  be  recoliectedby 
the  historical  student,  that,  in  the  year  241,  oae  of 
the  High  Priests  of  the  Magi,  proposed— under  the 
orders  of  St^or — that  laige  quantities  of  moken 
lead  should  be  poured  on  bis  naked  body,  and  that 
if  he  came  forth  unscathed,  the  truth  of  the  ortho- 
dox faith  should  be  held  established.  The  ex- 
periment was  made  before  an  ImmeDse  assembly; 
the  High  Priest  was  unhurt,  and  the  doubts  of 
sceptical  Persians  thus  banished  for  ever ! — ^These 
remarkable  researches  have  thrown  much  li^t 
on  the  fonnerly  A'eiy  puzzling  phenomena  of  the 
explosion  of  Steam  Boilers^  We  shall  disooastbia 
subject  at  length  under  the  appropriate  artk^ 
(Steam  Boilebs)  ;  it  may  ^mply  be  remarioed 
here,  that,  <m  the  veiy  contrary  to  iriiat  was 
formerly  believed,  these  catastrophes  must  dUn 
have  been  the  result  of  acts  in  any  way  knoerutg 
the  temperalwre  o/*the  boiler. — ^Mors  pertinent  it 
is  to  notice  in  this  place,  the  theoretioai  inquiiiea 
suggested,  and  only  yet  in  course  of  aolation. 
For  instance,  what  is  the  lowest  tempentuie  at 
which  this  spheroidal  state  can  be  produced? 
What  the  rate  or  law  of  ev^xffatioa  when  the 
body  has  entered  the  spheroidal  atate?  What 
the  tempersture  of  bodies  in  this  state,  and  what 
the  temperature  of  their  vapour?  Does  ladiaot 
heat  traverse  these  spheroids,  or  is  it  reflected 
from  their  surfaces?  Are  all  bodies  capable  of 
assuming  this  condition,  or  only  a  certain  dass; 
and  if  the  latter,  what  the  diaraoteristics  of  this 
dass?  Is  there  contact  between  liquids  In  the 
spheroidal  atate,  and  the  sorftces  that  ga\«  rise 
to  that  state? — ^Thesepomts,  and  many  othcn, 
are  still  sub  jwUce, — ^The  reader  is  lefwied  tspt- 
dally  to  the  original  and  laborious  resoardies  of 
M.  Boutigny. 

Meal,  Capacity  of  Bodies  for}  or  Si-gmMO 
Heat. — If  two  equal  masses  of  diflerent  aab- 
stanoes,  at  tiie  same  temperatDre,  are  required  to 
be  raised  in  temperature  the  same  number  of  de- 
grees, it  is  found  that  a  greater  positive  quantity 
of  Heat  is  required  to  accomplish  the  diange  in 
the  one  body  than  tlie  other.  On  thb  aeoouot 
bodies  are  said  to  vaiy  in  their  Capadtietf  er 
Specifio  Heats,    See  Spbgifio  Hbat. 
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1.  Mktoricol  Skelekj  md  R^fhrmon  U>  Autho- 
fftm. — It  U  ft  matter  cf  ordinaiy  observation, 
tint  Heat,  bj  oz|Nuidisg  bodies,  is  a  eouroe  of 
_  mti  and,  ooaTcrwlj,  that  motive 
beis^  ezpended  either  fai  comptessbg 
or  in  inodocing  fiictioD,  is  a  aouioe  of 
Tho  rednctioa  of  the  laws  aooordiDg  to 
vhidi  thaw  phenoittena  t«ke  place,  to  a  physical 
tisBorjr,  or  connected  system  of  prindples,  called 
the  ScsncB  of  Thsbmo-dthakiob,  is  of  recent 
dsfts^and,  in  many  Rspeots,  may  be  considered 
lobestiU  In  progress.  The  steps  in  Raaoning, 
Md  in  eKpcriroeotal  knovledge,  which  have 
gndaally  led  to  the  fiMmation  of  this  qrstem  of 
pnedples,  are  diiBcolt  to  trace,  and  more  difficult 
to  trperetft  ikmn  the  history  of  the  two  kinds  of 
wfrtMnJail  bypotheeee,  which  have  been  proposed 
as  meni  of  dedndng  Uie  laws  of  lieat  from  those 
of  motion  and  fiiroe;  for  one  of  those  hypotheses, 
— ^that  which  euppoeee  the  phenomena  of  heat  to 
be  earned  by  the  presence,  in  greater  or  less 
qomtity,  of  a  snbetance  called  ^cabrie"  has 
been  the  chief  impedfanent  to  the  progrees  of  the 
knowkdgtt  of  the  laws  of  the  relations 
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between  heat  and  motive  power;  while  the  other 
hypothesis,  which  supposes  the  phenomena  of 
heat  to  be  caused  by  molecular  vibrations  and 
revolutions,  has  been  the  means,  in  some  in- 
stances,  of   anticipating  laws,   and  predicting 
numoical  resnlts,  which  have  since  been  con- 
firmed by  experiment,  and  in  others,  of  suggest- 
ing experiments  whereby  important  laws  have 
b€«n  discovered. — In  tho  stage  which  our  know- 
ledge has  now  attained,  it  is  possible  to  express 
the  laws  of  Thermo-dynamics  in  the  form  of  inde- 
pendent principles,  deduced  by  induction  from  the 
facts  of  observation  and  experiment,  withoat  re- 
ference to  any  hypothesis  as  to  the  occult  mole- 
cular operations  with  which  the  sensible  pheno- 
mena may  be  conceived  to  be  connected;  and  this 
coarse  will  be  followed  in  the  body  of  the  present 
article,  reserving  to  the  conclusion  a  genoral  ac- 
coant  of  the  nature  and  results  oi  those  hypo- 
thetical ideas  wluch  have  been,  and  may  be  found 
usefuL    But,  in  giving  a  brief  historical  sketch 
of  the  progress  of  Thermo-dynamics,  the  progress 
of  the  hypothesis  of  thermic  molecular  motions 
cannot  be  wholly  eeparated  firom  that  of  the 
purdy  inductive  theory.-— The  Aristotelian  Hot 
Element,  as  well  as  the  other  rrM;{;i7«,  appears, 
so  fkr  as  we  can  judge,  to  have  been  nndentood 
by  Aristotle  himself,  not  as  a  fuftstance,  but  as 
one  of  the  ttaiti  of  which  substances  are  suscep- 
tible.— In  the  tehoiattio  sense  of  the  term  ^*  El&^ 
umtium  Ignu"  viz.,  the  supposed  substance, 
afterwards  called  "Phlogiston"  and  "Caloric,'* 
Galileo  disputes  the  real  existence  of  anything 
corresponding  to  it,  and  Bacon  declares  it  to  be 
one  of  those  **nonnna  mfttAxrum'*  which  are 
amongst  "  Idoia  fori  mokttisnma.'' — The  hypo- 
thesis of  thermic  molecular  motions  was  main- 
tabled  by  Galileo,  Bacon,  Boyle,  and  Newton, 
llontgolfler,    Segnin,  Rumford,  Davy,  Leslie, 
and  Toung.    Rumford  and  Davy  supported  it  by 
most  remaritable  experiments  on  the  production 
of  heat  by  friction, — a  phenomenon  which  is  the 
key  to  the  whole  science  of  Thenno-dynamics: — 
Davy  endeavoured  to  put  the  mechanical  hypo- 
thesis into  a  definite  form:  Young,  in  his  Lectures, 
stating  the  whole  question  in  the  clear  and  for- 
dble  manner  peculiar  to  him,  showed,  that  the 
&cts  of  experiment,  as  known  in  his  time,  were 
oonduaive  against  the  hypothesis  of  substantial 
caloric.    That  hypothesis,  however,  continued  to 
hold  its  ground,  and  to  a  considerable  extent  does 
so  still;  a  fact  which  is  probably  in  a  great 
measure  owing  to  the  employment  of  its  language 
in  works  of  reference,  and  to  the  popular  tendency 
to  ascribe  substantive  existence  to  the  subject  of 
a  namft — ^The  adoption  of  the  hypothesis  of 
thermic  molecular  motkms,  and,  what  is  of  mors 
importance,  the  abandonment  of  the  hypotliesis 
of  substantial  caloric,  have  been  much  promoted 
by  the  aeries  of  discoveries  which  have  shown, 
that  the  communication  of  light  and  heat  by 
radiatioD,  if  not  actually  consbting  in  the  propa- 
gation of  molecular  vibratory  movements,  takes 
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place  acconling  to  Isws  analogous  to  tiiose  of  Ae 
propagation  of  soeh  moveoients,  and  wholly  at 
vaiianoe  with  those  of  the  division  of  any  oon- 
ooivable  substanoe.— A  most  hnportant  step  to- 
wards the  formation  of  a  true  physf ad  theoiy  of 
the  relations,  not  only  between  heat  and  moti^ 
power,  but  between  heat  and  every  other  kind  of 
pbjrsical  energy,  was  made  by  Black's  great  dis- 
covery of  Latent  Heat,  and  by  Watt's  applica- 
tiona  of  that  disoovery  to  the  improveBAents  of  the 
Steam  Engine-^The  term  "^Latma  Heat;*  when 
freed  from  hypothetical  notions,  means,  an  amount 
of  that  condition  of  matter  called  Htat,  which 
has  disappeared  in  producing  phyttcal  eflbcts 
ditKvent  firom  heatr*~Bucib  as  esquusion,  fusion, 
evaporation,  and  chemical  ohanges, — and  which 
may  be  made  to  reappear  by  reveratog  the  changes 
in  which  sudi  phyrical  tflfeots  consisted, — that  is, 
by  compression,  congelation,  liquefaction  of  va- 
pours, and  invene  chemical  changes. — The  pro> 
gross  in  the  tme  theory  of  Tbermo-dynamlcs,  to 
which  this  discovery  might  have  led,  was  for  a 
long  time  retarded  by  a  falhnioiis  principle, 
arising  from  the  hypotheflfe  of  snbstaotial  caloric 
in  die  following  manner: — Let  a  substance  change 
from  a  leas  bulky  to  a  more  balky  oon<fidon,  or 
from  the  liquid  to  the  gaseous  state,  or  geaendly, 
from  the  state  a  to  the  state  n,  this  change  behig 
of  Bueh  a  nature,  that,  aoeonding  to  Blaiok*e  dis- 
covery, heat  disappeam,  and  some  physical  efie^ 
diflferent  from  heat  is  produced.  Let  this  opera- 
tion be  called  (a,  b),  and  let  Hi  be  the  amount 
of  heat  wliieh  disappean.  Next,  let  -the  sub- 
stsnoe  cbange  back  from  tiie  state  b  to  the  ori- 
ghial  state  a  :  let  this  clumgB-  be  called  (b,  a)« 
It  will  cause  a  eerteSn  ^(uantity  of  heat  Bo  to  re- 
appear. If  the  sedea  of  hitermediate  ohanges 
ondei^gone  by  the  subetance  daring  the  process 
(b,  a),  be  exactly  the  reverse,  step  for  step,  with 
these  undeigone  during  the  process  (a,  b),  eveiy- 
thing  done  by  the  first  process  will  be  ezaetly  un- 
done by  the  second;  no  permaoeat  physical  eflbct 
win  ensue  from  the  combined  processes;  and  the 
amount  of  heat  which  reappears,  Bq,  must  neoes- 
sarily  be  equd  to  tiie  amount  of  heat  Hi,  which 
formerly  disappeared.  Tiiis  was  understood  from 
the  time  of  the  firet  discovery  of  Latent  Heat; 
and  so  frr  there  is  no  ftdlaey,  but  an  important 
tnith.  But  it  was  further  assumed,  that  heat 
has  a  anbstantlal  existence,  and  that,  conse- 
quently. Ho  =  Hi,  under  aU  dreumstsnoes,  even 
although  the  processes  (a,  b)  and  (b,  a)  diould 
diflbr  in  their  intermediate  stepe.  This  assump- 
tion leads  to  the  fbUowing  paradoxical  result, 
which  shovrs  it  to  be  fiUladous.  It  is  known 
that  the  process  (b,  a)  may  be  made  to  drffer 
ftmn  (a,  b)  fai  its  intermediate  steps  in  anch  a 
manner,  that  a  peimanent  mechanical  efibet  shall 
be  produced  by  tlie  cOnkbiaed  processes.  Now,  if 
under  such  eircumstanoes,  Rq  is  assumed  to  be 
still  =  Hi,  it  fbflows,  that  by  employing  the 
mechanical  efibct  of  the  combtoed  prooeaaes  in 
devekpmg  hmU  by  /netum^  w>e  may  mamm  ik9 
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aMdtmt  of  ketU  «»  Ae  vnwerte,  or  eraote 
— a  consequence  oppoaed  to  the  oriigiii^  aaaanip- 
tion  of  the  anbetantiaKty  of  calorie,  and  proving 
that  aaaumptioQ  to  be  self-oontrBdiolofy.**Thaa 
falladouB  assumptbn  -unfi^rtonatdy  pervaded  tliB 
reasonings  of  Gamot,  in  his  JS^/laekm§  aar  i^ 
Ptttuofioe  ifofrids  da  Fev  (Paris,  18S4)  »--^  voric 
which,  notwitintanding  tUs  ftUacj,  oootaiBa  the 
first  discovery  of  an  importaot  Umi^-ikat  A$ 
ratio  qfthe  ^reateH  pott&h  work  perfanmi  if  a 
heat  atffiney  to  thaviole  koat  eaEpeided$  at  mjimo- 
tiouqftheiiootimiitqfteapariatmreioivemwkiGk 
the  engine  wodb,  md  not  ^  the  mafeene  of  As 
eubttance  emfioyed.-^Thom»ot^  s  AooamA  efOt^' 
fH^e  Theory,  Eimb.  Ihme^  1849,  vaL  zvi)— 
The  frllacy  vefrtrsd  to  prevented  Camot  fiom 
discovering  what  this  fimetiaa  of  the  Units  of 
temperature  i8.«Tlie  phenonanoD  of  the 
ment  of  heat  by  the  friotkm  of  a  fiuid 
peculiar  advantages  aa  a  means  of 
the  relations  iiatween  heat  and  meehanieal  power, 
owing  to  the  shnplicityof  the  actien  which  takw 
place;  for,  at  the  end  of  the  proceea,  the  fluid  is 
left  exactly  in  the  aama  coBditiaa  aait  waa  al  (he 
beginning;  so  that  the  eivolntloii  oi  a  oartaa 
amount  of  heat  b  the  sole  efl^  produced;  aad 
tUa  befaig  compared  with  the  meohandcal  paver 
expended  in  ij^fitAanf^  the  flnidk  *t^*^^*^  in  the 
moat  aimple,  direot,  acouate,  and  jatlafiaatoij 
manner  poaflible,  the  lelatiosL  betwaea  heat  and 
mechanical  power^-^Tha  idea  of  snt^jeotiQg  this 
phenomenon  to  experimental  maawwwmnnti  a^ 
pears  to  have  been  firat  pot  in  praatioe  indBpend- 
ently  by  M.  Mayer  about  184^  and  by  Mr. 
Joule  about  1843.  The  noaaarioal  reaulla  at  int 
obtained,  were,  aa  was  to  be  axpeeted  ia  a  «ew 
kmd  of  experiment,  someiriiat  rough  and  hi- 
exact;  but  by  bug  parsevaranca,  Mr.  Joule  inh^ 
creased  the  exactitude  of  his  roetboda  of  ezperi- 
mentiDg,  until  he  anoeeeded  in  ascertafaiisig  by 
ekperiments  on  the  friction  of  watar,  oO,  aaer- 
onry,  air,  and  other  auhatancff)  to  tha  aoeum^ 
of  riv  ^  ^^  amount,  if  not  mote  doaeiy  atiD,  tha 
MechamealEqmiHUeiU^mVmtofHeati  that 
ia,  the  mmber  ^foot-potm48  qfmecimiefUwerk 
uMek  mtut  be  eofeniedi  w  orrfsr  £o  roias  Ae 
tm^pereikfn  of  em  pemd^waUtbt  erne  degree. 
For  Fahreoheit*a  degree,  this  qnanti^  ia  779 
footF-poends :  for  the  Centigrada  degree,  f  X  772 
3s  1888*8  feot^pounda  (PAJZ.  ZVmai,  1850).— 
This,  the  moat  important  Bumerioal  constant  bi 
molecular  physics,  haa  been  atyled  by  other 
writers  on  the  subjeot  ^  Jouia^  EQViVALSirr,'* 
hi  order  that  the  name  of  its  dtsooverer  aaajr  bB 
perpetuated  by  oonneetion  with  tha  aMMt  im- 
perishable ef  memoriak-«  TBUfH*--Mr.  Jcole 
at  the  eame  time  proved  biy  caiperimeot  (ha  law 
which  had  previoudy  been  only  a  matter  of 
speculative  theoiy  with  othaca:  that  not  only 
heat  and  motive  power,  but  all  other  kuida  of 
physical  enaq^y,  ouch  aa  chemical  action,  elao> 
tridty,  and  magnettom,  are  coweiiihle  and  eqni' 
valent;  that  is  to  aay,  that  any  one  of  tteae  kinds 
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«f  ««S7  OMT,  by  iti  €K|WBditiii«,  be  nude  tbe 
BMM  of  dsrdoping  any  other,  in  taUin  definite 
|wywUiui>— MMBwbile,  partly  thvongfa  a  theo- 
TCtfnl  anticipation  of  this  Unr,  and  partly  throagh 
tlwiiAMieBof  the  hypotberiaof  moleeniarwh' 
1mm  m  iflilied  to  beat,  the  faimatioD  of  a  eve- 
tfaeofy  of  tile  relations  between  heat  and 
)  power  advjuoed*  MM*  HehnholtZy  Holts** 
'atenttMif  nay  be  nfened  to  as 
sAded  this  pn)gfeie.-^The  imreitigations 
of  tbe  CooBt  do  Pnmboor,  on  the  tlieory  of  the 
8ceain  Hngine,  aHhoogh  not  involTing  the  dis- 
eofeiy  of  any  new  priMiple  in  Thermo-dynamics, 
pnpcriy  speaking,  were  oondndve  to  the  progrees 
of  thnt  mJkmji  bj  polntfaig  out  the  proper  mode 
of  applying  meehanleal  prindpfes  to  the  expan- 
^v  maktk  of  an  elastk  fioid.— We  shidl  now 
oenelDde  tbls  Utotorio  sketch  of  the  Sdenoe  of 
ThsBiMlyBamieBy  by  leferring  to  those  recent 
pnpsn  In  8cieiitille  Tiuaaetknu  and  periodicals, 
la  -mhUk  Hs  bvws  and  tbrir  oonseqnences  are  set 
ftstt  by  diflbwpt  anthore  in  -a  systenalic  and 
detafled  ftnn,  and  fntaBt^psted  by  prooesses  di^ 
■My  In  d^ail,  bnt  agreeing  in 
ftmdsfntal  ptiodples  and  their  resolts.— 
CtJkUsniS:  Pbggmioff*§  Amaalm,  IS&O'lSb^ 
Ramcom:  Edkk7Vwu^lBM*62  (voL 
.);  PkU.  TVoM^  1854,  1859;  PkiL  Mag,, 
I8»li  EiHL  PkH  Jow.,  1849,  1855;  On  tkt 
Butgim  md  ctUr  Prime  Movers,  1859; 
Bim.  IVans.,  1851-58  (voL  zx.}; 
Pmm.  MagatiM,  1851-5,  iNMtiiii._Niimeilcal 
data,  wkhootwfaieh  thsoe  theontical  naesfches 
vndd  havn  bean  ftairlesa,  were  ftimished  by  the 
iBMiulnianls  of  Dnbng,  nd  of  MM.  Biavais, 
Hortfan,  Men,  Tan  Beek,  and  otben,  on  the 
»iiMii>  of  oaand;  by  tfaoee  of  M.  Kadberg,«on 
tlie  expansion  of  gnm;  by  the  experiments,  al- 
nnsfe  nnpainlMed  Ibr  extent  and  preeiskmi,  of 
M.  Begnaidt,  on  the  properties  of  gases  and 
TSponn^  made  at  the  expense  of  the  French 
GovenuMBC,  and  pnblUied  in  the  Ptocetdinga 
aoHf  Mmmoin  of  fibs  Aoaiomg  of  6cUnee$,  from 
1847  to  1854;  and  by  the  joint  experiments  of 
■emra.  Joole  sod  Thomeoo,  on  the  Thermie 
cActs  of  cnmnts  of  elastte  flnlds,  made  at  the 
expense  of  tbe  Koral  Boelety,  and  pnbUshed  in 
tbe  PMotopkieai  TWrnaaefJoas  Ibr  1854. 

S.  FoBtt  Law  or  TRttM&-D'nrAMi€& — 
Bo^  omd  Mofmo  P<mor  aro  mutml^  oottoert^ 
omd  hui  roquirtM  for  iit  proA^ium,  and 
Off  MM  QUoppoafwrnCK,  mocive  power  tn 
tkepnporiim  ofTlt  ftot-potmdt  for  each  Fak^ 
wniwf  Vma  ofBeai>-ih»  said  unit  bring  the 
amount  of  bent  raqinred  to  raise  the  temperature 
of  one  pound  of  liqnld  water  by  one  degree  of 
FahRobeft,  near  tbe  temperature  of  the  niaxi- 
mmn  density  of  wator.  This  law  may  be  con- 
sidered as  a  particolar  case  of  the  application  of 
two  mora  general  laws,  ▼(>:— 1.  All  Ibnss  of 
cneqiy  an  uwifmlibie:— ^2.  The  total  eneigy  of 
aay  oabitaDee  or  ayMem  eamiet  be  aitend  by  the 
efitapnrtk 
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8.  Dynamieal  8pec'^  and  Latent  Ileal, — AH 
qoantlties  of  heat,  such  as  the  spec^  heat  of 
any  substance,  or  the  latent  beat  correspond- 
ing  to  any  physical  efieet,  may  be  expressed 
Dynandeaify,  that  is,  in  units  of  work,  by  mnlti* 
plying  their  ralues  in  ordinary  units  of  best  by 
Joule's  equivalent. 

4.  Total  Actual  ffeat^-^lst  a  substance,  by 
tbe  expenditure  of  motive  power  in  fricti(m,  1^ 
brought  from  a  condition  of  total  privation  of 
heat  to  any  particular  condition  as  to  heat. 
Then,  if  from  the  total  motive  power  so  expended, 
then  be  subtracted — First)  the  meehanical  work 
performed  by  the  action  of  the  substance  on 
external  bodies,  through  changes  of  its  volume 
and  figure^  during  such  heating,  ^Secondly,  the 
meehanical  vroric  due  to  mutual  actions  between 
tbe  particles  of  tbe  substance  itself  during  such 
beating, — ^tbe  renudnder  will  rcprceent  the  motive 
power  which  is  employed  in  making  the  eubttanoe 
hat,  and  which  might  be  made  to  reappear  as 
ordinary  motive  powor,  if  it  w«ra  possible  to 
reduce  the  substance  to  a  state  of  total  privation 
of  heat  This  remainder  is  the  quantity  called 
the  Total  Aotmdl  Heat  of  the  snbotance:  beiog 
the  Total  Energy,  or  capacity  for  performing 
work,  which  the  substance  poesesses  mi  sirlus  ^ 
being  hoL  It  is  not  directly  measurable;  but 
its  value  may  be  eomputed  from  known  quanti- 
ties, by  means  to  be  afterwards  explained.  When 
a  boQiogcneoua  substance  is  uniibrmly  hot,  oveiy 
particle  of  it  is  equally  hot ;  and  every  particle  is 
hot  in  virtoe  of  a  condition  of  its  own,  and  in- 
dependentiy  of  its  nlation  to  other  partides. 
These  an  Ikets  known  by  experienoe ;  and  they 
lead  to  the  following  coosequenoe:— that  when 
the  total  actual  heat  of  a  homogegDeous  and  uni- 
fonnly  hot  substance  is  considered  ss  a  quantity 
made  up  of  any  number  of  equal  parts,  all  those 
equal  parts  on  similariy  circumstanced;  and 
hence  foUowB— 

5.  Tbb  SnooMD  Law  of  Thbbmo-stnamiob* 
— If  the  total  adnal  heat  of  a  homogeneom  and 
mi^orm^  hot  enbttanoe  bo  ooneeioed  to  be  dmded 
ntto  ang  number  of  equal  parti,  the  ^ects  (^thote 
parte  in  oamwng  work  to  be  performed  wUl  be 
equal — ^This  law  may  be  considered  as  a  particn* 
lar  case  of  a  general  law  applicable  to  every  kind 
of  Actual  Enorgg:  that  is,  capacity  for  perform- 
ing work  constituted  by  a  certain  condition  of 
eadi  particle  of  a  substance,  how  small  soever, 
indepCBdentiy  of  the  presence  of  other  particles 
(such  as  the  vis-viva  of  motion).  The  mathe- 
matical expression  of  the  Second  Ijiw  of  Thermo- 
dynamics is  as  follows  :^Let  unity  of  weight  of 
a  homogeneous  substance,  poesessiog  the  actual 
heat  Q,  undergo  any  indefinitely  small  change^ 
so  ss  to  perform  tbe  indefinitely  small  amount  of 
work  if  w.  It  is  nquired  to  find  bow  much  of 
this  woric  is  performed  by  tbe  disappearance  of 
heat  Conceive  9  to  be  divided  intoan  indefinite 
number  of  indefinitely  small  equal  parts,  each  of 
wUch  is  )  Q.    £adi  of  those  parts  wUl  cause  to 
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be  performed  the  quantity  of  work  represented  by 
)  Q .  _r  dw 

conaequently  the  qaantity  of  work  performed  by 
the  disappearance  of  heat  will  be 

Q.^dw (1.) 

which  quantity  is  known  when  q,  and  the  law  of 
variation  of  <^  w  with  q,  are  known. 

6.  Absolute  Temptratun:  Specyic  ffeal,  Beal 
and  Aj^MsrenL — Temperature  ia  a  function  de- 
pending on  the  tendency  of  bodies  to  commnni- 
cate  the  condition  of  heat  to  each  other  Two 
bodies  are  at  equal  tev^teraturesy  when  the  ten- 
dencies of  each  to  make  the  other  hotter  are  equai 
^11  substances  absolutely  devoid  of  beat  are  at 
the  same  temperatuie.  Let  this  be  called  the 
AbtoUite  Zero  <^UeaJt\  and  let  the  scale  of  tem> 
peratiire  be  so  graduated  that  for  a  given  homo- 
geneous substance,  each  degree  shall  correspond 
to  an  equal  increment  of  actual  heat  This  mode 
of  graduation  neoessarJly  leads  to  the  same  scale 
of  temperature  for  all  substances.  For  if  two 
substances  a  and  b  be  at  equal  temperatures 
when  they  possess  respectively  two  certain  quan- 
tities of  actual  heat  Qa  and  q>,  then  if  each  of 
tliose  quantities  of  actual  heat  be  divided  into 
the  same  number  of  equal  parts  f^  the  tendency 
of  the  substance  a  to  communicate  heat  to  b, 
arising  from  any  one  of  the  nth  parts  of  q^} 
must,  iiom  the  property  of  actual  heat  already 
mentioned,  be  equal  to  the  tendency  of  b  to  com- 
municate heat  to  A,  arising  from  any  one  of  the 
nUi  parts  of  Qb  ;  from  whidi  it  is  easily  seen,  that 
so  long  as  the  quantities  of  actual  heat  possessed 
by  the  two  substances  are  in  the  ratio  Qa  :  Qb, 
their  temperatures  will  be  equal,  independently 
of  the  absohUe  amouHts  of  those  quantities.  The 
amount  of  actual  heat,  expressed-  in  units  of 
work,  which  corresponds,  in  a  given  substance, 
to  one  degree  ofabiohUe  temperature^  is  the  J^s^if 
Dynamical  Speei/ic  Beat  of  that  substance,  and 
is  a  constant  quantity  for  all  temperatures.  The 
total  quantity  of  mechanical  work  required  to 
raise  the  temperature  of  unity  of  weight  of  a 
substance  by  one  degree,  generally  indndes,  be- 
sides the  real  specific  heat,  work  employed  in 
overcoming  molecular  forces  and  external  pres- 
sures. This  is  the  Apparent  Dynamioal  Specific 
Heat;  and  may  be  constant  or  variable.— Joule^s 
Equivalent  is  the  Apparent  Dynamical  Specific 
Heat  of  liquid  water  at  and  near  its  maximum 
density ;  and  it  is  probably  sensibly  equal  to  the 
real  specific  heat  of  that  substance.  The  real 
specific  heat  of  each  substance  is  constant  at  all 
densities,  so  long  as  the  substance  retains  the 
same  condition,  solid,  liquid,  or  gaseous ;  but  a 
change  of  real  specific  heat,  sometimes  consider- 
able, often  accompanies  the  change  between  any 
1^0  of  those  conditions.    From  the  mutual  pro- 


portionality  of  Actual  Heat  and  Absolute  Tem- 
perature, there  Ibllows — 

7.  The  Sbcond  Law  of  Thkbmo-dykamics, 
expressed  with  reference  to  Absolute  Tempxb- 
ATUiiB.-^//'<A«  AbsohUe  Ten^eratwre  qfaajfun- 
fomdy  hot  substance  be  divided  into  anp  number 
of  equal  parts,  the  effects  of  those  parts  w  eaussa^ 
vjork  to  be  performed  unit  be  equoL — This  law  is 
expressed  algebraically  as  follows: — ^fipom  the 
relation  between  absolute  temperature  (Q,  and 
actual  heat  (q),  it  follows  that 

t —  =  Q  — 
dt  dQ 

consequently  the  expression  1,  for  the  worit  per- 
formed by  the  disappearance  of  heat,  is  trans- 
formed into 


dt 


.f2.) 


This  expression  is  applicable,  not  merdy  to 
homogeneous  substances,  but  to  hcterogeoeoos 
aggregates.-~When  the  expressions  1  and  2  are 
negative  they  represent  heat  which  appears  in 
consequence  of  the  expenditure  of  mechanical 
work  in  altering  the  condition  of  a  substance.^ 
The  first  and  second  Iain's  virtually  comprise  the 
whole  theory  of  Thermo-dynamics. 

8.  Of  Heat- Potentials  and  Thcrmo-^yname 
Functiom, — ^The  second  Uw  of  Thenno-d^namics 
may  also  be  expressed  in  the  fbllowing  form : — 
The  Vfork  performed  by  the  disappearance  of  heat 
during  any  indefinite  smaU  variation  m  ike  state 
of  a  substance^  is  expressed  by  ^  product  of  the 
absolute  temperature  by  the  variation  of  a  certain 
funcHon^  which  function  is  the  rate  ofvariatum 
of  the  effective  work  perfotmed  unth  tenqterature. 
That  is  to  say,  make 

dw 


dt 


=  P: 


then  the  work  performed  by  the  disappearance  of 
heat  is 

tdF ^ (3.) 

This  fimction  f  has  been  called  the  Heat~Poten~ 
tial  of  the  given  substance  for  the  kind  of  wotk 
under  considenution.  ^.  Now  let  the  substance 
both  perform  work  and  undergo  a  variation  of 
absolate  temperature  dt^  and  let  k  denote  its  real 
d^Tiflmical  specific  heat  The  whole  heat  which 
it  must  receive  from  an  exteraal  sooroe  of  baat, 
to  produce  these  two  effects  simultaneously,  is 


dn=zKdt'^tdFs=:tdp:, 


(O 


in  which 


^  =  K  ,  log^  t  + 


dvr 
IT 


.(a.) 


f  is  called  the  Thermo-dynamic  Functimi  of  the 
substance  for  the  kind  of  woik  in  questioii ;  and 
in  some  papers  the  Heat-Factor. — The  eqotfkm 
(4)  is  the  general  t^^mntion  ^'  Thermo^dymmiBS^ 
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whidi  we  MJX  proceed,  in  tha  seqnd,  to  appir, 
bj  determintDg  tbe  Thermo-d  jiiaiiiio  Fanctioo  for 
cidi  pftiticDlar  case  — In  determining  this  fonc- 
tioii,  it  is  to  be  observed,  that  the  function  w, 
representing  tbe  wodc  performed  by  the  kind  of 
dumge  under  eontemplation,  is  first  to  be  inves- 
tigated as  if  the  temperature  were  constant,  and 
then  tiie  law  of  its  variation  with  absolute  tem- 
perature found. 

9.  Perfect  Gai,  and  other  Tkermomdere^-^" 
Aceording  to  the  costomazy  mode  of  measuring 
temperatares,   standard  temperatures  are  fixed 
bj  pbenooMoa  which  occor  at  them,  such  as  the 
melting  of  ioe,  and  the  boiling  of  water  under 
tbe  mean  atmospheric  preesare }  and  the  stand- 
ard scale  of  temperatures  is  graduated  according 
to  the  product  of  the  pressure  and  volume  of  a 
given  mass  of  a  perfect  gas.    A  perfect  gas  is  a 
BBbstaoce  in  soch  a  condition,  that  the  total 
pieasunj  exerted  by  any  number  of  portions  of  it, 
at  a  given  temperature,  against  the  sides  of  a 
vessel  in  which  they  are  eoclosed,  is  the  sum  of 
the  pressures  which  each  such  portion  would 
exert  if  endoacd  in  the  vessel  separately  at  the 
same  temperature ;  in  other  words,  a  substance 
in  which  the  elasticity  of  each  appreciable  par- 
ticle, bow  small  soever,  b  a  property  independent 
of  the  preseoce  of  other  particles.    Absolutely 
perfect  gaaes  are  not  found  in  nature ;  but  air  is 
sufficiently  near  to  the  condition  of  a  periect  gas 
for  tbermometric  purpoAe& — The  ordinary  zero 
of  tbermometric  scales  is  the  temperature  of 
melting  ice  (as  in  the  Centigrade  and  Beaumur's 
scales),  or  a  point  at  an  arbitrary  number  of 
de^^rees  below  that  temperature,  (for  example, 

32^  in  Fahrenheit's  scale) Tho  <A$olute  zero  of 

goMtoue  temnon  is  the  temperature  at  whidi  a 
perfect  gaa  would  exert  no  pressure,  if  it  were 
pQBsib&e  to  obtain  a  perfect  gas  at  a  temperature 
so  low.  This  poin^  according  to  the  most  re- 
cent determination,  is  274°  Centigrade,  or  49d°-2 
Fafarmbeit,  bdow  the  temperature  of  melting 
ke;  that  is,  461*^-2  below  the  ordinary  zero  of 
Fafaienheit*8  scale. — Temperatures,  as  measured 
from  the  xero  of  gaseous  tension,  are  expressed 
as  fcDowa: — ^Let  lo  be  the  tenperature  of  meltiag 
Ioe,  as  40  ockeasured;  I,  any  other  temperature, 
aho  neasnred  fiooi  the.aame  pcnnt ;  Po  v^,  the 
pmdnet  of  tbe  preasure  and  volume  of  a  giveu 
-aaaa  of  a  acnsibly  pefi^  gas  at  the  temperatnre 
ef  meltiog  ice ;  p  v,  the  oarresponding  product 
at  the  tenperatare  «,  tbm 


t 


PV 

Pevo 
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coincident.  Throagbout  many  of  the  papers 
referred  to,  the  formula  were  so  framed  as  to 
contain  unknown  terms,  suited  to  provide  for 
the  possibility  of  a  sensible  difierence  between 
those  zeros.  But  as,  according  to  the  latest  and 
best  experiments,  no  such  appreciable  difference 
has  be«i  found,  the  zero  and  scale  of  the  perfect 
gas  thermometer  may  be  treated  as  sensibly,  if 
not  exactly,  coincident  with  the  absolute  zero 
and  absolute  tbermometric  scale. — For  tempera- 
tares  not  exceeding  800®  Centigrade  =  572° 
Fahrenheit,  the  apparent  dilatation  of  mercury 
in  glass  is  so  nearly  uniform  as  to  be  sufficient 
for  the  practical  measurement  of  temperature. 
(See  Regnault,  Mem.  of  the  Acad,  of  Sciences, 
1847.) 

10.  JHlataium  of  Gases, — ^The  coefficient  of 
dilatation  of  a  perfect  gas,  being  the  increase  of 
volame  under  constant  pressure,  fbr  one  degree 
of  rise  of  temperature,  of  so  much  of  the  gas  as 
fills  unity  of  space  at  the  temperature  of  melting 
ice,  is  the  reciprocal  of  the  absolute  temperature 
of  melting  ice,  or 

— I —  =  0*0020276  per  degree  of  Fahrenheit. 
493-2  ^    ^ 

This  is  a  theoretical  limit  to  which  the  coeffidenta 
of  dilatation  of  gases  approximate  as  their  den- 
sities diminish  and  temperatures  increase.  Their 
actual  coefficients  of  dilatation  exceed  this  limit 
by  small  quantities  depending  on  the  nature, 
density,  and  temperatnre  of  the  gas. 

11.  Eeq)ttnsi9e  Action  of  Heat  tfi  Fluids. — 
f^  V  denote  the  volume  in  cubic  feet  occupied 
by  a  given  mass  of  any  fluid,  whether  liquid  or 
gaseous,  enclosed  in  a  vessel  of  variable  capacity, 
(such  as  a  cylinder  with  a  piston);  p,  the  pres- 
sore.  or  effi>rt  to  expand,  which  the  fluid  exerts 
against  the  interior  of  the  vessel,  in  pounds  per 
square  foot;  then  will  vdv  denote  the  effective 
or  external  work  in  foot-pounds,  performed  by 
the  fluid  during  an  indefinitdy  small  expansion 

dT,  and  y  p  d  Y  the  effeetive  work  performed 

during  any  finite  expansion,  the  relation  between 
p  and  y  being  fixed  by  the  circumstances  of  the 
case.— To  find  the  Heat-Potential  and  the  Tlier- 
mo-dynamic  Function  for  the  expansion  of  a  fluid, 
the  pressure  p  is  to  be  expressed  in  the  form  of  a 
function  of  the  volume  v  and  absolute  tempera- 
ture I,  and  tbe  general  value  of  the  integral 


For  one  poond  of  air  Pq  Y^=r2B2l4  foot-pounds 
nearly.^ — It  waa  antkipated  some  years  since,  by 
certain  theoretical  and  hypothetical  investiga- 
tioQa,  tliat  the  scale  of  the  perfect  gas  thermo- 
wooU  be  CMind  to  agree  with  the  absolute 
acale,  as  to  the  length  of  its  de- 
.,  ___>4  and  also  that  the  zeroa  of  those  scales 
would  ba  fbnnd  to  be  near  each  other,  if  not 


w 


=  fvdy 


dv 


found,  on  the  supposition  that  t  is  constant ;  then 

will 

//w  /*df 

*" "~  iTt  "~y  ~dT 

be  the  Heat^Potential,  and  the  Thermo-dynamic 
Function  will  be 

^  =  K  .  log,,  t  +  /^l   "^  ^   ""'^' "^ 
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fuot-pouncUi,  of  the  whole  qaantity  of  heat  d  h, 
whid)  must  be  communicated  to  unity  of  weight 
of  the  fluid  in  order  to  produce  simultaneously 
the  indefinitely  small  variation  of  temperature  d< 
and  the  indefinitelj  small  variation  of  volame 
d  V,  we  find, 

du  =  t(.^^dt  +  ^^.dy\ 
\dt  *    dv         / 

(/»V  fi*  v       \  dp 

vrhich  is  the  general  equation  of  the  expansive 
action  of  heat  in  a  fluid. — If  this  expression 
be  analyzed,  it  is  found  to  consist  of  the  fol> 
lowing  parts: — I.  The  variation  of  the  actual 
heat  of  unity  of  weight  of  the  fluid  k  d  t 
— 11.  Ths  heat  which  disappears  in  producing 
work  by  mutual  molecular  actions  depending  on 
change  of  tempentnre  and  not  on  change  of 


Applying  this  function  to  the  determination,  in   of  a  number  of  points,  a,  c,  d,  b,  will  indieate 

a  number  of  praseiires  and  volumes  assumed  at 
different  instants,  and  a  carve,  such  as  ▲  o db, 
will  indicate  by  its  co-ordinates  the  giadoal 
changes  of  pressure  and 
volume  of  the  fluid  mass 
during  some  given  process. 
Let  the  process  under  con- 
sideration be  expansion  a- 
gainst  a  piston  at  a  given 
absolute  temperature  £,  from 
the  volame  o  a  =r  v^ ,  to 
the  volume oi=ya.  The 
absolute  temperature  t  be-   A. 
ing  given,  fixes  the  pres- 
sure  p   correspondhig   t  trig.  ia. 
any  given  volume  ▼,  and 
consequently  determines  the  fixrm  of  the  curve 
AB.    Let  odz^AY  represent  the  increase  of 
volume  daring  a  given  small  portion  of  the  ex- 
pansion; and  let  the  pressure  at  the  beginidug 
of  this  portion  of  the  expansion  be  c  e  =  p.  The 
work  performed  by  the  action  of  the  fluid  against 
the  piston  during  tliis  small  increase  of  volame 
will  be  approximate^  equal  to  the  rectangle 

ccX<^<'=^^^f  >°d^^*°^*I^<^<'f  thedoeer 
will  be  the  approximation;  and  if  the  whole 
expansion  be  subdivided  into  a  number  of  small 
parts  snch  as  c  d^  the  whole  work  peilbnned  by 
the  action  of  the  fluid  against  the  piston  will  be 
approximatdif  equal  to  tiie  sum  of  all  the  rect- 
angles such  as  p'AT,  a  sum  denoted  by  the 
symbol 


volume  t 


V    (f«  p 


dv  ,dt    The  lower  limit 


of  this  integral  is  made  to  correspond  to  the 
state  of  indefinite  rarefaction,  that  is,  of  perfect 
gas,  in  which  these  actions  are  nulL    Let  d  =: 

—  be  the  density,  or  weight  of  unity  of  volume 

of  the  fluid ;  then  we  have,  as  a  more  convenieint 
form  of  the  integral 

*  0 


D« 


in.  The  Latent  Heat  of  Expansion,  heat  which 
disappears  in  performing  work,  partiy  by  the 
forcible  enlaigement  of  the  vessel  containing  the 
fluid,  partly  by  mutual  molecular  actions  de- 

Jp 
pendmg  on  expansion,  t  — _  d  v. 

The  heat,  expressed  in  units  of  work,  which  most 
be  communicated  to  unity  of  weight  of  a  fluid  to 
produce  any  given  finite  changes  of  temperature 
and  volume,  is  found  by  int^ating  the  expres- 
sion 8.  Now  that  expression  is  not  the  exact 
differential  of  any  function  of  the  temperature 
and  volume ;  consequently  its  integral  does  not 
depend  solely  on  the  initial  and  final  condition 
of  the  fiuid  as  to  temperature  and  volume,  but 
also  upon  the  mode  of  intermediate  variation  of 
those  quantities. 

Note. — The  nature  of  the  functions  mentioned 
in  this  section  is  much  elucidated  by  representing 
them  geometrically.  Let  o  x,  o  y,  be  a  pair  of 
rectangular  axes.  Let  abscissas,  measured  from 
o  T  parallel  to  o  x,  such  as  o  rx,  o  c,  od,ob, 
represent  volumes  assumed  at  different  instants 
by  a  fluid  mass,  and  ordinates,  measured  from 
o  X  parallel  to  o  t,  such  a  a,  c  c,  <2  d,  6  b,  the 
corresponding  pressures.    Then  the  co-ordinates 


The  smaller  and  the  mora  Bomenma  the  parta 
such  as  ed  into  which  the  expansiaii  is  divided, 
the  more  nearly  does  Che  som  of  the  rectaa^tea 
expressed  above  approach  to  the  eaead  vmloe  of 
the  work  performed,  which  Is  the  area  a  a  b  6  a, 
denoted  by  the  symbol ; 


=/, 


rdvt 


(M 


a  symbol  expressing  the  fact,  that  this  ana  ia 
the  Umit  to  which  the  sum  of  rectangles  (a)  ap- 
proximates the  more  closely,  the  more  naoMRNia 
and  the  narrower  the  rectangles  of  whidi  that 
sum  is  composed. — ^Now  let  the  same  expanaloii 
be  undergone  by  the  fluid  mass  at  an  abeolma 
temperature 

t—  At 

where  A  t  u  a  small  diflkenoa  of  temperatore ; 
and  let  the  oo-ordinates  of  the  earve  b  r  exprasa 
the  relation  between  the  pressores  and  voluuiea 
successively  assumed  nndtdr  then  dreomstaBoea. 
The  area  an  Mb  a  will  represent  tlw  work  pei^ 
formed  during  the  expanskm  firom  y^  to  ▼.  s^ 
this  new  temperature ;  and  the  area  ▲  b  b  b  ss 
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•  A  B  5  «  «.  •  c  n  ft  a=s  A  wwin  be  tiM  sorfolkMi 
M  At  wiPrtb  ptrfirmed,  arising  ftook  the  variation 
ofiampuutuiti  a  t  Now  the  more  the  variation 
of  tenfMnfeuc  At  h  dimiaiBhed,  the  morenearlj 
wffltfaentio 

Aw 
At 

aiipcoziiDftteto  a  caiamUmUing  ratio  deaottA  by 

dw 
dt' 

irhidi  b  the  rials  of  variation  with  temperature 
ofthe 


=/. 


F  JV 


by  the  floid  against  a  pfiton  in  ex- 
r*^*^*"ig  &om  the  Tolume  v^  to  the  volome  Vb  at 
the  abaotate  temperature  t  Thia  rate  of  varia- 
twn  is  also  the  difference  ^  —  ^ ^  between  the 
valnea  of  the  Thenno-dynamic  Function  for  the 
tvo  atatea  of  the  fluid  denoted  by  the  points  a 
sad  B  OB  the  diagram. 

12.  Tnirimc  Energg  of  a  Fhdd.  —  Another 
Bode  of  analyzing  the  ezprearion  (8)  is  as  fol- 


I.  Therariationof  actoal  beat,asbefore|K(ft 
IL.  The  eaelemal  work  performed,  Fdv, 
II  I.  The  internal  work  peiibnned,  in  oyeroom- 
liig  molecnlar  fbroes,  viz : — 


i\.it-\- 


{'¥.-') 


dy. 


Koertbb 
of  a 


qvHitity  is  the  exact  difiknntial 
of  the  tamperatua  and  Tolome^ 


U5(9.) 


A  gNcD  Talne  of  u  expresses  the  woric  required 
ta  ayeiniine  moleealar  forces,  in  expanding  unity 
af  adght  of  a  floid  from  a  given  state,  to  Uiat 
«f  parfbet  gas;  and  the  excess  of  the  actual 
of  tht  ioid  abova  this  (joantity,  or 


Kt —  IT, 

Is  Oe  Fmlrvuic  Energy  of  the  fluid,  or  the  work 
wUdh  it  ia  capable  of  girhig  oat,  in  changing 
tnm  agiren  atate as  to  temperature  and Tolnme, 
te  a  state  of  total  privation  of  tieat  and  indefinite 
^^|i^i^iff.  Lei  bte  solBxaa  a,  b,  denote  the 
iCitea  of  tba  fluid  at  the  beginning  and  end 
ef  aay  giren  aeries  of  cliaogea  of  temperature  i 
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an  external  source  neoessaxy  to  prodnee  thosd 
changes;  then 

Ha.  B  —  /  P<fv=(KX— U),  —(Kt— u)a  (10.) 

that  Is  to  say: — the  excest  of  the  heat  abeorbed 
above  the  external  work  performed  it  equal  to 
the  increase  of  the  uUrinsie  energy;  so  that  this 
exceee  depends  on  the  initial  and  final  states 
only. 

18.  Eajirettion  of  the  Thermo-^^namie  f\me- 
iion  in  terms  of  the  Tarq}eratttre  and  Pressure, 
The  volume  of  unity  of  weight  of  a  fluid  v, 
its  expansive  pressure  p,  and  its  absolute  tem- 
perature tf  form  a  system  of  three  quantities, 
of  which,  when  any  two  are  given,  the  third 
is  determined.  In  the  preceding  sections,  the 
volume  and  temperature  are  taken  as  independent 
variables.  In  some  investigations  it  is  convenient 
to  take  the  pressure  and  temperature  aa  indepen- 
dent variables,  the  volume  lieing  expressed  as 
their  function.  The  following  expression  of  the 
Thermo-dynamio  function  in  terms  of  this  pair 
of  independent  variables  is  taken  finom  an  un- 
published cpi^nuation,  now  in  the  hands  of  the 
Royal  Society  of  Edinboi^b,  of  one  of  the  series 
of  papers  already  referred  to.  Let  to,  as  before, 
be  tlM  absolnte  temperature  of  melting  ice; 
Po  Vq  the  product  of  the  pressure  and  volume 
of  unity  of  weight  of  the  fluid,  in  the  perfectlg 
gaseous  state,  at  that  temperature ;  tlien 

By  the  aid  of  the  above  equation,  and  of  tlie 
following  well  known  theorem, 


TdY=z/       rdp-\'  Pb  v. — Pa  Vi 


(12.) 


all  the  equations  of  the  preceding  seotioos  are 
easily  tntnaformed. 

14.  Principal  AppHicalums  of  the  laws  if  the 
Egpantive  Action  ofHeaL-^Tbe  relation  between 
the  temperature,  pressure,  and  density  of  any 
particular  substance  being  known  by  experiment, 
the  principles  of  the  preceding  sections  serve 
to  compute  the  quantity  of  heat  which  will  be 
absorbed  or  emitted  under  given  circumstances; 
and  conversely,  in  some  cases  when  the  quantities 
of  heat  absorbed  or  emitted  under  given  drcnm- 
stances  are  known  by  experiment,  the  same 
principles  serve  to  determine  relations  between 
the  temperature,  pressure,  and  density  of  the 
substance.  The  chief  aulgects  to  which  the 
principles  of  the  expansive  action  of  heat  are 
applicable,  are  the  following  :—Beal  and  Ap- 
parent Specific  Heat :— The  Heating  and  Cooling 

Gases   and  Vapours  by  Comprenion 


of  Gases   and  Vapours  by  Comprenion  and 
iA.Bt  the  anpply  of  baU  Iknm  |  Expanaion:^-jrheVeloci^ofSollndinGa8e$:-<- 
4^7  2E 
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The  Free  Expansion  of  Gases :  —The  Latent  and 
Total  Heat  of  Evaporation  of  Fluids: — The 
Efficiency  of  Thenno-dynamic  Engines: — The 
Latent  Heat  of  Fusion.  Most  of  these  subjects 
have  reference  to  sulistances  wholly  or  partially 
in  the  gaseous  condition ;  for  it  is  in  that  'con- 
dition only  that  we  have  power  to  regulate  arti- 
ficially tlie  mode  of  expansion  and  contraction 
of  suiietances  to  an  extent  appreciable  in  practice. 
16.  Uteal  and  Apparent  Spedfio  Heat. — ^These 
terms  have  been  explained  in  a  previous  section. 
The  symbolical  expression  for  the  apparent  spe- 
cific heat  of  a  given  substance,  stated  in  units  of 
work  per  degree  of  temperature  in  unity  of 
weight,  is  as  follows  i^ — 


K'  =  45^  =  t.i;^=K+/-4f^...03.) 


dt 


dt 


dt 


In  which  the  term  k  is  the  real  specific  heat, 
or  that  which  actually  makes  the  substance 
hotter,  being  a  constant  quantity;  while  the 
other  term  represents  the  heat  which  disappears 
in  performing  work,  internal  and  external,  for 
each  degree  of  rise  of  temperature.     The  co- 


efficients 


d,  ^ 
dt 


and 


d .  F 


represent  respec- 


tiv£ily  the  rates  of  variation  with  temperature 
of  the  Thermo-dynamic  function  and  heat-po- 
tential, under  the  circumstances  of  the  particular 
case.  With  respect  to  liquids  and  solids,  it  is 
impossible  to  regulate  artificially  the  mode  of 
variation  of  the  Thermo-dynamic  function  to  an 
extent  appreciable  in  practice.  For  substances 
in  these  states,  the  apparent  specific  heat  in- 
creaiUis  with  rifle  of  temperature  at  a  rate  which 
is  slow,  but  whicli  appears,  as  theory  would  lead 
us  to  expect,  to  be  connected  with  the  rate  of 
expansion.  For  Gases,  the  mode  of  variatbn  of 
the  Thermo-dynamic  function  with  temperature 
may  be  regulated  artificially  in  an  arbitrary 
manner,  so  as  to  vary  the  apparent  specific  heat  in 
an  indefinite  number  of  ways.  It  is  customary', 
however,  to  restrict  the  term  ** Specific  heat" 
in  speaking  of  gases,  to  two  particular  cases; 
tliat  in  which  the  volume  is  maintamed  constant 
during  tlie  variation  of  temperature,  and  that  in 
which  the  pressure  is  maintained  constant  The 
specific  heat  at  constant  vohme^  is  thus  expressed 
in  units  of  work  per  degree,  being  deduced  firom 
the  expression  7,  for  the  Thermo-dynamic 
function. 

J'!jJ.<iv 0<0 

oc 
For  a  theoretically  perfect  gaa,  k,  =  k  ...(14  a.) 

The  specific  heat  under  constant  pressure,  deduced 
from  the  expression  11  for  the  thenno-dynamic 
function,  is  as  follows : — 

t-0  •/   .    dt* 


.(16  A.) 
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For  A  theofedcall J  perfect  gaa, 

«^=K+i^», 

'0 

being  simply  the  real  specific  heat,  increased  by 
the  work  performed  by  unity  cf  wdght  of  the 
gas  in  undeiigoing,  at  any  constant  pressure,  the 
expansion  corresponding  to  one  d^ree  of  rise  of 
temperature ;  a  quanti^  of  work  which  is  oonstaot 
for  a  given  perfect  gas  under  all  circnmatance^ — 


d*  f»         -  <fa  V 
The  quantities  --^  and 


dt* 


dt* 


representing 


the  deviation  of  the  laws  of  the  elastidtr  of 
actual  gases  from  those  of  the  ideal  coadition 
of  perfect  gas,  are  so  small,  that  their  efll^cts  on 
Apparent  specific  heat,  though  caictdable,  &U 
within  the  probable  limits  of  errors  of  obserra- 
iion  in  the  direct  experiments  hitherto  made 
on  the  specific  heat  of  the  more  common  gasea^ 
.such  as  air  and  carbonic  acid.  Referring,  tliere- 
fore,  to  the  detailed  papers  already  cited,  for 
computations  of  the  effects  of  such  deviation^ 
it  will  be  sufficient  for  practical  purposes  to  <90ii- 
sider  the  specific  heats  of  gases  as  represented  by 
the  formuIsB  14  a  and  15a.  The  specific  heats 
of  gases,  as  expressed  in  the  customary  way, 
by  their  rati<»  to  that  of  water,  are  found  hj 
dividing  the  quantities  in  these  formulss  by 
Joule's  equivalent  (j),  and  may  be  thus  ex- 
pressed:^ 


.(IC.) 


c=  —1:      c'  =  — ~ 
J  J 

Before  the  period  of  M.  Regnault's  experiments 
on  a  great  variety  of  gases  and  vapours,  pub- 
lished in  the  Comptes  Rendus  for  1853,  no  trust- 
worthy direct  experimental  determination  of  the 
specific  heat  of  any  gas  or  vapour  existed, 
except  an  approximate  determination  by  Mr. 
Joule,  made  in  1852,  of  the  specific  heat  of  air. 
In  one  of  the  papers  referred  to  in  the  preceding 
sections,  however,  {Edinbwrgh  ^Tmauactions^ 
1850)  the  d^-namical  specific  heats  of  ur  had 
been  computed  from  the  following  data : — 

1*0  '^oi  from  M.  Regnault's  experiments,  26214 
foot-pounds,     fo  =  498'''2  Fahrenheit. 

. '.  K,  —  K»  =  -^  — ®-  =  63*16  foot-pounds  per 

'o 
degree  of  Fahrenheit. 

y  =  — ^,  as  deduced  from  the  velocity  of  sound 

in  air,  assumed  in  the  paper  referred  to  as  ap- 
proximately =  1*4;  but  a  more  exact  value  is 
1*408.     Consequently, 


t, 


1       _  63-15         ,,„. 


foot-pounds  per  degree  of  FahrenhdL 

K, = i:«^  .  _->L .  =  6315  X  i:^^®  - 

/o         y  —  1  0-408  — 


183-45  foot-pounds  ^  di^gree  of  Fahrenheit 
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HcDOB  b  deduced  tbe  foUowiog  ratio  of  the  spe- 
ct6c  heel  of  air  under  oonsUiit  pressure  to  that 
of  water, 

Kr  _  183-45 
"i  772 
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=  0-2377. 


log.^=(y-l)log.Ii: 


or. 


=(>;)'-'  =( 


y  — •  1    1      Po' 
Z log.-i 


k") 


c'  aocording  to  H.  Reg- 
Mttlfs  experiflunLB  pub.  1853,      0-2379 

Difference*      0-0002 

V.  Joa1e*8  approxiiBate  determination  in  1832 
was  0-23.  According  to  the  dvnamical  theory 
of  heat,  the  apparent  specific  heat  of  a  gas  nnder 
eonstant  pressure  b  sentibfy  the  taine  at  allprt»- 
Janet  carf  leeyerg/arM,  if  the  gas  is  nearly  pei^ 
IbcL — ^Accordtng  to  the  hypothesis  of  tubtlantial 
thai  specific  heat  dimittisheM  of  the  pret- 
tncreofef,  according  to  a  law  which  is  stated 
in  most  treatises  on  physics,  e\-en  of  the  most 
recent  dates  (in  some,  indeed,  as  confidently  as 
if  it  were  an  observed  fact)--The  experiments 
of  M.  B^gnault,  by  which  the  specific  heat  of  air 
nnder  constant  pressure  was  determined  at  rarions 
temperatmes  fh)m->-22°  Fahr.  up  to  437°  Fahr., 
and  at  variooe  pressures  of  from  one  to  ten  at- 
moqibezcs,  and  fonnd  to  be  sensibly  the  same 
onder  all  these  circumstances,  constitute  *'  expe- 
rimenta  crods**  conclusive  against  that  '*  idolon 
fori,*'  the  hypothesb  of  caloric.  Those  experi- 
ments also  atford  evidence  of  the  fact,  that  the 
ocde  of  the  air  thermometer  sensibly  agrees  with 
that  of  absolute  temperatures. 

16.  UeoHitg  and  Cooling  ofGau$and  Vapowrt 
1^  Compreuhn  and  Expansion. — If  a  substance 
wbf^y  or  partially  in  the  state  of  gas  or  vapour 
be  enclosed  in  a  vessel  which  does  not  conduct 
any  appreciable  amount  of  heat  to  or  from  the 
aobstance,  then  the  compression  and  expansion  of 
the  substance  through  variations  of  the  volume 
of  Um  veseel  will  produce  respectively  heating 
and  cooling,  according  to  a  law  expressed  by  the 
condition,  that  the  Thermo-dynamie  function  is 
comsUsnt, — The  following  equation  contains  two 
Bodes  of  expressing  this  condition,  deduced  from 
tiie  exprassions  7  and  11  respectively : — 


Ing^l—  /*  -^^-rfp  =  constant (16a.) 


From  equation  16  is  easily  deduced  the  law  of 
the  variation  of  the  pressure  with  the  volume  of 
any  fluid  enclosed  in  a  nonconducting  vewel, 
viz.  I— the  rate  of  variation  of  the  pressure  with 
t?te  volume,  when  the  fluid  is  enclosed  in  a  non- 
conducting vessel^  exceeds  the  rate  of  variation 
when  the  temperature  is  constant,  in  the  ratu>  of 
the  apparent  specific  heat  of  the  fluid  <U  constant 
pressure  to  its  apparent  specific  heat  at  constant 
volume: — a  law  expressed  symbolically  as  fol- 
lows : — 

dTP_ 

d.T  d  t 

=  — y 


For  a  perfiect  gaa,  we  have 
dt         ItV  di 


19.11',    hence. 


d.y 


dv 
di 


.(13.) 


For  a  perfect  gas  this  becomes, 
d.y 


,  as  equation  17  also  shows. 


The  cooling  of  air  by  expansion  has  been  applied 
by  Dr.  Gorrie  to  the  manufacture  of  ice,  and  by 
Professor  Piazzi  Smyth  and  llr.  Bankine  to  ven- 
tilation. 

17.  Velocity  of  Sound  in  ^oiei.— The  velocity 
of  sound  in  any  fluid  is  well  known  to  be  equal  to 
that  acquired  by  a  heavy  l>ody  in  falling  through 
one-half  of  the  height  which  represents  the  varia- 
tion of  the  pressure  of  the  fluid  with  its  density 
during  a  sudden  change  of  density.  That  is  to 
say,  let  v  be  the  velocity  of  sound  in  feet  per 
second,  g  the  accelerating  force  of  gravity  in  a 
second  =  32*2  feet  per  seoond,  d  the  weight  of 

one  cubic  foot  of  the  fluid  in  pounds  =  —  ,  and 

V 

p  it<)  clastic  pressure  in  pounds  per  square  foot ; 

then  ^ 

V       dp 


V  = 


^•-rf 


D 


let  Pi,  T|  correspond  to  one  given  absolute  tem- 
pcratore  f],  and  p^,  Tf,  to  another  given  abso- 
kte  temperature  tf ;  then  Ux  a  perfect  gaa,  or  a 
gti  wmnkHy  perfccti 
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During  the  transmission  of  a  wave  of  sound,  the 
compression  and  expansion  of  the  particles  of  a 
fluid  take  plnce  po  rapidly,  that  there  is  not  time 
for  any  appreciable  transmission  of  heat  between 
diflierent  particles,*  and  the  variations  of  the 
pressure  and  density  are  related  to  each  other  as 
they  would  be  in  a  nonconducting  vessel;  conse- 
quently, if  h  represent  the  rate  of  variation  ot 
pressure  with  density  at  a  constant  temperature, 
then  it  follows  from  the  principle  of  oquatbn  18, 

that  ^i^=yA,and 

do  ^^___ 

»=  Vgy~h   


(10.) 

This  equation  was  long  since  proved  by  Laplace, 

•  Proved  by  PioC  6.  a  Stokea 


HBA 
and  Poiison  for  perfect  gases,  for  which 

A  =  PV=:J^^_VO|»    (19  ^j 

but  it  is  true,  as  we  have  seen,  for  all  fluids 
whatsoever. — Applying  the  formula  to  air,  con- 
sidered as  a  sensibly  p^ect  gas,  with  the  follow- 
ing data: — 

y  =  1-408 ;   p©  Vo=  26214 ;   <  =  ^o ; 

The  foHowing  is  found  to  be  the  vdo-  Feet 
city  of  sound  in  pure  dry  air  at  the  P^r  second 

temperature  of  melting  ice 1090-2 

The  velocity  by  experiment  is : — 
According   to   MM.    Bravais   and 

Martins 1090*5 

According  1o  MM.  Moll  and  Van 

Beek  10901 


Experiments  on  the  velocity  of  sound  serve  to 
determine  the  ratio  y  of  the  spedflc  heats  of  a 
gas  at  o(mstant  pressure  and  at  constant  volume. 
For  Oxygen,  Hydrogen,  and  Carbonic  Oxide,  it 
is  sensibly  the  same  as  for  air;  for  Carbonic  Acid, 
considerably  less.      (Edinburgh    TrantaciionSf 

vol.   XX.) 

18.  /Ves  Eajfaruion  qf  Gases  and  V<qHAKn. — 
When  the  expansion  of  a  gas  talces  effect,  not  by 
enlaiging  the  ^'essel  in  which  it  is  oontdbed,  and 
so  periforming  work  on  external  bodies,  but  by 
propelling  the  gas  itself  from  a  space  in  which  it 
is  at  a  higher  pressure  p^  into  a  space  in  which 


it  is  at  a  lower 
represented  by 


pressure  Pb  ,  a  portion  of  worilc 


/ 


.P. 


V  rfp, 


is  employed  wholly  in  agitating  the  particles  of 
the  gas ;  and  when  the  agitation  so  produced  has 
entirely  subsided  through  the  mutual  fiiction  of 
those  particles,  an  equivalent  quantity  of  heat  is 
developed,  which  neutralizes  the  previous  cooling, 
wholly  if  the  gas  is  perfect,  partially  if  it  is  im- 
perfect The  equation  representing  the  result  of 
this  process  is  the  following : a— 


tdip=  I 

A.       *y  p- 


vdp 


.(20.) 


In  this  equation,  let  the  lliermo-dynamic  func- 
tion be  expressed  in  terms  of  the  temperature 
and  pressure,  as  in  equation  11,  and  let  k,  be 
put  for  its  value,  according  to  equation  16 ;  then 
ve  have 


-x.\'Tt-^y^'''-^ 
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qnestidn,  was  first  obserred  by  Mr.  Jodie,  and 
Professor  William  Thomson,  jobitly,  to  determiiie 
experimentally  the  relation  between  the  timcitam 
scale  of  temperature,  and  that  of  the  air  thenno- 
meter,  which  had  previously  been  to  a  cooBider- 
able  extent  a  matter  of  conjecture  and  hypotbesas. 
In  such  experiments  the  variation  of  tempentm« 
which  takes  place  is  very  amaU,  hence  we  bii^ 
put  approximatdj- 

.Pa 
K,Af=(   t^ 1  J    /       vdp  ...(21.) 


•=('^-')/: 


where  t  is  the  mean  of  /^  and  tt ,  and 

is  the  final  ooolmg  efiiect. — Let  t  represent  tem- 
perature measured  by  the  air  thermometer  oo  the 
ordmary  scale,  and  k  the  dynamical  specifie 
heat  of  the  gas  under  constant  presauni  as  r»- 
ferred  to  this  scale,  which  is  fimned  by  multiply- 
ing the  specific  heat  as  given  by  M.  Begnault, 
by  Joule*s  equivalent  Let  the  absolute  tem- 
perature t  be  regarded  as  a  function  of  t, 

<=/(T) 

whose  form  is  to  be  ascertained.  Then  for  eqna* 
tton  21  we  may  put 


This  quantity  represents  the  amount  whereby 
the  heat  reproduced  by  friction  falls  short  of  that 
which  disappears  during  the  expansion,  and  for 
a  perfect  gas  is  nulL    The  phenomenon  here  in 

4^ 


ib  AT 


for  a 


Each  experiment  on  cooling  by  free  expansioo, 
gives  a  value  of  the  cooling  effect  at,  eorraspoiid- 
ing  to  a  particular  pair  of  pressures  Pa.  Pb.  The 
relations  between  p,  v,  and  t,  are  i^vcn  bj- 
formuls,  foimded  on  M.  B^nault^a  experimenta 
on  the  elasticity  of  gases*  (see  a  paper  on  the 
Centrifugal  Theory  of  Elasticity,  EdMurgk 
TVwuactums^  vol.  xx ;  also  PkUom^pihioai  Maga- 
einefor  December  1851).  Consequently,  from  eedi 
experiment  on  ftw  expansion,  there  can  be  calcn- 

kted  the  value  of  .:Cr$  =   ^'^^ 

/(T)  dT 

particular  temperature  t  on  the  air  thermometer. 
This  function,  when  multiplied  by  Joule's  equi- 
valent, is  called  CamOt's  function,  being  a 
fbnction  of  which  CamOt  pdnted  out  the  exist- 
ence, but  fiuled,  from  reasons  already  stated, 
to  discover  the  form.  Those  experiments  are 
still  in  progress;  and  so  far  as  Uiey  have  yet 
been  carried  (having  been  made  on  Air  and  Car- 
bonic Acid),  they  indicate,  that  the  absolute  aero 
of  heat  does  not  appreciably  differ  from  that  of 
gaseous  tension,  and  that  Uie  scale  of  abeolate 
temperature  eenribly  coincides  with  tiiat  of  the 
perfect  gas  thermometer.  PkUos,  Trans,  1864). 
This  fact  having  been  established,  experimenta 
on  fkee  expansion  become  an  easy  and  accurate 
means  of  ascertaining  the  rdattons  between  the 
pressures,  temperatures,  and  densities  of  Tariooa 


*  These  formnte  win  be  deaofbed  generally  ia  the 
sequel  of  this  article. 
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IhiidiL  Experiments  OB  flM  free  expsnaion 
rf  «ma  lisve  been  made  by  Mr,  C  W.  Siemeiu, 
a^dehoir  (as  theoiy  le«fa  as  to  expect),  that 
iteaoi,  after  faavinif  been  freely  expanded,  ie 
Mfoi&ealed^  or  above  the  temperatme  of  eatnra- 
tioa  oorrespoodiog  to  its  pnaeoie. 

19.  Laimt  Beat  of  EveporaHotL^  It  is 
knomi  by  experiment,  that  the  piessnie  nnder 
vhidi  a  fluid  boik  at  a  giTen  temperature,  (being 
the  least  pwasme  under  which  it  can  exist  in 
the  liquid  slater  and  the  greatest  under  which  it 
can  exist  in  the  gaseous  state,  at  the  given  tern- 
pcntiniX  ie  a  fimction  of  the  tempentore  only. 
I^  9  be  the  volnoie  occupied  by  unity  of 
vdg^  ct  a  fluid,  when  in  the  liquid  state,  at 
the  afaeolute  temperature  f,  and  under  the  cor^ 
mpondittg  pneeore  of  ebulUtkm  p,  and  y  the 
vehme  of  the  eame  weight  wlien  in  the  state 
of  safgited  vapour  at  the  same  pressure  and 
tHipentem  llien  on  applying  equation  8  to 
this  ease,  we  find  that  because  the  tempemture 
isesnstant,  the  flnt  tenn  is  =  o;  and  because 

the  pressure  is  constant,  the  factor  «  ^  of  the 

d  t 

seeoDd  term  is  constant;  so  that  the  integral  is 

<fp 


^A 


dt 


(V-lf) 


(280 


whieh  b  the  Tslne  in  units  of  woik,  of  the  heat 

which  Reappears  in  eraporadng  unity  of  weight 

of  tlM  flnU  at  the  given  temperature    Now 

■Wm  the  weight  of  fluid  evaporated  to  be 

1 
;  that  is  to  say,  so  much  of  the  fluid, 

V  •—  V 

that  its  increase  of  bulk  in  the  act  of  evaporating 
ii  one  cubic  fool;  then 

""  w 


L  = 


T  — 


di 


win  be  the  LateiU  Eetd  qf  Etftgtoraihn  m  foot- 
poimdiper  cMe  /ooi  of  ^paoe.  This  law  enables 
us  to  compute  the  expenditure  of  heat  necessary 
to  propei  a  piston  tiiroogh  a  given  space,  by 
leems  rf  a  given  vapour  at  /vU  pressure  and  at 
•By  temperature,  simply  from  the  relation  be- 
t^eeo  the  tempeiature  and  the  pressure  of  ebuJli- 
tictt,  and  without  knowing  the  density  of  the 
upoor.  The  utility  of  this  mode  of  computation 
it  erident  from  these  considerations : — ^that  the 
ve%ht  of  fluid  expended  in  any  vapour  engine 
is  of  seoondaiy  importance  in  comparison  with 
the  space  which  it  is  capable  of  filling  under  a 
SivcB  pressure^  and  with  the  expenditure  of 
heit,->snd  that  the  density  of  most  vapours 
b  edy  known  approximately,  and  in  a  great 
■CMure  by  indirect  methods  of  computation. 
The  nia  of  increase  of  the  pressure  of  d>ulUtion 


Academy  of  Scienoes),  or  from  fbrmuhs  of  the 
following  form : — 

...(26.) 


log.ioP  =  A—  .? £ 


L  =:f 


^=p(-^  +  lf).log.lO(26A.) 


rfp_ 

dt  \t    *     f 

(log,  10  =  2-8026  near]y> 

Theyorfn  of  these  equations  was  indicated  by  a 
mechanical  hypothesis  of  which  a  sketch  will  be 
given  in  a  snbeequent  section ;  the  constants  for 
certain  fluids,  as  computed  firom  H.  R^;nault'8 
experiments,  are  given  below,  for  pressures  in 
potmda  on  the  square  /oot,  and  absolute  tern- 
peraturae  in  degrees  of  Fahrenheit 

A.  log.i»  B.         log.io  c 

Water 8*39007.... S'iSeilSS  ....0*fie878O7 

Alcohol 7-9707  ....  8-8123385  ....  67583366 

JSther 7*5733  ....a-8148838  ....611170680 

**S!SS?!?.!!f  '■**»  ••••  »«>«774  ....  6.3188876 
Mercoxy.. '.'!*.'... 7 -9091  ....8-7228863 

20.  CotrgnOaHon  of  the  Density  of  Vapom' 
from  ike  Lastrnt  BeoL-^The  densities  of  vapours 
are  but  imperfectly  known  by  direct  experiment. 
The  density  of  a  vapour  at  saturation  at  a  giveu 
temperature  may  be  computed  indirectly  in  the 
following  manner:— L  being,  as  above,  the  latent 
heat  per  cubic  foot,  and  r,  the  latent  heat  per 
pound  of  the  fluid,  ascertained  by  experiments 
(such  as  those  of  M.  Begnault  on  water,  and  of 
Dr.  Andrews  on  other  fluids).    Then 


«ithihs 


ffp 
dt 


may  be  computed 


<i<htt  from  a  table  of  such  pressures  for  the  fluid 
^  fpftlm  (sadi  as  those  i^ven  by  IL  Rcgnanlt 
»  the  Jfsamvv  and   Comptes  Sendns  of  the 
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is  the  increase  of  volume  of  one  pound  of  the 
fluid  in  evaporating,  firom  which  the  density 
of  the  vapour  is  easUy  calculated.  The  densities, 
tlms  computed,  of  the  vapours  of  ^ther  and 
Snlphuret  of  Carbon,  at  their  boiling  points 
under  the  mean  atmospheric  pressure  (2116-4  lb. 
per  square  foot)  agree  almost  exactly  with  those 
computed  from  the  chemical  composition  of  these 
vapours,  supposing  them  to  be  p^ectly  gaseous. 
The  densities  of  the  vapours  of  water  and  aX- 
cohol  as  computed  finom  their  latent  heats  of 
evaporation,  are  greater  than  those  corresponding 
to  the  perfectly  gaseous  state.  For  steam  at  low 
pressures  the  difitarenoe  is  trifling,  but  increases 
rapidly  as  the  pressure  increases.  (Proo,  Boy, 
Soc  Edm.  1865> 

Exampk,    p  ^  2116-4  (one  atmosphere). 

MVtm.  BtouTph.  of  Cutteo.  Water. 

Weight  of  one  cable 
footofyapoor:— 

^"gSt  ^..^[  01863  Ib...0-1829Ibc  ..0«790 lb. 

^^1S^.".^.*??;®*1««      ..0-1880      ,.0<867» 

21.  Total  Beta  of  Evt^wration. ^Tha  total 
heat  of  evaporation  of  unity  of  weight  of  a 
fluid,  from  one  temperature^  at  another  tempera- 
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tare,  b  the  qaantity  of  heat  leqnlred  to  raise  the 
tcinpentiire  of  unity  of  weight  of  the  fluid 
from  the  first  temperatore  to  the  second,  and 
then  to  evaporate  it  at  the  second  temperature. 
Some  fixed  temperature^  such  as  that  of  melting 
ice,  is  usually  taken  fur  the  first  temperature. 
It  is  dedudble  from  equation  12,  that  the  total 
heat  of  evaporation  of  unity  of  veiglit  of  a 
fluid,  whose  vapour  is  sensibly  a  perfect  gas,  and 
very  bulky  as  compared  with  the  liquid,  from 
to,  at  ti,  is  sensibly  equal  to 

Ho  +  K,  (li  —  to> (26.) 

Steam  is  not  s  perfect  gas ;  and  its  total  heat  of 
evaporation  as  ascertained  by  experioieDt,  is  ex- 
pressed by 

Ho  +  a('i— ^) (26  a.) 

in  which  a  is  a  certain  constant^  less  than  the 
specific  heat  under  constant  pressure,  k^. — Ac- 
cording to  H.  Regnanlt's  experiments,  let  t^  be 
the  temperature  of  melting  ice ;  then 

Ho=1091'7 F. unitsX  ('72=842792IL-pounds. 

a  =  0*805  X  772  =:  235*46  foot-pounds  per 
degree  of  Fahrenheit.* 

22.  Tkermo-dynamie  Engine$y  and  their  Effi-^ 
nency.^^A,  Thermo-dynamic  Engine  is  a  piece  of 
mechanism  in  which  the  variatMns  of  volume 
and  prossuzB  of  an  elastic  fluid,  recurring  periodi- 
cally in  a  cycle,  are  so  regulated  as  to  produce 
at  each  cycle  of  variations,  or  stroke^  a  per- 
manent disappearance  of  heat,  and  development 
of  motive  power ;  which  development  of  motive 
power  is  necessarily  equivalent  to  the  heat  which 
disappears.  This  haat^  in  other  words,  is  said 
to  be  trcmtfcrmed  into  motive  power.  The 
Efficiencif  of  a  Thermo-dynamic  Engine  is  a 
fraction,  representing  the  proportion  which  the 
heat  transformed  into  motive  power  at  each 
stroke,  bears  to  the  whole  heat  expended  at  each 
stroke.  This  proportion,  in  an  engine  in  which 
no  heat  or  power  is  wasted,  depends  solely  (as 
will  presently  be  shown)  upon  the  temperatures 
at  which  the  elastic  fluid  receives  and  rejects 
heat 

23.  Diagrams  of  Energy,  Isothermal  and 
Adidbatie  Lbtes. — The  principles  of  the  action 
of  Thermo-dynamic  engines,  as  well  as  all  other 
engines,  are  much  elucidated  by  the  aid  of  geo- 
metrical flgures,  called  wdtcator-diagrams  when 
they  are  described  by  apparatus  attached  to 
actual  engines,  and  generally  diagramt  of  energy, 
(See  fig.  1.)  In  such  a  diagram  abscissn, 
measured  from  oy  parallel  to  ox,  such  as  oa, 
o6,  oc,  od^  represent  volumes  successively  as- 
sumed by  the  elastic  fluid ;  ordinates,  measured 
from  ox  parallel  to  oy,  such  as  oa,  (b,  ec, 
<fD,  represent  pressures  exerted  by  tlie  fluid. 
The  relation  between  the  pressures  and  volumes 
successively  assumed  by  the  fluid  during  a  given 
process,  is  expressed  by  a  line,  straight  or  curved, 

*  The  fonn  of  equation  96  a.  was  hypothetlcally 
antictpKted  by  Sir  John  Lubbock  In  1640. 
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such  as  AB,  the  oo-oidinates  of  any  point  is 
which  represent  a  rolnme  and  the  oonmpondlQg 
pressure.  Let  the  process  be  an  expansion  from 
the  volume  o a  to  the  volama  ob,  the 
being  the  ordinates  of 
the  curve  A  B.  Tlienthe 
areaa  A  B^  will  represent 
the  work  performed  by 
the  elastic  fluid  in  pro- 
pelling a  piston  daring 
the  expansion  in  ques- 
tion. If  the  process  were 
a  compression,  from  o  b 
too  a,  thenthesamearea 
yvonld  represent  work 
exerted  by  the  piston  od 
the  fluid.  A  atroke,  or 
cycle  ofproeesteSfKi  the 
end  of  which  the  dastle  fluid  retnma  to  Its 
orighial  condition,  is  represented  by  a  dosed  line^ 
sudi  as  abcd;  and  when  the  ehangas  take 
jdaoe  in  the  direction  of  the  letters,  so  tbat  th» 
pressure  is,  on  the  whole,  less  during  the  oom- 
pression  than  during  the  expanskm,  the  anas 
endoted  trithin  this  Ime  represents  at  once  the 
motive  power  permanently  communicated  to  the 
pbtoD  during  one  cycle^  or  stroke,  and  tbe  heat 
which  permanently  disappears.  The  lines  on 
a  diagram  of  energy  may  be  of  various  kinds  t — 
for  example :—- >An  Teotkermal  Line  represents  the 
relation  between  the  pressure  and  volume  ai 
a  given  constant  temperature.  Its  eqiuation  is 
t  =  constant  A  Line  of  No  TVoruouttton,  or 
more  briefly,  an  Adiabatie  Linej  represents  the 
relation  between  the  pressure  and  vblume  during 
the  expannon  and  compression  of  the  fluid  in  a 
nonconducting  vessel ;  consequently,  ibr  audi  a 
line,  the  Thermo-dynamic  function  is  oonstant; 
and  its  equation  is,  f  =  coostanL  Tb»  Aikermal 
Line  corresponds  to  the  absolute  scro  of  heat 
It  is  at  once  an  Adiabatfc  Line  and  an  laothecmal 
Une,  and  is  an  asymptote  to  all  other  Isothcimal 
and  Adiabatie  Lines.  For  a  perfect  gas,  the 
Athermal  Line  sensibly  ooincides  with  the 
axis  ox. 

24.  Effieienqf  of  an  Elementary  Tkermh^fna- 
mtc  Engine, — An  Elementary /Thermo-dyDamic 
Engine  is  one  in  which  the  reeeption  of  heat  by 
the  elastic  fluid  takes  place  wholly  at  one  abso- 
lute temperature  /i,  and  its  rejection  wholly  at 
another  absolute  temperature  /«.  Consequently, 
in  such  an  Engine  the  diange  between  those  two 
limiting  temperatures  must  be  made  entird|y  by 
compr^on  and  expansion  of  the  fluid.-~In 
fig.  1,  let  A  B  be  part  of  the  isothermal  line  of 
tiy  D  c  part  of  that  of  tf ;  and  let  a  p  h,  b  c  9, 
be  a  pair  of  adiabatie  lines,  corresponding  re- 
spectively to  any  two  thermo-dynamie  fim^ions 
^A.  fi.  »Ad  produced  indefinitdy  tofwards  x.— 
Then  will  ab  c  d  be  the  diagram  of  an  demen- 
tary  thermo-dynamic  engine  receiving  heat  at  ii 
and  n^ecting  heat  at  t^* — ^The  heat  received  fipom 
the  furnace,  at  each  stroke,  during  the  prooea 
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!■,  Is  #1  (fa  —  fA)=rH|,  ind  is  leprcsented 
hf  the  iodefinitelj-prodoGed  area  it  a  b  v — The 
htai  n^Ktttd  at  each  stroke,  during  the  process 
OD|  and  abstracted  by  some  refrigerating  sob- 
•lasce  (such  as  the  jet  of  cold  water  in  the  con- 
denser of  a  steam  engine)  b  t^  (f.  —  ^a  )  =  ^st 
iad  is  iqiiumled  hr  tlie  indiefinitely-produced 
ilea  MDCM.  —  The  heat  permanently  trans- 
famed  into  motive  power  at  each  stroke  is  repie- 
ssBted  by  tlie  area  a  b  c  d 

=  Hx  — H,  =  (fi  — /i)(fb  — ^a) 1 

OoBseqvently  the  ^iatmcif  of  the  engine  is 


Hi  — "f 

Hi 


'!-<« 


(27.) 


tit-f- 


The  kit   equation    exprasses  the  law  of  the 
^fasKf  ofelementory  Aerwto-^ynamie  enginee, 

26.  j^/kien^  of  Thermo -d^namio  Enffines  in 
Ctserot — ^Let  the  dosed  line  A  a  hue  dA  be  the 
diagram  of  any  thermo-dynamic  engine.  Draw 
a  pair  of  A<iiI^^fL»  Unes  a  m,  b  x,  toodiing  the 
,  closed  line  in  a,  b,  r&- 

8pectirely,and  indefinitely 
prodnoed  in  the  direction 
o  X.     Tlien  throughout 
the  process  represented  b}' 
tlie  part  a  a  6  b  of  the 
diagram,  the  fluid  is  re- 
ceiving heat,  and  through- 
out the  proeess  is  lepre- 
MBted  by  the  part  b  c  </ a, 
Fleeting  heat — Cut  an 
Barrow  band  from  the  diagram  by 
any  pair  of   uidefinitely-ckMO  Adiabatic  lines 
ndm^  hen^  corresponding  to  tlie  Thermo-dy- 
Bsoie  fimctioos  fi  f  -{-  <l  f,  respectively ;  and 
let  the  aboohite  tempwatures  corresponding  to 
the  eiemmts  a&,  cd,  be  fi,  l^,   respectively. 
Then,  treatu^  the  band  a  6  e  d  as  the  diagram  of 
•B  elemeotary  eogine,  we  find- 
Heat  received  during  the  process  ab  =  indefin- 
itely-produced area  mabn  =  dBi=:tid^\ 
Beat  r^^ected  during  the  process  od=z  indefin- 
hdy-prodooed  area  mden=zdB^=zt2dp; 
Best  transformed  into  motive  power  =  area  abed 
=  (f  Hi  —  dUf=z(ti  —  if)  dp, 

Cooseqnently,  whole  heat  reodved  by  the  fluid 
per  stroke, 


sreavAaiBir 


Heat  reacted  per  stroke, 


tu 

=  Hi=l 


hdp\ 


s:areaiiA<feBH 


=  Hs=  / 

J  pK 


tt^r^ 


Heat  tnuHfbrmed  into  motive  power  per 

stroke, 
sareaAa6Bc<iA=:nx  —  Bj 

'f. 

(/i-/i)rf^ 


(28.) 
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26.  TkenM'd^natttMi  Engines  of  Sfaximmn 

EJgiatneg Between  given  Umils  of  temperature^ 

tha  efficiency  of  a  Thermo-dynamic  engine  is  the 
greatest  possible,  when  the  whole  reception  of 
beat  takes  place  at  the  higher  limit,  snd  the 
whole  rejection  of  heat  at  the  lower ;  that  is  to 
say,  when  the  engine  is  an  elementary  engine; 
and  the  theoretical  efficiency  of  such  an  engine 
is  independent  of  the  nature  of  the  fluid  em- 
pbyed. 

27.  Of  the  Heat'Eeonomizer^  or  Regenerator. 
— To  fulfil  strictly  the  above  condition  of  maxi- 
mum efficiency  between  given  limits  of  tempera- 
ture, the  elevation  of  the  temperature  of  the  fluid 
must  be  performed  wholly  by  compression,  and 
the  depression  of  its  temperature  wholly  by  ex- 
pansion: operations  which  are  in  many  cases 
impracticable,  from  the  great  bulk  of  cylinders 
which  their  performance  would  require. — This 
difficulty  is  almost  entirely  avoided  by  the  fol- 
lowing process,  for  producing  alternate  elevatioa 
and  depression  of  temperature  with  a  small  ex- 
penditure of  heat,  invented  about  the  year  1816 
by  the  Rev.  Doctor  Bobert  Stirling,  and  subse- 
quently impro^-ed  and  modified  by  Mr.  James 
Stirling,  Captain  Ericsson,  and  others — ^The 
fluid  whose  temperature  is  to  be  lowered  is  passed 
through  the  interstices  of  an  apparatus  called  an 
Eoonomixer  or  Regenerator^  formed  by  a  number 
of  thin  plates  of  metal  or  other  solid  conducting 
substance,  or  of  a  network  of  wires,  exposing  a 
great  surface  within  a  small  space.  The  material 
of  the  economizer  becomes  heated  by  the  cooling 
of  the  fluid.  When  the  temperature  of  the  fluid 
is  again  to  be  raised,  it  is,  passed  through  the 
interstices  of  the  economizer  in  the  contrary 
direction,  and  the  heat  which  it  had  previously 
given  out  is  in  part  restored  to  it— It  is  impos- 
sible to  perform  this  process  absolutely  without 
waste  of  heat ;  but  by  giving  a  sufficient  mass 
and  surface  to  the  economizer,  the  waste  may  be 
reduced  to  a  small  amount  In  some  experi- 
ments by  Mr.  Siemens,  on  air,  the  waste  of  heat 
at  each  stroke  appears  to  have  been  about  one- 
twentieth  part  of  the  heat  alternately  abstracted 
from  and  restored  to  the  air. 

27a.  Jsodiabatic  Lines,  —  One  condition  of 
the  economical  working  of  the  economizer  is,  that 
the  quantity  of  heat  given  out  by  the  fluid 
during  any  given  stage 
of  the  lowering  of  its 
temperature  shall  be  equal 
to  the  quantity  received 
by  it  during  the  corre- 
sponding stage  of  the 
ridsmg  of  its  tempera- 
ture. This  condition  is 
realized  in  the  following  ^ 
manner.^I^et  e  p  be  an 
arbitrary  line  represent- 
ing the  mode  of  varia- 
tion of  the  pressure  and  volume  of  the  fluid  during 
the  lowering  of  its  temperators. — Let  o  b  be  the 
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eomspoBding  Hue  for  the  nisliig  of  the  temper- 
atare  of  the  flnid — Let  k  l,  m  n,  be  any  pair 
of  isothermal  lines,  interBecting  a  h  in  a  and  d, 
and  B  F  in  B  and  c,  rapectivdy.  Let  ^^^  ^, 
^e.  fb,  he  the  Thermo-dynamic  functions  for  these 
foor  pofaits.  Then  i^  for  eveiy  possible  pair  of 
isothennallinesi 

the  lines  e  f  and  a  h  have  the  required  property, 
and  are  said  to  be  Isodiabatic  with  respect  to 
each  other. 

28.  Thermic  Lines  for  a  Perfect  (Tof.— Each 
Itothermal  Line  for  a  Perfect  Gas  is  a  common 
rectangolar  hyperbola,  whose  asymptotes  are 
o  z,  o  T,  its  equation  being, 

p  ▼  =  -  -  Po  Vq  =  constant (29.) 

'o 

Each  Adiabaiic  Line  for  a  Perfect  Gas  is  a  curve 
of  the  hyperbolic  kind,  having  oz,  or,  for 
asymptotes,  its  equation  being 


p .  vy  =  c<  =  constant. 


(80.) 

Each /KIM*  ofhodiabatio  Lines  for  a  Perfect  Gas 
are  so  related  to  each  other,  that  if  ▼,  y',  be  the 
absdssn  of  the  points  of  intersection  of  these  two 
lines  lespectivdy  with  one  and  the  same  isother- 
mal line,  the  ratio  v:  V  is  a  constant  quantity 
fas  all  isothermal  lines.  The  same  is  the  case 
with  the  ratio  p:  p'.  It  follows  from  this,  that 
all  straight  lines  of  constant  volume,  parallel  to 
OT,  are  mutually  isodiabatic,  (which  is  equiva- 
lent to  saying  that  the  specific  heat  at  constant 
volume  is  constant),  and  also  that  all  straight 
lines  of  constant  pressure,  parallel  to  oz,  are 
mutually  isodiabatic,  (whidi  is  equivalent  to 
saying  that  the  specific  heat  under  constant  pres- 
sure is  constant) 

29.  Thermo  Lines  for  Saturated  Vapour, — 
When  a  fluid  mass  at  a  given  temperature  is 
under  the  pressure  of  ebullition  for  that  tempera- 
tore,  it  may  be  either  wholly  in  the  liquid  state, 
wh(dly  in  the  state  of  saturated  vapour,  or  par- 
tially in  those  two  states,  and  may  occupy  any 
volume  from  that  of  comfdete  Uquefection  to  that 
of  complete  evaporation.  Hence  the  Isothermal 
line  for  this  condition  is  a  limited  straight  line 
parallel  to  o  z ;  and  the  distances  of  the  eztre- 
mities  of  that  line  from  o  t  represent  the  volumes 
of  the  mass  in  the  states  of  liq^  and  of  saturated 
vapour  respectively,  at  the  given  temperature. — 
The  exact  equation  of  an  Adiabatio  curve  for  a 
mixture  of  liquid  and  saturated  vapour  is  very 
complex.  Examples  of  its  application  may  be 
found  In  Phibsophieal  Thmsaetions,  1854, 1859, 
and  Rankine  Ofi  Prime  Movers,  1859.  This 
curve,  however,  in  most  of  the  cases  which  occur 
in  practice,  approaches  to  the  form  of  a  sort  of 
hyperbola,  and  computations  in  which  it  is 
treated  as  of  the  hyperbolic  kind  are  found  to  be 
sofHcienUy  accurate  fisr  most  practical  purposes 
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connected  with  steam  enginesr  In  actnal  iD« 
dicator-diagrams  of  steam  engines,  only  one  adi« 
aimtic  or  neaily-adiabatio  curve  oconn,  vix.>— 
that  representhig  the  cooling  of  the  steam  by 
expansion.  To  realize  the  theorstieBl  mazinnai 
of  efficiency,  the  tempemtnre  of  the  water  si^- 
plied  to  the  boiler  ought  to  be  caiaed  to  the 
temperatore  of  ebullition  by  foorcibly  compifjwing 
a  portion  of  the  waste  steam  into  the  liqoid 
state;  but  this  process  would  be  inooavenisnt, 
if  not  impossible,  in  practice,  and  its  omission 
occasions  but  a  small  loss  of  eflSdeDCy.  The 
nearest  approach  possible  in  practice  to  the  maxi- 
mum theoretical  efficiency  in  a  steam  engine 
or  other  vapour  engine^  is  attained  when  the 
expandon  is  continued  undl  the  pressnre  of  the 
vapour  fells  so  as  to  be  just  suffldent  to  balaiiee 
the  unloaded  fiiotlon  of  the  engfaie,  added  to  tiie 
pressure  at  which  the  condensation  takes  place 
in  condensing  engines,  or  the  r^ectSoa  of  the 
vapour  in  noD-oondensing  engines. 

80.  Cofosposiie  Vapour  Engines. — In  a  Com- 
posite Vapour  Engine,  two  flukls  are  emplu3*ed, 
a  less  and  a  more  volatile,  such  as  water  and 
flBtiiei^  in  the  engine  of  M.  Dn  Trembley.  In 
this  engine,  the  steam,  instead  of  bang  ex> 
panded  to  and  condensed  at  the  lowest  attainable 
limit  of  temperature^  is  expanded  to  and  con- 
densed at  some  intermediats  temperatore,  and 
the  heat  rejected  by  it  in  the  act  of  condensation 
is  used  to  evaporate  the  ether,  which  woriu 
an  auziliaiy  engine^  and  is  condensed  at  the 
lowest  limit  attainable.  The  nther  merely  per- 
forms a  portion  of  woric  which  the  steam  would 
have  performed  if  its  expansion  had  been  con- 
tinued for  enough;  but  as  the  pressnre  of  tlie 
saturated  vapour  of  ather  at  a  given  temperature 
is  much  greater  than  that  of  steam,  tlw  ttther 
cylinder  occupies  a  much  smaller  space  than  that 
which  would  have  to  be  added  to  the  steam 
cylinder  to  enable  it  to  realise  the  same  effidenqr. 

81.  Eoomoimy  of  Heai^-JEmgines  u^  — 
If  the  number  of  Biitish  Fahienhdt-Unito  of 
heat  produced  by  the  combustion  of  one  poond 
of  a  given  kind  of  fuel,  be  multiplied  by  Joq]e*s 
equivalent,  772  foot-pounds,  the  result  is  the 
total  heat  of  caabustiom  of  the  fud  in  qnestioo, 
expressed  in  fbot-pounds.  Indt^rent  kinds  of  coaC 
it  varies  from  about  6,000,000  to  12,000,000 
foot-pounds.  This  total  heat  is  expended,  in  any 
given  en^e,  hi  producing  the  following  eflfects, 
whose  sum  is  equal  to  the  heat  so  expended. 
— 1.  The  tooffe-Aeal  </  the  fumaee,  bdng  fhom 
0*16  to  0*6  of  the  total  heat,  according  to  the 
construction  of  the  furnace,  and  the  i^  with 
which  the  combustion  is  regulated. — 2.  The 
neeessarify  r^ected  heat  of  the  engine. 


hereinbefore  stated 


_  h 


X  the  heat  reodved 


by  the  enghie,  Ix  being  the  upper,  and  I9  the 
lower  limits  of  temperatnrei — 8.  The  heat  wtsled 
bg  Uie  engine,  whether  by  conduction,  or  by  non* 
fulfilment  of  the  oooditkMis  of  maTrimnm  effi- 
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The  mtkn  work  of  ih»  mg^  em- 
ployed  in  <wrereoining  fiictioa  and  other  pre- 
Jndkial  ittistsnoei_5.  The  nie/W  work.  The 
eeoBODHjr  of  %  Thenno-djmamie  Engine  is  im- 
pnirid  by  diminiahing  as  &r  es  possible  the  first 
inr  of  these  eflects,  so  as  to  increase  the  flftlL 
It  is  with  the  dfanination  of  the  second  and  third 
cftcta  tiiat  the  theoiy  of  Thermo- dynamics  is 
diisdy  ooDesmed ;  and  this  is  to  be  effected, — 
ihit,  by  so  regulating  the  woridng  of  the  elastic 
llttid,  that  the  reception  and  rqfectkm  of  heat 
shall  take  place  as  ikr  as  possiUe  at  the  npper 
and  lower  limits  of  tempentnre  lespeetivdy, 
so  aa  to  dimMiieh  the  beat  wasted  by  the  engine, 
—end  secondly,  by  diminishing  as  fkr  as  possible 

the  ntio  ^  of  the  lower  Umit  of  absolute  tem- 

fi 
pentnre  to  the  npper,  to  whieh  ratio  thene- 

wesai  ily-r^ected  Tieat  is  proportional  In  sata- 

lated  steam  engines  and  other  vapoor  engines, 

tlie  fonner  of  these  ofejfects  has  already  been 

eifected  perfaape  to  tiie  ftdlest  extent  possible 

in  practice:  —  and  that,  it  may  be  observed, 

afanost  wholly  by  eanying  out  and  developing 

the  ideas  of  Watt    There  therefore  remains,  as 

a  means  of  increadng  the  economy  of  heat- 

eqgfaies,  only  the  dhnhiution  of  the  ratio  ^. 

Vow  the  dlminntion  of  the  lower  limit  of  absolute 
tempentnre,  ff ,  is  restricted  by  the  temperature 
of  the  snrromding  air  and  water;  so  that  the 
increase  of  economy  must  be  accomplished  chieOy 
\i9  raising  the  npper  limit  of  temperature  t\* 
Inis,  in  the  case  of  saturated  steam,  has  already 
been  carried  nearly  as  ftr  as  is  possible,  con- 
nstentl J  with  safety,  owing  to  the  rapid  increase 
of  tlie  pieaeme  of  ^ollition  with  the  tempera- 
tare.  Hence,  it  is  to  be  ccmcluded,  that  in  order 
to  improve  the  economy  of  Thermo-dynamic 
engines  to  any  great  extent  beyond  what  has 
sfaeady  been  aooompUshed,  it  is  necessary  to  use 
elsstic  ftoids  in  the  gaseous  state,  so  that  it  may 
bs  posdble  to  increase  the  npper  limit  of  tern- 
pentfnre  to  any  extent  consistent  with  the 
durability  of  the  solid  materials  of  the  engine, 
and  at  the  same  time  to  regulate  the  pressure 
at  wiU,  by  regulating  the  density  of  the  gas 
esipbyed.  The  gaseous  substances  best  suited 
Ar  tfab  pnrpoee  are  simply  those  which  are  most 
readily  obtained: — viz^  superheated  steam,  and 
sbio^iheric  air.  The  dioice  between  those  two 
rabstajDces  is  wholly  a  question  of  practical  con- 
Tmienoe.*  The  emdency  of  the  steam  in  actual 
•team  engines  ranges  ftom  0*02  to  0'2  (see 
9ram  Esouib). 

92.  Xofeal  Htai  of  /Won.— When  Freezing 
and  Meitiog  are  accompanied  by  a  change  of 


•  Ptar  tnveillfCBlloiM  oomeeted  with  Air  Engines, 
baMsB  Ifee  pepevs  elTMidy  referred  to,  see  those  of  Pro- 
fassr  Veetoe  end  Frofenor  Barnard,  in  ttie  Aamioam 
/»««a/  ^aaatot  tat  1853b 
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▼olnme,  the  Lateni  Heai  of  Fun/on  is  snlject  to  a 
law  analogous  to  that  expressed  by  the  equation 
(28.)  for  tibe  latent  heat  of  evaporation:  viz.,  let 
V  be  the  volume  of  unity  of  weight  of  the  sub- 
stance in  the  liquid  state,  vf  the  volume  in  the 
solid  state,  %  the  absolute  temperature  of  fusion, 

and  _ — the  reciprocal  of  the  rate  at  which  that 
cf  t 

temperature  varies  with  the  external  pressure 

under  which  fusion  takes  place;  then  the  latent 

heat  of  fusion,  in  units  of  work,  is    • 


H  =  < 


<fp 
dt 


(e-tK) 


.(SI.) 


When  the  latent  heat  and  temperature  of  ftasion 
and  the  alteration  of  volume  v  —  v',  are  known 
by  experiment  for  a  given  substance,  the  altera- 
tbn  of  the  temperature  of  fhsion  by  pressure  may 
be  computed  by  the  followhig  formula: — 


d%    __  <(p  — ep 
dY  H 


.(81  a.) 


When  the  bulk  of  the  substance  in  the  solid  state 
exceeds  that  in  the  liquid  state  (as  is  the  case  for 
water,  antimony,  cast-iron,  and  a  few  other  sub- 
stances), then  -^ —  is  negative,  that  is,  the  tern- 
a  p 

perature  of  fusion  is  lowered  by  pressure ;  a  prin- 
ciple first  pointed  out  by  Mr.  James  Thomson  as 
a  consequence  of  Camdt*s  theory  (Edinburgh 
Tranmctwns^  vol.  xvl)  For  water  we  have  the 
ibUowing  data : — 

V  mm  0*016  cnbic  foot  per  pound, 

e'  =  0-0174        „ 

I   «  498^*2  Fahr. 

u  »  142  X  772  «.  109624  foot-pounds; 

dt 
consequently,  ^  3-   «   0*0000068  Fahran- 

OP 

heit,  bemg  the  amount  by  which  the  melting 
point  of  ice  is  lowered  for  each  pound  of  pressure 
on  the  square  fooL  An  aiffu^phere  of  pressure 
being  2116  lb.  per  square  foot,  we  have,  for  the 
lowering  of  the  melting  point  per  atmosphere  of 
pressure, 


2116 


x(-Tr) 


0<»-0l88  Fahrenheit, 


a  result  verified  by  the  experiments  of  Professor 
William  Thomson. 

33.  Comical  SpeadaHon*  oowMcUd  wUh  Ther- 
nuHfynamics,  Solar  HeaL — Various  specula- 
tions concerning  the  application  of  the  principles 
of  Thermo-4ynamics  to  the  phenomena  of  the 
universe  in  general  have  recently  appeared,  of 
which  the  most  interesting  is  one  originated  by 
Mr.  Waterston  (^Rtport  of  the  British  Atsoeiation 
for  1853),  and  reduced  to  numerical  computation 
by  Professor  Thomson  (Edinburgh  Trontactitms^ 
xxL),  respecting  the  source  of  the  light  and 
heat  of  the  sun.  Mr.  Waterston  propoees  the 
supposition,  that  the  solar  heat  is  produced  by 
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friction  of  a  shower  of  meteoric  or  small  planet- 
ary bodies,  continually  falling  from  surrounding 
space  into  the  atmosphere  or  on  the  surface  of  the 
sun.  Professor  Thomson  sliows,  that  the  annual 
faM  of  a  quantity  of  matter  into  the  sun,  which 
would  increase  the  angular  diameter  of  that 
body  as  seen  from  the  earth  by  only  one  second 
in  forty  thousand  years^  is  sufficient,  according  to 
this  sapposition,  to  account  for  the  quantity  of 
light  and  heat  annually  emitted  by  the  son  at 
the  present  time;  whereas,  on  the  sapposition 
that  the  sun's  light  and  heat  are  produced  by 
chemical  action,  that  is,  by  combustion  or  by 
electricity,  at  least  three  thovLsand  times  the  above 
quantity  of  matter  would  require  to  enter  annu- 
ally into  chemical  combination  at  or  near  the 
fiun^s  suiface  If  combustible  matter  be  supposed 
to  fall  into  the  sun,  such  matter  would  produce 
at  least  three  thousand  times  more  heat  by  its 
mechanical  action  than  by  its  combustion.  Pro- 
fessor 'thomson  considers  the  Zodiacal  light  as 
bdng  probably  a  cloud  of  meteoric  bodies  in  the 
act  of  gradually  approaching  and  falling  into  the 
sun. 

84.  Hypothesis  of  Molecular  Vortices, — In  the 
preceding  sections,  the  laws  of  Thermo-dynamics 
have  been  stated  simply  as  the  general  expres- 
sions of  facts  ascertained  by  experiment,  without 
adopting  any  hypothetical  assumptions.  In  this, 
as  well  as  in  other  branches  of  molecular  physics, 
the  laws  of  phenomena  have  to  a  certain  extent 
been  anticipated,  and  their  investigation  facili- 
tated, by  the  aid  of  h}-potheses  as  to  oocaU  mole- 
cular structures  and  motions  with  which  sndi 
phenomena  are  assumed  to  be  connected. — ^The 
hypothesis  which  has  answered  this  purpose  in 
the  ease  of  Thermo-dynamics,  is  called  that  of 
"  Molecular  Vortices,"  or  otherwise,  the  "  Centri- 
fugal Theory  of  Eksticity.**— The  fundamental 
suppositions  of  this  hypothesis  are, — that  bodies 
consist  of  atoms;  this  word  bang  used  to  denote, 
not  absolutely  indivisible  particles,  but  the 
smallest  similar  parts  into  which  a  homogeneous 
substance  can  be  divided; — that  each  atom  con- 
sists of  a  simple  or  compound  nucleus  surrounded 
by  an  elastic  atmosphere; — that  the  tendency  to 
preserve  particular  volumes  and  figures,  possosed 
by  the  parts  of  solids,  and  the  tendency  to  pre- 
serve particular  volumes  possessed  by  the  parts  of 
liquids,  arise  from  forces  exerted  between  the 
atomic  nuclei  and  (he  parts  of  their  atmospheres; 
— that  radiant  light  and  heat  consist  in  the  trans- 
mission of  oscillations  of  the  atomic  nuclei ; — and 
espedally,  that  thcrmometric  heat,  which  is  ac- 
companied by  a  tendency  to  perform  work  by 
indefinite  expansion,  and  a  diminution  of  the 
tendency  to  preser\'e  a  definite  volume  and  figure, 
consists'in  circulating  currentSy  eddies,  or  vortices^ 
amongst  the  particles  of  the  atomic  atmospheres, 
giving  them  a  tendency  to  recede  itom  their 
nudei,  and  occupy  a  greater  space,  and  also  to 
lose  any  particular  geometrical  distribution  as  to 
density  and  arrangement — According  to  this 
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hypothesis,  the  actual  heat  of  a  substance  is  the 
total  vis-viva  of  the  molecular  motions  (the  «w- 
viva  of  a  body  being  understood  to  mean,  the 
product  of  tiie  mass  of  the  body  by  one-half  Oi 
the  square  ot  its  velocity). — From  this  hypotbesb 
all  the  laws  of  Thermo-dynamics  are  doluoed  by 
the  aid  of  the  principles  of  ordinary  mechanics, 
leaving  one  point  to  be  ascertained  by  experi- 
ment, viz. : — the  interval,  if  any,  on  the  tbermo- 
metric  scale,  between  the  absolute  zero  of  heat 
and  the  zero  of  gaseous  tension; — an  interval 
which,  as  already  stated,  is  inappreciable,  accord- 
ing to  the  best  existing  experiments. 

85.  Elasticity  of  Gases  and  Vapours. — ^Besides 
the  Laws  of  Thermo-dynamics,  the  hypothesb  of 
Molecular  Vortices  leads  also  to  certain  laws  of 
the  Elasticity  of  Gases  and  Vapours,  which  have 
been  confirmed  by  experiment,  viz: — I.  That 
the  relation  between  the  pressure,  density,  and 
absolute  temperature  of  an  elastic  fluid  la  ex- 
pressed by  the  following  equation  :— 

Pv   _  <       A  Ai       As 

where  Aot  Ai,  ^2,  &c,  are  a  series  of  functions  of 
the  density  - ,  to  be  determined  for  each  elasde 

fluid  by  experiment.  For  Air  and  Carbonic  Add 
Gas,  it  appears  that  each  of  these  functions  is 
sensibly  proportional  to  the  density  simply,  mul- 
tiplied by  a  constant— II.  That  the  relatiaQ 
between  the  pressure  and  absolute  temperature 
of  ebullition  c^  a  fluid  is  expressed  approximataly 
by  the  following  equation : — 

B          C 
l<^.p  =  A—  _  —  --^  &C. (88.) 

A,  B,  o,  &c,  being  specific  constants,  to  be  de- 
termined for  each  fluid  by  experiment  Some  of 
these  constants  have  been  given  in  section  19  of 
tills  article.— (On  the  subject  of  the  hypothesb 
of  molecular  vortices  and  its  results,  aee  the 
Edinburgh  Pliilosophical  Journal^  1849,  Edut- 
burgh  Transactions^  voL  xx.,  and  Philosophical 
Magatine,  passim,  especially  for  Deoember, 
1851,  and  Ko\'ember  and  December,  1855. 
The  values  of  the  constants  in  such  formulB  as 
82  and  33  have  undei^gone  revi^on  tnm  time  to 
time  according  as  more  and  more  exact  experi- 
mental data  have  been  obtained.  The  latat  and 
most  exact  values  of  the  constants  in  the  equation 
(82)  for  air  and  carbonic  acid  gas  are  investigated 
in  an  unpublished  paper  in  the  hands  of  the 
Royal  Society  of  Edinbnrgh,  for  an  atistract  of 
which,  see  the  Mhiutes  of  Proceedings  of  that 
Society,  1854-5.) 

86.  Contusion,  —  Science  of  Energeties.  — 
Although  the  mechanical  hypothesis  jusi  de- 
scribed may  be  useful  and  interesting  as  a  means 
of  anticipating  laws,  and  connecting  the  science 
of  Thermo-dynamics  with  that  of  ordinary  me- 
chanics, still  it  is  to  be  xemembered  that  the 
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Sdnoe  ofThermo-dynaiiiics  is  by  no  means  d<H 
pendent  Ibr  iu  certainty  on  that  or  any  other 
hypothesis,  having  been  now  redaoed  to  n  system 
of  principleB»  or  general  facts,  expressing  strictly 
the  results  oip  experiment  as  to  the  relations  b^ 
tween  bent  and  motive  power.  In  this  point  of 
view,  tlic  Inws  of  Thermo-d^mamtcs  mar  be  re- 
garded  as  particular  cases  of  more  general  laws, 
appUcable  to  all  soch  states  of  matter  as  const!- 
tats  Emergg^  or  the  capacity  to  perform  work, 
wiuch  mofe  general  laws  form  the  basis  of  the 
SczEXCB  OF  ExKRomics,  a  science  oompre- 
heiMfing  as  special  branches,  the  theories  of 
motion,  heat,  light,  electricity,  and  other  pby- 
sieal  phenomena.* 

■leaiiag  •rBwiMlMga.    The  long  winters 
in  this  country,  accompanied  by  so  many  changes, 
— tlw  excess  dT  humidity  at  one  time,  and  of  cold 
paeictng  winds — particularly  from  the  east,  in 
spring  at  another,  have  necessarily  led,  more 
cqwdally  in  recent  years,  to  mnch  consideration 
bdng  botowed  upon  the  means  of  warming  both 
public  and  private  buildings  so  as  to  obtain  an 
equable  temperature  combined  with  salubrity. 
It  b  unnecessary  here  to  enter  upon  a  description 
of  the  numerous  contrivances  of  open  grates  to 
warm  rooms.    Much  skill  lias  been  bestowed  in 
thdr  oottstruction — and  they  are  made  to  suit 
the  palace  or  the  cottage — even  the  mode  of 
beating  the  fire  has  been  changed,  and  the  law 
fwrened  by  making  the  fuel  bum  downwards 
Instead  of  upwards.    The  use  of  open  fires  is  so 
Uended  with  the  habits  and  usages  of  the  people, 
that  it  would  indeed  be  a  difficult  task  to  change 
public  opinion  as  regards  them ;  still  this  mode 
of  heating  has  its  disadvantages   and   inoon- 
frnienrwt,  soch  as  smoky  chimneys,  back  smoke, 
waste  of  fuel,  injuring  furniture  from  dust,  and 
the  unequal  warming  of  the  apartment;    one 
part  of  the  room  being  cold,  forcing  the  inmates 
to  draw  near  the  fire — ^by  which  they  are  over- 
heated OQ  the  one  ride,  and  chilled  on  the  other, 
while  the  feet  and  legs  are  exposed  to  a  current  of 
eold  air  at  tbe  floor. — ^Various  contrivances  have 
been  proposed  k^  a  substitute  for  open  fire  grates 
to  obuin  uniformity  of  temperature,  and  several 
«f  these  with  considerable  advantage.     When 
Jndglng  of  such  inventions,  it  is  of  paramount 
to  keep  the  folbwing  rules  in  re- 
: — I.  That  by  the  mode  of  heating, 
the  temperatore  Is  not  raised  at  the  expense  of 
the  osygcn,  which  is  allotted  for  sustaining  the 
healthy  respintory  functions,  leaving  a  residuum 
of  carbonic  add  and  other  gases. — II.  That  the 
■■ode  of  heating  does  not  injure  the  atmospheric 
ab,  in  die  process  of  wanning  it,  by  tbe  air  being 
made  to  pasa  over  metallic  surfiioes  at  or  near 
a  red  heat,  and  that  the  carbonaceous  matter  of 
the  fnsl  is  not  mixed  with  the  heating  current — 
By  attention  to  these  two  points  the  value  of 
TBfioos  artificial  means  of  healing  may  be  cor- 

•  BiU^uvh  r%ff<mrkkal  Jovrnnt  Jnlr.  18ft5;  Pro- 


toSA 

rectly  estimated ;  and  no  method,  however  econo- 
mical in  fuel,  should  on  any  account  be  employed 
which  has  the  least  tendency  to  deteriorate  the 
air  to  be  heated. — At  the  present  time,  when 
artificial  heat  is  applied  to  buildings  in  this 
country,  it  is  chiefly  made  use  of  in  cases  where 
open  fires  cannot  be  conveniently  adopted.    This 
has  been  accounted  for  fh)m  the  deep  rooted 
habits  of  the  people  in  favour  of  room  fires, 
although  it  is  well  known  that  on  the  continent  of 
Europe  no  such  partiality  exists.  Taking  the  cus- 
tom, however,  as  now  existing  in  Britain,  artificial 
contrivances  for  heating  are  chiefly  used  for  warm- 
ing public  buildings,  factories,  prisons,  warehouses, 
conservatories,  &c;  and  when  applied  to  houses 
it  is  usually  auxfliary  to  open  fires.  —  Judg- 
ing of  the  merits  of  the  numerous  inventions 
for  heating  by  the  preceding  standards,  No.  I. 
would  indude  the  various  modes   of   heating 
by  gas,  which  cannot  be  burned  without  deteri- 
orating the  atmospheric  air;  while  it  is  a  fact 
that  no  more  heat  can  in  reality  be  obtained  fhmi 
the  burning  of  gas  in  a  close  vessd  as  a  stove, 
than  if  the  same  quantity  were  consumed  in  the 
lighting  of  a  room. — Tliis  mode  of  heating  also 
applies  to  the  various  kinds  of  stoves  which  hold 
out  that  heat  can  be  obtained  from  burning  char- 
coal or  other  fuel  without  injuiy  to  the  air  of  the 
apartment — or  to  stoves  or  grates  without  flues. 
For  what  would  be  thought  of  an  open  fire  with- 
out a  chimney?  It  should  always  be  kept  in  re- 
membrance, that  combustion  cannot  go  on  with- 
out air;  and  unless  the  products  from  it  are 
removed  as  they  are  generated,  they  become  fatal 
to  human  Ufe.    The  many  evil  results  arising 
from  breathing  for  any  length  of  time  corrupted 
air  is  well  known.    It  has  been  supposed,  that 
carbonic  acid  gas  in  apartments  is  so  diluted  that 
it  cannot  be  so  accumulated  as  to  produce  im- 
mediate serious  effects.    Still  it  was  but  lately 
that  several  of  the  oongregation  of  a  country 
church  in  the  north  of  England  were  nearly 
suffocated  by  a  stove;  and  it  is  almost  a  matter 
of  common  occunenoe  to  read  of  the  death  of 
people  froBi  the  fbmes  of  charcoal  in  dose  places. 
What  are  the  fumes  of  charcoal  produdng  as- 
phyxia but  carbonic  add  gas  ?    But  the  products 
of  combustion  fhmi  a  coal  fire,  smoke,  sulphur, 
and  carbonic  add,  &c,  are  equally  fatal  to  life ; 
and  the  same  poison,  which  destroys  life  over  tbe 
embers  of  a  fire  in  a  ship*s  cabin,  causes  the  acci- 
dent from  choke  damp  in  the  mine,  tbe  wdl,  or 
the  vat. — As  regards  the  second  mode  of  heating, 
it  applies  to  the.  numerous  dass  of  cockle  stoves 
of  cast  iron,  or  dose  hot  'air  stoves,  which  are 
used  to  warm  churches  and  other  buildings. 
These  stoves  are  not  now  so  much  in  use  as  they 
once  were,  but  they  are  liable  to  the  objection  of 
overheating  the  air,  depriving  it  of  its  moisture 
and  purity,  passing  it  over  metal  often  at  a  red 
heat,  say  700°  F.,  by  which  the  air  itself  is 
decomposed,  the  oxygen  is  rapidly  consumed, 
forming  an  oxide  on  the  soriace  of  the  metai^ 
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and  the  vaponn  aie  converted  into  hydrogen,  or 
carburetted  hydrogen  gas.  The  rarefied  air,  which 
eaters  the  apartment  from  such  stoves,  most  be 
chiefly  composed  of  nitrogen — the  effluvia  arising 
from  the  hot  air — often  mixed  with  the  products 
of  the  fuel — carbonic  acid  gas  within  the  cockle- 
entering  with  the  lieated  current;  this  sulphureous 
vapour  being  most  injurious  to  health. — From 
the  risk  of  the  heating  vessel  being  burnt  out, 
or  giving  way,  and  Uie  fumes  from  the  tad 
escaping  into  the  warm  air  flues,  very  considerable 
danger  from  these  stoves  exists  as  to  fire.  Cast 
iron  cockles  of  this  description  were,  till  about 
1853,  in  use  at  the  College  Museum  and 
Library,  Edinburgh,  from  which  much  iigury 
arose  to  the  collection  and  books.  They  have 
since  been  removed,  and  these  buildings  have 
been  heated  with  a  patent  hot  water  heating 
apparatus,  which  will  be  afterwards  noticed. — 
Several  kinds  of  heated  air  stoves,  made  of 
malleable  iron,  for  wanning  the  air  have  also 
been  used.  By  these  it  is  proposed  to  effect  the 
object  by  warming  a  larger  volume  of  atmo- 
spheric air  to  a  lower  temperature.  It  should, 
however,  be  kept  in  view,  that  whenever  the  iron 
reaches  a  black  heat  beyond  300°  F.  a  partial 
decomposition  of  the  air  takes  place  by  the  burn- 
ing or  scorching  of  the  dust  mixed  with  the 
atmospheric  air  which  abounds  more  in  towns 
than  in  the  country,  (visible  to  the  eye  in  the 
sunbeam),  and  which  Is  chiefly  composed  of  animal 
and  vegetable  matter.  Another  defect  stoves  of 
all  kinds  are  liable  to,  arises  from  the  fact  that 
the  fire  is  bumuig  within  tlie  interior  of  the 
metal  or  brick  work,  and  in  the  course  of  time, 
from  constant  expansion  and  contraction,  the 
fumes  of  the  fuel  are  liable  to  escape  through  the 
crevices  of  the  stove  into  the  hot  air  flues,  and 
thence  are  discharged  with  the  hot  air  into  the 
apartment,  thus  producing  effluvia  or  injuring 
the  purity  of  the  entering  current — ^These  de- 
fects, appertaining  to  stoves,  being  long  known, 
numerous  schemes  have  been  proposed  for  their 
removal  The  attention  of  mill-owners,  where 
stoves  were  early  and  chiefly  used,  was  directed 
to  find  some  better  plan  than  the  cast  iron 
cockle,  origmating  from  the  German  stove;  ac- 
cordingly, one  of  the  earliest  Improvements  was 
what  was  called  the  Belper  stove,  the  idea 
originating  from  the  late  William  Strutt,  Derby, 
in  1792.  By  this  plan  the  old  method  of  intro- 
ducing small  streams  of  highly  heated  air  was 
got  rid  of,  and  the  heat  of  Sie  entering  current 
reduced,  in  order  to  obtain  a  larger  volume  of 
slightly  warmed  air.  It  does  not  appear  that 
the  plan  of  Strutt  was  much  adopted  by  mill- 
owners.  The  late  Mr.  Robertson  Buchanan,  C.E., 
states  that  he  did  much  to  introduce  the  Belper 
stove  into  Scotland.  It  was  not  till  1819  that 
it  became  generally  known  by  the  publication  of 
Sylvester't  Domestic  Economy,  A  year  or  two 
alter  this,  the  late  Su:  John  Robison,  Secretaiy  of 
the  Koyal  Sode^  of  Edinbuigfa,  who  happened 
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to  be  at  Derbyi  was  so  struck  with  the  ad- 
vantages of  the  Belper  stove  over  those  cast  inn 
cockle  stoves  then  generally  used,  that  be  bad 
one  on  the  principle  of  the  former  applied  to  beat 
his  house  in  Edinbuigfa.  The  attention  of  Mr.  E. 
Ritchie,  engineer,  of  the  latter  city,  being  tamed 
to  the  subject,  he  eflected  various  impiovemeDte 
to  simplify  the  Belper  stove.  These  he  bron^ 
under  the  notice  of  the  Royal  S.  Society  of  Arts  in 
1832,  which  awarded  to  him  a  premium.  Stoves 
of  this  kind  have  been  extensively  erected  1^ 
him,  which  have  given  as  much  satisfaction  aa 
stoves  can  give. — Notwithstanding  the  improve- 
ments made  upon  stoves,  these  did  not  eflect 
the  object  required  by  min-owners.  From  the 
rapid  uiciease  of  flEustories  of  large  extent,  and 
with  several  floors,  an  equality  of  heat  in  difierent 
levels  was  required,  which  could  not  be  obtained 
by  the  heated  air  fiom  stoves  from  the  rise  of  the 
warm  air  to  the  upper  level.  Steam  heat  had 
been  proposed  many  years  before,  but.it  made  its 
way  at  first  very  slow^.  It  seems  to  have  been 
first  brought  under  public  notice  by  a  Colonel 
Cook  in  1745,  in  the  Philosophical  Tnmsactioiu, 
London.  It  was  introduced  into  England  by 
James  Watt  in  1785,  and  into  Scotland  by 
Mr.  Neil  Snodgrass  in  1789.  The  first  miU 
heated  by  steam  in  England  was  by  Boulton  and 
Watt,  1799;  and  the  same  year,  in  Scotland, 
Mr.  Snodgrass  introduced  it  into  a  cotton  milL 
Mr.  B.  Buchanan,  C.K,  was  one  of  the  firat 
writers — 1807-10 — in  favour  ci  warming  milla 
by  steam.  The  late  Mr.  Tredgold— 1824— and 
others  have  likewise  written  in  favour  of  it  This 
plan  of  warming  mills  may  be  said  to  have  origi- 
nated about  the  commencement  of  the  present 
century,  but  since  that  period  the  practice  has 
gone  on  increasing  to  the  present  time,  and  now 
we  may  remark,  hardly  any  other  method  is 
used,  so  infectious  is  example.  But  although 
the  plan  of  heating  by  steam  is  so  general  at 
factories,  it  has  not  been  extended — thoogh  it 
has  often  been  tried — ^to  domestic  buildings;  and 
Mr.  R*  Ritehie  of  Edinbui^h  informs  ns  that  he 
applied  it  in  country  mansions  mors  than  twentj 
3'ear8  ago.  The  mode  at  present,  in  general  oaa, 
is  to  place  the  steam  pipes  within  woik-rooma, 
and  to  elevate  the  temperature  of  the  room  by 
means  of  the  surface  of  the  pipe.  The  cleanliness 
of  the  plan  has  its  advantages,  and  from  the 
general  use  of  the  steam  engine  at  factories,  it 
has  no  doubt  led  to  steam  bdng  almost  the  only 
mode  now  adopted  for  wanning  them,  aa  tte 
steam  can  be  led  through  the  pipes  over  the 
difierent  floors  of  a  large  buDding.  The  steam 
pipe,  in  order  to  keep  clear  of  the  machineiy,  is 
placed  over-head  of  the  workers.  When  this 
system  of  heating  is  combined  with  proper  venti- 
lation it  answers  the  puipoee  very  welL  It  is, 
however,  capable  of  improvement ;  and  in  1844, 
BIr.  E,  Ritchie,  C.E.,  Edinboigh,  submitted  m 
communication  to  the  Royal  Sodety  of  Aita  on 
the   Wammg   and  VaUilaiion  md  Samiarjf 
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ArrtmffementM  ofFaaoriet,  for  which  a  premlam 
VM  awarded.  His  paper  was  sabaeqnently 
paUished,  and  it  fa  des^viDg  of  the  attention  of 
owners  of  factories,  or  others  employing  a  number 
of  woik  people  confined  in  one  iq»artment — Be- 
sides the  arrangement  of  the  steam  pipes  as  be- 
fine  nocieed  in  a  few  instances,  as  at  one  vety 
luge  work-room  of  one  floor,  at  a  flax  mill  in 
Leeds,  steam  power  is  made  nse  of  for  inject- 
ing the  air  into  the  apartment  by  means  of  a 
powerful  fiui,  the  air  being  previously  wanned, 
by  passing  it  throng  tubes  in  cases  heated  by 
steam. — ^inw  drawback  against  the  use  of  steam, 
in  warming  domestic  buildings,  arises  from  the 
difficulty  of  management,  and  that  it  almost  re- 
qniies  At  presence  of  an  engineer  to  work  it  with 
Mdfety;  besides  which,  as  it  is  not  required 
in  domestic  buildings,  as  in  factories,  it  is  only 
in  very  peculiar  cases  that  steam  is  made  use  of 
far  the  former  dass.  Hot  water  pipes  were  found 
to  be  of  easier  management  than  steam,  and 
hence  they  have  gradually  come  to  be  made  use  of 
as  the  medium  of  heating  when  artificial  heat  is  re- 
quind  for  public  or  private  buildings.  Hot  water 
was  first  used  in  this  oountiy  towarm  green-liouses. 
It  was,  however,  previously  used  in  France. 
It  is  described  by  M.  Bonnemain  in  the  Dktian- 
aoare  TtdtnoHofpqM^  upwards  of  fifty  years  ago. 
M.  Bonnemain  also  used  hot  water  fbr  heating 
hot-bouses  in  France  ierm  ^audet — hot  water 
was  first  applied  in  Britain  by  the  Marquis  de 
Qiabannes^  It  is  now  a  good  many  years  since 
boiUingB  in  London  were  first  heated  by  this 
plan  with  large  ]rfpes ;  both  large  and  small  pipes 
are,  however,  now  in  use;  Mr.  R.  Ritchie,  C.E., 
Edinbuigli,  first  applied  hot  water  to  heat  a 
domestic  dwcJlmg  in  1826.— In  the  year  1835, 
picpaiatogry  to  rebuilding  the  House  of  Com< 
BWQs,  which  liad  been  destroyed  by  fire,  (sup- 
posed to  have  originated  fh>m  stove  flues  in  the 
House  of  Lords)I-a  select  committee  was  ap- 
pointed to  take  evidence  as  to  the  best  mode  of 
wanning  and  ventilating  the  new  boose.  The 
■^ggestions  of  Dr.  D.  B.  Reid  were  entertained, 
and  his  plan  of  an  experimental  house  was 
adopted.  From  this  report,  a  question  of  some 
impoit  was  mooted,  as  regards  heating,  viz., 
wisBther  the  air  should  be  previously  vrarmed, 
filtered,  moistened,  and  reg^ted,  before  it  en- 
tered the  honae?  Thb  plan,  following  up  the 
idea  of  Mr.  Strutt,  it  will  at  once  be  observed, 
is  at  variance  with  the  plan  generally  adopted 
at  nulls,  where  the  heat  is  given  to  the  air  by 
radiatioD.  A  question  has  consequently  origin- 
ated, in  whidi  there  ia  much  difierence  of  opinion, 
namely,  whether  it  is  better  to  warm  the  fur 
which  is  to  raise  the  temperature  of  an  apartment 
to  a  given  point  before  admission,  proposing  to 
give  ah:  and  heat  combhied,— or  whether  it  is 
better  to  have  the  warming  and  ventilating  pro- 
ecsws  separated,  and  to  raise  the  temperature  of 
the  air  of  the  apartment  with  heat  radiating  from 
a  modentely  heated  rarfaoe— suppose  hot  water 
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pipes,  and  to  keep  theventHating  arrangements 
separated—- or  in  oiher  words,  to  admit  tnah  tar 
as  it  exists  without  being  previously  heated,  and 
thus  deprived  of  its  moisture  and  natural  pro- 
perties. A  great  deal  may  be  said  on  both  these 
heads,  but  it  has  been  urged  with  strong  reasons 
that  the  air  itself  is  less  altered  by  the  second 
plan  than  by  the  first.  One  writer,  several  yeare 
ago,  has  given  his  opinion  vety  clearly  upon 
tUs  subject  He  states,  "  It  has  been  proposed 
by  some  to  heat  the  external  air  and  throw  it 
into  the  apartments,  in  a  manner  similar  to  some 
kinds  of  stoves,  supposing  that  thus  byeonMnmg 
ventibUion  with  heatiwjj  it  would  be  more  salu- 
brious. But  this  wovdd  bo  obtaining  heat  at  a 
great  expense  of  fuel,  and  be  losing  one  very 
important  advantage  which  attends  heating  by 
pipes,  viz.,  that  the  heating  may  be  kept  per- 
fectly separate  from  the  yentHating  process,  so 
that  each  may  be  managed  separately,  and  no 
more  heat  nor  ventilatitm  given  than  what  is  Just 
and  proper.  Whereas,  on  the  other  plan,  there 
must  always  be  nearly  the  same  ventilation  whe- 
ther the  external  air  be  dry  or  damp,  warm  or 
oold — ^when  damp,  a  great  quantity  of  moisture 
must  be  thrown  into  the  building,  which  will 
require  additional  heat  to  suspend  it,  in  order  to 
prevent  it  firom  being  injurious ;  and  when  the 
air  is  dry,  the  current  of  air  will  carry  in  dust 
along  with  it  I  would,  therefore,  recommend  pro- 
ducing the  current  from  the  rar^aetion  of  the  air 
trithin  the  hmlding^  and  ventilating  by  the  window 
or  some  other  pr(^>er  openings  for  the  purpose.** 
^Both  of  these  methods  are  now  in  general  use, 
for  warming  buildings  with  hot  water.  By  the 
first  plan  cast  iron  pipes,  of  three  or  four  or  more 
inches  internal  diameter,  are  made  use  of.  These 
pipes,  as  in  the  House  <^  Commons,  St  George  e 
Hall,  Liverpool,  and  dsewhere,  are  placed  in  a 
chamber,  and  the  external  air  is  made  to  pass 
over  them,  which,  receiving  heat  from  the  pipes, 
enten  the  building  at  an  increased  temperature ; 
another  plan  adopted  is,  to  place  theae  pipes  in 
fines  or  trenches,  or  under  passages,  9a  may  be 
seen  in  churebes,  and  the  external  air  is  made  to 
pass  over  these  pipes,  and  thus  receiving  heat 
fh>m  them,  enters  the  building  warmed,  as  in  the 
other  case.  The  water  is  heated  in  a  bcaler,  from 
which  it  flows  and  returns ;  the  pipes  are  usually 
connected  with  what  is  technically  termed  spig 
and  faucet  Joints,  but  flange  joints  are  some- 
times used,  although  the  latter  are  more  generally 
used  for  steam  joints.  As  this  plan  of  heating 
is  so  well  known,  especially  in  conservatories,  it 
is  unnecessary  to  enter  into  further  particulars 
regarding  it  —  Various  buildings  have  been 
heated  by  Mr.  R.  Ritchie,  C.E.,  Edinbui^gh,  some 
of  which  may  be  noticed,  combining  both  of  the 
preceding  arrangements,  viz.,  the  Commercial 
Bank  and  Police  Buildings,  Edinburgh;  the 
Justiciary  Court  and  St  Matthew's  Free  Chureh, 
Glasgow.  In  these  buildings,  Perkins*  ingenious 
patent,  of  ptpea  four  inches  Irare  with  screw  jointsi 
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is  used.  By  this  plan  no  boiler  Is  required  and 
a  great  saving  of  fuel  is  effected.  Sometimes 
the  large  hot  water  pipes  are  exposed  in  apart- 
ments to  beat  them,  as  is  done  with  steam  pipes 
in  fitctories ;  but  this  is  rarely-  done  and  is  very 
unseemly.  The  defects  arising  from  the  mode  of 
heating  with  air,  either  heated  by  hot  water  or 
steam — even  supposing  the  plan  in  principle 
more  scientifically  correct  than  by  exposing  the 
heated  surface — ^have  already  been  noticed.  Prac- 
tically, the  plan  of  heating  by  air  flues  has 
been  found  to  be  attended  with  many  inconve- 
nienoes,  such  as  xeverse  currents — the  difficulty 
of  getting  fresh  air  fi!x>m  a  pure  source,  as  it  is 
often  obliged  to  be  taken  from  sunk  areas — 
smells  entering  through  the  flues  into  the  build- 
ing—  while  the  heated  air  flowing  into  the 
church  or  apartment,  through  gratings  trod 
upon  (being  generally  placed  in  the  floor),  brings 
in  with  it  dust  or  smoke.  Another  point  ooa- 
nected  with  this  mode  of  heating,  is  the  waste 
of  fuel  which  arises  from  the  pipes  being  sunk 
in  trenches  or  chambers — as  no  heat  can  be 
given  out  until  the  whole  water  in  the  pipes  is 
heated.  The  application  of  hot  water  to  heat 
domestic  buildings  would  have  made  but  little 
progress,  however  useful  the  lai^  pipe  system 
in  some  respects  is — ^more  especially  for  green- 
houses— had  it  not  been  for  the  very  ingenious 
inventions  of  Mr.  A.  M.  Perkins  of  London, 
who,  several  years  ago,  brought  out  his  patent 
apparatus  for  heating  buildings  of  every  descrip- 
tion with  hot  water  by  means  of  pipes  only 
one  incli  external  diameter.  Tli«9e  pipes  are 
made  of  the  finest  and  most  ductile  kind  of 
malleable  iron ;  they  admit  of  being  bent  cold 
into  any  form  required,  and  thus  can  be  easily 
combined  with  ardiitectural  arrangements. — Mr. 
C.  J.  Richardson,  Fellow  of  the  Royal  Insti- 
tute of  British  Architects,  London,  who  has 
written  an  excellent  treatise  on  warming  and 
ventilating  buildings,  and  who  has  expressed 
himself  very  strongly  in  favour  of  Mr.  Perkins* 
ingenious  contrivance,  remarks  that  "the  perni- 
cious system  of  warm  air  stoves,  and  the  costly 
and  therefore  unattainable  one  of  steam,  have 
been  superseded  in  a  great  measure  by  the  more 
simple  and  less  expensive  method  of  a  circulation 
of  hot  water  through  iron  tubes." — It  b  some- 
what singular  that  Seneca,  the  Roman- writer, 
describes  very  accurately  a  contrivance,  a  tube 
called  Draco  (a  serpent)  for  heating  the  warm 
water  for  baths — the  Pisoena  of  the  ThermaB — 
which  bears  a  great  resemblance  to  the  useful 
invention  of  Mr.  Perkins,  inasmuch  as  by  both 
plans  a  boiler  is  dispensed  with.  It  may, 
however,  be  necessary  to  state,  that  very  im- 
portant improvements  have  been  made  in  the 
latter  since  it  was  first  brought  forward.  In 
London,  thb  mode  of  heating  has  been  lai^y 
adopted  at  a  variety  of  buildings,  and  applied 
to  different  purposes  where  heat  is  required. 
The  great  extent  of  pipe  (above  60,000  feet) 
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and  the  number  of  furnaces  (above  70)  erected 
at  tlie  British  Museum,  and  its  durability  and 
continued  use  there,  are  ih<&  strongest  proQ&  of 
its  manifest  and  numerous  advantages.  Such 
is  the  improvement  on  this  apparatus,  that  about 
a  mile  of  pipe  of  this  small  diameter  can  now 
be  heated  by  one  fire,  which  might  almost  ap- 
pear incredible  if  examples  could  not  bo  shown. 
This  plan  of  heating  with  hot  water  admits  of 
almost  endless  arrangements, — it  can  either  be 
made  use  of  to  warm  tlie  external  air  previooa 
to  its  admission,  as  already  noticed,  or  to  give 
off  its  heat  by  radiation  within  the  apartment, 
or  fresh  air  may  be  made  to  pass  through  a 
coil  of  pipe  placed  in  a  room,  as  recommended 
by  the  late  Dr.  Combe.  Mr.  Perkins  has  re- 
cently made  still  further  useful  improvementa, 
under  a  recent  patent,  in  his  invention,  1856^ 
— by  which  the  older  systems  of  heated  water 
in  lai^  pipes  is  combined,  or  connected  witli 
the  small, — these  improvements  have  been  latelj 
noticed  in  the  last  edition  of  Mr.  RichardsQa*8 
work.  As  respects  the  small  pipe  system,  be 
remarks,  "that  the  superiority  of  Mr.  Perkins' 
apparatus  consists  in  this, — ^that  the  pipes,  which 
form  a  continuous  or  endless  tube,  are  reduced 
in  size,  and  a  very  small  quantity  of  water  ia 
required,  (compared  with  the  common  system)^ 
which,  circulating  with 
great  rapidity,  effectu- 
ally takes  up  the  heat 
from  the  furnace,  and 
transmits  it  to  any 
height  in  a  building,  or 
in  any  direction  to  a  t 
considerable  distance ;  I 
the  furnace  being  placed 
in  any  convenient  spot, 
either  within  or  without 
the  structure.  The  ap- 
paratus thus  combines 
before  all  other  the  great 
fevquisltes  of  compact- 
ness, utility,  and  fru- 
gality, and  possesses  the 
power  of  adaptation  to 
all  situations,  interfer- 
ing in  no  respect  with 
architectural  arrange- 
ments. In  the  hands 
of  the  architect,  it  is 
capable  of  bdng  adapted 
to  any  building  in  con- 
sequence of  the  small 
space  it  requires,  and 
from  the  rapid  cireulation  it  is  capable  of  warm- 
ing  even  the  largest  building  very  efficiently.*^ 
Fig.  1  will  explain  the  principle — but  the  arrangi>- 
ment  of  such  an  apparatus  must  be  endlessly 
varied  to  suit  objects  and  circumstances.  Mr. 
Richardson  also  mentions  that  such  is  the  safety 
of  thiB  mode  of  heating,  that  Mr.  Beaumont, 
Managing  Director  of  the  County  Fire  Office, 
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Ixndoo,  stales  to  Hr.  Perkins  that  the  Directors 
of  thai  office  are  so  satisfied  with  its  absence  of 
lU  danger,  that  thej  readily  accept  insurance  on 
bdldings  at  the  lowest  rate  of  premium. — The 
pncoring  a  drculation  of  water  through  such 
small  tabes  is  obtained  by  the  extreme  expansi- 
bility of  water.    The  relative  specific  gravities 
has  only  to  be  considered,  whidi  two  columns 
of  water  most  bear  to  each  other — one  column 
having  been  rendered  lighter  by  the  application 
of  hest,  which  expands  it. — The  air  being  pumped 
out  of  the  tubes,  they  are  then  filled  with  water. 
The  apparatus  being  now  ready  for  use,  the  fire 
m  the  furnace  is  Tghted,  the  dSTect  of  which  is, 
to  cause  the  particles  of  the  water  to  expand,  and 
becoming  lighter,  they  rise  rapidly  in  the  flow 
or  ascending  pipe,  and  parting  with  their  caloric 
by  radiation  as  they  pass  onwards,  the}*  come 
bade  to  the  fnraace  by  the  return  pipe.    By 
means  of  the  heated  partidcs  ascending  and  thdr 
place  beinc;  supplied  by  colder  ones, — those  that 
have  already  parted  with  their  caloric  in  their 
onward  progress  through  the  pipes, — a  constant 
drculation  is  maintained.     Provision  is  made  for 
the  expansion  of  the  water,  which  is  r^ulated 
by  an  uniform  law.    The  movement  of  the  water 
through  the  pipes  has  been  compared  with  the 
drculation  of  the  blood  in  the  human  frame, 
the  water  in  the  tubes  having  a  somewhat  simi- 
lar movement  with  the  blood  in  the  arteries  and 
vdns. — The  small  pipe  system  of  heating  has  no- 
where been  more  successful  in  its  various  applica- 
tions, than  when  applied  by  Mr.  R.  Ritdiie,  C.E., 
Edinbui^h,   who    is  also  Mr.  Perkins*  agent. 
Hr.  R.  has  effected  various  improvements  on  it, 
so  as  to  increase  the  utility  and  facilities  of  the 
arrangement  of  the  apparatus.    He  ha^  proved  its 
great  capabilities  as  an  agent  for  diffusing  heat 
and  economizing  fucL    At  Stewart's  Hospital, 
Edinboigfa,  he  has  made  one  fire  heat  about 
8,000  feet  of  pipe, — a  large  coil,  amongst  others, 
—being  heated  at  1 50  feet  from  the  fire.    At  the 
B^^ster  Hovse,  he  has  heated  a  large  extent 
of  pipe, — as  also  at  the  Signet  Library,  where 
the  utility  and  economy  of  this  mode  of  heat- 
faig  is  lolly  shown.     At  the  College  Museum,  an 
extflodve  range  of  pipes  has  been  heated  by  him 
in  several  ooils  from  one  fire,  which  is  made  to 
heat  both  the  upper  and  under  Museum.    Fig.  2 


ibnws  (he  method  by  which  the  heat  Is  there 
diffaaed,  and  how  the  ooil  of  pipes  is  concealed 
ander  an  ornamental  case  with  a  marble  or  other 
topb    The  pipes  are  also  carried  round  rooms,  as 
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showiU  A  still  larger  application  of  this  prin- 
ciple has  been  carried  out  by  Mr.  R.  Ritchie 
at  the  College  Library,  where,  as  previously 
mentioned,  more  than  one  mile  of  pipe  is  heated 
by  two  furnaces.  This  mode  of  heating  has 
given  great  satisfaction,  as  has  bee»  acknow- 
ledged not  only  from  its  increased  salubrity  and 
comfort,  but  by  the  preservation  of  books,  keeping 
them  fVee  from  damp,  smoke,  and  dust  A  still 
further  application  of -this  principle— of  heating  a 
great  extent  of  pipe  from  an  ordinar}'  sized  furnace, 
(which  in  ten  hours  will  consume  little  more  than 
one  cwt.  of  fuel),  has  been  carried  out  by  Mr.  R. 
Ritchie  at  the  Lunatic  Asylum,  Aberdeen,  where 
he  has  heated  two  wings  of  a  building  of  160  feet 
each,  two  storeys  high,  with  about  4,000  feet  of 
pipes  from  one  fire.  Other  two  wings  at  the 
same  building  are  heated  in  a  similar  manner — 
and  this  method  of  heating  has  been  carried  by 
him  successfully  into  operation,  to  a  great  extent, 
at  this  Asylum  and  other  buildings  at  Aberdeen. 
The  economy  of  fuel  by  this  mode  of  heating 
must  be  at  once  apparent.  The  whole  of  the 
academy  at  Bathgate,  heated  in  this  manner, 
from  one  fire,  hardly  exceeds  for  fuel  fivepenco 
per  day.  It  may  indeed  excite  surprise,  that 
these  things  are  accomplished.  Mr.  R.  Ritchie 
is  also  of  opinion  that  he  could  heat  a  much 
greater  extent  than  has  yet  been  done  by  this 
invention — that  almost  any  building  could  be 
heated  by  one  Jirt,  by  which  a  great  saving  of 
expense  for  fuel  and  trouble  in  the  management 
would  be  efiiected. — Mr.  Richardson  remarks  of 
this  system  of  heating  that,  "  the  most  ignorant 
domestic  b  capable  of  conducting  it,  and  the 
small  expense  of  fuel  used,  in  proportion  to  the 
effect  produced,  combine  so  many  recommenda- 
tions of  this  system,  that,  sooner  or  later,  it  will 
be  universally  adopted,  and  the  more  intelligent 
portion  of  the  community  will  countenance  it  at 
a  verj'  early  period." —  Ventilation. — It  is  at  all 
times  important  to  consider  that,  whatever  plan 
of  heating  is  adopted,  due  regard  should  be  paid 
to  the  ventilation  as  well  as  the  hygrometrical 
condition  of  the  air,  and  imparting  moisture  to 
it  when  necessary.  This  subject  will  be  fully 
treated  of  under  the  head  of  Vkntilatio??. 

JBcbe.  One  of  the  Asteroids.  For  Elements, 
&c.,  see  AsTRBoiDs. 

Heliacal.    See  AciinoincAL. 

Helioceatric*  The  position  of  a  celestial 
body  as  seen  from  the  SuK,  instead  of  from  the 
Earth,  is  its  Heliocentric  position,  in  opposition 
to  its  Geocentric. 

Ilclloinctcr.  A  name  given  originally  to  a 
small  tdescope  used  in  measuring  the  diameter 
of  the  Sun,  but  which  suggested  a  principle  that 
has  recently  been  applied  in  the  construcrion  of 
several  of  tlie  largest  and  most  important  instru- 
ments now  bdonging  to  Practical  Astronomy. 
The  distinguishing  characteristic  of  the  old  Heli- 
ometer  was  this—dther  the  small  object-glass 
was  cut  into  two  parts  through  a  diameter,  these 
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two  parts  being  relitively  moreabia;  or,  io  front 
eftheiiiiDplaobJect-g1aH,aI>oDard's[loDbls  image 
ml(Tan»ter  eonld  be  placed.  See  Uicboheteb. 
So  VKn  aa  art  had  readied  the  power  to  execDte 
It*  reqniremenla,  it  liecBTne  erident  tlut  Iha  aame 
ConlrivaDce  mi^ht  be  taken  advantage  of,  in  Ibe 
caM  of  obJect'^laBsea  of  anj  »^ze,  and,  thereforef 
of  teJesoopea  of  rhe  higtaat  efficiency;  and  it  ap- 
peared a>  well,  tbit  the  Heliometer,  if  capable  of 
■neuuringtlie  diameter  of  tbe  Son,  might  equall; 
nwuDre  tbodiatanasiodreUtirgpoHtiiaiaotaiif 
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'  tun  Man.  The  acfaievement  demanded  ftom  vt, 
vu  first  acooinpliihed  by  Franeobcrfer,  who  cot- 
■tnicted  the  great  initnimBit  that  produoed  ra 
•oeignalltilhebudaofBeaKt^aiidhisn  ~ 
lag  example  hu  been  most  soccesafnlly  feDowcd 
sincebyHanandRepsold.  Tlut  our  dtai'  '  ' 
.».. _...._.... , maybe  si 

ler  with  ■ 
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The  leleMOpe,  It  will  be  seen,  is  monnted  is  an 
Equatorial — the  hour  drcle  bdng  at  ihs  top  of 
the  pillar,  and  the  declliuitiDn  i^^cle  at  one 
ond  of  the  axis— both  qnlta  witUd  reach  of  the 
obeerm,  whose  place  of  conrse  is  near  the  eye- 
piece. It  la  evident  that  evoy  uQustment 
reqolsits  Ibr  the  EqoataiEal,  ia  ttquistta  in  the  oas 
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of  the  Heliometer,  and  tbsl  no  mmction  necw- 
saiy  for  the  rormer  can  be  diapenaed  with  in  tfaa 
uaeoftheUtlerbstnimaiL  These  GOini:tiaiia,aa 
w«  ihall  loon  see,  are  c<nuid«nbly  more  ecnnjdex ; 
nor  ta  it  to  be  concealed,  that  the  labour  of  Dun); 
one  Helionieto'  aright,  ariring  from  such  cana  ■« 
the  gmt,  if  not  the  ooly  pmelical  otjectka  to 
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TbB  pMsBui^  of  tbt  Hdb- 
■Mcr  wui  M  tamaj  aaitataoS  b;  aid  of  tb«  nb- 
JoiMd  cot,  whkii  iLfiim  Ha  diridsd  ot|)Kt- 
glM.   IallwO>fa(IIwtnuiunt,teol4ect-glHa 


»  T'5  tocfaea  hi  dumeter,  md  bu  ■  toa\  leDgtb 
cflO-SfiM.    'DuI^BH.MtheHganaluin,)* 


iMpwtion  ihowii 
Ihj  an  Tlrtually  one  ob}«ct-gluB, 
ma,  inmror*.  Gmi  ooa  InUf^  of  >  atw  or  otb«r 
atnd  nugniliida.  In  ths  bcog  ;  bat  irhcn  the 
cntn  erf  ttM  two  plcai  tn  apirt,  each  Kmi- 
otijcct-gUn  ba*  ■  (bens  of  iti   own,    and  two 


*^1B*^1  from  each  oUkt,  comspood  with  tba 
AMdcs  of  Ibeae  ootna.  CoaTawl/,  when 
■te  HBtni  Totatiift,  two  atan  «Q1  fann  - 
iaagH  in  tba  focdi,  wboae  dlManca  and  re! 
iflnctlaB  contqnod  with  tba  angular  dii 
ad  nlati>«  dindkio  of  tba  actoal  bodln ;  and 
It  h  tmj  to  aee,  tbat  by  acmring  CIhi  centna 
awtj  rnm  aaeli  other,  tluas  tmagea  may  ba 
bran^t  naanr  and  neanr.  nnlil  tber  li«  In  (ba 
■aoM  Tfftlcal  line  If  tba  whole  fhune  con- 
tAting  the  ali}«t'glua  could  be  tnnwd  aaffi- 
ciatlf  Tonnd,  tlie  two  imagea  might  ba  made  to 
oncar  ai  to  dbectka  also,  In  other  worda,  to 
eeitdit  and  tjna  ona  iimot  hi  tba  bcua  of  the 
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Tbla  coinctdeDce  eatablbbud, — an 
operalioD  eaiily  eOiclad  by  mcaog  of  the  handiis 
of  the  Hooke'a  Jolnls  ninnaDtad  in  fig.  1— the 
Observer  baa  Bimply  to  examiiw  tbe  atals  of  Mb 
iDitromeut ;  and  Ibia  will  indicate  the  angnlat 
distaooe  and  idMive  poeition  of  the  two  st*f& 
The  amount  by  whidi  the  whole  object'piCM 
baa  bean  tuined  niund,  ii  indicaUed  on  the  ditle 
amTDunding  the  tube  of  the  Ideacope  ■  little  nay 
e-piaca  And  the  distairas  of  the 
apooding  to  the  aogolar  distance  of 
benadoffb^lbe  obeerrer  at  the 
I,  thiongfa  the  two  sabaidiar]:  tabes 
in  tbe  cat,  by  aid  of  an  arTaagemeat  within  the 
tube  for  inumiaatiDg  the  acalai  by  the  Electric 
LighL  Nolhiiig  can  exceed  the  lagimuily  dis- 
played by  H.  BepBOld  in  the  oonatructlon  of  this 
superb  instrument.  Only  loone  other  peculiatitr, 
but  tbat  a  very  important  one,  can  we  allude 
beie.  In  all  pt«rioua  itniEtam  of  this  kind,  tbe 
plate  a  ^  n  B,  on  wboae  aucftce  tlte  aemi-oblect 
wasji/iBKor  jtol,'  Rqnold  felt  that  the  find  of 
the  two  aegmoita  could  not,  in  inch  an  arrange.- 
meul,  (all  al  the  aante  distance  from  the  observer's 
eye,  when  the  centres  were  apart ;  and  he  applied 
an  efiectnal  remedy  by  aoTinj  tlMse  plates — 
thdr  radius  of  curvature  being  tbe  (bcal  Isogth 
of  the  oli)ect-gUaa.  It  need  not  be  intimated  to 
the  experienced  Observer,  (hat  the  care  lequlute 
(or  tbe  true  use  of  the  Heliometer  must  be  itf  the 
highest  order,  and  that  the  cornotiona  needed  (o 
reduce  Its  tough  reaulta  lie  numerous.  Tlw 
muie  oomplei  any  instrament,  tbe  more  do  Ihow 
oomctions  multiply ;  and,  in  tbe  case  before  as, 
we  have,  in  addition  to  the  errors  of  the  common 
equatorial,  to  verify  several  b 


angular  distances,  of  tbe  dividoos  of  several 
sc^es.  Fortber,  there  is  the  great  question  of 
Beinre — not  the  mere  Beznre  tat  tbe  teleaoope  in 
kogth,  but  wbieb.  In  Ibis  eaas,  is  of  much  more 
'  coDsequence,  ths  flexm*  of  the  dccllnation-azis ; 
(bis  latter  Sexure  must  be  considerably  on 
account  of  the  great  weight  of  tbe  TdeactfM,  and 
it  is  of  tbe  greatest  importance  to  detect  It  accu- 
rately, because  it  directly  aSecta  tbe  prediiali 
with  which  the  lleliomela'  indicitaa  tbe  nUtive 
potitiOH  of  two  Stan.  For  a  curious  and  acute 
eilminition  of  this  aoune  of  tsror  by  Profeaaor 
Johnson,  we  refer  to  the  Saddiffe  ObMTve^oni 
(cir  I8&I,  ui  which  volnine,  and  tbe  previoos  ow 
the  atroctun  and  ose  of  the  (hdbfd  Hdiomeler 
are  mtnt  ably  discussed  at  large.  Tbe  student 
should  also  peruse  tba  tamooa  Uemoir  by  Basel, 
in  tbe  Kauigiberg  Obtenatiimi ;  or  the  dlssota- 
tion  by  Bmnow  In  his  fi^xnicAs  JMrmoasii. — 
Tbe  HdltHneter  Is  espsdally  appUcabls  to  Investi- 
gations of  tlie  mnltlplestani  although  its  merits, 
compared  with  those  of  tbe  pcdtlou  Micrometer, 
are  not  yet  fully  dalenninBd.  PrtAasor  J(dmsoo 
has  recently  shown  In  an  elaborate  Hemdr  i(s 
lemarltable  adapUUlity  to  Pimotttrieal  data- 
mtn.iinn..     Sot  SoMi/i  Otttnotmu. 
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llelloattu*  An  instrument  indispeniaUe  to 
every  one  engaged  in  higiier  optical  reaearch. 
Its  object  is  to  make  a  solar  beam  stationary,  or 
apparently  stationary;  in  other  words,  to  pre- 
serve its  direction  invariable,  notwithstanding  the 
motion  of  the  Snn  in  the  heavens.  It  is  evident 
that  the  possession  of  such  an  instrument  nrast 
be  of  the  last  importance,  so  that  an  analysis  of 
the  solar  beam  be  oonducted  without  embarrass- 
ment  The  oonstmction  of  Heliostats  is  vari- 
ous ;  but  the  principle  is  the  same  in  all,  viz., 
that  of  the  Equatorial  Telescope.  A  reflecting 
surface  attached  to  a  polar  axis,  moved  by 
clock-work  at  the  rate  of  the  sun's  diurnal  velocity: 
the  ray  obtained  from  this  surfaoe  is  neoaasarily 
constant  in  direction;  and  this  ray  is  again 
turned  by  a  seoond  and  fixed  mirror,  as  the 
observer  desires. 

Heliotrope.  A  v«luable  instrument  mudi 
used  abroad  in  Geodetic  surveys.  Its  objects  are  to 
enable  the  surveyer  to  transmit  signals  of  reflected 
light  from  one  station  to  another,  and  raadily  to 
discern  those  transmitted.  Its  most  convenient 
form  has  been  given  it  by  M.  Merz  of  Munich. 

Heoslaphere.  Half  of  a  sphere.  The  Earth 
is  divided  into  two  hemispheres,  the  Northern 
and  Southern.  The  line  of  division  is  a  great 
circle,  the  Equator^  perpendicular  to  the  line  of 
the  poles. — It  is  a  remarkable  fact  that  the 
Earth  can  be  divided  into  two  hemispherss, 
one  of  which  sl^l  contain  almost  all  the  landf 
and  another,  almost  all  the  vnitar  on  its  surface. 
The  harbour  of  Falmouth  is  very  nearly  in  the 
centre  of  the  terrene  hemiq)here.  This  goes,  so 
far,  to  explain  the  pre-eminence  attained  by 
London  and  the  English  ports  generally,  in 
mercantile  affairs.  Sir  John  Herschel  infers 
that  the  protruding  half  must  be  lighter  than 
the  other,  and  that,  therefore,  the  gbbe  cannot 
have  equally  dense  hemispheres. 

nercvlea*  An  old  constellation  which  Ara- 
tos,  Hy^us,  and  Ptolemy,  desmbe  as  Irywttrtvt 
and  which  the  poet  Aratus  says  is  "  a  figure  like 
that  of  a  man  in  sorrow."  It  lies  between  Lyra, 
Ophiucus,  Draco,  and  Bootes.  It  has  no  stars 
above  the  third  magnitude.  An  extremely  rich 
and  brilliant  cluster  of  stars,  or  NebiUa,  is  in  this 
constellation. 

SlemieacaL  A  word  taken  from  th^  lan- 
guage of  the  old  alchemists,  who  regarded  the 
Kg^'ptian  Hermes,  or  Thaat,  aS  the  inventor  of 
all  arts,  and  especially  of  chemistry.  Hermeti- 
cally, means  exactfy^  and  is  chiefly  applied  to  the 
closing  up  of  vessels  which  contain  substances 
capable  of  dissipation  by  evaporation  or  other- 
wise. Th«y  are  said  to  be  hermetically  sealed, 
when  no  air  can  enter  the  vessel.  A  glass  vessel 
is  hermetically  sealed,  when,  by  means  of  the 
blowpipe,  its  month  is  completely  dosed. 
See  UaAiiu& 

(People  with  different  shadows.) 
An  old  term  applied  to  those  whose  shadows  an 
always  in  diflerent  directions.    Those  dweUiug 
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in  the  torrid  zone  have  their  shadows  dvoging 
in  direction  all  round  the  oompaiBS.  Hence,  n» 
heteroedi  to  each  other  can  be  fbond  dieta. 
People  in  the  northeni  heniisphere  beyood  tl» 
tropics,  have  their  shadow  always  turned  to  the 
north,  and  those  in  the  southern,  beyond  tlte 
tropic,  always  to  the  south.  Henoe,  fan  a  geoeral 
way,  these  parts  of  each  hemisphere  may  beoon- 
sidered  **heteroscii"  to  eadi  other. 

0«riBmi.  When  we  stand  at  any  hc^fat 
above  the  ground,  if  it  be  level,  we  see  a  oosi- 
siderable  portion  of  its  surface.  If  we  aland 
higher  (see  Dip),  we  see  more  of  it,  but  m  all 
cases  we  are  stopped  somewhere,  by  the  ^hen- 
city  of  the  Earth's  mass.  We  cannot  see  toond 
it  beyond  a  certain  point;  and  the  rim  wtncli 
marla  the  outmost  limit  of  the  Earth  visible  to  ua^ 
— ^where  our  line  of  vision  no  longer  can  strike  its 
surface,  but  only  stretdiaway  into  space — Is  called 
the  horizon.  We  can  understand  really  that,  as 
the  Earth  b  regular  in  its  q>herical  form,  this 
line  should,  except  where  local  iirsgolarHies 
break  it,  be  circular.  From  our  ordinary  deva- 
tion,  there  does  not  appear  any  sphericity  in  the 
Earth,  and  the  Aortnm,  the  sensible  Aomoa,  ap- 
pears, therefore,  a  plane  with  a  circular  rim.  It 
is  just  the  plane  tangent  to  the  surface  at  the 
point  where  we  touch  it,  or  very  nearly  so.  The 
term  is  used  indifferently  for  tiie  plane^  and  for 
its  circular  edge.  Considering  the  eDormoas  &- 
tance  of  the  hosvenly  bodies,  it  would  make  wy 
little  difibrenoe  in  respect  to  them  whether  we 
suppose  that  plane  passing  through  the  centre  of 
the  Earth,  or  over  its  surface.  The  two  planes  are 
parallel,  and  at  the  constant  distance  of  nearly 
4,000  miles  (a  semi-dianaeter);  but  at  the  ranote- 
ness  of  the  stars,  4,000  miles  is  imperceptible.  For 
the  moon  and  the  nearer  planeta  there  is  greater 
diffierence,  but  the  rattoiMi/or  cefeftio/  horison.  as 
it  is  called,  is  still  used  in  observations;  and  where 
needfo],  observations  are  reduoed  to  it,  by  the 
geocentiiic  and  parallax  oorrections  bang  madeu — 
When — through  mists,  or  douds,  or  darkness,  or 
whatever  other  canse — ^it  is  impossible  to  see  the 
horizon,  so  that  we  cannot  take  the  altitude  of 
any  oliject,  an  ingenious  optical  contrivance 
(artificial  horisson)  employed,  is  this: — A  vssad 
of  mwonry  b  set  down,  floating  horizontally 
(a  horizontal  mirror)]  and  the  object  to  be 
observed  is  looked  at  through  a  telesoope  with 
a  graduated  circle  attadied.  Its  imoffe  is  next 
looked  at  with  the  same  telescope,  the  circle 
remaining,  meanwhile,  fixed,  and  the  telescope 
moving  in  a  plane.  The  reading  of  the  angular 
space  through  which  it  has  mov^  from  the  posi- 
tion where  it  viewed  the  star,  to  that  wiiere  its 
reflection  was  seen,  is  then  carefully  noted;  and« 
according  to  the  easily  understood  theory  of 
minors  (OAXOPTBioe),  the  half  of  this  gives  the 
aocarate  altitude  of  the  star  above  the  horizon. 

Moalagy.  An  explanatioQ  of  the  pcinc^iles 
of  the  measurement  of  time.    See  GAimcpAn, 
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ThB  mftoe  at  tmgle 
eanrnpamdiog  to  may  given  btnocokr  paraUax, 
h  fldkd  the  Horopter.    For  a  fnll  explanftUoo 

«B  FaMAULUL  filMOCULAB. 

■«««e  l**wg>u  A  power  csfwble  of  nisiiig 
0,000  Um.  throagh  one  iMt  per  minnteu  When 
Ml  eogino  !■  add  to  be  of  so  many  hone  power,  it 
ii  BBtnt  that  it  oonld  lift  eo  muaj  times  88,000 
Uhl  thnogh  a  loot  in  a  ndnnteb 

Mmmr  Assle.  The  angle  between  the  hour 
avde  soited  to  any  g^veo  body,  and  ifae  mwidisn 
of  the  place  of  obaemtion. 

n— ■  drdlm  A  drde  in  the  beavois  pass- 
ing throQgli  the  poeition  of  any  body,  and  the 
poks  oC  t^  heavens. 

■rndteai  (The  rainy.)  A  oonsteDation  form- 
ing the  fivdiaad  and  eye  of  Taoms.  It  has  five 
staavinbla  to  the  naked  eye.  Some  of  the  an- 
cients saw  seven.  They  are  arnnged  in  the  form 
of  the  letter  T,  «  and  •  Taoxi  behig  at  the  ez- 
tsanitiss;  y  at  the  angular  point;  i  Tauri 
bstwen  •  and  y  Tanii;  and  )  between  i  and  y. 
The  stir  0  Tanri  is  Aldebazan. 

MjJisi*  An  old  oonstaDatioo,  sometimes  erro- 
asoosiycallsdaleoHydnis.  It  is  represented  as  a 
long  snake  trsfling  on  the  gronnd,  carrying  on 
his  badi  a  Goblet  (Crater),  and  near  his  taO  a 
Grow  (Gorrns).  It  is  nsoally,  from  its  great 
hi^lth,  divided  mtofoor  parts:  Hydrs,  the  head, 
all  near  to»  and  sooth  of  Bcgnlns;  Hydra  et 
Gtatsr;  Hydn  et  Corves;  and  Hydns  oontinn- 
stfek  containing  the  taiL  The  star  •  Hydrs  is 
of  the  wwnd  magnitadeL 

mr^mOlkt  Pteaai  ortfae  Bwh  Pfeee, 
from  its  inventor's  name.  The  soggestion  of  this 
inslnnnfnt  is  claimed  for  Pascal,  bat  however 
that  Buy  be^  it  was  not  actaa%  constmcted  be- 
fae  Mr.  Bramah  took  oot  his  patent  in  1796. 
It  rsMB  upon  the  weD-known  hydrostatical  prin- 
cipk»  that  when  a  mass  of  fluid  is  in  equilibrium, 
pranafe  ^^pDed  at  any  part  of  it  is  transmitted 
over  ill  whole  nussy  and  eadi  particle  sostains 
te  ssms  pressare  as  everf  other  particle.  It  is 
end  fbr  producing  powerftd  compression  over  a 
laige  BofKe,  for  ralrfng  weights,  for  drawing  up 
trees  from  thie  roots,  or  raisbg  the  piles  of  worn 
<Nt  bridges  from  river  beds :  and,  in  fact,  every- 
vbere  that  we  wish  to  apply  forces  readfly  to  a 
work  whoe  we  cannot  bring  them  directly  to 
bear,  or  desire  to  apply  them  over  a  large  snr- 
fooe,  when  we  cannot  readfly  apply  them  im- 
■sdistdy,  the  Bramah  press  may  be  made  use 
«C— In  its  simplest  form,  it  consists  of  a  large 
piston  moving  in  a  water-tight  cylinder,  the 
bottom  of  whk^  is  filled  with  water,  which  abo 
eoomunicates  by  tabes  filled  with  water,  with 
the  bottom  of  the  cylinder  of  a  small  forcing 
pamp.  The  water  hi  this  last  is  submitted  to 
•ay  pressuie  we  may  wish  to  apply;  and 
thst  beii«  traumitted  to  the  hnge  piston,  lifts 
it  up,  BoHng  along  with  it  wliafiever  may 
bs  eoonscted  with  it.— The  Bramah  press  is, 
Itball  other  ranchimn,  no  crsator  of  effect,  but  a 


HTD 

mere  distribator  of  it.  Indeed,  the  whole  work 
it  does,  is  first  given  to  it;  although,  as  the 
actual  exertion  at  the  pump  does  not  require  tf> 
rise  higher  than  the  pressure,  it  does  not  appear 
to  have  been  so.  The  apparent  gain  of  power  is 
just  in  proportion  to  the  difierenoe  of  areas  of  the 
sections  of  the  pump  and  of  the  cylinder.  If  the 
one,  for  example,  have  a  radius  of  only  one- 
fourth  of  an  indi,  and  the  other  one  of  ten  inches. 
— ^tlie  area,  being  in  the  proportion  of  the  squares 
of  the  linear  dimensions,  will  be  as  1  to  1,600, 
and  the  apparent  gain  will  be  exactly  propor- 
tional to  tliis  difference. — The  hydraulic  presH 
has  been  used,  of  lato  years,  very  efficiently  in 
raistng  those  enormous  masses  of  iron,  contained  in 
tubular  bridges,  to  the  height  at  which  they  most 
be  finally  placed  above  tibe  level  of  the  water. 
It  has  done  this,  with  the  greatest  ease, — raising 
them  en  masse.  Its  almost  unlimited  capacities 
promise  to  be  yet  more  fully  recognized. 

Hydmallca  include  the  study  of  the  pheno- 
mena of  floids  in  motion,  and  of  the  methods  of 
obtaining  fh>m  these,  useful  results.  We  shall 
speak  here  only  of  incompressible  fluids  like 
water,  which  are  called  liquids.  The  subject  is 
divisible  into  four  parts;  1st,  tiie  laws  of  the 
eflSnence  of  water  contained  in  a  reservoir ;  2d, 
of  running  waters ;  8d,  of  the  use  of  water  as  a 
motive  power;  4th,  of  machines  for  raising  water. 

(1.)  Of  Effluence  or  DUcharffe.—FirtL  Let 
the  reservoir  be  oonstantiy  full  of  water.  The 
opening  by  wliich  the  water  flows  oot,  is 
sometimes  completely  covered  by  the  fluid,  and 
is  then  called  an  orifice;  som^mes  it  is  not 
timited  above,  and  is  called  a  iMtr,  or  thtiee» 
If  the  orifice  be  in  a  wall  whose  thickness  is 
lees  than  half  the  smallest  dimension  of  the 
orifice,  H  is  said  to  be  in  thin  wall;  In  other 
cases,  it  is  supplied  with  a  sp(mt,  sometime^ 
cylindrical,  but  generally  conical  and  conver- 
gent The  vertiod  distance  of  the  surfice  of 
the  fluid,  fVom  the  centre  of  gravity  of  the 
orifice,  is  the  duxrge  of  vMter  on  the  orifice, 
to  which  the  efflux  u  due.  Let  u  be  the 
charge  of  water;  v,  the  mean  velodty  of 
efflux ;  and  g  =  82*2,  the  Telocity  aoqnued  by 
fUUng  bodies  in  a  second.    In  Ae  case  of  an 

orifice  with  thin  wall,  v  =  V  2  ^  h  ;  that  is,  the 
velocities  are  proportional  to  the  square  roots  of 
the  chaiges.  Let  Q  =  waste  of  water  per 
second,  m  a  constant  co-efficient,  8  the  surfacv 

of  the  orifice ;  then  Q  =  ffivs  =  ms  V  2  ^  ii, 
m  being  equal  to  '62  in  orifices  with  thin 
walls,  whfch  gives  q  =  4-98  Via. — In  orifices 
which  have  a  cylindrical  spout,  equal  in  length 
to  three  or  four  times  the  smallest  dimension  of 
eth  orifice  at  least,  and  whera  the  efflux  is  fh)m 
the  wliole  mouth,  and  not  merely  firom  its  lower 

part  V  =  '82  V  2y  h,  and  the  waste  of  water 

Q  =  -82  X  S  VT^H  =  6-58  V  2  H.  The 
conical,  convergent  spouts,  made  use  of  in  public 
works,  whose  inclination  is  about  10®  or  12^, 
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diminish  but  very  slightly  the  total  waste  of 
water  and  the  e^ctive  velocity,  through  the 
fluid  friction.  They  are  about  ;98  of  the  theo- 
retical waste  and  velocity.  Conical  divergent 
spouts  (which  are,  however,  little  used)  are  capable 
of  doubling  the  waste  of  water  due  to  orifices  in 
tbin  walls.  When  the  charge  on  the  centre  of  the 
orifice  is  very  feeble  in  proportion  to  the  height 
of  it,  the  mean  velocity  of  efflux  is  a  little  lees 
than  that  given  by  the  formula  above. — If,  at 
the  upper  part  of  one  of  the  walls  of  a  reservohr, 
a  rectan^lar  opening  is  made,  whose  base  is 
horizontal,  the  water  of  the  reservoir  (which,  we 
suppose  to  be  always  kept  quite  fuU)  will  fall  in 
a  sheet  over  this  base  or  ground.  Let  h  be 
the  diargo  of  water  on  the  base  2,  the  width  of 
the  opening,  l  the  width  of  a  reservoir,  q  the 

waste  of  water. — For  I  smaller  than  .,  we  have 

Q  =  (8'04)  1*"7  /  H  V  H.    For  Z  =  L  as  in  an 
ordinary  weir  or  dam,  q  =  (8*39)  1*96  l  h  V~Hi 
and  for  intermediate  values  of  ^  the  co-efficient  of 
Q  will  vary  from  1*77  to  1*96. — Let  us  now  oon- 
sidei\  the  case  of  a  reservoir  which  is  emptying 
itself— not  keepmg  at  constant  level    The  prob- 
lems connected  with  this  case  are  readily  solved 
by  help  of  the  preceding  data,  and  the  following 
theorem ; — the  volume  of  water  which  flows  out 
from  any  orifice  of  a  prismatic  vessel,  which 
empties  itself  until  it  is  completely  dry,  is  only 
half  what  it  would  have  been,  during  the  time 
that  the  vessel  had  taken  to  empty  itself  had  the 
level  been  kept  constant     If,  then,  this  charge 
and  the  horizontal  section  of  the  supposed  pris- 
matic reservoir  be  known,  we  may  readily  de- 
termine the  time  that  it  will  take  to  empty,  by 
translating  the  foregoing  theorem  into  an  equa- 
tion.   Swularly,  the  time  that  the  level  takes  to 
sink  any  given  amount,  may  be  found  by  taking 
the  difference  of  the  times,  which  it  would  take 
to  empty  from  the  primitive  level,  and  from  the 
lower  leveL      By   transforming   the   equation 
which  wfll  give  the  time  that  £e  levd  takes  to 
sink  a  given  quantity,  we  may  draw  from  this 
the  expression  of  the  volume  of  water  which 
flows  out  in  a  given  time.    Fmalhfy  it  remains 
to  consider  the  efflux,  when  the  fluid  passes  from 
one  reservoir  into  another,  arranged  so  that  the 
orifice  of  communication  be  completely  covered. 
When  the  levels  are  constant  in  each  of  the  two 
reservoirs — which  happens,  for  instance,  when  a 
canal  supplies  water  to  that  immediatdy  below 
it,  by  means  of  an  opening  placed  beiow  the 
level  of  the  latter — tiie  formulsB  given  above 
for  the  waste  of  water  in  free  air  may  be  used, 
taking  h,  as  the  difference  of  level  between  the 
two  reservoirs.    When  the  level  is  constant  in 
the  upper,  and  variable  in  the  bwer  level,  or  viet 
versa — ^which  is  the  case  in  canal-locks — ^we  may 
determine  the  time  necessary  to  empty  or  fill  the 
well,  by  calculations,  indicated  above,  for  the  case 
of  a  reservoir  which  empties  itself  in  free  air; 
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replacing  in  these  formuls  the  horizontal  section 
of  the  reservoir  by  that  of  the  lock, — ^the  chaig» 
of  water  being  the  difference  between  the  original 
level  of  the  water  in  the  well,  and  its  krel  in 
the  upper  or  lower  canal. 

(2.)  OfRmmmg  Waien.—Ot  ccmaJs.  Canah 
differ  fit)m  rivers  in  having  a  regular  bed  with 
everywhere  the  same  slope,  and  the  same  limits^ 
tions.  The  mean  velocity  of  the  water  in  tlion 
is  very  nearly  8-lOths  of  that  at  the  surfiMe. 
Let  p  be  the  inclination  of  the  liquid  sorfaoe, 
which  is  determined  by  levelling.  Let  c  be 
the  perimeter  of  the  section  =  I  -[■  2  A  for 
a  rectangular  canal,  and  I  -\-  %h  V  **  +  !» 
where  (t  is  the  slope  given  to  the  banks,  detennined 
by  the  nature  of  the  soU),  for  one  not  rertangnlar. 
Let «  be  the  area  of  this  section,  which  is  eqoal 
to  /A  in  a  rectangular  canal,  and  to  ({ -4-  <  A)  & 


in  a  tonpezium  canaL    The  proportion  — ,  of  the 

area  to  the  moistened  perimeter  is  equal  to  ».  Let 
themean  velocity  of  the  cuiroit  r=  v,  and  let  Q== 
the  waste.  Then  between  these  quantitieB  the 
following  proportions  hold,  q  =: «  «,  and  » jp  = 
00086664  (v«  +  0-0664  r);  which,  when  re- 

solved  in  respect  to  v  gives  »  =  V  2736  »p*  — 
•038;  equations  in  which,  as  all  the  quantitict 
contained  except  one^  are  given,  the  latter  may 
be  determined. — ^For  rectangular  canals  and 
aqueducts,  it  is  proper  to  give  them  such  dimen- 
sions, that  the  breadth  may  be  neariy  double  the 
depth  of  water ;  that  is,  that  /  =  2  A;  whence 

c  =  4A,  «  =  2A*,  andf»=  -;  A  will  be^vou 

z 

as  a  function  of  the  waste,  by  the  formula  q  =r  r  t, 
which  becomes  here  q  =  2 vA',  the  -\*eloctty  r 
being  an  arbitrary  datum,  depending  on  the  slope 
and  on  the  nature  of  the  canaL — In  the  case  cf  a 
trapezium  canal,  let  m  be  the  proportion  of  the 
br^th  at  bottom  l^  to  the  depth  A;  /  ^  »  A;  and 
«  =  A*  (m  -j-  0,  equations  whidi  allow  us  to 
determine  I  and  A,  m  being  given.  The  value  of 
i  should  be  \ — (1  of  base  to  2  of  height) — for  slopes 
of  dry  stones,  1,  for  thoee  of  vegetable  mocdd, 
and  2  for  such  as  are  of  sand,  or  sUpfung  sofl. — 
The  area  « is  determined  by  dividing  the  waste 
of  the  canal  by  the  mean  velocity  whidi  the 
water  should  have.  This  mean  velocity  should  be 
such  that  the  velocity  at  the  bottom,  whidi  is  very 
nearly  }  of  it,  be  weak  enough  not  to  degrade 
the  waUa  of  the  canal.  The  following  table  in- 
dicates the  superior  limits  of  the  velocity  which  the 
water  should  have  at  the  bottom  of  canals  accord- 
ing to  thdr  nature,  without  wearing  them  away. 


Hataiv  of  the  BoCtom. 

Weakened  earth 17^* 

Light  soft  clays 4  9 

Sand 9^ 

Gravel iw 

Pebbles \^ 

Broken  BtuncA— flints 90^ 

Agglomerate  of  pebbles— soft  aclilst 49 

KoduinlByera fivi 

Iltfd  rocks 98 
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The  Tdodty  at  the  boCtotn,  and,  oonceqaently, 

th0  mean  velocitj,  being  thiu  taken  arbitrarily, 

■od  beneath  the  maximnm  limits  just  given,  we 

oiaj,  by  the  Ibragoing  formiils,  deduce  the  form 

to  be  giveo  to  the  canal,  and  then  its  dimensions, 

■s  Ibnctlooa  of*  the  water,  which  it  is  to  have. 

For  great  velocities,  thoeeof  40  hiches  and  above, 

the  Taloe  of  q  jost  given  must  be  replaced  by 

the  foOowh^  Q  =  51 «  V  »;>.— Next  as  to  the 

6bires  of  tke  Water  of  CotidSi.— GaniOs,  with 

the  exceptkm  of  canals  of  navigation  starting 

fram  the  sea,  obtain  thdr  water  from  reservoirs 

or  basins  placed  at  thdr  head,  which  are  most 

freqaeotlj  portions  of  riven,  the  level  of  which  is 

faisBd  for  this  purpose  by  a  dam.    The  head  of 

the  canal  at  the  point  of  entrance  is  sometimes 

cndrdy  open,  aometimeB  it  is  provided  with  a 

flood-gatei — ^ftrsl.   Canal  frtt  ai  its  etUranee. 

The  water,  at  its  entrance  into  an  open  canal,  forms 

a  fidl;  its  levd  falls  to  a  certain  distance,  then  it 

rises  a  little,  by  stigfat  nndolations,  beyond  which 

the  ftdd  nafiiee  takes  and  preserves  a  form 

Mttty  plane  and  parallel  to  tiie  bottom  of  the 

bed — its  slope  and  outline  being  always  con- 

sidend  oonetant.     The  velocity  is  accelerated 

Irhb  the  top  to  the  bottom  of  the  fidl ;  it  then 

djminishfs,  daring  the  rinng  of  the  sur&ce,  and, 

soon  after,  tiie  movement  proceeds  in  a  manner 

Moribly  anifbrm. — Let  h  be  the  height  of  the 

water  in  the  reservoir  above  the  line  of  entrance 

inlD  the  canal ;  A,  the  constant  depth  of  the  cnx^ 

rent  affcer  the  movement  has  become  nniform,  and 

V  the  vdocity  of  this  movement ;  let  d  besides 

be  the  diflerenoe  of  level  between  the  snrfaoe  of 

water  in  the  reservoir,  and  at  the  extremity  of 

the  canal,  and  l,  the  length  of  the  latter;  we 

AaO  have  h  —  i^=  0*06225  v*;  — p  l  =  d ^ 

(h— A);  r  =  V 2786  np — -088;  andQ=r«9. 
By  means  of  these  eqnatiODa,  we  may  determine 
the  wastes  the  slope,  or  one  of  the  dhnensions  of 
the  canal;  the  other  qnantitiee  being  known. — 
GcMcally,  sodi  falls  are  hitended  to  vHUze  water 
at  a  Motor.     Now  the  efficiency  of  a  current 
<e  tarn  awidHiigt  depends,  not  merely  on  the 
qantity  of  water,  hot  also  on  the  height  of  the 
Ul,  that  is,  on  the  differenoe  of  level  between 
the  smlMe  of  the  reservoir  and  the  point  of  the 
riverwiiare  thia  water  may  be  given  back  below 
the  work.    And  this  force  is  measured  by  the  pro- 
duct of  the  quantity  of  water  and  the  height  of  the 
fan.    Tbe  greater  the  incUnatioa  that  is  given 
to  tile  canal,  tlie  more  water  is  used ;  and  this 
iMieasei  one  of  the  fiMtors  of  the  product,  but,  at 
the  same  time,  the  odier  factor,  the  fkll,  is 
dimnushed;  and  the  result  will  be,  that  the  pro- 
dact  after  having  been  at  first  increased  with  the 
elope,  win  then  dimteish,  after  which  it  will  con- 
tiaae  to  tncreoae:  there  is  thus  a  maximum  of 
ftrett  which  It  is  of  importance  to  determine. 
This  may  be  done  by  guess  woric; — by  determin- 
im  each  of  the  Actors  of  the  product,  and  the 
product  itsdf;  therefbce,  for  a  series  of  fUls,  te- 
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creasing,  for  instance,  by  thousandths,  and  stop- 
ping as  soon  as  it  begins  to  diminish. — CagiaU 
wUh  Jlood-gatei.  When  a  canal  receivto  water 
by  the  opening  of  a  flood-gate  at  its  head,  which  is 
the  case  with  almost  all  mill  races,  and  when  its 
charge  on  the  centre  of  the  orifice  is  coneiderable, 
and  more  than  two  or  three  times  the  height  of 
this  orifice,  its  higher  limit,  it  is  not  covered  by 
the' water  of  the  stream  below,  and  the  waste  is 
given  by  the  formula  q  =  (5*4)  8*1  *  Z  A  V  h, 
H  being  the  charge  on  the  orifice,  /  and  k,  the 
breadth  and  opening  of  the  flood-gate.  It  will 
be  enough  to  give  the  mill  race,  iu  such  a  case, 
an  inclination  so  that  the  water  to  be  expended 
may  flow  out,  which  we  may  readily  calculate  by 
the  formula  we  have  indicated  when  speaking  of 
the  movement  of  water  in  canals.  If  the  water 
rise  below  the  flood-gate  to  a  considerable  height 
above  the  upper  border  of  the  orifice,  the  chaige 
of  water  h  of  the  above  equation,  will  be  equal  to 
the  diflerence  of  the  level  of  the  water  before  and 
behind  the  flood-gates.— (y  IHvere.  We  shall 
enter  here  into  description  only  of  the  methods 
of  measuring  courses  of  water.  Let  us  first 
indicate  the  method  of  discovering  their  velo- 
cities. The  most  simple  means  is  by  a  fioater 
which  takes  the  velocity  of  the  water.  We 
begin  to  measure  after  it  has  attained  the  foil 
velocity  of  the  current,  and  in  the  strongest  part 
of  the  stream.  The  mean  velocity  is  about  *8 
of  the  velocity  thus  observed  (see  Bridges). 
Very  often  the  Woltmann*s  drum  is  used,  in 
which  is  a  turning  shaft  communicating  by  a 
screw  channel  with  a  meter,  and  carrying  four 
small  wings  arranged  as  in  a  windmill  The 
current  turns  them,  and  we  infbr,  from  the  num- 
ber <^  revolutions  h,  made  in  a  certain  time  t, 
which  is  indicated  l^  the  Instrument  itself,  the 

velocity  is  directly  inferred  v  =  a  -^  a  being 

T 

a  constant  co-efficient  for  any  given  instrument, 
and  determined  by  making  it  pass  over  a  certain 
space  in  standing  water,  and  dividing  the  space 
passed  through  by  the  number  of  turns  made. — 
In  order  to  measure  great  rivers,  one  takes  a 
section  of  them,  measures  their  area  across,  and 
the  velocity  (see  Bridgb);  which  two  quantities 
are  then  multiplied.  If  the  riven  are  wide,  the 
velocities  will  difier  in  diflerent  parts  aooM 
the  stream,  and  most  be  taken  by  averages  over 
several  measurements.  In  case  of  small  water 
courses,  such  for  instance  as  do  not  give  more 
than  2  or  8  cubic  yards  of  water  per  second,  a  dam 
is  made  in  the  water  course,  over  which  the  water 
foils ;  then  having  measured  the  charge  of  water  h, 
the  width  of  the  portion  of  the  dam  over  which 
the  water  falls  as  %  and  that  of  the  dam  as  l,  we 
calculate  the  waste  of  water  by  tbe  fbrmula  q  =. 

(8*04)  1*77  /h  V^^ — when  /  is  greater  than 
8}  inches,  and  less  than  Jl,  and  I  h  smaller 

than  the  fifth  of  the  section  of  the  current  imme- 
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diatcly  above  the  rooorvoir.  When  /  s=  l,  and  b 
greater  than  2^  inch^  and  amaUer  than  the 
faarth  of  the  depth  of  the  current  behind  the 

wall,  the  formnla  q  =  1*96  (8-89)  l  h  ^Ar  is 
need.    When  h  is  above  this  fonrth,  the  for- 

mnla  Q  =  (8-38)  1-92  i,  H  V^  h  +  -115  w«, 
to  being  the  velocity  of  the  snr&oe  of  the  current 
at  its  reaching  the  dam,  which  is  determmed  by 
experiment,  and  usually  by  the  floater.  The 
velocity  of  a  river  is  slight  when  it  is  below  20 
inches,  it  is  ordinazy,  fit>m  aboat  24  to  40  inches, 
great  when  above  that,  and  very  great  if  it  is 
more  than  80  inches.  The  velocity  of  the  Seine, 
about  Paris,  is  from  24  to  26  inches,  that  of  the 
Rhone  and  of  the  Rhine  about  80  inches.  A 
water  oourae  takes  rank  immediately  among 
rivers,  when,  in  its  ordinaiy  state,  firom  16  to  18 
cubic  yards  of  water  pass  in  a  second.  From  46 
to  60  is  such  as  to  make  it  about  navigable. 
The  Seine,  at  Paris,  with  a  mean  breadth  of  144 
yards,  and  a  mean  depth  of  6  feet,  gives  196 
cubic  yards  of  water  per  second;  the  Oaromie  at 
Toulouse,  in  its  ordinary  condition  226;  the 
Rhone  nearly  900  at  Lyons:  and  the  Rhine,  at 
Strasbourg,  1,426,  and  at  Nimeguen,  beibie  its 
junction  with  tiieMeuse,  2,660. — Qfthe  Movement 
of  Water  m  C<mduU  /^jpes.  Take  fint  the  case 
of  a  simple  conduit;  if  we  call  h  the  charge  of 
the  conduit  or  the  vertical  bdght  between  the 
orifice  of  efflux  and  the  surfiBce  of  the  fluid  in 
the  reservoir;  d  being  the  diameter  of  the  con- 
(iuit,  Lits  length,  and  q,  the  waste  of  water  per 
second,  we  shall  have 


(1 


.)    Q  =  21-22  A  /  iL^! -0216  •  D*, 

which,  for  velocities  above  24  fatches,  will  be 
approximately 

fl  =  20-8  a/  JL£!.. 

Very  often  the  waste  and  the  diarge  of  water  is 
taven,  and  the  diameter  is  required,  d  is  fint 
determmed  by  the  formnla  (2)  whkh  gives 

D  =  -298  aVJi^, 

which  is  sufficient  for  vekxjties  above  24  fandMS. 
When  the  velocity 

4q 

is  teas,  the  value  of  d,  thus  fbnnd  will  be  a  little 
too  small ;  it  will  then  be  angmented  gradnally, 
by  substituting  it  every  time  in  the  value  (1),  of 
Q  until  we  oome  to  a  value  of  the  second  member, 
alMve  that  of  the  waste  which  we  are  to  have.— 
We  have,  in  the  above,  taken  for  granted  that 
the  oonduHs  are  entirdy  open  at  their  extremity; 
but  (almost  always)  they  are  doaed  by  oocks  or 
spouts  which  narrow  the  opening.    In  that  case^ 
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forvekwitlBB  a^ove  SO  hicheB,a8  Ismalniial, 
we  have 


=  20-78^  / 


H  D* 


L  + 86-47    .  —  "- 


and 


=  '2««Xa/h--0826X   -^, 

d  being  the  diameter  of  the  spoat  at  its  orifice, 
and  111  the  oo-effident  of  contiactioo. — Lei  as 
now  suppose  that  we  have  to  deal  with  the 
establishment  of  a  system  of  water  oondrnta 
intended,  for  instance,  for  supplying  a  town, — 
where  usually  a  chief  conduit  is  used,  supply- 
ing numenMis  branches  that  conduct  difRsreot 
volumes,  first,  we  draw  a  plan  of  the  ooodnit 
and  its  branches — ^muldply  liy  |  the  waste  of 
water  of  each  pipe,  to  make  up  for  obstractioiia^ 
turnings,  and  other  accidental  lesistanees,  then 
taking  a  pipe  of  given  diametw  we  calcnlate  tlie 
partial  wastes  of  chaiges  oocaabned  by  the  soeoes- 
sive  transport  of  the  volumes  which  each  portion 
of  the  conduit  must  conduct  All  these  for  the 
total  waste  up  to  the  last  orifice;  then  we  see 
whether  the  remaining  charge  is  sufficient  to 
inanie  the  efflux  of  the  vdnme  of  water  whidi 
is  to  pass  through  that  orifice;  and  in  this 
way  we  determine,  by  guess  at  first,  the  dia- 
meter of  the  principal  conduit,  and  of  its 
branches.    The  loas  of  charge  is  the  diftrenoB 

between  Hand  the  ^^k^RMdkii^e  or  height  ~^ 

to  which  the  velocity  at  theextrenity  of  tbepart 
of  the  conduit  considered  would  be  dne^  and  b 

repHMented  by  h  — —  =.  g — ?S. These 

calculations  are  abridged  by  making  use  of  tahles 
which  give  this  value  per  running  yard,  and  ac- 
cording to  the  diameter  of  the  conduit  pipe  and 
its  waste.  Such  tables  will  be  found  in  tiea- 
Uses  of  hydraulics. — Often  when  we  have  a  sof- 
fident  motive  charge,  economy  requfares  as  to 
narrow  the  diameter  of  the  oonduta,  so  that  the 
volume  of  water  they  ought  to  give,  dimiii- 
ishes.  It  is  necessary  in  that  case  to  convinee 
ouisdves,  by  calculatfaig  the  portions  of  the 
charges  oonnimed  by  each  part  of  the  oondnit, 
that  the  water  would  rise,  at  the  place  of  eadi 
orifice,  to  a  sufficient  height  to  insure  the  efflox 
of  the  required  vdume.  —  The  turnings  or 
changes  of  direction  should  always  be  roimded ; 
we  may  then  neglect  the  losses  of  charge  that 
arise  from  them,  which  become  indeed  very 
small  in  proportion  to  those  of  ftiction. — In 
establishing  water  pipes,  M.  D'AnboissoQ  re- 
commends besides, — 1st,  In  place  of  one  single 
conduit  or  thread  of  pipes  conveying  a  certain 
volume  of  water,  to  have  two,  one  beside  the 
other,  eadi  of  which  conveys  half  the  volame,  on 
ammgement  whidi,  indeed,  angmeots  fhm  26  to 
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M  jm  eatt.  th«  fint  cod,  bM  wUdi  givM  the 
gnU  advinUge  of  bong  able  to  iiuiit^  at  ill 
dnn,  tb*  amtimttr  ot  tbe  Mnun  m  all  tha 
FftMlpd  potDtL     Id,  To  make  tbs  two  pign 


E?iH 


M  a  laarrclrgf  re-dlstilbiitkm. 
I  pcfDclpd  andidts  in  aobtsn- 
whkk 


i  Mtmibe  HcoDd- 

M  fr«t»ML — UnaU;,  at  tlw  cDlmUut- 
taf  poiUi  «f  Om  plpM,  floating  Tiln*  an  piMiad, 
ta  avdar  to  glT*  Ina  ta  tha  ab  which  cdlacta 
tkaa;  Iha  mM^poata  which  an  astahHshal  at 
Um  liaad  of  two  atneta  to  waih  the  Mo  ilopn, 
mm  «qBaDj  wdi  aa  air  holta. — At  ths  lower 
r*m  <rf  tfeB  oondnlt  p^xa,  and  at  the  top  of  the 

wUek  an  opcntd  aomacliiMa  fiir  daaning  Uw 
pipaa  bj  dii*fag  IhtDog^  (htm  aa  laadi  water  a* 
pwdhli. — IIh  OTtnaea  «(  all  toodolu  MaiUng 
•mi  tbi  nnmfa',  tr  tk«  aaborthiato  cMa  of 
■ril  w  tiMaa  at  the  braDdm, 
d  wllh  a  cock  to  thmw  back,  at 
gm  ft«s  f  Miaga  to  A»  watai ;  Ibr  |dpea  of  > 
*ia«ii>»  Bon  tbaa  4  lodna,  ilQiea  cocka  an 
«■!,  tka  op(aii«  of  whkdi  b  ahot  by  maana  of  > 
«honl  waU^Oy  dlipond,  which  ia  niaad  or 
liawui  by  a  aenv.  B<iow  4  locbea,  urdinarj 
tBBliig  oocka  eaa  bs  mod. — 0/lke  MeanrmUKt 
^  DitrOmlieiu  ^  Wider.  It  la  hnportant  Is 
■■aaim  at  nwy  Inatut  tha  qoantltiaa  of  watM 
wtkh  paa*  thnragfa  tba  walar  cfUcM  of  diaCribQ- 
dn;  to  do  fcr  watv,  what  Iba  mMa  doM  for 
pa.  Up  to  tUa  dnHs  Iha  fcDowhig  la  tbo  oJ; 
pLn anplcTid br (dua otfoaa.  Ttedlneuko 
<f  tta  oriBoa  taanraml  «K«Mlr— tha  p^  bclog 


■  in  iho 

ihtfUmfc— CwtoTMo/Aaaiarwuar  and  <&f 
httiod.  LaC  m  now  mo  hint  tha  nnmbcr  <t 
tta  ^  mtltr,  wUdi  a 


Flf-l 


■786  Indi  in  dfamtater  i«  madt  io  ■  wan,  and  np- 
pliad  wllh  ■  crlliulrical  spent  vt  &-B8  faKhn  in 
length,  the  lonl  d  the  water  in  Ibe  raaervdr 
belog  ki^  1-lS  Isobea  above  the  nppra  part  oF 
the  orifice,  the  qtumtjly  of  watts  which  flowa  oat, 
ia  SO  cuUc  metra  in  U  honn.— To  explain 
how  to  nHvsnre  aa  above,  we  nia^  dasciitM  the 
meaanie  dstem  eetabllahed  at  tb«  tq>  of  the 
aqnedaet  at  Blariy,  wblcb  ia  lueaat  to  meaaure 
the  pivdncta  of  seraral  panipa,  some  moved  by 
bjdiaaUc  wheels,  otlien  b;  a  ateam  engine 
which  ralaea  ths  waters  of  the  Sdno  up  to  the 
sqnedttct.  tig.  1  represrals  Iha  plan  of  thia 
datenL     Hg.  2  ia  a  section  made  along  the 


Sim  o  O'er  tha  plan.  The  water  raised  by  the 
pomps  ooma  to  a,  where  it  falls  in  a  sheet  into 
a  lectanguUr  lUeuiulr.  Two  paititioDS  B  c 
mvelop  the  part  ir  of  this  reecTrdr,  wilhont 
going  to  tbs  bottom,  so  as  to  prevent  the  move- 
mmts  occasioned  on  the  sorfkca  by  the  water 
whkdi  CMnca  to  i,  from  transmladoo  Into  the 


_  part  l;  the  water  paasea 
beneath  these  two  partiliona,  and  Ita  tkee  inrfkce 
In  tha  whole  extant  of  the  latter  part  of  the  ap- 
paratna  i.  ia  thoa  made  petftetly  tranquil  The 
parHtloQ  D,  which  amea  aa  a  limit  tbr  the  re- 
aervdr,  and  axtenda  hi  Ihne  diflkreot  dltactkna, 
caniea  a  gnU  oomber  of  otlBoas  b  in  Its  whole 
hngth;  the  water  leavea  the  leeerTofr  by  theaa 
dUbent  opeailiiga,  and  falla  Into  a  trench,  onlride 
the  partition  n,  and  hi  all  its  length ;  ban  that 
it  tin*  at  P  Into  ■  ooveied  canal  whUi  takea  it 
to  the  otln  aitisnlty  of  the  aqoadoct  A  par- 
titkn  ■  B  divides  the  reeervolr  l  n  Into  two 
oompklaly  disthict  parts ;  that  on  ths  tight  le- 
cdves  tbe  waten  which  come  from  the  pnmps 
moved  by  the  bydraolic  wheels ;  that  on  tbe  lett 
leceiTea  those  sapplled  by  the  pomps  of  the  aleam 
en^ne.  —By  this  anangemait,  the  waten  which 
oome  tn>m  tin  two  ayitenu  of  pampe,  meet  rally 
after  passlDg  throng  Ibe  oilfcea  of  the  paiti- 
tlon  D,  tliat  Is,  aflar  bavhig  been  meaaured,  hi 
the  way  we  an  to  explain.  Suppose  that  the 
water  lesvee  the  leservdr  l  n,  paasing  alwaya 
thiragh  ths  UDM  nnmber  of  boles  of  lbs  jutit- 
tion  D,  we  may  oonoelve  eadly  tbU  ths  level, 
which  it  will  tats  la  tbe  iwvolr,  will  be  moio 
or  kes  elevated  above  thae  boles,  aa  ths  pampe 
anpply  more  or  leas  wala-  In  a  given  time.  It 
on  tbe  other  hand,  a  certain  nomber  of  orlBcea  nf 
the  partition  d  be  abut  by  means  of  tUffrnt, 
tbe  levd  of  the  water  hi  the  reaerrotr  i.  k 
will  be  raised,  for  one  came  qnanti^  d  water 
soratUsd  by  the  pnmpe;  fbr,  as  tbs  nmnber  irf 
oilflBSi  (feSuxii  dlminlshsd,  lbs  vakidg' with 
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frhidi  the  water  passes  thnmgfa  each  mint  be  in- 
creasedf  if  the  same  quantity  has  to  pass  thiongh. 
We  may  then  rary,  at  wiU,  the  poeitkm  of  the 
level  m  L  N  by  closing  more  or  fewer  of  these 
openings:  and  this  power  is  used  so  that  this 
level  may  coincide  with  a  mark  fixed  at  the 
partition  d,  in  ▲.  When  this  coincidence  of 
level  of  the  water  with  the  mark  is  established 
peimanently  for  some  time,  it  is  enough  to  count 
the  holes  that  remain  open  in  order  to  obtain  im- 
mediately the  number  of  inehe»  of  water  which 
the  pumps  supply. — In  the  measurement  dstem 
at  Marly,  the  part  of  the  reservoir  used  for 
gauging  the  water  brought  by  the  hydraulic 
wheels  has  sixty  orifices ;  the  part  corresponding 
to  the  water  supplied  by  the  steam  engine  has 
thirty.  If,  for  instance,  we  found  that  the  pumps 
moved  by  the  hydraulic  wheels  raise  60  inches  of 
loater  to  the  aqueduct,  that  would  be  equivalent 
to  saying  that  they  raise  60  times  20  cubic 
metres,  or  1,200  cubic  metres  in  24  hours  (that 
is,  1,560  cubic  yards). — The  distribution  of  waters 
between  the  four  comers  of  a  town,  and  even 
between  the  different  places  which  have  got 
water  distributed  to  them,  is  effected  by  help  of 
cisterns  quite  anslogous  to  that  above.  The 
whole  mass  d  water  to  be  distributed  passes  into 
a  reservoir  whence  it  issues  by  openings  made  all 
along  it,  and  it  is  disposed  by  tubes  or  conduit 
pipes  which  divide  the  whole  mass  of  water,  so 
that  everyhody  receives  from  it  the  water  which 
proceeds  from  a  definite  number  of  openings — 
Meters,  The  systems  above,  are  in  many  cases 
insufficient,  where  a  meter,  like  one  for  gas,  to 
accommodate  itself  to  all  drcumstanoes  of  actual 
consumpt  would  be  required.  There  is  no  effi- 
cient instrument  for  this  purpose.  We  may  dis- 
tinguish two  cases — the  first  where  the  efflux  is 
from  a  pipe  constantly  kepi  full  of  water ;  the 
second  where  the  pipe  is  not  so.  In  the  first 
case,  we  may  determine  the  velocity  of  the  water 
by  suspending  a  little  and  very  light  screw  at  the 
middle  of  the  tube,  the  velocity  of  which  mea- 
sures that  of  the  water— the  number  of  cubic 
yards  passing  through  the  orifice,  being  propor- 
tionate to  the  number  of  turns  of  the  screw. 
If,  then,  the  number  of  turns  of  the  screw  be 
registered  by  a  simple  meter,  obtained  by  help 
of  toothed  wlieels  and  endless  screws,  the  axis 
of  the  first  wheel  being  mounted  on  the  axis  of 
the  screw,  we  may  read  on  a  dial-plate  the 
number  of  cubic  yards  which  have  passed  through 
the  tube.  This  system  has  been  proposed  and 
put  in  practice  slightly  by  M.  LapointSb  He 
had  proposed  it  in  order  to  measure  a  course  of 
water  previously  dammed.  The  results  appeared 
to  him  so  regular  as  to  admit  of  its  application 
even  for  pretty  sensible  difierences  of  leveL  In 
the  second  case,  when  the  pipe  is  not  alwa^'s  full, 
an  apparatus  a  little  more  complicated  may  be 
used.  If  we  dispose,  on  the  pillar  of  a  fioater,  at 
the  surface  of  the  water,  a  little  pinion  as  in  the 
dynanometer;  and,  on  the  other  hand,  a  8}'stem 
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like  the  foregoing  making  a  cylinder-^paitnllT 
toothed — ^tnm  round,  it  is  clear  that  a  aeeond 
toothed  cylinder,  moved  by  the  pimon,  will  re- 
gister a  number  of  teeth  proportioiial  at  oaoe  to 
tiie  position  of  the  floater  and  the  yelodty  of  tbe 
water ;  to  the  product  of  the  path  through  which 
the  water  has  come,  by  the  secUon  of  it,  and 
consequently,  tlie  volume  of  water  which  has 
flowed  out  of  the  sections  of  the  toothed  eylioder 
must  be  proportional  to  the  surfiuse  of  the  seo- 
tioQ  of  the  water  which  the  pipe  contains. —  Water 
Jets,  Openings  in  their  waU^  cany  jets  hoglMSt, 
and  give  them  the  most  solid  Ibim ;  on  eacamhuiig 
them  we  may  often  fimcy  we  see  a  transpsient  bar 
of  crystal;  bsnoe  these  are  made  use  of,  when  only 
the  elevation  and  the  beauty  of  the  jet  are  to  te 
taken  into  account  Conkal  spouts  also  girs 
united  and  transparent  jets  whose  height,  how- 
ever, is  not  more  than  *8  or  *9  of  the  IbiegoiQ^ 
Lastly,  cylindrical  spouts  give  jets,  diatnrbed 
from  the  point  of  departure,  and  which  rise  only 
to  f  of  the  height  of  a  jet  of  an  oiifioe  in  their 
waU,  with  the  same  charge.  Let  h  be  the  cfleo- 
tive  charge,  h'  the  height  of  the  jet  with  an  open- 
ing in  their  wall,  the  latter  will  be  given  by  tbe 
formula  A'  =  A  —  -01  X  A*- 

(8.)  Of  Water  used  as  a  Afolor.— There  are  two 
dasses  of  water  machines,  the  one  possessing  an 
alternating  movement,  the  other,  a  inovcment 
of  continuous  rotation — ^for  the  latter  dass  see 
Water-whsbls  and  Tubbiris.  To  tlie  first 
class  belong  Heroe  Fountain — the  Hydranlie 
Balance — the  water  balance,  and  the  odlnam  of 
water  machine. 

1.  Heros  Fotmtom.— This  is  also  called  Schom- 
nitz's  madiine,  unimportant. 

2.  The  Hydraulic  JSs&Mce.— This  madiioe,  m 
whidi  tbe  water  acts  by  its  own  weight,  has  tlw 
inconvenience  of  alter- 
nate movement  ma- 
chines, in  which  the 
water  after  the  diarge 
in  the  direction  of  its 
motionietains  its  vdo- 
dty.  The  simplest 
condstB  in  a  vessd 
moveable  at  its  middle 
round  an  axis,  and 
divided  into  two  by  a 
partition;    the  water 


Fig.  S. 


falls  sucoessivdy  into  eadi  compartment  until  its 
weight  drags  it  down  and  empties  it. — ^A  more 
complete  scheme, 
though  still  defec- 
tive, is  represented 
in  fig.  4,  when  one 
of  the  vesseb  con- 
tains enough  wa- 
ter it  descends  in 
virtue  of  the  ex- 
cess of  its  wdght, 
and  the  valve 
opening   upwarda  Fifr  ^ 
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ffaotd  at  Itt  botbxn,  Mrikisg  igataut  in  olxUd*, 
a^BB  and  (Ml  ttw  liquid  coaUiiMd ;  daring  thii 
tfaBB,  the  Tttl  at  Iht  otbei  cxlmnily  (^  the 
Hitr"- T  !■  iitud  np  i  ■  calcli  pUced  on  the 
'  g  rod  ufaich 


irn> 

mto',  then  will  be  tononS  a  veld  under  the  Mop 
■vtlvt  which  will  opoi,  and  so  on. — CoLDMR  or 
Water  Maciiinb.  This  tort  of  machine  con- 
timai  at  a  cj'linder,  or  great  body  of  a  pomp  in 


et  the  feeding  leaaT' 
Toir,  BO  that  thia  vessel 
fiUi  as  the  other  emp- 
tiea.  —  The  only  im- 
portant nie  of  auch 
machinea,  which  is  ex- 
ceedingly sioiple,  and 


eortaio  miiMai  there  is  only  one  cask  which 
flriaB  a  wel^kt  at  the  npper  part  of  the  beam 
tt  the  pmDF*.— The  Water  Biu,  which  was 
■OTeBtBd  by  UooEgidflBr  towaids  the  clgaa  <rf 


Isit  <eutu(y,  CMwiBls  iDdepmdentJy  of  the  (tod- 
lag  iiauiulr  of  a  pipe  or  bodg  of  lit  nm,  whicb 
canies  tbe  water  to  the  operating  bead  o(  ibe 
iBUhirn;  tliiapart,  or  Jiead  of  tie  rTtnn,  conaista 
tt  a  ilmt  Inbe,  itnigbt  or  beat,  at  tin  upper 
part  cf  wliidi,  ai  w«U  as  at  its  end,  are  two 
odiaary  Tmlna,  called,  the  flnt,  the  Jtop  aofra  ,- 
lb*  neoid,  tba  attmikm  telrt;  the  eitieniity 
<BMi  iuo  «  bell  filled  with  air  in  the  npptr  part 
nd  the  lower  of  wbkb,  bring  aUed  with  water, 
lentrca  tlie  Moanrioo  tuba.  Tbt  lalve  of  auen- 
i<ca  being  ckacd,  Ibe  walir  wiU  codm  from  the 
iwerrnir  with  inertuing  vdodty,  will  leave  Aral 
by  tba  slop  valTC,  will  eooii  ibot  it,  then  Mrikhig 
with  tfae  Fu  cicn,  wbidi  it  baa  acquired  againat 
the  aacainon  valve,  it  will  open  it,  penetiale  ' 
the  nwoir  of  air,  will  awipms  it,  and 
make  ilie  water  b  the  aacouiOD  tube  liie ;  iooo 
te  dastldty  of  Ibe  compieMed  air,  and  tba 
weight  of  Ibe  waler  of  the  aaceodon  pipe  will 
ban  abeoriied  partly,  the  rti  visa  acquired  with 
the  watv,  •nd  will  impreu  on  it  a  powertbl 
■PTMUHit ;  the  anceoiiuD  valve  will  abut. 
In  auMqniDce  of  the  retngrada  movcaKot  ■ 


■H 

J 

L 

L-. 

Flg-T. 

which  ■  plttoD  movea,  driven  by  the  weight  of  a 
higb  cotumn  of  water  cratsined  within  a  oioont- 
log  tube.  There  is  adapted  to  the  pillar  of  tbe 
pston  of  theaa  madiines,  eapedally  oaed  lor 
exbaostioaa,  a  balance  which  usually  pats  pipeg 
In  movamat;  raidy,  tbe  altemale  morainent  is 
tranalkrTed  into  one  of  rotation  by  meana  of  a 
Boitable  mechaniaio.  The  column  of  water 
macbime  are  simple  or  double,  tba  firat  being 
ofteoeet  nsed.  The  machine  itadf  regnlatea  ttw 
diatribution  of  ilide-valvea  and  cocka  which  m 
pot  in  motion  by  the  pillar  of  the  great  platon  of 

(4.)  Matkimti  fnr  Riniiiig    WiUb-.  —  A  few 

mscbinee  chiefly  valuable  for  their  rimplidty 
and  Ibeii  adaptation  to  local  cbimmstancee  are 
made  uae  of  for  this  purpoae.     Tbe  principal  of 


Pdht,  which  are  described 
that  vary  important 


which  ti 


special  articlea. 

of  mecbanlCBl 

I  motion  of  fluids.     Ila 

imonstratcd  almost  ei- 

reasoninga  nf  the  moet 

only  each 


lana  and  princi 

clusively  by  niatnenisucai  reasm 
intricate  kind ;  but  we  sliall  hei 
general  or  eupcrimental  pro. 
generally  nndenloid.— When  a  fluid  Is  contained 
in  a  vwael.  It  mskn  a  certain  effort  to  escape,  or 
to  reach  the  ie\'el  of  the  lowest  adjacent  gimnd. 
This  eflort  most  be  reatrained  by  some  equal  i«- 
ilstance ;  and  tbit  radatanee  is  pnaented  by  Itie 
inuDobJiity  of  the  walL  If  these  two  be  balanced, 
there  will  be  a  caae  tii  equilibriani ;  and,  if  not, 
the  wall  will  be  broken  and  moUon  mastrtsnlt — 
In  establishing  experimentally  the  laws  of  bydto- 
dynamics,  Ibere  is  one  drcnmataace  to  be  taken 
into  account,  capable  of  causing  apparent  dis- 
erepaacies  between  thaonticsl  and  practical  re- 
■nits:  we  mean  tbe  frictko  of  fluids  agaloat  tha 
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rides  of  the  veaeel  ftxNn  which  thqr  flow.  If  the 
thioknees  of  soch  a  veesel  be  coneiderBble,  there 
will  be,  as  we  shall  see  hereafter,  veiycoiisidBrable 
eflect  due  to  friction  in  the  passage.  Again,  if 
the  vase  be  small  in  proportion  to  the  size  of  the 
orifice,  tliere  will  be  a  rash  of  water  to  it  more 
than  it  can  emit,  and  part  of  its  fbroe  will  be 
spent  in  striking  on  the  wall  near  the  orifice. — 
Let  us  snppose  at  the  outset  that  the  vase  is  one 
Of  large  dimeosioos,  and  besides,  with  very  thin 
walls;  in  other  words,  that  tiie  two  eflfoctsjost 
spoken  o^  and  always  producing  decided  enough 
results  in  prMtice,  are  non-existent  In  such 
circumstances,  the  following  theorem,  known  as 
Torrioelli's,  hdds  good,  vic^  that  the  particles 
issuing  from  the  orifice  do  so  w<th  the  same 
velocity  as  if  they  had  fidlen  from  the  height  of 
the  leveL  That  this  should  be  the  case,  one  natu- 
rally enough  expects;  inasmuch  as  each  particle 
of  fluid  ri^t  above  the  orifice,  may  be  imagined 
simply  filling  down:  and,  as  the  whole  work 
done  in  this  operation  is  expressed  by  the  fluid 
moving  with  such  a  velocity,  we  should  anticipate 
the  foregoing  result;  although  this  oondderation 
by  no  means  approaches  to  positive  proot  It  may 
be  shown  to  be  true  by  experiment  as  well  as  by 
theory. — Various  consequences  are  very  deariy 
dedudble  from  this  law,  for  instance,  the  follow- 
ing:— 1°\  the  velocity  with  which  the  fluid 
issues  forth  depends  sdely  on  the  depth  of  the 
orifice  below  the  water,  and  not  in  any  degree  on 
the  nature  of  the  fluid.  This  will  at  all  events 
be  the  case,  if  the  analogy  between  a  iUling  body 
and  the  water  be  not  merely  aocidentid  but 
grounded  on  foots.  In  that  case  the  actual  mass 
or  weight  of  the  bodies  foiling,  may  diflbr  enor- 
mously, but  the  velocity  at  a  certain  part  of 
the  foU  remains  the  same.  Thus,  mercury  and 
water  foil  from  the  same  height  in  the  same  timsb 
They  will,  therefore,  also  flow  oat  from  a  vessel  at 
the  same  rate.  2°;  for  one  same  fluid,  the  velo- 
city of  the  mass  issuing  at  the  orifice  is  propor- 
tional to  the  square  root  of  the  depths  of  the 
orifices  below  the  level.  Preeervhig  the  analogy 
that  has  been  established  between  a  fidlfaig  body 
^aad  an  issuing  fluid,  this  becomes  a  neoessaiy 
consequence.  In  the  article  on  Aooelbbatino 
FoBCB  we  saw  tliat  v*  »  2^. «,  where  y  is  the 
▼elodty  at  any  moment,  s  the  space  through 
widch'the  body  has  fallen  from  rest,  and^  tibe 
force  of  gravity.    Hence,  v*  «  2  ^  s  in  the  case 

of  the  fluid,  and  v  =  '>/Tg7^  ^TgX  "^7. 

It  ia,  therefore,  proportional  to  \/«r ^  Uitet 
being  the  height  of  the  level  above  the  oriflce^ 
8°;  if  there  be  a  pressure  acting  at  the  surikoe,  In 
additkm  to  that  of  the  mere  weight  of  the  fluid, 
this  may  be  represented  by  supposing  a  column 
cf  watsr  of  su^  height,  that  the  product  of  the 
height  into  the  section  of  the  vase  at  the  smfoos 
shall  be  equal  to  the  weight    The  whole  results 

in  that  case,  would 


HTD 

would  cease  when  there  was  no  more  wvtm  in 
the  vase. — In  order  to  demonstrate  this  proposi- 
tion of  Torrioelli,  with  these  three  coroUaiieB 
deduced  from  it  by  experiment,  it  ia  needftd 
that  opportunity  for  observing  experimental 
results  should  be  devised.  The  first  essential  in 
that  the  level  be  kept  constant  Using  any  of 
the  contrivances  for  securing  the  constancy  ef 
level  and  of  velocity,  we  may  institnta  experi- 
mental researches.  Let  us  see  what  resnlts 
Torrioelirs  theorem  would  lead  na  to  anticipate^ 
and  compare  them  with  those  obtained.  The 
formula  is  v*  s  2  ^«.  Now  g  is  about  82  *  2  al 
Glasgow  (g  varying  over  the  Earth,  see  Pexdo- 
Lux,  and  Figure  of  the  Earth,  about  -2),  that  is, 
a  body  frdling  at  Qlasgow  acquires  a  veloci^  of 
82*2  foot  per  second  in  the  fint  second.    Heoo^ 

T*  =  2X82-2X*  =  W*4Xt 
.*.  T  «=  8  *  0  2  6  X  -v/^ 

where  •  b  the  height  in  feet,  of  the  space  paaaed 
through  by  the  liquid  passing  from  the  level  to 
the  centre  of  the  orifios.    This  then  is  the  diao- 
retic  velocity.   Now,  multitudes  of  experimcmen 
have  examined  with  all  mechanical  advantages 
the  truth  of  this  formula ;  and  the  result  mii- 
formly  indicates  that  the  theorede  velocity  ia 
1(  time  the  actual  velocity ;  or  this  latter  two- 
tUrds  of  the  former;  so  tliat  the  theorem  of 
Tonioelli,  resting  though  it  doea  upon  an  ana- 
logy so  apparently  trustworthy,  is  seriously  dis- 
credited.   Theory  and  experiment  are  reoondleJ 
by  what  is  called  ^  ooRfroctioii  ^tAe>atf  ram. 
When  the  fluid  is  emitted,  the  mass,  before 
separating  into  drope,  grows  sensibly  nanoi 
the  fiuther  it  is  tnm  the  aperture.    It 
thought  for  some  time  that  thane  exists  a 
mum  of  ooiUraclionf  through  which  the  fluid 
passes,  and  then  becomes  wider  before 
broken  up.    Savftrt,  however,  has  shown  that  na 
such  thing  occurs,  but  that  there  is  a  "«»f*^M 
contraction  from  the  point  of  emisston  to  that 
where  the  fluid  disintegrates;   which  oontxae- 
tion,  at  flrst  very  rapid,  becomes  very  sligiit  at 
a  distance  from  tiie  orifice  equal  to  its  diameter. 
If  we  take  it  then  that  the  man  issuing  from  the 
orifice  with  a  velocity  due  to  the  fidl,  has  a 
tion  the  same  as  at  this  pohit,  and  that  the 
of  the  fiuid  filling  the  remaining  part  of  the 
orifice,  moves  becMse  it  Is  dragged  on  l^-tUa— it 
win  be  seen  that  the  velocity  due  to  the  fliD  of 
water  from  the  level  must  be  lessened  by  the  dis- 
tribution of  the  force  producing  it,  over  a  greater 
portion  of  water  than  is  really  aflected  by  it,  and 
that  this  is  enough  to  cause  the  apparent  dis- 
crepancy.   Suppoee  that  the  section  of  wliich  we 
have  spoken  is  only  f  the  sixe  of  the  orifios. 
Then  the  velocity  measured,  being  that  which 
the  motion  of  this  f  of  water  princes  on  1  cf 
water,  will  rsquire  to  be  multiplied  by  f  in  order 
to  get  the  original  velocity  due  to  the  &1L    And 


which  would  be  obtafaied  in  mat  case,  .  „ ^ .^    

actually  obtahi  hi  this,  except  that  the  whole  |  as  the  velocity  measured  is  f  of  that  inftned,  the 
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rA)dtf  doe  to  the  &I1,  according  to  experiment 
(f  X  i)  eoiiiddeB  witli  Uie  theoretic  veloctty 
accofdiug  to  TorrioeUi'e  theorem.— The  jet  of 
water  wbk^  6ow8  oat  ftom  an  orifice  in  the  side 
of  ETeaeeltakeBajNntifto&ybrm,  andtheactnal 
outline  rariea  with  tlie  angle  of  inclination  to  the 
bofisoR  at  whidi  It  is  emitted.     The  parabolic 
Ibnn  it  a  flimiile  consequence  of  the  law  of  gravi- 
titioo;  whidi  Imprenes  it  on  all  bodies  set  in 
BUtioB  by  n  fbfree  once  applied  and  then  ceasing, 
and  kept  under  the  action  of  gravity.    As  each 
WMceMJn  e  section  of  water  is  acted  on  in  qnite 
the  same  way,  by  quite  the  same  forces,  wlien 
the  constancy  of  levd  is  presented,  eadi  describes 
the  Toy  path  tliat  the  preoedfaig  one  had,  and 
HuiB,  1^  their  eoherence,  the  parabolic  curve  is 
actaally  made  visible.    If  the  level  is  allowed  to 
vaiy,  the  Inidal  fi»roe  alten  and  the  varions  seo- 
tioos  wSn  describe  diOeivnt  cnrves,  each  one 
iUghtly  diftring,  hot  fbr  a  while  not  sensibly 
fioB  the  ooe  before  it,  so  that  the  fignra  will  be  a 
sort  of  oompoeite  of  various  parabolas  nearly 
coincfafiag,  and  wHl  fonn  what  is  called  the  en- 
velope.— ^Then  are  several  very  carious  and  in- 
teresting nsalts  rq^arding  the  form  of  jets  and 
dieir  internal  oonstitutioo,  which  Savftrt  has  de- 
nHWstrated,  the  mechanical  causes  of  which  we 
cannot  here  explain  at  length.    One  may  readOj* 
see,  however,  that,  In  the  ^dies  caused  round  the 
month  of  the  orifice,  by  some  water  above  it 
striving  to  get  out  and  coming  into  contact  with 
the  reafating  smfooe,  and  by  some  below  it  being 
moved  by  some  of  the  mass  falling  downwards, 
there  is  soiBdent  exphmation. — ^We  have  sup- 
posed that  one  section  of  water  issued  in  a  direo- 
tkn  quite  perpendicular  to  the  surikse  of  the  vase, 
and  that  another  exactly  like  it  followed,  which 
followed  by  another,  again,  and  so  on. 
So  Ikr  this  is  troe.    The  iasdng  water 
b  always  perpendicular  to  the  side  of 
the  vase,  but  it  receives  rotatoiy  motion 
as  wdl  as  forward  motion,  (from  these 
eddie$f  as  we  may  call  the  fiatarbing 
w^jflfis  indicated  above}.     Moreover, 
it  is  not  at  an  so  certain  that  each  sue- 
ceesive  sectkm  of  water  is  of  the  same 
form.     If  it  be  so,  the  iiregularities  of 
this  rotatory  motion  cause  a  certain  dis- 
integration  of  each,  and  between  the 
thicker  and  what  we  might  call  the 
norma/ drops  there  are  smaller  inserted 
ones,  as  if  torn  off  fhom  the  mass  of  the 
larger.    Thus,  a  mass  of  fluid  descend- 
ing from  a  hdglit  vertically  takes  the 
outline  represented  in  fig.  1,  while  its 
actual  constitution  is  represented  by 
fig.  2.    These  horizontal  and  vertical 
elongstions  occupy  fixed  positions  in 
the  fluid  vrin,  and  there  must,  therefore, 
^^     be  some  sndi  unfversally  acting  cause 
**  as  WB  have  supposed,  in  rotation  of 

te  drops.     The   little  dropB  which  we  see 
between  the  laiger  ones  came  tiie  appearance 
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indicated  in  fig.  1,  of  a  uniform  pipe  ixnmd  which 
water  is  faeap^  at  the  thidcest  parts  of  the  vehu 
iSavftrt  has  shown  that  each  inp  is  originated 
by  a  sort  of  annular  enlargement  at  the  orifice, 
propagated  along  the  whole  length  of  the  nearly 
uniform  stream  of  water,  until  disunion  of  the 
particles  occun;  and  that  therefore  there  is 
a  succession  of  such  pulsations  at  the  orifice. 
Their  number  is  in  the  direct  ratio  of  the  velocity 
of  emission,  and  in  the  inverse  ratio  of  the  dia- 
meter of  the  orifice. — A  very  remarkable  pheno- 
menon connected  with  acoustics  is  noticeable  hero. 
These  pulsations  are  regular  and  continuous 
enough  to  give  rise  to  a  musical  note,  andif^ 
with  a  musical  instrument,  we  produce  liie  same 
note  at  some  distance  from  the  place,  the  pulsa- 
tions become  much  more  rqgnlar,  and  extend 
upward  almost  the  whole  length  tmm  n  to  a, 
Theiy  seem  to  occasion  no  change  in  the  amount 
emitted  or  in  the  velocity  of  emission.  The  air  set 
in  motion  by  the  sounding  instrument,  transmits 
its  vibrations  to  the  fluid,  which  repeats  them 
naturally,  as  they  do  not  disturb  greatly  the 
equflibrimn  of  its  partides,  which  are  in  the 
circumstances  very  susceptible  of  the  slightest 
impression  from  forces  not  counteracting  that  of 
gravity.  AH  these  phenomena,  as  wdl  of  the 
shape  of  the  vein  as  the  sound  produced  by  emis- 
sion, are  obtained  whatever  be  the  form  of  the 
orifice  and  whatever  the  direction  of  emission, — If 
it  be  downwards,  or  if  it  be  horisontal,  or  bdow 
45^  fimn  the  horiaon.  If  the  orifices  be  not 
ctrenlar,  very  remaikaUe  variations  appear  in  the 
fimnofthesocoesBlvesectkins.  Thus,  at  distances 
represented  by  2,  8,  and  4,  suppodng  the  side  of 
the  orifice  to  be  2,  and  it  to  be  a  square,  the  forms 
given  in  fig.  8  are  fomuL — Ftequently,  when  a 
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fluid  flows  ont  of  a  vase  it  is  desfavUe  to  convey 
it  to  a  place  where  it  can  be  more  easily  col- 
lected. This  is  done  by  simply  fixing  a  spout 
in  the  orifice.  It  becomes,  therefore,  a  very  in- 
teresting practical  question,  how  much  influence 
such  a  spout  exercises  on  tiie  emitted  fluid.  In 
the  flrst  pUoB,  it  is  evident  that  one  of  exactly  the 
torn  which  the  fluM  vein  itsdf  takes,  wfll  exer- 
cise no  influence  whatever.  It  can  be  made  and 
fltted  so  that  the  fluid  shall  be  fineed  from  disturb- 
ing atmospheric  influences,  but  shall  not  at  all 
touch  the  inside  of  the  tube.  To  soeomplidi  this 
last,  however,  is  not  easy ;  but  if  the  surfooe  in- 
side be  very  careAilly  polished,  there  will  be,  even 
when  the  fluid  does  tmich,  scwody  any  difihrence 
in  the  amount  emitted.  In  foct,  much  of  the  re- 
tanUng  power  of  sndi  spouts  arises  iVom  the  ftio- 
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tlon,  if  it  may  be  ao  called,  of  the  fluid  against  I  preafiara  or  suction  then  may  be  ez|iresBed  bj 


their  surfaces.  Particles  of  fluid  getting  in  among 
these  uneven  parts  are  retarded,  and  keep  back 
other  particles.  If  the  interior  surface  be  in  any 
case  wdl  polished,  thb  effect  will  be  reduced  to  a 
minimum. — Orifices  themselves  have  an  influence 
like  that  of  spouts.  A  curved  side  of  a  vase,  for 
instance,  pierced  by  an  orifice,  emits  more  water 
if  the  concavity  be  turned  towards  the  endosed 
fluid,  and  less  if  it  be  turned  away  from  it  than  an 
opening  of  thesame  siase  in  a  plane  side  of  a  vase. 
As  the  opening  in  any  actual  vase  (which  must 
have  a  determinate  thickness)  is  of  the  nature  of 
aapout,  this  consequence  mi^t  have  been  antici- 
pated.—  Whenever  the  fluid  issuing,  does  not 
touch  the  sides  of  the  spout  it  is  evident  enough 
that  there  will  be  no  influence  exerted  on  the  fluid. 
When  it  becomes  adherent,  that  is,  when  the  fluid 
attaches  to  the  spout,  there  is,  in  one  of  a  cylin- 
drical form,  an  increase  of  the  velocity  and  an 
increase  of  the  quantity  of  liquid  which  passes 
through,  in  the  proportion  of  about  4  to  8 ;  if 
the  diameter  of  the  spout  be  nearly  one-fourth 
part  of  its  length,  the  vein  is  always  adherent 
with  feeble  pressures  above;  but  with  great 
pressures  it  is  frequently  quite  uninfluenced  by 
the  spout.  Any  light  obstacle,  however,  inter- 
posed in  the  tube  will  produce  adherence.  The 
form  which  the  vein  takes  in  passing  through  a 
tube  is  very  like  what  it  would  take  when  passing 
through  the  air,  even  when  adherence  is  estab^ 
lished;  as  one  may  become  readily  convinced 
by  using  a  glass  tube  through  which  the  passage 
of  the  current  is  visible.  A  conical  spout  in- 
creases the  quantity  which  passes  out  still  more 
than  a  c^'lindrical  one.  These  results  depend, 
however,  on  the  uniformity  of  the  tube.  If  it  be, 
instead  of  uniform,  blown  out  in  some  places,  like 
the  tubes  used  in  many  processes  of  organic 
chemistry,  it  would  lessen  the  amount  instosd  of 
increasing  it.  Spouts  may  therefore  be  adapted 
to  orifices  which  shall  either  increase  or  diminish 
the  velocity  of  the  fluid  passing  through  them.— 
When  a  fluid  passes  through  such  a  tube,  it  will 
or  will  not  produce  certain  amounts  of  pressure 
upon  the  sides.  Where  the  tube  is  of  the  exact 
form  of  the  natural  vein  of  water,  it  is  evident 
that  there  will  be  no  pressure.  Where,  on  the 
contrary,  it  is  of  any  other  form  there  may  be 
either  a  pressure  outward  or  a  suction  inward. 
No  very  accurate  experimental  or  theoretical 
determinations  have  been  yet  made  of  the 
amount  of  this  pressure  or  suction.  Daniel 
Beroouilli  states  tiie  following  as  the  true  ex- 
pression of  it : — Let  the  velocity  of  the  particles 
of  the  section  for  which  we  desire  to  determine 
the  pressure  be  noted.  This  velocity,  according 
to  Torricelli*s  theorem,  is  the  same  as  would  to 
produced  in  water  flowing  from  an  orifice  at  a 
depth  (h')  below  the  leveL  Now,  suppose  that 
the  tube  beyond  this  were  cut  off,  a  new  velo- 
city would  in  all  likelihood  be  given  to  the 
partides,  due  to  a  depth  (A)  below  the  level  The 


h  —  h\  As  we  have  already  said,  we  canpoi 
absolutdy  rely  on  this  determinatioa,  which 
assumes  the  non-existence  of  any  heathag  efibcts 
in  the  motion  of  fluids.  In  some  inslanoea  its 
indicated  results  are,  however,  remaikaUy  m 
accordance  with  the  experiment.  Thus,  in 
cylindrical  tubes,  when  the  fluid  adheres,  the  ef- 
fective velodty  is  greater  than  the  theoretical 
velodty,  and  as  these  may  be  repxesented  by 
hf  and  A,  there  is  a  certain  amount  of  suctiaa, 
which  ought  to  be,  as  it  is,  perceptible. — It  is  a 
prindple  of  universal  application  in  mechanics 
that  action  and  reaction  are  equal  and  opposite, 
and  that  motion  is  produced  only  by  motion  de- 
stroyed. When,  therefore,  water  flow*s  out  of  a 
vase  there  ought  to  be  some  movement  prodaoed 
on  the  veesd  itselt  If  the  water  flows  out  hori- 
zontally, the  motion  of  the  vessd  ought  to  be 
horizontaL  The  truth  of  this  antidpatioo  may 
be  demonstrated  without  difficulty  by  setting  a 
vase  upon  very  fine  wheels,  on  a  very  smooch 
suruce,  and  opening  a  screw  in  it,  by  means  of 
which  motion  will  be  produced  in  the  oppo- 
site direction.  This  is  prettily  illnstnited  in 
an  instrument  called  the  hydraulic  toumiqn^. 
It  consists  of  a  vase  fixed  on  a  vertical 
round  which  it  may  move, 
and  having  two  vasaea 
horizontally,  as  in  the  fig- 
ure, turned  difierent  ways, 
perpendicular  to  the  radius 
of  the  drde,  or  as  tan- 
gents to  the  drde  in 
which  alone  they  may 
move.  In  this  way  the 
vase  of  water  is  made  to 
rotate,  and  its  motion  may 
be  communicated  else- 
where. It  was  long  be- 
lieved, on  Newton*s  au- 
thority, that  the  amount 
of  this  recoil  might  be 
measored  by  the  wei^t 
of  a  liquid  column,  having 
the  contracted  issuing  vein  for  base,  and 
height  of  the  levd  for  its  hdght;  but  it 
shown  by  Danid  Bemonilii  that  double  tids 
wdght  gives  the  correct  representation  of  the 
height  of  the  equivalent  column.  The  hydraulic 
whed,  or  iurbw&,  rests  upon  this  principle. — 
The  whole  theory  of  the  effluence  of  water  from 
vases  in  this  way  applies  evidently  to  the  oon- 
stmction  of  what  are  called  in  this  oountiy  ftdUng 
fountains,  orjeU  (Teau.  If  the  original  direction 
of  the  water  were  vertical,  the  directifm  would  be 
very  nearly  that  of  a  straight  line,  the  water 
bdng  scattered  in  falling  back  on  itsdf.  If,  as 
is  usual,  the  wall  in  which  the  orifice  is  pierced  be 
slightly  indtned  to  the  horizontal  line,  parabolas 
of  more  or  less  curvature  will  be  obtained.  Tbe 
application  of  the  theorem  of  Torricdii  with  the 
modifications  pointed  out,  will,  in  every  case,  gi\t 
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dM  brigiit  to  which  a  jet  can  rise,  and  the  theory 
of  paimbolk  tmvm  wUI  enable  ua  to  describe  its 
irinle  cottTBo  when  we  have  given  either  the 
hri^t  of  the  level  from  which  it  is  supplied  with 
water,  ^  that  lepreaenting  the  preasore  to  which 
the  water  with  which  it  is  supplied,  is  sab|ected. 
— It  remains  for  na  to  notice  several  moat  interest- 
ing disooveriea  of  Sav&rt'a,  relative  to  the  forms 
which  a  fluid  talcea  atriking  on  a  aolid  or  on  a 
flnid.  We  can  give  but  one  or  two  of  the  r»- 
aoha  hem.  When  a  rising  oolomn  of  water 
iaapinges  against  a  horisonud  disc  of  a  certain 
ain  tite  remaricahle  appearance  of  fig.  6  is 
The  inner  apace  ia  a  tranaparent 


ng.<b 

•liflet  of  fluid ;  the  onter  a  sort  of  streaked  and 
nuBhed  space  along  which  linea  of  fluid  stretch 
out,  rapidly  falling  badL  in  a  sort  of  spray.    The 
transparant  sheet  sinks  or  rises  (expanding  or 
cODtncting),  and  the  atieaked  space  seems  to  un- 
dergo the  same  dianges.     The  pnlsations  are 
Ripilar — as  in  the  caae  of  the  stream  of  water 
already  noted — ^and  may  be  made  to  produce  a 
sound.     According  aa  the  poaition  of  the  in- 
tercepting aolid  ia  nearer  to  or  more  remote  from 
the  hd^t  to  whidi  the  fluid  if  undisturbed 
wQoU  liae,  ao  the  diameter  of  the  transparent 
«bMt  faicreaaeB,  whOe  the  extent  of  its  striated 
ring  diminishes.  When  a  certain  point  is  reached, 
tUi  tranapannt  eheet  has  attained  its  maximum 
diaaieter,  and  the  striated  ring  entirely  dia- 
aiipeaB.    We  can  only  give  an  idea  of  the  many 
nnitta  to  whidk  the  very  beantUul  experiments 
of  SavAit  have  been  able  to  lead  hhn.    The 
ham  presented  when  the  intercepting  solid  is  not 
perpendicular  to  the  etream  of  water  are  difierent 
flon  thoee  repreeented. — The  same  author  has 
vaiuul  Into  investigationa  of  the  caaea  when 
one  vein  of  liquid   atrikes   against   another. 
We  ennoi   attempt   here  to  give  even   an 
a«tlhia    of    hb    researehes    or    their    results. 
Thty  win  be    found  very  fully  deecribed  in 
the  AmmUt  da  CAmm  ei  de  Phynque,  voL  54, 
and  a  abort   and   dear   account  of  them  is 
cootahied  m  Poailkt*a  Troiih  <U  Phytique,  voL 
1. — ^The  mathematical  theory  of  hydro-dynamics 
i«  ttiU  m  obicaie  and  imperftet  that  we  have  not 
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cboaen  to  offer  any  account  of  It  in  this  place. 
If  we  could  grasp  within  definite  and  manage- 
able  formula  the  molecular  forces  that  determine 
the  condition  of  fluidity  or  liquidity,  it  can- 
not be  doubted  that  the  more  general  theorems 
of  Dynamie$  would  become  immediately 
applicable  to  all  problems  of  the  motion  of 
liquids.  It  were  vain  to  pretend,  however, 
that   thia  baa  at  all  been  accomplished.    See 

BTDRAUUCa. 

Before  closing  this  article  some  recent  investi- 
gations regarding  the  forms  of  jets  of  water 
denumd  our  notice.  Writers  snbeeqnent  to  the 
time  of  Sir  I.  Newton,  Michelotti,  £uelwein, 
Bidone,  Poncdet,  and  Lesbros,  have  given  van- 
one  descriptions  and  delmeations  of  those  jets. 
The  apiral  form  wbich  they  frequently  assume, 
asserted  by  Bidone  to  be  illusory,  was  by  the 
others  justly  maintained  to  be  real.  In  attempt- 
ing to  account  for  the  dilationa  on  the  surface 
(see  page  870)  to  which  he  gave  the  name 
of  ventral  segments,  Savary  maintaina  that 
the  efflux  itsdf  imparts  a  vibratory  motion  to 
the  liquid  as  it  passes  through  the  orifice,  and 
that  the  pulsations,  being  perpendicular  to  the 
plane  of  the  orifice,  alternately  press  out  and 
draw  in  the  liquid  aa  it  issues,  and  thus  occasion 
the  annular  protuberances  in  question. — Professor 
Magnus  has  since  (in  the  PkUoiophuxU  Magazine 
for  February  and  Mardi,  1856,)  undertaken  a 
veiy  interesting  investigation  into  the  forms  of 
jets  issuing  from  apertures  of  all  kinds.  Regard- 
ing every  jet  aa  composed  of  an  indefinite  number 
of  jets  united,  he  justly  considers  that  the  best 
mode  of  investigating  the  peculiarities  of  a  single 
one  ia  to  observe  the  results  of  the  confluence  of 
twa  He  commencee  with  the  collision  of  two 
equal  cylindrical  jets,  of  equal  velocities,  meet- 
ing centrally  from  oppodte  directions.  These  he 
shows,  aa  Savart  had  done  before,  spread  out,  at 
their  confluence,  into  adreular  plate  perpendicular 
to  the  axes  of  the  jets.  When  two  such  jets 
meetobliqudy,  but  centrally,  they  again,  by  thdr 
collision,  throw  out  a  fiat  plate,  not  circular  but 
dongated,  in  the  direction  of  a  plane  bisecting 
the  angle  formed  by  the  two  axes,  and  perpen- 
dicular to  the  plane  in  which  they  are.  The  cause 
of  thia  is  evident ;  for  the  force  of  each  jet  may 
be  resolved  into  two  forces — one  paralld  to  the 
first  mentioned  plane,  and  the  other  perpendicular 
to  it,  the  latter  causing  the  ejection  of  the  plate 
in  a  plane  perpendicular  to  the  direction  of  the 
force,  as  in  the  former  case.  While  the  water 
thus  spreads  itsdf  out  laterally,  its  piogressive 
movement  does  not  ceaae,  and  the  plate,  by  ita 
cohesion,  contracts  in  width  as  it  advances,  par- 
ticularly at  the  edges,  where  it  collects  into  two 
new  jets  converging  towards  each  other.  These, 
when  they  meet  again,  throw  out  a  pew  plate 
perpendicalar  to  the  first,  which  goes  through 
the  same  process.  We  have  therefore  a  succession 
of  plates,  of  elliptical  forms,  in  two  perpendicular 
planes,  exactly  resembling  the  alternate  links  of 
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a  oomnHm  dtain.  —  If;  again,  two  jete 
obliquely,  but  not  oeatmlly,  tbe  same  liquid 
plate  is  formed  by  those  paits  whioh  meet,  not 
in  this  Instanoe  flat,  but  twisted  In  oonseqneikoe 
of  its  oohesioB  with  the  nnbroken  parts  of  the 
jets,  being  spread  between  them  as  a  oonnectmg 
film.   Unless  the  contact  of  the  jets  Is  too  sliglit, 
or  their  angidar  inclination  or  Telocity  too  great, 
the  same  cobedon  with  the  oonnecting  film  will 
gradually  deflect  the  unbroken  portions  of  the 
Jets  from  their  original  directioos,  and  win  keep 
them,  for  some  time  at  least,  from  separation, 
causing  them  to  wind  in  spiril  convolutions 
round  each  other. — ^The  two  last-mentioiied  cases 
will  enable  us  to  understand  the  appearances 
prasented  by  single  Jets  Issuing  from  orifices  of 
various  forms,  these  orifices  being  cut  In  thin  plates 
inserted  in  the  bottom  of  a  vessel  ftill  at  water, 
in  its  centre,  and  being  small  compared  with  the 
magnitude  of  the  vessel    First,  let  the  orifice 
be  of  a  rectangular  form,  with  the  length  much 
greater  than  the  breadth.    Aa  the  film  of  water 
makes  its  exit,  Its  edges  approadi  one  another, 
each  of  them  being  drawn  together  so  aa  to  form 
almost  a  cylindrical  Jet     These  two  Jets,  meet- 
ing at  an  acute  angle,  throw  out,  between  them, 
the  plate  described  in  the  second  case  of  two 
cylindrical  Jets,  in  a  plane  perpendicular  to  the 
original  film ;  and  the  subsequent  successive  mo- 
difications of  the  Jets  are  the  same  in  both  oases. 
Any  small  object  presented  internally  at  either 
extremity  of  tiie  orifice,  and  on  one  side  of  it, 
converts  the  chain  movement,  as  we  may  call  it, 
into  a  spind  one. — Orifices  of  other  forms  produce 
Jets  of  singular  variety,  but  all  fisrmed  on  the 
sane  principle:  that  is,  any  two  equal  portions 
of  a  Jet,  collapsing,  form  ^tes  In  planes  inter- 
mediate to  them,  or  in  the  extensions  of  such 
planes,  and  the  re-colU^ising  of  these  plates 
throws  out  others  in  the  same  maimer.    In  all 
these  orifices,  slight  modifications  of  thefar  form 
readily  give  to  the  Jets  a  spiral  twist    A  par- 
ticular instance  is  that  of  a  Jet  issuing  fixmi  a 
square  orifice,  the  successive  changes  of  which  we 
have  described  in  page  870.— -Independently  of 
modifications  in  the  form  of  the  aperture,  there  is 
another  veiy  common  caose  of  Jets  assuming  the 
spiral  form.    That  cause  is  motion  In  the  dstem 
from  which  the  water  is  discharged.  The  slightest 
movement  in  the  water  within  it,  even  when  Im- 
perceptible to  the  eye,  is  sufiident  to  produce  that 
efitet   Professor  Magnus  has  not  sufikiently  ex- 
plained the  reason:  it  is  this: — Every  motion  in 
the  water  soon  resolves  itself  into  one  of  rotation, 
because  all  other  motions  are  destroyed  by  the 
sides  of  the  vesseL    Wlien  a  rotation  has  once 
begun,  any  portion  of  the  water,  in  moving  from 
the  circumference  to  the  centre,  retains  the  velo- 
city of  rotation  which  it  had  previoody :  but  that 
uniform  progressive  velocity  becomes,  eveiy  mo- 
ment, a  greater  angular  velocity,  until  that  whidi, 
near  the  exterior,  was  Imperceptible,  becomes,  on 
emerging  at  the  centre^  a  rapid  wbhtL-i-Even 
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whien  there  is  pvftct  stUhMSi  in  fiba  water  irithaa 
the  vessel,  a  rotation  win  take  place  in  a  dieehatge 
iron  a  central  orifice.  Soma  lif^  has  been  thrava 
upon  this  by  the  diacnssiaoa  which  aroae  regard- 
ing M.  FoQcaulf  8  finnons  pendulum  experiBMBt 
Everything  on  the  earth's  sniiMe  has,  in  cnni 
quence  of  the  earthls  rotation,  two  modons;  oat^ 
a  revolution  round  the  earth's  axis  in  twQBty-foar 
Iioun;  the  other,  a  rotation  upon  an  axis  cf  Ito 
own,  paralkl  to  that  of  the  earth,  in  the  aiBe 
period.    The  latter,  in  the  case  of  a  vend  «f 
water,  may  be  resolved  into  two,  osie  paraOd  to 
the  surfoce,  and  another  perpendicular  to  it 
Neither  of  these  is  perosptible  to  the  eye.  or, 
under  ordinaiy  dxcnmstances,  to  any  experi- 
mental test,  because  the  veasd  itsell^  and  ewy- 
thing  around  it,  partake  of  the  same  movemoit 
The  horizontal  rotation,  amounting,  in  the  lati- 
tude of  Britain,  to  somewhere  aboot  ooe>fifth  of 
a  dogree  per  minute  of  time,  the  liquid,  thoogii 
nominally  and  apparentiy  at  rest,  haa  that  amomifc 
of  angolar  rotation  round  a  vertical  axis.  Whai 
any  portion  of  the  liquid  has  been  drawn  in,  to> 
wards  a  central  orifice,  so  that  it  has  iqiproodied 
within  one-tenth  of  Its  original  distance  from  the 
centre,  the  angular  rotation  of  one-fifth  of  a  de- 
gree is  convwtad  into  one  of  two  degrees,  tbas 
passing  ttom  a  state  of  apparent  rest  to  one  cf 
perceptible  rotation.  This,  however,  will  scarcely 
be  discernible  in  the  Jet  If  the  vessel  is  kept  con- 
stantiy  fbll;  but,  when  aUowed  to  empty  itsdi; ' 
as  was  the  case  in  Magnus's  experimeats,  tfas 
angular  rotation  of  the  water  near  the  oriflos  Is 
gradually  impaitsd  to  the  whole  quantity  re- 
maining in  the  vessel,  and  that  again  inenased 
as  each  partide  approaches  the  centTCi,  tiD,  at  last, 
a  very  perceptible  spiral  movement  takes  plaes 
in  a  Jet  issuing  fhrni  a  drcular  orifice^  although 
the  water  itsdf  was  at  first  perfectiy  at  rsit— 
In  order  to  observe  the  Jets  five  from  all  sudi 
rotation,  Magnus  introduoes  what  he  oalls  a 
Cpoa^ttifiiser,  consisting  of  four  vertical  plates  of 
metal  radiating  from  the  oentre,  but  not  reach- 
ing it    Ferfoct  tranquillity  beiii^  tfaoa  obtained, 
and  the  Jet  fixMU  the  circular  orifice  carefully  ob- 
served, Magnus  comes  to  the  condnaion  tiiat  a 
descending  Jet,  fiimi  such  an  orifice^  ao  long  as 
it  remains  unbroken,  is  a  oohunn  ooastandy 
diminishing  in  diameter,  but  perfectly  smooch, 
and  subject  to  no  irregularities  of  any  lund,  pro- 
vided that  no  babbles  of  air  have  been  peiiaiUHd 
to  enter,  that  it  be  kept  ik«e  fixun  vUmitions  of 
all  Idnds,  and  that  all  causes  of  distarbance  be 
carefrdly  removed.     In  such  a  Jet,  he  denlea  tlie 
existence  of  Savart*s  ventral  segments,  percept- 
ibly at  least,  and  is  even  disposed  to  que^iBn  tbe 
existence  of  the  vena  ondracCo,  or  at  all  eventi 
of  any  paitioular  section  to  whidi  tiiat  name  can 
be  peculiarly  applied,  dnce,  aa  he  says,  there  Is 
no  section  of  miniirram  area.  The  ultimatasepa- 
ration  of  the  mass  he  attributes  to  the  tension 
resulting  fkom  the  acceleration  In  the  vdodty  of 
the  follhig  Ikiaid,  which  tension,  at  a  anffidait 
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Mans  from  the  oriflQ^  beoooMi  Strang  enough 
to  oiewome  tha  ooheilon  botwwn  two  moining 


of  tlw  jet — Jn  legard  to  the  vena  am- 
irveta,  homter,  although  &  oolnmn  oontfainally 
dUdsbei  in  diemetar,  ytt  It  dmiininhefl  at  fint 
■>  mmh  man  ncf^y  than  afterwards,  as  to  in- 
dieate  a  change  in  tte  canse  of  oontnustion,  and, 
at  the  sectkm  where  the  one  law  ceases  and  the 
ncher  ooBmsDoes  to  afihct  the  Ibnn  of  the  jet, 
then  erUently  is  the  poaltioa  of  the  oontractian 
in  qiMStion.  Its  exact  plaoemaj  not  be  easQyde- 
tonnfaied  experimentally;  but  its  exact  diameter 
ii;  and,  had  rroihmor  Magnns  experimented 
vpon  an  upward  iiMtead  of  a  downward  jet,  he 
woold  have  seen  that  there  is  then  an  actual 
nction  ofgreatest  oontractlon.~M.  Plateau  {Phil, 
Mag.f  for  Oct,  1866X  after  usfaig  Taiioos  aiga- 
ments  to  prove  that  the  reaaon  assigned  by  Mag- 
im,  for  the  nlttamte  separation  of  the  jet,  is  not 
tanaUs^  maintalna  the  erJstenne  of  the  Tentml 
^gsMots  in  jets  from  dicnlar  orifioes,  even  when 
digtarhsnoes  flom  vibrations,  and  from  all  othor 
enm,  have  ben  carsAdlygnarded  against  He 
thm  describes  n  caoss  of  a  diftrent  Und  which 
hs  conaldsrB  adecpiate  to  aoooont  for  these  seg- 
iiMMs.— .*<A]1  phyaidsts,**  he  si^  "are  now 
aoqoaioted  irith  my  meCliod  of  nentndizing  the 
aedoQ  of  gravity  vpon  a  large  mass  of  liqnid, 
and,  at  the  same  time,  leaving  it  free  to  obey 
mniwular  actknat  By  means  of  this,  and  after- 
wads  of  anotlier  meUiod,  1  liave  ben  able  to 
obtain  liqaid  cyttnders  and  to  study  their  pro- 
parties  I  have  thus  coiioborated  the  following 
foots:—].  A  liqnid  cylindv  constitutes  a  figure 
of  stable  equQibrinm  as  long  as  the  ratio  betwen 
its  Ingth  and  Its  diameter doeinot exceed  a  ctr- 
tahi  limit,  betwen  8  and  8-6.-2.  Beyond  this 
finit  tha  cylinder  constitutes  a  flgore  of  unstable 
cqaiiRiriuni,  so  that  it  cannot  be  obtained  in  a 
pnnannt  stats  except  bv  means  of  certain  hind- 
isnces.— 8.  A  liquid  cyunder,  whose  length  is 
vwy  great  in  comparison  to  Ite  diameter,  cm- 
▼erti  itnU^  by  tlie  epntaneous  rupture  of  eqnili- 
brim,  into  a  series  of  ieolated  ephersi,  equal  in 
^anetar,  eqnidistaot,  and  having  their  centres 
«■  the  ttnewhidi  Ibnnsthe  axia  of  the  cylinder: 
ia  the  intervals  betwen  these  are  spherutoe  of 
diftmt  diameCera,  having  tlieir  entree  on  the 
«nw  line. — 4.  This  transformation  oommnces 
^vitb  the  origination  of  regulaily  placed  con- 
treetions  altenating  with  expanaions :  alUrwards 
both  one  and  the  other  become  more  developed, 
the  eotttrecCed  parts  becoming  tliinner,  the  ex- 
IMBded  onm  thicker.  Whn  the  entree  of  the 
eootraeteJ  parts  become  sufficlntly  thin,  they 
do  net  rupture  suddenly;  but  the  liquid,  reced- 
ing n  both  rides  of  esch  of  the  entree  towards 
the  expanded  parts,  still  kaves  the  hitter  for  an 
hwtant  connected  two  and  two  by  a  thread  sn- 
■UycyttndricaL  Lastly,  these  threads  traneform 
thnselves  in  the  same  manner  as  the  cylindere; 
end,  by  the  mptuie  of  threads  still  more  attn- 
usted,  lenltiQgfhnn  their  own  cntractions,  they 
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leave  the  isolated  maiaes  which  form  the  above 
apherules,  whilst  the  larger  masses  proceeding 
from  the  expanded  parts  of  the  original  cyhnder, 
and  whicb  are  at  equal  distances  asunder,  asenme 
spherical  figures. — 5.  This  spontaneons  alteration 
and  this  trnaformation,  whoee  final  result  is  the 
formation  of  isolated  spheres  with  spbeiulee  ar- 
ranged in  the  intervals,  are  not  peculiar  to  cylin- 
ders: they  accompany  every  other  liquid  figure 
of  which  one  dimension  is  considerable  compared 
to  the  other  two. — ^For  the  sake  of  those  who 
have  not  repeated  my  experimnts,  I  will  here 
mention,  in  rapport  of  the  above  facts,  a  pheno- 
meon  obeerved  by  all  physidsta    Whn  along 
a  thin  whe  held  horizontally,  an  electric  dis- 
charge capable  of  fusing  but  not  of  melting  is 
passed,  the  wire  beoomee  first  heated  to  a  white 
heat,  and  at  the  same  time  bnt  in  oonaequnoe 
of  its  elongation:  afterwards  it  is  obeerved  to 
reeolve  its^  into  a  great  number  of  separate 
gbbnlee,  which  foil,  and  whose  form  whn  cool 
is  found  to  be  rounded.    Now  this  wire,  at  the 
momnt  effusion,  oonstitotes  a  liquid  figure  which 
eatisfles  the  conditions  above  expressed  in  5. — 
Now  a  jet  of  liquid  issuing  in  any  direction  what- 
ever, ftdfiis  the  same  amditions :  that  is  to  say, 
it  eoostitates  a  liquid  figure  whoas  length  is  con- 
siderable compared  witii  its  transvereal  dimen- 
sionsi    It  should  thn  of  neceesi^  alter  its  form 
in  ordsr  to  transform  itself  gradually  into  a  series 
of  Isolated  spheres  with  interposed  spherules;  and 
the  phenomenon  ought  to  maniftst  itself  by  the 
formiation  of  oontactaoos  and  expansions  which 
develop  themselves  mors  and  more,  until  the 
generation  and  rupture  of  the  threads  take  place 
as  above  deecribed.    But  the  liquid  of  the  jet, 
having  a  motion  of  translation,  which  carries 
with  it  the  expansions  and  ontnctions,  it  is 
during  this  jouniey  that  each  of  them  completes 
all  its  progressive  modificatioos.  .  .  .  Further, 
a  finah  quantity  of  liquid  being  always  npplied, 
(he  transformation  must  be  incessantly  repnted. 
Hence  the  cntinnous  and  discontinuous  parts  of 
the  jet:  hence,  slso^  the  origination  of  expansions 
and  cntractions  scarcely  perceptible  near  the 
orifice;  bnt  lieooming  more  and  more  developed 
as  they  move  onwards  with  the  liquid,  until  the 
expansions  arriving  one  alter  another  at  the 
extremity  of  the  cntinnous  part,  successively 
detach  themselves,  and  pursue  their  oooxse  as 
isoUted  masses,  which  assume,  or  tnd  to  assume, 
a  spherical  form:  hence,  too,  the  spherules  in- 
terposed betwen  these  masses;  and,  lastiy,  the 
laws  discovered  by  Savart  connecting  the  Ingth 
of  the  continuous  part,  as  well  as  the  tone  pro- 
duced by  the  ehock  of  the  jet,  with  the  change 
in  the  diameter  of  the  orifioe.** — ^H.  Plateau, 
however,  does  not  dny  the  effect  of  vibrations, 
andevn  musical  tones,  in  acoelerating  the  forma- 
tion and  completion  of  vntrai  segments,  especially 
whn  the  expansions  and  cntractions  caused  by 
the  vibrations  oohtdde  with  those  or^shuting  in 
the  meleonlar  forces. 
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The  whole  aqaeons  pheno- 
mena of  the  Atmosphere  are  designated  by  this 
name.  The  chief  specific  HydiometeorSf  viz., 
Clouds,  Dew,  Fogs^  Snow^  and  especially  Rcdny 
are  described  and  tlieir  cacses  investigated  under 
those  several  titles  in  our  dictionary,  and  under 
Hyorometrt;  so  that  it  simply  remains  for  us 
in  this  place  to  ofier  some  account  of  the  ground 
or  root  of  such  laws  as  have  been  asoertained  with 
regard  to  the  habitudes  of  the  aqueous  or  vapor- 
ous portion  of  our  composite  Atmosphere.  The 
rational  foundations  of  the  whole  inquiry  were 
laid  by  the  illustrious  Dalton;  but  we  owe  to  the 
late  Professor  Daniell  the  vigorous  and  skilful 
C8rr>'ing  out  of  Dalton*s  general  principles.  It 
is  scarcely  necessary  to  recall  to  the  reader  the 
nature  of  Dalton*s  great  discovery  regarding  the 
intermixture  of  gases.  It  consists  simply  in  this, 
that  one  gas  offi^  only  a  mechanical  obstruction 
to  the  diffuuon  of  another.  Suppose  that  any 
porous  solid  substance — a  sponge,  for  instance — 
were  plunged  amidst  a  certain  gas,  that  sponge 
would  displace  a  portion  of  the  gas,  but  through 
its  pores  the  gas  would  difiuse  itself  according  to 
its  own  laws — spreading  over  larger  space,  but  in 
nowise  otherwise  afiected.  Bxaotly  in  the  same 
way  the  dry,  or  what  may  be  called  the  perma- 
nently-elastic Atmosphere,  affords  onlyamedia- 
nical  obstruction  to  the  Aqueous  Atmosphere; 
L  0.,  it  constrains  it  to  occupy  a  laiger  space— io 
mount  higher — ^than  it  would  do  mi  vaemo:  and  in 
return,  the  dry  Atmosphere  is  similarly  affected 
by  the  pressure  of  the  moist  one: — each  Atmo- 
sphere nevertheless  being  afifeeted  by  its  own  laws 
of  diffusion,  as  depending  on  its  ratio  of  elasticity ; 
and  each  one  accordingly  might  be  treated  inde- 
pendently, audits  entire  phenomena  independently 
evolved,  were  it  not  that  their  corresponding 
horizontal  strata  at  different  heights  have  wholly 
different  relations  to  HeaL  That  Is  to  say,  sup- 
pose A  B  a  vertical  column  of  diy  air, 
and  a'b'  a  vertical  column  cMf  the 
vaporous  atmosphere,  diffused  through 
each  other,  they  might  be  treated  quite 
apart,  and  their  phenomena  independ- 
ently deduced,  but  for  the  circumstance 
that  at  the  same  height  a  o,  a'  o',  the 
strata  Cc,  have  not  the  same  ipeej^ 
heaU,  or  the  •ame  rdaHona  1o  heat 
In  which  latter  circumstance,  their 
mutual  actions  and  reactions  arise,  and  give  birth 
to  the  infinite  varieties  and  complications  of  the 
problem  and  its  results.  Such  being  its  general 
conditions,  Mr.  Dani*>ll  conducted  the  inquiiy 
with  signal  industry  and  acutenees.  Following 
the  ezactest  rules  of  Method,  he  divided  it  into 
three  parts,  viz.:  /VrK,  What  would  be  the 
habitudes  of  a  pervumentfy  eiatlic  Atmosphere, 
surrounding  such  a  globe  as  our  earth?  Secondfy, 
What  would  be  tlM  habitudea  of  a  purely  Va- 
porous Atmosphere,  surrounding  such  a  globe? 
And  tkkxUjf,  In  what  manner  must  the  two 
Atmospheres,  if  intermixed,  act  and  react  on 
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each  other,  in  consequence  of  the  inoongniity  of 
the  rdations  of  their  oorrespcodhig  strata  to  Aeot, 
and  thus  modify  the  independent  or  natoial 
habitudes  of  both? — For  the  general  renltBof 
thejirst  portion  of  Mr.  Darnell's  inreatlgatloos, 
we  refer  to  our  article  on  the  Wikds,  where  the 
whole  subject  is  minutely  treated.    Had  oar  globe 
been  a  sphere  of  equal  temperature,  a  diy  envelope 
of  the  kind  refbrred  to  would  have  simply  re- 
mained at  rest  over  all  its  surfiioe,  and  presented 
no  phenomena  worthy  of  notice,  except  regalaily 
decreasing  elasticity  and  temperature  along  everf 
vertical  column.   The  regular  duninution  of  Heat, 
however,  from  Equator  to  Pcde,  and  the  iir^nlar 
variations  of  sur&oe  heat,  depending  on  Use  con- 
stitution of  the  difiiBrant  parts  of  the  Earth's 
snrfiu»,  disturb  this  rest  and  give  rise  to  liilar- 
changing  currents— some  oompanttvely  miliionn 
and  univefsal,  such  as  the  Equatorial  and  Polar 
Corrents— «nd  others  very  irregolar,  or  our  ever 
shifting  wmds. — ^In  the  same  manner,  with  ngard 
to  a  Vqforous  Atmosphere  soirounding  a  s^en 
homogeneoos  in  temperatore^  neither  motion  nor 
condensation  could  soperveno.    Add  the  element, 
however,  of  a  decrease   of  temperatnra  from 
TKptc  to  Arctic  Circfe,  and  we  disoem    the 
necessify  fbr  an  incessant  evaporation,  or  of  desr 
weather  at  the  equator,  and  a  current  of  vapoor 
rnshing  northward  and  southward,  oondeneiqg  as 
it  flows,  and  deluging  the  whole  of  the  Tempeeals 
and  Frozen  Zones  with  Bain  and  Snow.    la  lUs 
case  too,  of  coune,  the  physical  irrognlarities  of 
the  Earth's  surfkoe — its  division  into  land  and 
water,  into  sandy  deserts,  marshes,  forests,  and 
cleared  and  cultivated  ground — come  in  to  modify 
the  general  result,  and  to  necessitate  patchai  of 
drought  and  patches  of  intenaest  rain,  tluoqgh 
all  its  zones.    Them  irregularities,  liowever,  only 
mod^  the  general  lawsi    The  third  division  cf 
Mr.  Uaniell's  able  and  remarkable  investigatiaas 
is  the  di£Scalt  and  complex  portion  of  it,  aal 
takes  account  d  the  actual  drcnmstances  of  die 
case.    Its  conditions  will  be  readily  nnderrtood. 
Suppose  that  at  the  pohit  C  of  the  tongfaag 
diagram  the  heat  of  the  stratumcis  not  sufficient 
to  permit  the  vapour  at  c^  to  remain  in  itsnatmal 
or  elastic  condition,  oondensation  must  take  place 
and  rain  fidl,  or  clouds  be  formed.    But  tills  set 
of  oondensation  necessarily  evoh'os  or  gives  out  a 
quantity  of  heat — ^that  wbct.  was  fbrmeriy  called 
latmtheat;  this  heat  communicated  to  the  elas- 
tio  stratum  wholly  alters  its  elasticity  and  entire 
condition,  and  new  currents  or  winds — ^bringing 
with  there  multifarious  changes — must  instantly 
arise.    Yiew  under  this  new  conception  the  com- 
plex structure  of  both  Atmospheres,  as  depending 
on  the  irregular  distribution  of  Httt  over  the 
surfiice  of  the  Earth,  and  it  will  be  seen  how  in- 
tricate and  refined  is  every  problem  in  praeticBl 
Meteorology.    No  doubt,  however,  can  r^st  on 
the  fiBWt,  that  there  is  a  nttumal  mode  of  treatiiig 
the  subject,  and  we  shall  expose  under  Raoi 
and  Wdid  the  leading  positive  results  already 
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icaebed.— It  on^tto  be  meDtioncd  that  the  t)ry 
AtoMipbere  exerts  snother  rery  important  in- 
flflcaoe  with  regmrd  to  the  prodacfioti  of  H}*dro« 
It  reiardt  the  fnw  of  the  ffaporotu 
and  80  prevents  sodden  and  impetnoos 
changes.  As  to  the  rate  or  degree  of  retardatioD, 
or  as  to  the  actual  velocity  with  which  Aqueous 
Vapour  travela,  much  obacurity  and  vagueness 
still  prsvaiL  The  dement,  however,  is  a  most 
important  one  in  practical  Meteorology — involv- 
irg,  as  it  necessarily  does,  the  effects  of  winds  of 
vtfioos  degrees  of  stren^  on  tlie  processes  alike 
of  Evaporation,  and  of  tlie  deposition— especially 
the  distribotioa,  of  Rain.  Under  certain  dr- 
ouastances  the  oppaneHi  motion  of  a  doad — 
wiyeh,  however,  rather  signifies  the  difimon  of 
fis  eoMKCMMif  mnder  whidk  a  cloud  w  yormecf— is 
cnonnoos,  touching  even  on  lAres  kmdred  miies 
«a-  AoMP  /  For  details  of  the  remarkable  inves- 
Cigatkn,  of  which  we  have  described  the  mere 
bseei,  tlie  student  is  earnestly  referred  to  Prof. 
Daniells  woriE  on  Meteorology:  its  leading  n- 
sahs  will  be  foand  under  Rain  and  Wivd. 

Mydg— seter»  An  instmment  of  the  same 
■atarsi  and  on  the  same  principle,  as  the  Abso- 
XCTBa  (f  .  tr.> 

■yJissiMSli  Mmfmmem.    See  Balawcb  Ht- 

MUWTAY10. 

MfJraiaiitca.  The  science  which  treats  of 
the  eqailibrutm  of  flaids,  and  of  the  pressnres 
which  tlwy  egertise  against  the  walls  of  thehr 

I. —  It  Is  manifest  that  this 
nnat  ha  snl^fect  to  all  the  laws  of  the 
tlieory  of  eqnilibrinm  exhibited  in  ordi- 
taties.  Bat  there  are  two  fundamental 
which  oonstitute  it  Into  a  distinct  braneh 
of  thai  eofenoe— including  a  peculiar  class  of  pro- 
bleaasb  and  soggestlng  and  explaining  a  separate 
eUas  of  physical  phenomena.  The  ,^riC  of  these 
ia,  that  all  actkm  between  tvro  fluid  sur- 
r  between  a  fluid  and  a  soUd  surtaoe,  is 
mormal  to  the  plane  In  which  they  mast  or  to 
tangent  plane  to  the  surfaces  at  the 
The  problems  of  ordinary 
ipUeated  by  the  introduction  of  an 
iaddinlto  ftiroa — Indefinite  so  long  as  it  does  not 
txeeed  a  certain  amount  fixed  by  the  conditions 
--wfakfa  k  called  Jridhm.  The  science  of 
hydnetatice  founds  on  the  assumptkm  that  there 
is  ao  sach  thing  as  ataHeal  FtM  Frietum,  In 
hydnidvnamios,  the  same  assumption  Is  in  meet 
theoredcal  hooka  habitually  made — in  conse- 
quenoe  of  tlie  yet  insuperable  analytical  diffi- 
culties ptfaented  hy  the  problems  the  adenoe 
would  otherwIaB  preeent  us,  where  it  is  not  sup- 
posed to  hold.  But  the  assumption  that  there 
is  no  tangential  action  when  fluids  ars  actually 
Boviag  talcr  as,  that  there  is  no  dffmamioid  Jhsid 
friakm^  is  certainly  entirely  Ihlladous— in  the 
cass  of  any  and  every  fioid.  Yisoous  fluids,  such 
as  treacle,  Ibr  Instance,  offiBr  a  certain  rasiBtanoe 
to  the  shding  of  one  particle  along  another;  but  in 
what  avs  called  peifea  fluids,  such  aa  water,  if 
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there  be  any  such  resistance,  it  is  of  infin{!es>im.il 
amount,  and  may  be  disregarded  in  actual  pro- 
blems of  equilibrium,  where  we  are  dealing  not 
with  actual  motions,  but  with  ineffectual  tenden- 
des  to  motion,  whidi  are  capable  of  being  conn- 
teracted.  In  the  case  of  such  fluids  no  such  ten- 
dency actually  is  counteracted  by  friction. — 
Before  stating  the  second  axiom,  we  shall  see 
how  the  preuuree  of  which  it  treats  are  to  be 
measured.  If  we  concdve  a  plane,  containing  a 
unit  of  surface  within  a  fluid — the  pressnres  ex- 
erted on  it  by  the  latter  consist,  according  to  the 
flrst  axiom,  of  a  number  of  paralld  forces,  all  per- 
pendicular to  the  plane.  If  any  one  point  of  this 
plane  be  pressed  exactly  as  much  as  any  other,  the 
sum  of  these  parallel  forces  is  the  pressure  at  the 
centre  of  the  plane.  If  all  these  points  an  not  prea- 
sed  by  equal  amounts,  it  is  dear  that  we  can  still 
attach  an  idea  to  the  term  pressure,  <U  the  point 
we  have  mentioned.  It  is,  what  would  be  the 
pressure  on  a  unit  of  surface,  if  instead  of  the 
unequal  forces  spoken  of,  forces  acted  at  every 
point  of  it,  all  equal  to  that  which  acts  at  the 
point — We  have  defined,  then,  what  we  mean 
by  pressure  at  a  point.  But  nothing  has  been 
said  about  the  directioo  of  the  plane  on  which 
we  considered  the  pressures  to  act  Suppose 
that  to  be  vertical,  horizontal,  or  oblique  to  any 
degree — ^may  there  not  be  corresponding  altera- 
tions in  the  amount,  as  wdl  as  in  the  direction 
of  prsssura?  The  eeoond  hydrostatical  axiom 
answers  by  asserting  that  the  amount  of  pressure 
is  independent  of  the  direction  of  the  suHhoe 
pressed.  So  for  as  it  b  a  special  mathematical 
subject,  hydrostatics  is  entirety  dedudble  IVom 
these  udoms,— which,  by  the  way,  are  not  inde- 
pendent of  one  another.  But  we  can  only 
exhibit  in  this  place  those  less  abstract  illustra- 
tions of  the  sulject,  which  depend  least  on  high 
analysis. 

Then  is  always  one  tone  acting  upon  fldda 
whose  operation  must  be  borne  in  mind— that 
of  gramiy^  Whenever,  therefore,  a  problem 
in  hydrostatics  presents  itself  we  must  remember 
that  this  force  is  present,  and  allow  for  its 
efliKt  Another  essential  condition  is,  that  pro- 
perty of  liquids  which  allows  them  readily  to 
separate, — the  particles  being  capable  of  arrange 
ing  themselves  in  any  way  without  the  interven- 
tion of  any  oppodng  forces;  We  have,  there- 
fore, gravity  and  liquidity  always  as  elements  in 
problems  in  Uydrostotics.— A  prindple  resulting 
from  the  quality  of  liquids,  lies  at  the  very  ibua- 
dation  of  the  whole  sdence,  t.  e.,  that  of  the 
equ/ality  of  pretntree^  i.  s.,  that  liquids  have  the 
property  of  transferring  equally  in  eveiy  dirso- 
tion  any  pressures  applied  at  their  suifoces. — 
Experimental  proofo  of  this  prindple  are  rea- 
dily supplied.  Imagine,  for  example,  the  vase 
o,  filled  up  to  the  kivd  a  b  with  water,  or  any 
other  liquid ;  and  suppose,  for  the  prssent,  that 
gravity  is  not  acting  upon  it  The  vase  in  that 
case  might  at  once  be  removed,  and  there  would 
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TCsalt  BO  motion  of  the  water.  GimyiUtiDg  force 
not  soliciting  it,  and  no  other  force  bdng  present, 
the  water  would  remain  at  reat    Imagine  now, 

however,  that  a  piston 
is  laid  over  ab  having 
a  weight  of^  snppoee  80 
lbs.,  then  the  layer  of 
water  a  b^  or  any  part 
of  it,  K,  would  fall,  if 
not  supported.  It  does 
not  move ;  so  that  there 
must  be  an  equal  foroe 
acting  against  it.  It 
transmits,  therefore,  the 
weight,  to  the  layer  or 
part  immediately  below.  There  is  thus  a  down- 
ward weight  on  that  part,  and  an  upward  force 
from  it,  counterbalancing  one  another,  and  eqpal 
to  the  weight  on  b,  this  upward  one  eauctly 
counterbalancing  it  Tliis  second  part  (k',  snp- 
poee) would  faU,  if  not  supported :  so  that,  it 
must  be  k^t  up  by  the  transmission  of  the  force 
to  what  we  might  call  Ef%  and  so  on,  until  the 
force  is  transmitted  to  f.  For  every  portion 
similar  to  B,  having  the  same  wei^^t  at  the  top, 
an  equal  prsssure  is  transmitted  to  the  bottom, 
and  thus  the  wMght  is  faithfully  transmitted 
dotoMoardB.  But  it  must  be  transmltt^  also  to 
the  tides  of  the  vessel,  which  must  experience  an 
equal  pressure.  This  oould  be  readily  shown 
by  boring  a  hde  in  the  side  of  the  vessel, 
through  which  the  water  would  immediately 
gush.  In  fact,  from  the  liquid^s  perfect  freedom 
of  motion,  it  seeks  to  move  in  one  way,  just  as 
much  as  in  another ;  and  it  is  not  permitted  to 
move  in  any  way.  The  whole  resisting  force  is 
equally  di^tilbated  over  the  outline  of  the  liquid ; 
and  therefore  the  pressure  is  equal  on  all  sides  of 
the  vessel.  And  as  it  is  so,  the  amount  of  pres- 
sure on  any  one  part,  will  be  to  that  on  any 
other  part,  in  the  ratio  of  the  areas  pressed  respec- 
tivdy.-^From  this  law  are  deduoed  two  condi- 
tions of  equilibrium — the  one  amountuig  rather 
to  an  expression,  in  another  form,  of  the  same 
law,  or  of  the  principle  of  liquidity :  t.e.,  1st, 
that  every  molecule  of  the  mass  must  be  solicited 
by  equal  and  cofntrary  pressures  in  every  direc- 
tion— becoming,  in  fact,  a  sort  of  centre  of  forces; 
and  that,  2d,  the  upper  molecules  of  a  liquid 
which  are  f^  must  form  a  surface  perpendicular 
to  the  direction  of  the  impressed  force.    This  last 

proposition  needs  little 
f  F  pitK)f.  Suppose,  for  ex- 
ample, the  vessel  abdf, 
filled  with  fluid  sub- 
mitfed  to  the  action  of 
gravity  alone,  it  is  dear 
that  the  outline  of  the 
upr.er  surface  cannot  be 
sccfa  a  figure  as  c  H  K  o  B, 
hut  must  become  flat, 
tliat  is,  horisontal,  and 
so,  perpendicular  to  the 
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vertical  directioii  of  gravity.  Suppose,  that  it  £d 
actually  take  such  a  shape  as  c  H  k  o  b.  Then 
a  particle  at  k,  for  example,  is  pulled  dovn- 
wards  by  its  own  weight,  and  as  all  the  liqokl 
below  experiences  the  pressure  of  that  weight  in 
every  direction,  the  particle  a^acent  at  h  wiU 
feel  it  poshing  it  horizontally,  in  foct,  oatwaids 
— that  behind  will  take  its  place,  and  be  again 
pushed  ootwarda,  and  so  on.  This  state,  in  which 
there  is  no  equilibrium,  will  go  on  just  as  long 
as  there  is  any  dififorenoe  of  level  in  the  ootr 
line  €  H  K o  E;  and  therefore,  there  can  be  equi- 
librium only  when  the  level  is  preserved  eonstsnt 
It  follows,  that  one  means  by  which  we  might 
ascertain  the  direction  of  gravity,  woold  be  by 
taking  it  as  perpendicular  to  that  of  still  water. 
We  have  seen  elsewhere  that  the  direction  of  a 
plummet,  by  which  «ne  usually  testa  the  direction 
of  gravity,  may  vary  from  that  which  we  would 
naturally  expect,  in  consequence  of  the  mass  of  a 
neighbouring  mountain.  (SesEABTH.  /«^«req^ 
and  Densiiff  ofy.  "M-Ay  not  this  eau$e  be  dimin- 
ated  by  the  method  of  taking  the  vertical  distni1>- 
ance  as  perpendicular  to  still  water?  Let  in  re- 
member what  the  direction  of  tiie  plnmmet  bdi- 
cates; — it  is  the  direction  in  whidi  aaraall  body  is 
drawn  at  that  spot  by  the  attraetioD  of  tlw  whole 
actual  earth.  And  this  deviates  fhxn  the  directioo 
in  which  it  would  be  drawn,  if  the  actual  eirth 
were  to  be  removed,  and  what  we  may  call  a 
normal  earth  substitnted  for  it — that  ia,  one  not 
broken  up  by  mountainous  irregulaiitica  of  snr- 
(hoe,  but  homogeneous,  and  of  uniform  shape. 
Now  the  same  actual  earth  is  that  obeyed  by  the 
levels  of  the  sea  and  lakes.  When  a  mountain 
is  near  asea,  the  level  of  the  sea  must  be  deflected 
somewliat  upward,  towards  that  mountain ;  and 
just  by  the  same  amount  as  the  plnmmet  is  de- 
fleeted.  In  foct,  the  foroe  of  gravity  is.  In  neither 
case,  that  of  the  normal  earth,  but  the  resultant 
of  its  attraction  and  the  attraction  in  an  up- 
ward direction,  of  the  mountain;  and  the  levdof 
water  must  bs  perpendicular  to  that  distnritfd 
line.  If  the  Cordilleras,  for  example,  were  a 
hundred  times  higher  than  they  are^  the  seas 
would  slope  upwards  along  the  shores  of  America 
on  both  sid<»,  and  the  ports  of  fiance  and 
Western  Britain,  as  well  as  those  of  Japan  and 
China  would  be  drained.  The  foct,  however, 
that  this  result  is  actually  found  In  nature, 
to  a  quite  measurable  extent,  proves  the  truth 
of  the  principle,  that  the  firee  surface  of  fluids 
is  perpendicular  to  the  force  that  Sf^dts  them. 
— ^The  phenomena  of  capiOarity  depend  on  the 
same  prindples.  We  have  there,  the  force  of 
gravity  tending  to  produce  a  horaontai  levd. 
But  there  is  also  a  certain  attraction  between  the 
partides  of  the  fluid,  and  those  of  the  oontaining 
vsBsd — and  a  further  attraction — ^resulting  firom 
the  fact,  that  no  body  is  perfectly  liquid,  between 
the  partides  of  the  fluid  itsdf.  The  foroe  which 
the  free  surface  of  the  fluid  obeys  is  the  resultant 
of  this  set  of  thzee  forces;  and  that  resoltant  for 
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«cfa  point  of  the  fk«e  mutuet,  has  oertdnly  a 
diiecdoo  perpendicular  or  normal  to  the  torfiice. 
—We  have  tbne  eaUbliahed  theoonditiooa  of  equi- 
Kbriomoraiiaid.  We  ahall  now  investigate  the 
piMMues  which  act  open  the  walls,  and  which  they 
most  be  capable  of  resisting.  This  is  also  fruitftil 
of  practical  applications.  Oar^sT  proposition  is, 
tiiat  the  vertical  preHnre  which  a  liquid  exerts 
sgainst  the  bottom  of  its  containing  vase,  is  entirely 
independent  of  the  form  of  tliatTase,  and  iseqoid 
in  weight  to  the  solid  content  of  a  fignre  on  tlie 
tame  bottom,  and  with  the  same  height  of  leveL 
Take  a  number  of  tobei^  each  having  the  narrow 


arm  on  the  right  hand  of  the  same  dimensioiis,  but 
with  entirely  difTerent  forms  for  the  left  one.    If 
the  li^t  arm  tube  be  filled  with  water  to  any 
ndform  height  in  them  all,  it  wiU  be  found  that 
the  left  arm  tubes  appear  fiUed  to  exaetiy  the 
sime  lereL    More  water  has  been  neceesaiy  to 
aoeompUsh  the  task  in  the  one  than  in  the  other, 
bat  the  lerel  in  each  of  the  two  arms  is  the 
The  meaning  of  whidi  is,  that  the  pressura 
I  layer,  which  we  may  suppose  to  bound 
thsm,  is  the  aame.    The  right  arm,  with  its  uni- 
farm  bore,  rests  a  miifonn  weight  of  water  upon 
this  layer, — producing  a  definite  pressure.    It  is 
kept  in  eqaiUbriam,  howerer,  by  the  pressure  of 
the  uneqiual  massM  in  the  other  arms.    Hence^ 
the  pieswue  doee  not  at  afl  depend  on  the  «A<9m 
ef  the  mntaining  veeecL    Ftom  a  similar  experi- 
ment, we  may  draw  our  other  condnsbn.    In  a 
tnbe^  of  Tertical  azb  and  horizontal  base,  the  pres- 
sors on  the  base  is  evidently  exactly  the  weight  of 
the  eotttents  of  the  tube.  *  Every  particle  drawn 
downward  by  gravity,  if  permitted  to  foil  freely, 
wseld  strike  the  bottom,  and  the  force  of  gravity 
b  thcnfore  trawmitted  enthe  to  the  bottom. 
This  weii^  is  measured  by  the  product  of  the 
anaofUMbaaebytheheii^oftiieleveL    But, 
as  we  have  Just  seen,  the  pfcssore  so  exercised  is 
thssBBMseln  the  case  ofttie  base,  with  the  same 
height  of  level,  in  a  tube  of  any  form.    Suppose 
tha  vertical  tube,  hi  fact,  to  be  that  in  the  second 
fgore  given.    The  preesurs  of  the  water  in  the 
oUwr  T^feid  is  exaetiy  tiie  same,  and  would  be  so, 
^    ,         N  r '  whatever  the  shape 

Via  of    that     tube.— 

What  is  called  the 
ijfdrodatieal  paro' 
doK  depends  on  this 
same  principle.  Let 
o  D  and  A  B  be  two 
horizontal  boards, 
bound  together  by 
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leather  sides,  and  with  a  funnel,  ah,  either 
vertidd  or  oblique.  Let  water  be  poured  into 
this,  until  the  bellows-like  veesel  is  ftilL  If 
a  weight  be  now  laid  upon  c  n,  the  water  will 
rise  to  a,  and  the  weight  of  the  vertical  column, 
a  ft,  or  of  the  oblique  column,  of }/  X  oos.  <tf 
obliquity,  will  apparentiy  balance  the  weight 
It  will  be  readily  found,  however,  by  experiment, 
that  the  weight  on  c  d  will  be  the  weight  of  a 
column,  whidbi  would  have  a  base  as  broad  as 
A  B,  instead  of  the  narrow  funnel  of  the  vessel, 
and  a  height  o  h.  Thus,  a  few  ounces  of  water 
may  be  made  capable  of  balancing  many  lbs. 
of  soUd  weight.  The  dose  analogy  between 
this  and  what  is  called  the  Hydraulic  Press 
(9.9.)  will  immediately  suggest  itsdt-- This 
pressure,  however,  is  not  only  exerted  against  the 
bottom,  but  also  against  the  sides  of  the  vessel, 
and  upon  all  the  pohits  of  the  interior  of  the  mass. 
The  latter  point  we  especially  desire  to  establish. 
Thus,  let  A  B  B  F  be  a  vase  filled  with  water. 
Consider  a  portion,  m  n,  of  .  r  « 
the  layer,  c  d.  Horizontally, 
it  must  meet  equal  pressures ; 
with  these,  however,  we  have 
not  to  do.  Vertically,  it  is 
evident  it  must  meet  on  the 
two  sides  with  equal  pres- 
sures, otherwise  it  would  move 
hi  either  one  or  another 
direction.  The  downward 
pressure  is  due  to  the  whole 
mass  of  water  remaining 
al)Ove  iL  The  vertical  up- 
ward pressure  must,  therefore,  be  equal  to  that 
The  mass,  m  n,  therefore,  is  in  equilibrium,  under 
the  counteracting  influences  of  two  equal  pres- 
sures. This  would  be  very  strikingly  illustrated 
if  a  foreign  solid  body,  j>  m  »  o,  be  introduced  into 
the  fluid.  The  downward  weight  on  the  layer 
as  a,  from  the  upper  water  is  now  removed — at 
least,  ostensibly — and  the  upward  force  is  brought 
into  full  play.  If  there  be  a  smaller  downwanl 
force  to  counteract  this,  it  is  evident  that  the 
body  will  be  shoved  up.  Let  us  examine  the 
doiniward  forces  which  counteract  this.  First, 
the  wdgfat  of  the  mass  of  solid  pmno^  and 
next  the  weight  of  the  mass  of  water  rtpo. 
Hence,  on  the  one  hand,  a  weight  equivalent 
to  that  of  a  mass  of  water  containable  in  r  s  m  a, 
acting  upward,  and  two  equivalent  to  the  water 
in  r  sp 0,  and  the  sdid  matter  in pmno^  acting 
downwards.  As  these  forces  are  contrary  to  one 
another  in  their  line  of  action;  the  force  ulti- 
matdy  upward  is  represented  by  their  difTcrence, 
t.e.  (r  m n s — rpos)  ci  water  (or  other  fluid)  — 
pmno(pt  solid),  or  by p m n o  of  the  fluid  — 
j»  m  a  0  of  the  solid,  llie  solid  is  pressed  down- 
wards with  a  force  equivalent  to  its  own  weight 
diminished  by  the  weight  of  an  equal  bulk  of 
water.  H^  then,  the  equal  bulk  of  water  be 
heavier  than  the  solid,  it  will  be  pushed  up — if 
lighter,  it  will  sink  down— if  equal,  it  will  rfr- 
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main  in  any  poaition  without  moving.  Socli  a 
aolid,  however,  generally  fooite, — t.e.,  its  pores, 
which  contained  only  air  before,  become  filled 
with  a  heavier  material,  and  so  the  whole  solid 
becomes  heavier  than  the  eqnal  bulk  of  water, 
and  sinks.  The  story  of  Archimedes'  detection 
of  the  deceitful  goldsmith  of  king  Hiero,  is  a 
well  known  illustration.  The  HydrottaHc  Ba- 
lance (see  Balavce)  is  another. — When  a  solid 
floats  in  a  fluid,  it  displaces  a  certain  proportion 
of  its  own  bulk  of  water.  The  weight  of  the 
body  is  then  balanced  by  a  bulk  of  water  eqnal 
to  that  of  the  immersed  portions  of  the  solid. 
The  centre*  of  gravity  of  the  solid— in  a  line 
through  which  its  weight  acts — and  that  of  the 
displaced  bulk  of  water — ^in  a  line  through  which 
the  upward  force  acts,  must  be  in  the  same  vei^ 
tical  line,  should  there  be  a  balance  of  forces,  or 
an  equilibrium.  From  this  consideration,  three 
states  of  equilibrium  exactly  like  those  described 
in  the  artide  Stabiutt,  taike  place — an  equUi- 
hrium  stable ;  when  the  centre  of  gravity  of  the 
solid  is  below  that  of  the  displaced  fluid,  in  which 
case,  on  disturbance,  the  boidy  oscillates  until  it 
finally  settles  in  its  old  pontion,  like  a  pendulum 
set  in  motion :  an  equilibrium  unstabUf  when  the 
centre  of  gravity  of  the  body  is  above  that  of  the 
displaced  fluid,  and  the  body,  therefore,  on  dis- 
turbance, topples  over,  as  a  stick  balanced  on  the 
finger  does, — not  oscillating  back  into  its  original 
position :  and  an  equilibrium  indifferenij  where 
the  body  disturbed  refuses  to  rest  in  any  position 
in  which  it  may  be  placed,  like  a  body  rotating 
around  its  centre  of  gravity — or  a  sphere,  whose 
centres  of  gravity  and  suspension  being  the  same, 
may  rest  on  any  point  of  its  spherioil  circum- 
ference.— A  good  practical  illustration  of  the 
theory  now  stated,  is  found  in  the  drcum^tanoe, 
that  the  keel  of  a  vessel  and  the  bottom  of  it 
must  be  made  so  much  the  thicks  and  stronger, 
the  deeper  the  vessel  sinks  in  the  water.  Suppose 
that  a  vessel  sinks  16)  feet  in  the  water  when 
loaded.  Its  ked  and  the  whole  bottom  of  the 
ship  must  be  capable  of  resisting  a  pressure  of 
7}  lbs.  per  square  inch;  t.«.  the  weight  of  a 
cylinder  of  water  16^  feet  and  a  square  inch,  in 
section.  If  the  vessd  sunk  only  2{  feet,  the  sea 
would  press  on  it  with  a  force  of  1^  lbs.  per 
square  inch,  and  so  on.  Hence,  if  a  leak  should 
spring,  in  a  vessel  of  either  kind,  a  wdght  of  7^ 
lbs.  pe^  square  inch  in  the  one  case,  and  of  l} 
in  the  other,  would  be  required  to  keep  a  plank, 
hastUy  thrown  across,  from  being  driven  up. — 
We  may  hence  gather  what  enormous  comprea- 
sion  the  bodies  of  sea  antinals  or  plants  ^or  of 
the  diemical  substances  hdd  in  solution,  or  of 
the  rocks,  far  down  in  the  sea,  must  undergo. 
All  round  them,  at  a  depth  of  88  feet,  there  is  a 
pressure,  crushing  inwards,  of  15  lbs,  per  square 
inch  (see  Diving  Brli^),  and  thb  pressure  in- 
creases exactly  as  the  descent  increases.  We 
can  readily  conceive  how  impossible  It  would  be 
for  many  of  these  animals,  or  plantSi  to  live  near 
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the  smfaoe  of  the  sea;  just  aa  it  would  be  impo»- 
sible  for  us  to  live  there— from  the  nnuatural  ex- 
pansion or  contraction  of  the  material  faaat. 
Exactly,  therefore,  as  along  the  mountain  odgn 
there  are  regions  of  flowers  and  shrubs,  withm 
which  alone  certain  vegetable  prodnctkos  an 
found;  and  as  certain  strips  of  earth,  sharply 
enough  outlined,  seem  the  nec«asary  limits  of 
certain  races  of  animals  and  men;  so,  mques- 
tionably,  must  there  be  in  the  aea  many  totally 
dififerent  Idngdoms  of  animals,  each  vith  their 
corresponding  plants  and  minenila,  moat  of  whitk 
may  visit  one  another  at  sli^t  and  rare  oeea- 
sions,  but  generally  remain  as  compktdy  isolated 
as  if  they  were  dweUers  in  another  world. — Our 
next  proposition  refers  to  the  Ufceral  presnuei 
which  vessels  containmg  fluids  are  8alr)ectefL 
This  pressure  sustained  by  the  aide  of  a  vase  is 
equal  to  the  hdgfat  of  a  column  of  liquid  having 
that  base,  and  having  a  height  (perpendicDlar  ta 
that  base)  equal  to  that  of  the  centre  of  gravity 
of  the  side  from  the  levd.  This  rests  on  the 
prindple  of  the  equality  of  pressure.  We  have 
seen  tiiat  each  point  of  the  layer  o  d,  such  as 
m,  sustains  the  load  of  the  supertncnmbent 
weight  mr  (see  the  last  figure);  which  being 
transmitted  in  eveiy  direction,  is  transmitted 
also  to  the  partides  at  c,  ui  a  direction  vertical 
to  the  side  a  b  (that  is,  the  direction  of  the 
complete  pressure  sustained  by  the  aide  of  the 
vase).  Tlie  pressure  at  o,  then,  depends  en 
the  extent  of  the  little  space  covered  by  the 
pressing  molecules ;  w  on  the  hdght  of  the  mole- 
cules and  the  density  of  the  fluid.  Abstract- 
ing this  last,  (which,  as  it  will  enter  into  the  coo* 
sideration  of  the  pressure  on  every  point  aacfa  u 
c,  we  may  replace,  once  for  all,  at  the  end),  we 
have  the  pressure  at  each  very  small  apace  c, 
depending  on  the  space  and  the  heiglit.  AH  the 
pressures,  being  alike  perpendicular  to  the  aidfl^ 
are  in  paraDd  directions.  Hence,  we  have  a 
number  of  paralld  forces  acting  at  diatanees 
along  ▲  B,  proportional  to  the  forces  themsdves. 
The  united  action,  therefore,  is  equal  to  that 
of  a  weight  acting  at  some  point  along  the  side 
A  F,  and  eqnal  to  the  wdght  of  a'mass  of  fluid  ol 
bulk  equal  to  the  product  of  the  skle  a  B,  by  the 
height  of  its  centre  of  gravity  from  the  levtL — 
We  thus  have  the  value  of  the  pressuiea  on  ail 
the  sides  of  a  vase  containing  water.  We  next 
want  to  discover  the  points  where  these  pleasures 
could  be  resisted.  Wherever  we  have,  aa  here,  a 
number  of  paralld  forces  for  thdr  united  action, 
one  force  paralld  to  them,  and  equal  to  their  smn, 
may  be  substituted.  We  have  found  the  value 
of  this  force,  it  is  required  now  to  find  its  line  of 
direction,  and  point  of  application.  This  is  of 
importance ;  because,  if  a  rigid  surface,  subject  to 
such  various  pressures,  have  applied  to  it  one 
force  equal  and  oppodte  to  this,  whidi  we  may 
call  thdr  resultant,  there  would  be  no  motion  in 
the  surface.  Of  ^e  existence  of  this,  one  may 
easily  oonvmoe  himaelt    Suppose  that  a  part  of 
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ft  idaik  on  the  side  of  a  Toad,  beneath  the  water, 
H  aomchow  torn  up^  and  that  water  is  gushing 
thiongfa.     Suppose  a  plank  pushed  across  the 
aperture,  and  that  no  means  of  ftstening  this 
can  be  got  but  by  holding  a  stick,  or  a  bar  of 
iron,  right  against  it  for  some  time.     How  is  one 
to  hold  it?    In  the  fint  place,  quite  perpendicu- 
lar to  the  surface  of  the  pJank.    But  he  maj 
put  that  sd^  on  many  parts  of  the  plank,  and 
not  accomplish  the  end.    The  water  will  turn 
round  the  plank,  unless  be  get  it  in  the  proper 
place.    But  there  ia,  evidently,  a  proper  place, 
wfacra^  if  he  put  the  stick,  the  pressures  on  one 
Dde  irill  balance  those  on  the  other  all  round, 
and  equilibrium  be  preserred.    If  it  slip  momen- 
tarily from  the  perpendicular,  however,  or  go 
tnm  the  point  so  fixed,  the  water  will  rush 
fjL    This  point  is  called  the  ceiUns  of  pret- 
SKTS. — ^Its  poeition  is  evident  in  the  horizontal 
bottom  of  a  Taae,  or  at  the  keel  of  a  ahip. 
Then  all  the  prassurea  round  about  are  equal, 
and  we  will  have  simply  to  press  vertically 
upwards  or  downwards^  with  a  force  equal  to 
the  weight  of  a  column,  having  the  moveable 
baae  for  its  base,  and  for  its  height  its  di»- 
tanee  from  the  free  level  of  the  surrounding 
fluid,  at  the  centre  of  this  moveable  base.    But 
eo  the  side  of  the  vase,  and  on  the  side  of  a  ship 
the  piessmes  are  not  equal  at  the  different  points. 
They  are  proportional  at  the  difierent  points,  to 
the  different  vertical  distances  of  these  points 
from  the  surrounding  level    Common  sense  will 
teach  ns  here  something  of  the  result    It  would 
evidently  be  needful  to  put  the  stick  lower  down 
than  tho  middle  of  the  moveable  plank  in  the 
ship,  becanae  stronger  taming  forces  are  exerted 
at  the  lower  than  at  the  upper  part,  and  they 
most,  tlwrefore,  be  brought  to  act  at  a  less  lever- 
age than  they.    So  in  the  vase,  the  centre  of 
pnsBure  will  be  nearer  the  bottom  than  the  top, 
for  the  reason  of  the  inequality  of  the  a(i|jaoent 
preMores.    The  problem  of  finding  the  meta- 
centre  depends  on  the  use  of  the  integral  calculus. 
Where  the  ride  of  the  vase  has  the  form  of  a 
parallelogram,  it  ia  on  the  line  bisecting  the  hori- 
sontal  aides,  and  one  third  of  its  length  from  the 
bottom.    In  a  pyramidal,  or  conical  vase,  it  is  one 
iwrth  of  the  length  of  the  side  from  the  bottom, 
and  so  on. — The  term  vase,  which  has  been  em- 
ployed thfonghout  this  article,  applies  to  any  sort 
of  vtasd  in  which  water  may  be  held.    If  two 
er  three  vessels  are  connected  by  pipes,  they  are 
looked  on  as  being,  in  fact,  the  same  vessel,  and 
are  mbject  to  laws  just  as  if  tbey  were.    Hence, 
ererywhere,  in  the  water  pipes  throughout  a 
toim,  the  water  seelu  to  rise  to  its  original  level, 
in  aeoordanoa  with  the  principles  Just  explained, 
and  pinasiia  against  obstacles,  with  force  corre- 
sponding to  the  difierenoe  between  the  actual  and 
the  possible  level.   Hence  also  the  great  force  with 
wlkldi  the  water  in  the  streets — the  lowest  posi- 
tion— ^wfaach  in  towns  is  generally  supplied  from 
these  souoes,  gushes  up  and  out    That  on  the 
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tops  of  high  houses,  again,  or  of  houses  on  ele- 
vated ground,  does  not  flow,  except  quietly  out 
of  the  pipes;  and,  unless  the  highest  situation 
has  been  chosen  for  the  reservoir  of  water,  those 
houses  which  are  higher  than  it  will  not  be  sup- 
plied by  this  principle  of  gravitation.  If  they 
are  to  be  supplied  at  all,  it  must  be  by  the  ex- 
penditure of  enormous  artificial  pressures. — In 
the  case  of  vessels  communicating,  containing 
fluids  which  do  not  intermingle,  it  is  not  at  aU 
needful  that  the  same  level  dbould  be  preserveJ. 
In  fiict,  unless  there  be  the  same  density  in  the 
two  fluids,  it  win  not  Thus,  in  the  vase  a  b  o 
D  B,  there  is  water  and 
mercuiy.  The  fluids  touch 
at  B  c,  suppose.  Then,  in 
order  to  equilibrium,  thera 
roust  be  equal  pressures  of 
water  and  of  mercury.  Tho 
pressure  of  water  is  the 
weight  of  that  contained 
in  A.  That  of  mercury  is 
that  of  a  column  of  base  b  o,  and  height  the 
diflerence  of  levels  of  bc  and  b  ;  and  if  d  be  on 
the  same  level  as  b  c,  the  pressure  of  mercury  is 
that  of  a  colunm  with  b  c  for  its  base  and  d  x 
for  its  height  Hence,  the  bulk  of  the  two 
actively  pressing  masses,  are  as  the  heights  b  & 
and  DE;  and  as  their  weights  must  be  equal, 
those  heights  must  be  inveraely  as  the  densities. 
The  height  of  two  communicating,  but  not  inter- 
mhigling  fluids,  above  their  level  of  contact, 
must,  therefore,  be  in  inverse  proportion  of  their 
densities. — Such  the  general  principles  on  which 
Hjfdmtaiia  at  present  rests.  Their  applications 
to  practical  engineering  are  abundant;  but  as 
already  frequently  indicated,  it  does  not  come 
within  the  scope  of  the  present  work  to  specify 
these. 

MrdruM*  (The  Water-Snake.)  A  southern 
constellation,  situate  between  the  south  pole  and 
Achemaz,  a  bright  star  in  Eridanus.  The  stars 
«,  A  and  y  Hydri  are  each  of  the  tliiid  magni- 
tude. 

H7Ci«Bi»ph.  A  graphic  representation  of 
the  average  distribution  of  JRam  over  the  surface 
of  the  Earth.     See  Rain. 

aret«Baeicr.    See  PLnYiOMiETBB. 

Hrsete*  One  of  the  Asteroids.  For  £le* 
moots,  &c,  see  AsTBBoina 

Hygr^nscter.  One  of  the  most  important 
instruments  required  by  the  Meteorologist ;~  its 
object  being,  as  its  name  imports,  to  detect  the 
dryness  or  moisture  of  the  Atmosphere.  All 
theoretical  considerations  concerning  Hygrometry 
being  consigned  to  that  article,  the  construction 
and  character  of  the  requisite  instruments  shall 
here  be  alone  described*  Hygrometers  are  of 
three  classes.^!.)  The  first  class— being  mere 
BygroicopeMy  or  mdiefUor»^  not  meontrers  ot 
atmospheric  moisture — need  not,  in  the  present 
state  of  science,  long  occupy  us.  Of  Bygro§copeM^ 
Sausaure's  ia  the  best  and  it  has  been  very  ex- 
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tentlrdj'  nwd.  It  depnidi  on  tbis,  tb«t  ■  p«r- 
fecil;  i]t7  hkir,  wid  the  same  hdr  uturoted  with 
wet,  htva  quite  diffiicat  kngttu — Iha  dry  hair 
being  the  ihonral.  InMrmediMe  Ungtha  are 
takea  as  roughly  indicating  proportioaal  bnmldi- 
tiei ;  and  these  are  marked  on  a  dial,  connected 
vriTh  the  hair  by  much  the  same  device  that  one 
flnda  Iq  dinl-iarormCin. — (2.)  Tho  NcUDd  daae 
■xineisla  at  tme  Uygrometeni,  and  ilidr  object  is 
to  detentttofl  the  Dta-poiat  by  direct  experi- 
ment. The  dae-poial  it  this — the  amooDt  or 
Dumber  of  degnn,  by  which  the  lempentnn  murt 
at  any  time  be  lowned,  eo  that  the  autrounding 
almoiplMre  become  inclined  to  depoalt  mDlatnre; 
if  thia  amoant  be  amalt,  the  ioAreooe  is,  that  the 
ainwepbere  ia  nearly  charged  with  molatore, — If 
large,  that  the  atmoaiiherlc  conditioo  ia  oompara- 
llvely  a  dry  on& — Then  are  three  good  Hygro- 
nietm,  adapted  to  the  imiaedlate  determhiatiDD 
of  the  dew-potat  fo  this  vay.  Firtt  Dabiell'b. 
This  iastnunent   constats  of 

«  Ing  with  eadi  other  through 
■  bentglssBtabe.  TheballA, 
is  of  black  glaaa,  about  odb 
(Dd  a  qnarter  bdi  in  diame' 
ter;  the  ball  d  is  of  the  same 
*  die,    but    tranaparent      A 

small  mercnrta]  thennometer 
Is  tl:ced  In  the  limb  a  b,  with 
Fig,  L  B  pyrHbrm  bulb,  which  de- 

blackened  ball.  A  poTttoa  at  sulphuric  ether, 
BulEcient  to  flU  thrEe-fonrlha  a(  the  ball  A,  to  ia- 
Iroduced,  and — the  almosplieric  air  having  been 
expelled  by  boiling  as  completely  as  powlble — the 
whole  is  hermetically  sealed  at  k.  The  ball  d  ia 
covered  with  muslin,  and  the  appantna  is  snp- 
poned  on  a  bran  stand,  f  o,  to  which  is  fixed 
another  ddlcale  thermometer,  whose  nadinga 
show  the  air- temperature.  To  ascertain  the  tem- 
perature of  the  dew-point,  the  ether  is  all  brought 
into  the  ball  A,  by  iDclInlng  the  tube;  the  tem- 
perature of  the  air  is  then  registered,  and  ether  is 
poured  from  a  dropping  tube,  wliich  fits  the 
mouth  of  ■  small  phial,  on  the  muslin  cover,  n ; 
the  cold  produced  by  the  evaporation  then  causes 
a  condensation  of  the  vapour  of  elber  which  Glli 
the  connectlDg  tube  and  Che  ball,DE,  and  produces 
■  rapid  svaporalion  from  the  ether  In  A ;  which 
being  a  cooling  procees,  tho  temperatdre  shown 
liy  the  encloaed  thermometer  rapidly  sinks.  The 
instant  that  (he  ether  within  the  black  ball  ia 
cooled  down  to  the  temperature  of  the  dew-point, 
a  film  oT  oondansed  vapour  from  tlie  air  sumiunda 
the  bill  like  a  ring  at  the  level  of  the  surtaca  of 
the  ether  wilhln  a:  if  (be  thermomeler  be  read 
off  at  the  instant  this  ring  of  dew  ia  formed,  we 
obtain  nearly  the  tme  temperature  ot  the  dew- 
pointj  that  of  the  air  at  the  time  being  shown  by 

the  exterior  thennomeler,  ro The  ring  of  dew 

will  grndoally  lessen  as  the  ether  within  the  ball 
ia  recovering  lis  orij^nal  temperature )  and  will 
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flnaHj  disappear.    At  that  inttant  Oie  «nckKd 

thermometer  should  be  again  read  olT,  and  this 
reading  will  give  another  approximation  to  the  - 
dew-polat  temperature;  the  mean  of  tliis  and  the 
former  determination  may  be  luppoeed  to  ap- 
proach very  near  the  truth  — The  portabiUlr  ot 
ihls  beautliul  instrument  is  a  great  rtcommenda- 
lion ;  the  whole  apparatus  ia  packed  In  a  box, 
which  may  l>e  readily  carried  in  the  poduL  An 
Important  deficiency  Is  the  amaltneM  of  the  en- 
closed thermometer,  which  will  not  admit  of  a 
reading  by  eatimatlon  of  nearer  than  half  a  de- 
gree 1  other  drawbacks  to  its  use  are  the  difficulty 
of  obtaining  pnre  ether  for  the  experiment,  ant 
of  catcfaing  the  instant  of  the  formation  and  di^ 
appearance  of  the  ring  of  dew, — seeing  that  tlie 
thermometer  baa  Co  be  watched  and  read  off  at  the 
veiy  momoit  that  the  dew  appears  or  raoisbes. — 
Stamdln.  An  inaCrument,  eosentially  the  same 
with  Daniell's,  baa  been  recently  invoilcd  br 
Renault;  and  it  mnaC  lie  allowed  that  Keg- 
nault's  is  not  subject  to  the  oljectkina  in  ns^ 
that  as  every  experlmniier  feela,  stand  out 
strongly  against  the  former  bistrument.  B^ 
nault's  Hygrometer  consiats  of  a  glass  tube,  oier 
which  ia  dipped  a  thimble,  a  B  c,  made  of  lilvTr, 
very  thin  and  highly  polished, 
1-B  inch  hi  depth  and  0-8  inch 
In  diameter;  it  is  fitted  tightly 
on  the  glass  tube,  c  ~      "  '' 


t  both  e 
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tube  leads  by  a  small  apertnie 
into  tbe  hoDow  upright  anp- 
portiHU.  Tbe  upper  opeoiug 
of  the  tube  Is  cloeed  by  a 
perfoiaCed  corlc  (somoUmes  of 
India-mbber),  through  which 
passes  B  very  sensitive  thermo- 
meter, t,  which,  being  much 
longer  than  any  that  can  be 
used  with  Daniell's  bygrmne- 
ter.  Is  more  nicely  and  readily 
read  off;  its  bulb  desccncb 
neari;  Co  tbe  bottom  of  the 
rUva  Chimtde;  and,  from  the 
same  depth,  rises  a  hollow, 
thin  glass  tube,  o.  which  also 
passesthrougfathecork.  Ether 
is  poured  into  the  tube  as  hlgb 
*srq;  the  pipe,  t>,  leads  down 
the  hollow  upright  which  ia  ia 
communication  with  the  flex- 
ible Cutie  o,  to  on  aspirator  (not 
shown  in  the  drawing),  that 
is,  a  Jar  containing  something  j\g.  i. 

less  than  a  gallon  ot  water; 
Chia  jar  la  closed,  except  a  small  aperture,  over 
which  the  Bexible  tnbe  is  made  Co  fit  air-tight; 
■t  the  tattom  of  the  Jar  Is  a  alflp-cock,  on  tncn- 
Ing  which  the  water  wUl  run  out.  Tbe  asptraior- 
Jar  is  near  the  obeerver,  but  the  imtmnBit  msy 
'  B  aC  any  convenient  distance,  so  as  to  be  re- 
loved  from  the  beat  of  the  peisoo. — When  lb* 
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U  nd  trau  tba  ■■pini 


r-Ju;  thli  win  prw 


r  Umngh  the  Sim  tabs,  vho« 
Dwatli  ia  al  o,  and  tha  ptpa  of  coram  otucatiao, 
M  >;  to  RBch  Iha  ipac*  above  the  ethar,  the  air 
•mat  pui,  bobbW  bj  bubble,  Ibnnigh  ft,  vbicb 
will  prodnM  an  anifbnn  temperatnra  tbroDgbDiit 
Ibe  wbole  mua  while  H  is  nil!)ect  to  Ibe  agita- 
tion pradDccd  by  Um  rapM  jjuaagt  of  air ;  and 
the  tQrcr  tbimble  will  be  of  the  buim  ompen- 
(BR  aa  tbe  etliar  wjttafn,  tta*  degne  of  whii^  will 
be  AowB  by  tb«  knmarasd  thartDomcter,  t.  If 
f«7  gnat  nlcMf  it  laqulreii,  the  therwnmetec 
Bar  be  raad  off  by  a  Hiuli  tdncope,  bnt,  with 
cva,  tbk  ia  tUoat  nroawary-— At  Dm  monient 
that  tba  ether  I*  «ool(d  down  to  tba  dew-polst 
t^^imtan,  Om  wkab  mtmai  nifacc  of  tha 
slT«r  ihimUe  b«coaw*  coveted  with  a  coating  of 
DoiMaK;  tad  the  dvaa  thawn  fay  tbe  tbemio- 
naUr,  K  that  iDatant  of  tinte,  miul  be  marked. 
Lm  at  •■Fpoaa  the  dnt  i«adi^  (o  be  W° ;  It  it 
pnfaahl*  that,  aa  a  fractfao  of  a  aecoTK!  waa  ioat 
aa  tbe  ey*  ^anced  fnm  the  idvef  to  (ke  tber- 


tt  the  daw  disappean  and 
liM*;  bat  DOW  ita  nadiog  it  probaUy  too  gieat, 
a^  18°.  Tbe  atop-cock  of  tba  aapiralor  ia  Iben 
(Hrt^  opttxd,  and  a  aaiall  ttieaai  of  lir-babbha 
ifM*  ihrao^  ibe  ether,  and, 
(he  (bnu 
Vi'-t  at  tl 
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a  iMcaaBiy,  but  Ave 
ninatea  win  geatraOj  aofioa  Ibr  tlie  whole  ope- 
Mko.  The  inTeatoT  fonod  Ikree  or  foui  aalS- 
o  tbe  tenth  of 
A'  D',  hold*  a  eeeiiod 

.  ...  in  detemiaiDg  tbe  dew-poiul,  and 
ba  nadlng  givta  the  tempfrmtare  of  tbe  air 
•I  tholimeof  obeervaliML  Thia  additloiia]  tfaer- 
BOOxtB'  need  not  iwoaarOy  be  Buantad  in  the 
aane  manoer  aa  the  dew-point  ibanoonietei',  h 
tha  tonparatan  of  tite  air  may  be  Inrnt  (noi 
eaa  lotpepdad  In  the  tmal  way.— Tha  dbwt 
Ddhod  by  wbUk  the  dew-point  may  be  aica^ 
(afaxd  by  maiUiV  the  dooding  of  tha  pidkbad 


0  bring  Reg- 

SapatH  and  Zambia  haTB  «iiiatnicted  tbe  in- 
WfiiiBLUt  in  a  aimpler  form,  at  a  price  not  giealar 
than  it  paid  tar  Daniell'a.— The  aapirator  need 


I*4«:tkn  to  wbkta  tbe  fodia-rebber  tidie  t>  at- 
tacbcd:  when  an  obacrration  it  to  be  taktn,  the 
bnardt  ai«  made  to  appnaimale  by  a  palley,  and 
aa  tba  Iowa  one  la  allowed  to  deaomd,  a  dnogfat 
<f  air  la  prodaced,  tbe  force  of  which  may  he 
t*Salaled  at  plramre.  Tbia  apraratoi  doea  away 
Oilh  the  tnmble  at  coiutautly  auppljiog  water  to 
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tbo  atplrator-Jar,  ti  la  mFi<aaaTy  Id  the  inaal 
conntnictian ;  thoQ^  sonre  upintoT«  are  made 
doobla,  H>  that  thoy  may  be  ravened  wbeti  tbo 
water  has  Ton  oat  of  ooe  compartment  into  Ihe 
other,  and  tbos  the  tame  qnintily  of  water  may 
be  nude  ■ervlcesble  far  any  lenglh  of  time. — 
The  Mrd  inMrnment  of  this  cUh.  vie  ihill  men- 
tion, is  doe  to  Pnifesior  Connd!  of  the  Unlvenlly 
ot  St.  Andrew*.  Il,  Is  represenled  bdow  (flg.  8) 
—  X  ia  a  nnall  botrla 
madecf hlghly-polialied  | 
brav  orailver:  It  it  par- 
tially aned  wUh  ether, 
and  the  temperature  '~ 
lowered  by  meana  of- 1 

haD8tu■g«ytlng^D   . 

ikh  caiuca  the  ethor    | 

evaporate  rapidly : 

ennomeleTt  T,  wha 

lib  dipa  Into  the  elhe 

owe  the  tempt    ' 
of  the  dew-polnl 
inatant  that  the  poliabed    ] 
exterlcv  of   (be   botlla  g 
becomea    clouded   i 
molniue.    a  ia  a  damp 
to  fix   tbe   iiutmment 
to  a  ateady  enppoit. — 
(3.)   To  the  foregoing  (eamd  claia  of  Hygra- 
meteii,    time  ii    one   eBsenllal    practical   ob- 
jection.     Each    determinalioD   of    atmoapberfai 
moiiture,  by  these  iiutrumeats,  is  of  the  natora 
of  an  ezpenment,   not  of  an  abienialiim;   and 
the  magnitude  of  tbla  objection  may  ba  gutaaed, 
■bould   one   Bappan   It   aectaeaiy   to   perTonx 
an  experiment,   Instead    of  menly  tending    a 
acak,  previooa  to  dotermiaing  the  tbermometile 
cooditloD  ot  the  air.     Tbe  eonverrion  of  <rperi' 
anl  into  oitmiatiim  la  tbe  otject,  and  the  Im- 
portant object  of  Ihe  data  of 
loatiunxDla  aboat  to  be  de- 
Bcribed.   So  maxaefal  era  they, 
that  every  other  kind  of  hygro- 
meten  mast  nmr  i>e  regaidcd 
only  at    Inatmroents  of  con- 
verilence  ot  verlflcation.     The 
dry  and  wet-bolb  tbemiomelera 
or  Maaon,  or  tbe  Pijia/avmtler 
of  Aogntt,    la   represented    ia  , 
Og.  i;  and  lis  prladplea  sre  at 
follows: — Under  gtmeral   clr>- 
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ia,'the  mon  rapidly  will  eva- 
poration proceed;  and  thii  Iba 
mon  ilowiy  aa  Ita  coodllimi 
that  of  com|ikte 
IVben  in  aucb  a 
stals,  K  more  moisture  Kill  riw 
in  the  ah.  Now,  aa  evaporation 
pniceed%  beat  ia  abaorbed  by  tba 
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converalon  of  the  water  around  the  wet-balb  into 
vapour,  and  the  mercniy  in  the  wet-bulb  thermo- 
meter will  fall  a  greater  or  less  number  of  degrees 
below  the  air  temperature,  according  to  the  dry- 
ness of  the  atmosphere.  When  the  air  is  satu- 
rated, the  readings  will  be  the  same. — Evapora- 
tion from  the  wet-bulb  will  proceed  even  when 
the  temperature  is  below  freezing;  but  in  this 
case  the  readings  must  be  t^ea  with  great  care, 
and  the  diferences  will  always  be  small — ^The 
reading  of  the  wet-bulb  thermometer  gives  the 
temperature  of  evaporation :  and  the  important 
problem  to  be  solved,  is  to  deduce  the  dew-point 
from  this  record,  combined  with  the  temperature 
of  the  air  as  indicated  by  the  dry-bulb. — ^The 
scientific  problem  now  enunciated  has  received 
several  solutions.  Until  quite  reoently,  that  of 
Dr.  Apjohn,  of  Dublin,  had  general  acceptance. 
It  is  this : — 

Let     y  =  tension  of  aqneous  vapour  at  the 
dew-point  temperature  which 
we  desire  to  know, 
y '  =  the  tension  of  vapour  at  the  tem- 
perature  of  evaporation,    as 
shown  by  the  wet-bulb  ther- 
mometer, 
a  =  the  specific  beat  of  air. 
e  =  the  latent  heat  of  aqueous  vapour. 
{t —  <'}or  </  =  the  difference  between  the  read- 
ing of  the  diy-bulb  thermo- 
meter and  tliat  of  the  wet 
j7  =  the  pressure  of  the  air  in  inches : 
then  Ap}ohn*8  formula  is, 

^'^^  I  ^        80       ' 


or  with  the  co-eflident, 

/=/'  — -01147  (<  —  «0X 
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Shice  the  year  1884  and  1835,  during  which 
Dr.  Apjohn  produced  his  Memoirs;  and,  indeed, 
very  lately,  M.  Regoault  (see  Vapours)  has 
laboriously,  and  with  unprecedented  accuracy, 
investigated  the  entire  habitudes  of  vapours. 
Modifications — apparently  the  final  ones — have 
accordingly  been  imposed  on  the  foregoing  for- 
mula. At  present,  at  all  events,  this  scientific 
problem  has  the  following  as  its  best  solution : 

VIZ 

•^  610  —  r 

where  n  is  the  elastic  force  of  the  vapour  actu- 
ally in  the  air;  t,  the  temperature  of  the  air; 
and  f,  that  of  evaporation  in  cendffrade  de- 
grees. M.  Regnault  has  pursued  his  researches 
further ;  he  investigates  the  effect  of  the  wind ; 
and  the  result  is,  that  the  foregoing  fonnula 
wUl  quite  apply  in  all  cases  where  the  wind 
is  not  \'ery  strong. — Many  practical  difHculties 
are  still  in  the  way  of  accurate  hygrometrical 
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observation: — fbr  instance,  eveiy  practica!  ob- 
server knows  that  he  can  trust  to  no  existing 
mechanical  contrivances  which  aim  at  keeping 
the  wet-bulb  always  moist  Neverthdeaa,  cenain 
important  general  laws,  or  approximations  to 
such,  have  been  determined: — ^these  will  be 
found  in  next  article. 

Kygronetry.  That  peculiar  oanstitatioo  of 
the  Atmosphere,  which  gives  rise  to  pbenomcna 
connected  with  Moisture,  in  its  variona  fonns, 
has  been  explained  under  HYi>BoxBTBOita.  The 
specific  object  of  Hygrometry  is  to  ascertain,  by 
suitable  instrumentB,  {Hfgromeltrs),  the  dastic 
force  of  the  vaporous  Atmoephere  nndcr  Tariois 
conditions,  and  to  determine  the  laws  of  tibe 
variations  of  this  force.  In  this  article  we  shaD 
give  a  brief  account  of  the  oonduaioiiB  aiieady 
reached. 

(1.)  Dwrntd  Variaiion  nf^  JEbutieFantef 
Vapour  in  the  Air. — The  fbllowing  facts  or  lam 
may  be  taken  as  nearly  aseertained.  In  the 
morning,  before  sun-rise,  the  absolute  quantity 
of  vapour  in  the  air  reaches  its  immnwM;  at  tfas 
same  time  the  humidify  of  the  air  attains  its 
highest  point  As  the  sun  ascends,  evapofatioB 
quickens;  the  tension  of  the  vapour  augmenti; 
it  reachei  its  maximum  with  the  temperatme; 
at  the  hottest  hour  the  humidity  of  the  air  is  tfat 
least — (It  is  right  to  define  tlkat  by  the  rather 
vague  term,  kmnidiiyf  Meteorok)giBfaB  mean  the 
ratio  of  the  vapour  actually  in  the  air  to  the 
amount  which  the  atmosphere,  at  a  certain  tem- 
perature, could  contain). — In  winter  there  is  Imt 
one  maximum  and  minimum  daring  the  day ;  bat  it 
appears  that,  in  summer,  there  are  two  maxima 
and  minima — the  one  following  tlie  course  of 
temperature,  the  other  maximum  oeeurring  be- 
fore noon,  and  the  minimum  between  that  and  tbe 
hour  of  highest  temperature.  These  inegularitiei 
and  apparmt  anomalies,  are  doobtleas  awing  tv 
the  action  of  ascending  atmospheric  cunreots, 
which  carry  up  the  vapours  and  diffuse  tbeiD. 
Depositions  take  place  in  these  higiwr  regioRS 
assuming  the  form  of  doods ;  and  the  pressure 
of  the  vaporous  atmosphere  Is  thus  l^tened. 
We  wait  for  that  steady  observation  of  a  fbw 
years,  which  can  akne  be  furnished  by  photo- 
graphic instruments,  to  dear  difficulties  away  oo 
this  series  of  questions. 

(2.)  J/oaJ%  Vonbl»of»._These  fbUow  very 
nearly  the  progress  of  temperature.  In  oar 
latitudes,  the  minimum  of  vaporous  tension  occun 
in  January — ^the  maximum  in  July.  The  mau- 
mum  of  humidity^  on  the  contrary,  is  in  Augosi, 
and  the  maximum  in  December.  Science  urgently 
demands  that  obserA-ations  be  accumulated,  in 
diffWent  climates,  and  even  in  aU  soncs  of  the 
earth. 

(8.)  Vapour§  at  different  Beighte ^Tbe  rB|»d 

descent  of  temperature  as  we  ascend  in  the  at- 
mosphere, is  necessarily  accompanied  by  a  rapid 
diminution  also  of  the  tension  of  the  vapour  con- 
I  tained  in  it ;  but  the  interesting  questioa  arises, 
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wheUier  the  kamidlitf  of  the  air  abo  diininishoa 
—that  is,  whether  the  haddoa  i  (t  being  the 

T 

tcnnoii  or  elastic  Ibice  of  the  vapour,  and  t  that  of 
the  air),  diminishes,  or  otherwise  varies  greatly  ? 
The  hest  existing  determinations  of  this  ratio 
are  by  Sanssore,  at  elevations  among  the  Alps ;  by 
Kjemtz,  also  among  the  Alps;  and  by  Gay 
Littsac,  dming  his  celebrated  balloon  ascent 
Sansmn  was  inclined  to  think  that  the  element 
of  homidity,  (or  the  foregoing  ratio),  actually 
decieam  along  with  the  positive  amount  of 
vapour:  but  his  oondosions  are  not  supported 
by  these  subsequent  observers.  Ksmtz  con- 
tends very  strongly  that  the  ratio  of  humidity 
remains  constant  at  all  heights;  and  it  ap- 
pears from  Gay  Lussac*s  observations,  that 
vhUe  that  ratio  diminished  rather  irregularly  to 
the  height  of  3,000  French  mdret,  it  mahitained 
iisdf  invariable  firom  that  elevation  up  to  the  ex- 
treoM  height  to  which  he  ascended,  viz.,  7,000 
mttrtt.  It  may  on  the  whole,  then,  be  accepted 
as  most  probable,  that  the  humidity  of  the  various 
beds  ti  the  atmosphere,  vanes  exceedingly  little 
hi  consequence  of  their  elevation. 

(4.)  Uumidi^  of  the  diferent  Wmd$.^We 
have  seen  that  the  humidity  of  the  air  varies 
with  the  hours  of  the  day :  but  just  as  in  the 
esse  of  the  barometer  and  the  tAermometer^  C?**'*)! 
this  regular  march  of  phenomena,  is  disturbed 
by  the  different   Wiitdt.     Each  wind,  indeed, 
appears,  in  evetr  country  and  locality,  to  have, 
as  proper  to  it,  a  certain  condition  of  humid- 
ity and  dryness, — depending  on  relations  be- 
tween the  regions  firom  which  it  blows,  and  those 
at  which  it  arrives.    See  Wcids.     The  mean 
humidity  of  any  day  or  hour  cannot  thus  be 
correctly  ascertained  unless  account  is  taken  of 
the  mean  state  of  the  wind.    Observations  on 
this  bteresting  satject  are  still  by  far  too  few ; 
but  the  researches  of  Kjsmtz,  and  a  few  other 
Observers,  Justify  the  foUowing  general  oondu- 
Hoos  m  respect  of  Western  Europe.    In  winter 
the  eaM  wiiid  is  humid,  and  dry  m  summer; 
while  the  reverse  is  the  case  with  the  west  wind. 
This  ittvenloa  holds,  apparently  because  the 
west  wind  in  winter  is  warmer  than  all  other 
wiadi, — a  character  belonging  to  the  east  wind 
ia  snauBcr.   But,  for  example,  if  in  winter,  alter 
the  west  wind  has  for  some  time  prevailed,  a 
non  humid  and  oold  wind  arises  from  the  east 
or  BOfth-east,  the  sky  immediately  clouds  over, 
•ad  part  of  the  vapour  is  omdensed  into  rain,  <Mr 
dnse  weather, — the  barometer  all  the  while  oon- 
tiomng  high.     The  re\*erse  of  ooune,  holds, 
when  the  opposite  change  takes  place.    In  sum- 
mer, on  the  other  hand,  both  sets  of  phenomena 
we  necessarily  reversed. — Such  are  the  leading 
ttfU  abeady  ascertained  in  Hygrometry.     The 
leader  is  rdhrred  to  KnnU*s'work  on  Meteor- 
0^f  to  our  own  articles,  Htdrometbob  and 
K.%ui;  ami  to  some  admirable  dissertationa  in 
the  Fiendi  Atmmtire  lieleorulugique. 
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All  subitanoes  which  absorb 
the  humidity  of  the  atmosphere,  and  so  change 
form,  weight,  volume,  or  any  phyKicul  attribute, 
are  called  Hygroscopes.  They  indicate  moiRture. 
It  is  only  when  the  change  beara  some  relutijn 
to  the  amount  of  moisture  imbibed,  that  tb^v 
answer  hygrometric  purposes.  See  Hyoko- 
MBTER.  Bodies  with  this  property,  such  as 
hair,  cords,  chloride  of  calduin,  potash,  &&,  are 
said  to  be  hygrometric  or  hygroecopic, 

Myper^ela.  A  curve  which  is  the  hetu  of 
the  point  to  which  two  lines  being  drawn  from 
two  fixed  points,  their  difierence  shall  be  equal  to 
a  constant  quantity.  It  is  one  of  the  conic  sec- 
tions. It  has  two  branches  equal  and  similar. 
It  has  four  asymptotes  passing  through  the  centre, 
or  point  of  bisection  of  the  line  between  the  two 
original  points.  Taking  this  line  as  axis  of  x, 
and  that  perpendicular  to  it  through  the  centre  as 
axis  of  y,  the  equation  of  the  hyperbola  is, — 

flS   —  6*   — 1- 

nyytfcwU.  A  lof^ol  instmrnent  of  re- 
seardi,  of  consummate  importance.  There  are 
few  Inquirers,  save  those  of  the  lowest  order, 
who  are  not  inspued  with  the  conception  of  some 
theory,  or  the  hope  of  obtaining  a  certain  kind  of 
result,  when  their  inquiries  are  undertaken.  This 
hope  or  conception  **  shapes  their  ends ;"  and  this 
hope  or  conception  is  the  true  logical  hypothesis. 
Success  or  fsilure — complete  or  partial — depends 
of  course  on  the  breadth  and  fitness  ofthemmfoyies 
which  have  induced  and  which  sustain  such 
hopes :  but  no  Inquirer  deserves  his  name  who 
will  refuse  to  sacrifice  the  most  sanguine  expecta- 
tion, on  the  instant  that  it  is  contravened  by 
unquestionable  lact — ^lliis  latter  remark  leads  to 
the  question,  are  there  not  illegitimate  as  well  as 
legidmaU  hypotheses?  Their  trial  behig  by  the 
test  of  facts,  can  any  Hypotheses  be  legitimate, 
which  in  their  very  nature  are  incapable  of  being 
verified  or  disproved  by  facts?  And  if  our  re- 
ply must  be  in  the  negative,  what  becomes  of 
those  hypotheses  regarding  invisible,  intangible, 
undisooverable  ethers^  by  which  and  their  sup- 
posed undisoemible  undulcdions^  the  phenomena 
of  physical  optics  are  still  attempted  to  be  ex- 
plaineid !  Ethers  and  imponderable  Fluids  have 
now  given  place,  in  the  Science  of  Electridty,  to 
the  rationid  consideration  of  Polar  Foroks. 
We  are  fast  losing  faith  in  similar  artifices,  in 
our  Theories  of  HeaL  May  it  not,  by  all  this,  be 
foreshadowed,  that  before  many  years  shall  have 
elapsed,  the  doctrine  of  Undulations  shall — like 
the  old  doctrine  of  Emission — come  to  be  treated 
merely  as  a  *^  rude  and  beggarly  element,"  which, 
in  its  day  and  generation,  stimulated  men  to 
C&tnifc,  and  so  did  good  service? 

Mypa^wstrey.    A  term  applied  to  the  pro- 
cess by  which  Heights  are  measured  by  aid  of 
I  indications  of  the  Barometer.    Sufficient  has  been 
'  said  on  the  subject  under  ALTiTUDKa. 
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Ico.  When  water  is  brought  to  a  certain 
tcmperatare  it  solidifies,  with  expansion.  Solid- 
ified water  is  called  ice.    See  Frkbzuq. 

Ignis  Faiaaa.     See  Mrtbok. 

I|piiU«n.  The  art  of  kindling  a  body.  Usaal- 
ly  by  applying  heat  to  it|  sometimes  by  chemical 
prooenee.    See  Hbat. 


Electrical*  A  yery  cufious  sub- 
ject, connected  with  the  theory  of  the  distribution 
of  Electricity.  The  effect  of  a  body  electrified  in 
any  way,  upon  an  oninsulated  sphere,  is  oom- 
.  pletety  represented  by  "the  image  of  the  electri- 
fied body  in  the  sphere."  When,  again,  an 
electrified  body  is  placed  in  the  neighbourhood  of 
two  uninsulated  spheres,  an  inductive  effect  is 
produced  that  may  be  represented  by  an  infinite 
series  of  **  successive  images'*  in  each  sphere. 
When  a  single  conductor,  bounded  by  segments  of 
two  spherical  surfaces,  cutting  at  an  angle  which 
is  a  Bubmultiple  of  two  right  angles,  is  electrified 
by  the  influence  of  a  charged  body,  the  efllect 
may  be  represented  by  a  finite  number  of 
**  images  **  disposed  in  a  symmetrical  manner  in 
the  circumference  of  a  circle  passing  through  the 
exciting  or  inducing  body,  and  cutting  the  two 
spherical  surfiiuxs  at  right  angles.  The  pheno- 
menon quite  resembles  the  production  of  sym- 
metrically arranged  images  in  a  kaleidoscope. — 
For  the  development  of  this  curious  subject,  we 
are  indebted  to  Professor  William  Thomson  of 
Glasgow  University.    See  his  remaricable  papers. 

Imagcst  Blcciyfiwiyhlc*  The  phenomena 
now  refored  to,  were  discovered  by  RiesSb  Place 
a  sheet  of  glau  between  two  points  that  connect 
the  poles  of  a  battery,  and  there  will  be  found 
proceeding  towards  its  edges  dear  indications  of 
disintegration.  These  lines  or  marlcs  are  condtuy 
tort;  but  the  most  singular  thing  is  this, — other 
parts  of  the  surfisoe  of  the  glass  have  become  con- 
ductors, without  having  seemed  to  undergo  any 
external  modification.  If  the  surface  of  the  glass 
be  breathed  on,  these  points  become  apparent,  and 
are  found  arranged  symmetrically.  The  same 
thing  occurs  with  the  surfaces  of  other  substances : 
the  figures  are  finest  in  the  case  of  mica.  The 
process  by  which  they  are  produced  is  evidently 
a  disintegrating  one, — to  which  may  probably  be 
referred  those  remarkable  mechanical  effects  of 
Electricity  firet  noticed  by  the  late  excellent  Mr. 
Crosse  of  Fyne  Court 

Imagest  Pk«t«gniplilc.  Amply  discussed 
under  several  appropriate  articles. 

Images*  Tberasographic  ar  Maacf^ 
An  extremdy  interesting  series  of  results  whose 
fixed  bearing  is  not  yet  determined.  They  are 
connected  evidently  with  the  chemical  action,  as 
it  is  termed,  of  rays  of  light,  even  altheugh  they 
occur  under  circumstances  that  appear  to  exclude 
Light  Detailed  description  in  this  dictionary  is 
impossible,  so  that  we  must  lefier  to  the  memoirs 
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of  Moser,  to  the  account  of  them  by  Atago,  to  the 
very  original  investigations  by  Dr.  Draper  ^ 
New  Yorlc,  acd  to  the  subsequent  iiiimhImi  of 
M.  Knorr.  A  full  digest  may  be  seen  m  the 
Repertoire  d^OpUque  Afodeme,  by  the  acute  and 
iodnstrious  Abbe  Moigno.  The  class  of  iuta 
may  be  defined  by  the  following  rather  startling 
proposition.  If  axy  two  bodies  be  placed  tt^ 
dentbf  near  each  other^  andjace  tofaee^  tke§  Umd 
to  impresi  their  imaget  on  each  other.  And 
fijiorr  has  shown  that  the  effectiveness  or  oeleritr 
with  which  they  do  this  is  augmented  by  in- 
crease of  Temperature.  The  fiUl  discnarion  of 
this  curious  subject  would  demand  a  aepantt 
treatise. 

IBM^I■arlc•.    ImaginaiT  qoantities  in  AU 
gebra,  are  expressions  Involving   the   s)*mbol 

1/  —  1 ;  a  symbol  having  no  assignable  arith- 
metical or  numerical  meaning,  and  .therefore 
termed  an  Imaginary,  It  is  ofttn  thrown  up  in 
the  course  of  processes  of  Aritkmetical  Alydra; 
but  this  is  not  accounted  illegitimate,  since— if 
the  problem  being  resolved  be  not  an  impossible 
or  contradictory  one — it  disappears  in  the  conne 
of  the  operation,  and  in  nowise  affects  the  result 
Should  such  an  expression  appear  in  the  result, 
the  inference  drawn  from  it  is,  that  the  Elements 
of  the  problem  are  sdf-contradictory  or  incom- 
patible. Or,  if,  in  the  case  of  a  numerical  equa- 
tion— say  of  the  fourth  degree — two  roots  torn 
out  imaginaries,  the  inference  is,  that  the  pro- 
blem is  such  an  one  that  ttro  numben  onlv— not 
four  as  usual  with  such  equations — can  be  found 
to  answer  its  requirements. — ^Taksn  as  an  afr- 

ttraci  ftpnbolj  however,  the  expression  V  —  l, 

has  quite  a  different  importance.  Viewed  in  this 
light  it  is  a  most  important  positive  symbol — ^In- 
dicating position  in  geometry.  We  shall  discuss 
the  entire  subject  under  QuATERMioxa.  The 
student  is  also  refeired  to  De  Moigan*a  Trigo- 
nometry. 

Impact.  When  one  body  strikeB  against 
another,  the  question  as  to  the  velocity  it  wOl 
assume,  and  the  direction  abng  which  it  will 
proceed, — ^in  fact,  the  whole  resulting  drami- 
stanoes — constitute  a  problem  of  simple  dynamics, 
to  which  is  applied  the  name,  of  the  problem  of 
Impaet.^ln  the  genersl  case  of  two  bodies,  each 
moveable,  striking  against  one  another,  a  motion 
is  communicated,  independent  of  its  direct  mo- 
tion, in  some  straight  line.  Rotation  is  usually 
imparted  to  each  body.  This  part  of  the  problem 
— viz.,  the  determination  of  the  nature  and 
amount  of  the  rotation — we  shall  not  ooooeni 
ourselves  with  here. — If  a  body  strike  against  an 
immovable  obstacle,  with  its  centre  of  gravity 
perpendicular  to  that  obstacle,  it  ought— <a  the 
supposition  that  each  body  is  perfectly  rigid, 
and  incapaUe  of  any  alteration  in  its  fomi*- 
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to  hcve  Its  moHon  oonipIeCely  destroyed.    This 
■ippoaition,  howerer,  tiioagh  froqaendj  useful  to 
keep  out  of  tight  for  a  time  a  dirtarbing  element 
In  the  probton,  is  not  quite  tnie.    The  body 
back  with  a  certain  portion  of  its  original 
which  varies  with  its  own  nature  and 
thact  of  the  obstacle,  and  which  admits  of  experi- 
mental determination  in  each  case.  This  velocity 
haara  the  proportioD  s :  1,  to  the  original  velocity, 
«  beiDg  a  fraction,  called  the  oo-efficient  of  elas- 
Tlie  caose   of  the  non-destruction  of 
ia  this, — ^the  impinging  body  and  the 
niACter  of  the  obstacle  are  both  compressed  at  the 
pohit  of  contact  by  the  impact,  up  to  a  certain 
point;  the  original  velocity  is  then  entirely  de- 
Init  the  compressed   matter  In  each 
oot,  as  much  as  may  be,  into  its  former 
in  which  act  of  springing  there  are 
evolved  two  Ibraes,  opposite  In  direction,  prdduo- 
iag  motion  in  the  only  way  possible — a  retire- 
of  the  body  originally  impinging,  and  also, 
to  some  extent  a  vibration  of  com- 
and  expanded  matter  for  sometime  in 
theobstacfe.    If  the eflbrt  which  the  bodies  make 
to  Ttgahx  their  original  position,  were  quite  equal 
to  the  forces  of  compression,  the  bodies  would  be 
perlbctly  dastic,  and  e  would  become  =  i^  is., 
the  impinging  body  would  move  back  with  the 
aame  vekidty  as  it  had  advanced.     If,  on  the 
other  hand,  they  made  no  efibit  at  all,  e  would 
become  nothing;  and  the  impinging  body,  as  well 
aa  that  struck,  would  remain,  so  far  as  the  forces 
of  impact  go^  constanUy  at  rest,  in  their  com- 
prassed  form.    Neither  of  these  results,  in  all 
llkffilihood,  ever  ooeun  fan  practice.    What,  then, 
beeomes  of  the  mechanifal  value  of  the  motion, 
which  is  partiy  lost?    Is  it  contrary  to  the  gen- 
eml  law,  that  any  mechanical  eflbrt  osn  be  lost  out 
of  tile  umvcTK,  or  annihilated;  and,  if  not,  what 
of  it?    It  goes  to  ibeof  the  bodies  which 
atnick  together.    Suppose  a  bullet  fired  from 
a  cawMn  against  an  iron  target,  it  will  be  very 
hot,  if  it  is  lifted  immediately  after  its  fall, 
and  sometimes  the  heat  is  powerftil  enough  to 
fiHe  off  some  drops  oC  the  lead  during  its  fall.— 


If  a  body  strilce  against 
an  obstacle  obliquely,  as 
in  the  iignre,  the  drenm- 
stanoes  will  be  changed. 
There  will  be  a  rotating 
cilect,  which  we  do  not 
take  into  account  now. 
Suppose  the  body  to  move 
up  to  B  with  a  velocity 
which  may  be  represented 
by  A  B,  and  strike  there 
agaisBtthewallfBD.  Then,  it  could  be  represented 
1^  a  velocity,  a  d  and  a  c  (Fobcbs,  Compotitim 
s/7>  •■'■I  AD  (ncgiecting  the  turning  effort),  by  its 
equal,  o  B.  Now,  the  velodty,  a  c,  iinot  at  all 
afleetod  by  the  impact,  because  it,  in  truth,  would 
never  prodooe  It,  being  in  a  line  pamllel  to  b  d. 
The  vekidtVi  b  c^  however,  is  i0|  and  the  body 
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would  be  finng  back  ftx>m  the  board,  b  d,  with  a 
speed  represented  by  b  c  X  ^  or  b  e  (suppose). 
There  remains  the  velocity  equivalent  to  b  d(d  dO 
not  changed  by  the  impact,  and  therefore  the  body 
win  m«ve  under  the  influence  of  the  two  b  e  and 
b  I/,  in  a  line  b  o,  with  a  velocity  which  it  re- 
presents, b  o  is  the  diagonal  of  the  parallelo- 
gram B  i>\  If  the  elasticity  ware  notiiing,  the 
ball  would  move  along  the  line  b  i/,  and  If  again 
it  were  ^  1,  it  would  moA'e  along  a  line  b  a', 
obtaining  by  producing  a  c  till  c  a'  became  equal 
to  it  and  joining  b  a'. — When  both  bodies  are 
moveable,  we  shall  suppose  them  spherical  balls 
moving  along  the  same  plane  in  the  same 
line  of  their  centres — to  avoid  considering  rota« 
tion  in  them.  It  will  be  easy,  having  arrived  at 
the  result  in  that  case,  to  consider  afterwards  the 
cases  of  oblique  motion,  as  we  have  just  done  in 
the  simple  case.  Suppose  we  have  two  perfectly 
inelastic  bodies,  a  and  b,  with  velocities,  a  and  6, 
respectively.  Such  that  a  a  =  b  6,  moving  in 
contrary  directions,  it  is  manifest  that  all  motion 
will  be  destroyed.  The  quantities  of  motion  in 
the  two  bodies  are  quite  equal  and  simply  op- 
posed. If  instead,  the  two  bodies  move  in  the 
same  direction,  the  one  overbutting  the  other,  and 
both  after  that  moving  together,  the  resulting 
velocity  may  be  thus  found.  The  quantities  of 
motion,  A  a  and  b  6,  belonging  to  both  bodies 
must  evidently  be  added  together — because  the 
motion  is  in  the  same  direction  in  the  two  cases. 
But  this  total  quantity  is  partaken  between  the 
two  bodies  a  and  b,  and  therefore 

A  a  B  ft 


win  represent  the  resulting  velocity.  Before  pro- 
ceeding to  take  further  into  account  the  resiUence 
due  to  partial  dasticity,  we  must  make  the  pos- 
tulate, that  if  the  same  velocity  be  added  to  or 
taken  fixmi  lx>th  bslls,  so  as  not  to  alter  at  aU 
their  rate  of  approach,  the  impact  wffl  be  the 
same  as  before;  and  if  we  take  care  to  abstract  or 
restore  these  foreign  velocities  after  impact,  the 
circumstances  will  be  entirely  the  same.  ThuM, 
if  two  balls  flying  in  mid  air,  strike  one  another.^ 
each  partakes  of  the  motion  of  the  Earth  as  well 
as  of  its  own  motion,  and  yet  we  safely  enough 
never  take  this  into  account,  resting  oil  this  prin- 
ciple. Taking  it,  then,  for  granted,  let  A  and  n, 
moving  with  velocities  a  and  6  respectively  in 
the  same  direction,  a  being  the  last  of  the  two, 
and  a,  the  greatest  vdocity,  and  let  the  velocity 
X,  in  the  contrary  direction  be  given  to  eacli. 
Then,  if  x  be  less  than  a  and  greater  than  6,  they 
will  now  move,  A  in  the  same  direction  as  before, 
with  velocity  a  —  x,  and  b  in  the  contrary  direc- 
tion to  meet  a,  with  velocity  x  —  6.  Let  the 
value  X  to  be  added,  be  determined  by  the  equa- 
tion A  (a  —  x)  s=  B  (x  —  ft),  so  that  the  bodies 
now,  if  quite  inelastic,  would  remain  qnite  at  rest 
in  impact,  the  velocity  x  having  been  taken  from 
eadu    It  is  manifest  that,  if  so,  they  would,  in 
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the  actual  care  (rertoring  that  velocity),  move 
each  with  the  velocity  whose  valoe  is  x,  that  is, 
by  solving  the  equatioa 

A  o    B  A 

"7 T' 

the  result  we  already  reached.  Bat  they  are  not 
m  noa-elastic,  bat  move  back  with  a  velocity 
e  (a  —  x)  and  e  (x  —  6),  depending  on  the  im- 
pact alone,  the  first  in  the  direction  o  a,  the  last 


^ 
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in  that  c  B.  Restore  the  velocity  Xj  which  was 
tal£on  from  both.  Then,  as  in  both  cases  it  was 
in  the  direction  from  a  to  b,  it  will  have  to  be 
rabtracted  from  e  (a  —  x)  and  added  to  e  (a?  —  6), 
and  we  have  the  velocity  in  the  direction  from 
c  to  A  =  6  (a  —  X)  —  X,  and  that  from  c  to  b 
=  »  +  «  (x  —  6).  In  order  to  have  the  two 
X'elodties  stated  in  the  same  direction,  which, 
according  to  algebraical  principles  (the  meaning 
of  Negative  Quantitiee)^  can  include  the  other 
case.  Suppose  the  direction  from  c  to  A  changed 
into  that  from  c  to  b;  the  value  of  the  velocity 
will  then  change  sign,  becoming,  instead  of 
«  (a  —  X)  —  X,  X  —  e  (a  —  X).  Now,  sub- 
stitute for  X  the  value  found,  and  we  obtain  the 
new  velocities 

of  A=  -^«  +  »^-^'»C«-^),callthU  =  it, 

A  +  B 

ofB=:  ^^•^^*  +  *>^C«-ft)  callthis  =  r. 

A  +  B 

It  is  interesting,  from  the  general  formula,  to 
come  to  some  of  its  direct  algebraical  results. 
For  instance,  the  original  velocity  of  A  being  a, 
and  its  new  one  ti,  it  has  loet  a  velocity  of 


(/+e)(a-ft). 


A  +  B 

that  gained  similarly  by  B  is, 
(/-i-€)(a-.6).- 


•,' which  call  m. 


y  which  call  /}. 


A  +  B 

A^ain,  the  momentum  which  a  haa  lost  and  b 
has  gained  is. 


(J  +  e)(a_J).. 


AB 


A  +  B 

A  curious  idation  holds  between  the  new  and  old 
dilferenoes  of  velocity.  The  one,  v  —  u  =  e 
(n  —  6).  The  vis  rioo,  originally,  A  a*  -|-  b  6*, 
and  the  tn!»  viva  now,  hold  this  relation, 

An«-J-Bt«=Aa«-|-Bt«— (/  — e«)(a^6)« 

AB 

A  +  B 

=  AO«  +  Bi« i'^p^  fA««  +  B^«] 
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Af  the  m$  vtpa  is  just  double  of  tiw  medumkil 
value  of  the  motion,  the  original  meehameal 
value  (say  0)  bears  this  relation  to  the  nev 
(say  K),  ' 

0  =  K_(i.lil.)  (a -.)._£ 


+  B 


0=:H  — 


/  — e 


2(/+0 


[A»*  +  Ba*}. 


And  these  difierenoes  between  0  and  ir  are  as* 
chameUlfy  equtoaleni  to  the  heat  evolved.  Hut 
heat  b  distributed  variously  between  the  bodiis 
and  the  surrounding  air. — From  the  genend  lior- 
muljB  Just  deduced,  a  multitude  of  spedal  oiia 
can  be  obtained  by  giving  spedal  values  to  a,  a, 
B,  6,  and  ««  The  case  of  the  perfectly  ioelistk 
balls  is  solved  by  taking  e  =  0,  and  gives  the 
results  already  indicated,  if  we  wish  to  take  tbt 
case  of  such  balls,  meeting  one  another,  we  have 
simply  to  suppose  one  veloct^  (suppose  6),  n^gap 
tive,  instead  of  positive.  In  the  case  of  two  per- 
fectly elastic  balls,  we  should  have, 

,, Aa-|-/B6  —  Ba 

A+  B 


V 


B  64-^  Aa  —  Ah 

^T+i ' 


V  — «=  a —  b 

A  tt*  +  B  »•  =  A  a«  +  B  &• 

and  0  =  K, 

so  that  no  heat,  in  that  case,  would  be  genental 
Similarly,  for  two  perfectly  elastic  balls  mortag 
in  opposite  directions,  suppose  h  negative  in  the 
formula.  If  one  'ball  be  originally  statioiiaiyt 
suppose  0  =  0;  then, 


tt  =■ 


A  a 


Ba 


V  =. 


A  +  B 

2Aa 


A  +  B 

If  the  two  balla  be  equal  in  size,  as  well  as  per^ 
fectly  elastic,  a  and  b  being  equal,  the  IbrmoU 

„  =  ££±lBimf ,  becom. .  =  i. 

A  +  B 


ando  = 


b6  +  2  Aa-»  a  6 


A  +  B 


,  becomes  m  =  a, 


so  that  the  balls  interchange  velocities  in  impacL 
Exactly  the  same  happens  if  one  of  the  baDs 
move  in  the  contrary  directioa  to  the  other, 
(6  suppose,  being  negative),  only,  that  iosleMi  cf 
going  on  in  the  same  direction  after  impact,  they 
simply  go  back  over  the  same  path  as  befoie  It 
— In  the  less  simple  case,  where  two  balls  strike 
one  another  obliquely,  omitting  the  lotaloiy  eflect 
fts  involving  too  complex  medianical  prindplei 
for  ftatement  here,  we  have  only  to  ooopooid 
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the  Teloddes  eadi  into  one  along  the  lino  of 
centres,  and  another  perpeodkolar  to  that  line. 
The  latter  would  have  no  effect  in  making  the 
bwfies  meet,  and  may,  therefoie,  be  disregarded. 
The  fcrmcr  two  forces,  along  the  line  of  centre, 
akoe  operate  in  impact,  and  the  determination  of 
the  lesnltant  reloeUies  is  precisely  the  problem 
we  have  sdlved.  Certain  ydodties  would  then 
be  fbond  jost  as  if  those  perpendicniar  to  the 
fine  of  centre  were  not  there.  Compound  the 
after*iaipact  velodty  of  each  ball,  with  the 
bcfom-impaet  velocitj  perpendicniar  to  the  line 
of  centra^  and  we  obtain  the  resulting  velocity  of 
each  baO  in  magnitude  and  direction.  All  the 
ariinm  problems  of  impact  can,  therefore,  be 
solved  by  means  of  this  preliminary  solution. 

iBBpeaetntbllitr.  That  property  which  we 
bdieve  to  exist  in  matter,  of  resisting  the  entrance 
of  two  pieoesofmatter  into  the  same  space.  Thus 
when  ft  nail  is  knocked  into  ft  piece  of  wood  the 
wood  is  compressed  foreed  into  occupying  « 
smaller  space,  but  the  nail  and  it  cannot  eust 
together.  It  is  supposed  that  all  matter  is  porous 
to  a  certain  extent;  for  our  common  conception 
of  matter  wiU  not  allow  us  to  conceive  it  com* 
pnnible;  so  that  when  apparent  compression  of 
naUsr  is  found,  we  consider  merely  that  the  non- 
conprMsible  particles  of  real  matter  have  been 
bmogbt  doaer  together  80  as  to  occupy  the  spaces 
which  were  formerly  void.  In  such  a  case, 
tfaenfora,  as  that  of  the  naU  in  the  wood,  we 
near  to  oar  tiieorr  of  porosity. — ^But  then  is 
a  pheoomenoD  wfakh  does  to  a  large  extent 
distofb  this  solution.  FVeqoently  a  body  may 
be  dissolved  in  water  or  other  liquids  without 
visible  increase  of  their  balk. — ^Now  how  is  this 
to  be  aoeoantod  for?  Do  the  solid  and  liquid 
poitkies  actoaUy  faiterpenetrate?  Theory  an- 
swers tiiat  they  do  not;  but  this  theoiy  may  be 
one  of  those  anivereal  prefndiceB  which  we  are 
prone  to  believe,  and  have  been  encouraged  in 
tmstlog?  1^  however,  they  do  not,  how  is  the 
foettobeexplaiiied?  There  does  not  seem  chemi- 
cal  mixtore  generally,  and  we  cannot  see  how  at 
an  there  sho^  be  force  enough  generated  by  the 
mtmt  dlssolutioii,  to  compress  the  matter  to  such 
SB  extent,  as  the  diffarenoe  between  the  liquid, 
sad  the  solMlt  together,  would  indicate.  Theveiy 
gieatCBt  foross  are  needed  for  the  compression 
ef  a  liqaid — 16  tbs^  per  square  inch,  giving  one 

soly  of  Yoisv^  ^'"^  ^*  ^""^  ^  water.  Can 
ftnsi  be  genetated  by  mere  solution,  enough  to 
oompress,  peiliaps,  to  a  fifth  or  a  sixUi,  the  bulk 
ef  that  solatkm  ?  The  same  thing  is  observable 
iaodxing  gases;  bot  that  problem  can  be  solved. 
Hen  it  is  not  easy  to  see  it, — since,  at  all  events, 
afl  eniinaiy  experiments  on  the  compression  of 
flaids  prove  them  very  slightly  porous, — unless 
m  adfldi  their  particles  themselves  to  be  com- 
prewiLls  when  some  force  is  bnmght  to  bear  on 
thsD^  preivemad  in  ordinary  drcumstances  by 
deveinpBBsnt  of  rspulsive  ferees  between  the 
partHsi^  white  not  inteiftred  with  m  sdutfon; 
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or  admit  that  two  kinds  of  matter  may  at  once 
occupy  the  same  space.  The  admission  of  this 
last  would  drive  us  to  Berkeley*s  matter-anniht- 
latiog  theories ;  and  we  can  scarcely  understand 
how  to  admit  the  former. — It  is  usual  to  define 
impenetrability  rather  as  a  term  indicating  that 
matter  has  a  property  of  resisting  force,  than 
88  any  very  clearly  conceivable  quality  of  matter. 
When  ranked  as  a  qualify,  it  is  called  one  of  the 
primary  qualitiet, 

iMspta mceiblllty.  A  property  which  certain 
substances  have,  of  not  being  permeable  by  othens 
— that  is,  so  that  others  cannot  pass  through  their 
mass.  In  all  likelihood  there  is  no  body  which 
is  impermeable  to  any  fluid  under  sufficient  prefi- 
sure,  but  there  are  man}',  such  as  glass,  whose 
pores  are  so  small  that  no  pressures  have  yet 
driven  fluids  through  them.  Some  substoncps 
are  impermeable  to  others  from  repuluons  l)e- 
tween  their  molecules.  Thus,  waterproof  cloth 
or  oil  skin  is  impermeable  to  water  from  the  re- 
pulsion  of  oil  and  water.  Some  substances  are 
penneable  for  certain  others,  and  impermeable 
(under  known  pressures)  to  difiiarent  ones. 

laspecwe.    See  Momentum. 

iBipondenible.  A  name  given  to  such 
agents  as  heat,  light,  and  electricity,  according 
to  the  old  theories ;  in  which  they  were  suppowd 
to  be  fluids,  so  light  as  to  be  incapable  of  being 
weighed.  Now  it  is  recognized  that  the  pheno- 
mena classified  under  these  are  due  to  motions 
excited  in  ponderable  matter,  and  that  they  may 
be  rather  considered  asjbrcei  than  ta^uidt. 

IiapMlae*  When  a  body  falls  from  a  height 
it  commences  with  a  very  small  velocity,  and  this 
gradually  increases.  In  one  second  it  has  gained 
a  speed  of  82-2  foet  per  second,  and  at  the  end  of 
the  next  of  64*4  feet  But  this  velocity  has  in  every 
case  taken  a  certahi  time  to  be  attained.  Now, 
when  a  body  is  struck  by  another,  it  seems  at 
once  to  acquire  a  velocity,  and  to  proceed  with 
that.  Is  there  then,  at  the  moment  of  contact, 
a  definite  velocity  imparted,  no  time  being  ooou- 
pied  ?  Is  impulsion  or  impulse  a  different  method 
of  action  from  the  usual  one,  in  which  force  gra- 
dually produces  visible  effect  ?  According  to  all 
our  ideas  of  force,  it  is  not  and  cannot  be.  Force 
never  accomplishes  any  effect  but  in  some  time. 
Otherwise,  calling  the  unit  of  force  that  which 
makes  a  unit  matter  move  through  a  unit  space 
in  a  unit  time,  we  should  have  an  infinite  force. 
Whatever  small  space  of  time  is  required,  some 
time  comparable  to  tiie  unit  (a  second)  most  have 
been  occupied  before  velocity  can  be  attained. 
The  phenomenon  of  impulse,  then,  merely  difiere 
from  that  of  gravitation  in  tbiH,  that  the  force  in 
the  latter  acts  during  a  period  measurable  by 
sense,  and  in  the  former  not  so  measurable. 
Nevertheless  it  does  act  in  a  definite  period. 
There  is  no  such  thing  m  rermn  naturd  as  a 
force  which  produces  effects  in  no  time.  Still 
the  term  impulse  is  convenient,  and  is  therefore 
employed. 
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iBcldence*  Aa«l«  •f.  The  4mgle  between 
the  direction  in  which  a  line  strikes  on  a  plane, 
and  the  perpendicular  to  that  plane.  See  Diop- 
Tuics,  Catoptrics. 

ladiiMd  Plane.  Let  A  B  be  an  inclined 
plane  on  which  the  body  h  is  set,  it  is  required  to 
determine  the  drcomstances  of  its  descent    The 

force  acting  on  A  b  due 
to  gravitaUon,  draws  it 
vertically  downward,  but 
it  cannot  fall  downward 
— the  part  nearer  b,  for 
instance,  would  have  to 
press  through  to  the  level 
of  that  near  A,  before 
£bI1  without  disturbance 
the   plane    a  b    resists. 

in 
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it  would  be  ready  to 
in  its   motion;    and 

The  force  of  gravity  (suppose  represented 
magnitude  and  direction  by  d  f)  can,  however, 
by  the  composition  of  forces  be  resolved  into 
the  two  forces  represented  in  magnitude  and 
direction  by  d  b  and  b  f  (the  latter  force  b  f, 
being  along  the  Une  a  b,  instead  of  its  parallel, 
E  f),  where  d  b  is  perpendicular  and  s  f  parallel 
to  AB.  Now,  this  force,  db,  simply  presses 
against  the  plane,  and  is,  evidently,  destroyed 
by  it.  But  the  force  along  a  b,  equivalent 
to  B  F,  and  in  the  direction  a  B,  is  unbalanced, 
and  will,  therefore,  pull  the  body  down  the 
plane.  It  is  evident  from  the  figure  that,  as 
the  angle  f  d  e  =  b  a  c,  the  value  of  f  b  will 
be  D  F  X  sin.  B  i^  c,  t.e.,  to  the  product  of  the 
weight  by  the  sine  of  the  angle  of  inclhiation  of 
the  plane.  The  pressure  on  the  phwe  itself  will 
manifestly  beDFXoo6.BAC.  It  is  dear, 
that,  smoe  the  angles  of  the  triangles  a  B  c,  d  f  b 
are  all  equal,  we  shall  have 


F  B 

f  d 


B  c 
AB 


or  the  pulling  force  bean  to  the  weight  of  the 
moving  body  the  same  proportion  as  the  height 
of  the  plane  does  to  its  length  along  the  slnie. 
Agam, 


D  E 
F  D 


AB 


or  the  pressure  on  the  plane  bears  to  the  weight 
of  the  body  the  same  proportion  that  the  hori- 
zontal length  of  the  phme  bears  to  the  length 
along  the  slope. — In  ordinary  books  on  me- 
chanicSf  and  in  many  popular  physical  works, 
the  student  will  find  the  inclined  plane  ranked 
among  what  is  called  the  mechanical  powers.  It 
is  not  to  be  supposed  from  this  name,  that  any 
of  them  create  forces, — ^what  they  actually  efilsct 
is,  the  possibility  of  using  a  small  force  through 
a  great  space  and  a  long  time,  instead  of  a  great 
one,  which  we  may  not  have  at  command,  for  a 
smalltime;  or  rtceMTM.  Thus,  hi  the  inclined 
plane  which  is  employed  to  slide  or  roll  weights 
up.  The  weight,  when  in  such  a  position 
as  H,  tends  to  fiUl  down  the  plane  with  tlie 
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force  E  F,  and  this  force  most  be  opposed  bjr  a 
equal  one,  that  the  body  may  not  fidl,  and  by  a 
greater — as  little  greater  as  we  choose,  that  it 
may  move  np.  Hence,  we  are  enabled  to  roll  q> 
a  weight  with  a  force,  a  veiy  little  greater  tiua 
E  F,  instead  of  having  to  use  tiie  ibroe  d  p  ii 
lifting  it  This  is  the  origm  of  the  poeiaoB 
of  the  inclined  plane  among  the  mechameil 
powers.  It  will  be  at  once  evident  that,  abstiact- 
ing  all  considerations  of  friction,  the  reiocitf 
with  which  the  body  arrives  at  A,  win  be  the 
same  as  that  with  which,  foiling  fitsely,  it  voold 
have  reached  c.  The  force  acting  throoghiat 
has  been,  indeed,  in  the  case  before  us,  only  fi^ 
but, 

F  B  B  C 


FD 


B  A 


and,  therefore,  feXba  =  fdXbc.  That 
is,  the  force  multiplied  by  the  apace  dnough 
which  it  lias  wrought  is  the  same  as  the  feroe  bf 
the  space  if  the  body  had  fallen  freely  to  c 
from  B.  The  work  done  is  the  same;  and,  ia 
consequence,  the  resultant  velodty— to  pradoee 
which,  the  whole  work  is  spent  in  each  case— wiD 
be  the  same.  If,  then,  we  let  a  body,  H,  Cill 
from  B,  either  by  the  indlned  plane  B  a,  or  by 
the  vertical  descent  b  c,  it  will  reach  the  level  of 
A  and  o  (which  are  supposed  to  be  on  the  same 
level),  having  the  same  velocity.  Not,  hoverer, 
in  the  same  time.  The  force  f  b  has,  in  fiict, 
been  acting  instead  of  f  n,  and,  aoeording  to  the 
definition  of  forces,  in  the  same  time  tb^  viO 
have  produced  motion  through  space  proportioBal 
to  f  e  and  F  d.  Now,  if  a  m  be  drawn  perpen- 
dicular to  A  b,  and  B  c  produced 
to  meet  it,  B  A  will  bear  Uie  aame 
reUtion  to  bm  that  fb  does  to  f  d. 
Hence,  since  the  force  f  e  has  pro- 
duced motion  through  b  a,  the  force 
F  D  would  have  in  the  same 
time  produced  motion  through  B  x, 
which  bears  b  a  the  same  ratio  that 
B  A  does  to  B  c,'and  is  a  mean  pro- 
portional between  bc  and  ba.» 
In  all  actual  applications  of  the 
inclined  plane,  we  require  to  re- 
coUect  that  yKcCion  exists.     See  FBicnoK. 

lag— spreaatMlitT*  A  property  sappoiid 
to  belong  to  fluids.  It.b  now  found  that  thoogh 
very  slight  effects  are  produced  on  most  of  than 
by  compression,  they  are  yet  compressiUa  It  is 
supposed  that  no  incompressible  matter  eiists. 

iMcrenseiits,  I»«etrtaie  oC  A  Cakohs  in- 
vented by  Dr.  Brook  Taylor.  It  is  really  equi- 
valent to  the  Calculus  of  Fmite  Difierenoes,  ($.f.) 

Index,  BcfimctlTe.  See  Dioptbics  and 
Rbfractivb. 

lBdlcat«r«  A  Dynamometer  applied  to  the 
determination  of  the  work  actually  Had  by  stean 
engines. — Its  principles  are  exactly  those  of  the 
ordinary  Dynamometer,  and  we  only  explain  it 
separately,  because  of  the  extensive  nse  of  thi 
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nadiiiie  with  wbtch  it  is  oonneeted.    A  Terr  full 

■cuwiut  of  it  will  be  found  in  the  Didionnaire  des 

Arit  mt  Mamifaeinrea,  Paris,  1852 ;  and  another 

in  the  treatise  on  the  Sieam  Enffine,  published 

br  the  Aitizan  Clab,  edited  by  Bourne. — It  con- 

aists  of  a  small  ^linder  with  pi«ton  attachable 

to  the  cylioder  of  a  steam  engine,  and  connected 

with  it  by  rahres  in  tbe  ordinary  way.    The 

pistoo  tod  cooaists  of  a  sptial  spring  of  any  oon- 

Tcnlent  strength.   When  steam  is  admitted  from 

the  cTlinder  of  tlie  engine,  the  ralves  connected 

wiih  the  indicator  cylinder,  which  must  be  oom- 

parstiTely  small,  are  opened,  and  the  piston  rod  is 

poshed  vp— proportionally  to  the  impressed  force 

Uie  spring  afibrds  a  considerable  resist- 

If^  in  theoonrse  of  the  stroke,  the  pressure 

of  the  steam  gets  weaker,  the  spring  relaxes  and 

lets  down  tbe  indicator  piston.    If  the  piston  rod 

carry  a  pencQ,  it  may  register  its  motion  upon  a 

pieee  of  paper,  so  that  we  may  know  the  height, 

and,  copseqoently,  the  prassure.    Now,  the  pre»- 

npoD  the  piston  of  the  steam  engine  are  the 

to  which  its  work  is  doe;   and  by  this 

wo  may  obtain  the  snocessive  values  of 

the  fanes.    We  have  seen  in  the  article  Dyha- 

mtmwTEM,  that  this  would  not  be  sufficient  to 

determine  the  work  really  done  by  the  engine ; 

and  wehavo  seen  there^  bakies,  that  the  arrango- 

mcsi  described  would  not  be  sufficient  for  even 

oht^nJng  the  sQCosBBive  pressures.  But  a  remedy 

nay  he  fbund,  by  giving  the  paper  a  laterai  mo- 

fMw;  and,  still  further,  use  may  be  made  of  such 

ezpefients,  by  connecting  this  motion  with  the 

pialOB  lod  of  the  engine,  or  with  any  other  part 

moved  by  it.    In  tIJs  case,  as  we  have  already 

seen,  wo  may  obtain  diagrams  indicative  at  once 

of  tlie  snocessive  foroes,  and  of  the  spaces  through 

which  these  forces  have  severally  acted.    These 

diagrams  must  give  tiie  whole  work  done  at  the 

ofl^  of  power  in  tlie  engine.— The  paper,  Just 

mentioned,  is  asoally  roUed  round  another  cylin- 

dar,  moved  by  a  poUey  pot  in  connection  with 

aonw  moving  part  of  the  engine:  and  the  motion 

of  the  eogfaie,  due  to  that  of  the  piston  rod, — 

which  indfcates  the  spaces  through  which  the 

pfMBiw  act— is  given  to  the  paper.    If  this 

cyfinder  be  pat  in  motion  by  being  connected 

with  tlM  engfaie,  while  the  valves  of  tbe  indicat«r 

aio  shut,  the  pendl,  not  rising  or  falling,  but 

lEeepiog  constantly  on  the  revolving  snrfoce  of 

tlie  paper,  will  describe  a  borixontal  ring  round 

It,  eonesiModing  to  atmospheric  pressures.    If 

Hn  vahrn  be  now  opened  and  steam  admitted, 


lOlta 


the  peacOwill  rim  along  tbe  paper,  and  describe 
aaascendiDgaplnl,  eomrtinwa,  perhaps,  deecend- 


VSD 

ing  where  the  pressure  momentarily  lesaefis, 
and  descending  considerably  after  the  steam  is 
cut  off — something  as  if  the  curve  A  p  were 
rolled  round  a  cylinder. — When  the  piston  of  the 
cylinder  falls,  the  pressure,  fh>m  the  vacuum 
crmted,  suddenly  becomes  veiy  low,  and  the  indi- 
cator piston  foUs  almost  immediately  bdow  the 
point  where  it  stood  before  the  admission  of  steam 
— because  now  the  atmospheric  pressure  above  it 
is  not  balanced  by  an  equal  one  below,  and  the 
spring  must  relax  downward,  until  a  balance 
ensues.  The  pencil  will  suddenly  fall  therefore, 
and  so  go  on,  until  the  admission  of  new  steam 
gives  a  sudden  rise  of  the  pencfl,  which  would 
lift  it  up  from  T,  along  to  p,  when  it  again  falls. 
— Tbe  cylinder  round  whidi  the  paper  is  rolled 
must  have  a  reciprocating  motion.  Its  connection 
with  the  piston,  which  moves  first  in  one  direc- 
tion, and  then  back  in  the  opposite,  may  be  easily 
made  to  secure  this.  Were  it  not  so,  tbe  lower 
part  of  tbe  diagram  would  be  prolonged  in  the 
same  direction  as  the  upper. — ^The  usvud  method 
of  determining  the  work  done  during  a  double 
stroke  is  to  divide  the  figure  by  12  ordinates, 
equidistant  and  perpendicular  to  the  atmospheric 
line,  and  to  take  the  mean  of  all  tbe  ordinates 
between  two  of  them  as  the  representative  of  the 
average  pressure  for  the  space  intervening.  If 
the  piston  have  a  9  feet  stroke,  the  value  of  each 
division  will  be  represented  by  -^  feet,  or  9 
inches,  and  the  number  of  feet  found  of  work 
done  in  the  double  stroke  will  be  obtained  by 
adding  the  products  for  all  the  12  spaces,  of  all 
the  pressures  represented  in  the  side  scale  by  the 
perpendiculars,  by  ^^^-In  engines  such  as 
those  now  in  use,  where  both  the  upper  and  lower 
parts  of  the  cylinder  are  employed  for  the  entrance 
of  steam,  and  for  the  procuring  of  a  vacuum,  we 
may  have  the  indicator  appUed  either  to  the 
top  or  bottom  of  the  cylinder.  It  indicates  by 
the  successive  ordinates,  not  the  value  of  the 
pressures  in  either  cylinder,  but  the  difference  of 
pressures,  Just  as  in  the  original  engines  open  to 
air  at  the  top,  an  indicator  would  have  given  the 
diflerence  between  the  pressure  in  the  c}'llnder 
and  that  of  the  atmosphera-^The  figure  is  an 
actual  diagram  from  the  engmes  of  H.M.S. 
SpitefuL — ^The  desideratum  yet  to  be  effoctively 
and  simply  supplied,  is  to  secure  a  means  by 
which  the  engine  wiU  not  only  give  (me  diagram 
when  it  is  wanted,  but  may  be  set  to  roi^ster 
its  own  work  for  any  length  of  time.  The  prac- 
tical value  of  such  a  persistence  can  scamly 
be  over-estimated.  Even  the  indicators  we 
have,  though  fidliiig  far  short  of  this,  are  of  the 
utmost  mechanical  value  in  indicating  faults  in 
the  engine,  and  in  telling  exactly  where  these 
may  be  found.  (See  Bourne,  as  abo>*e.) — The 
merit  of  the  invention  is  doe  to  Watt ;  though 
the  method  of  obtainmg  diagrams,  which  gives 
such  a  value  to  the  instrument,  was  not  suggested 
by  him.  It  was  first  used  in  the  Soho  Ei^inecr- 
ing  Establishment 
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IndlctloBv  Cycle  of.    See  Cycle. 

IndUrerentKqaillbrlnm.  See  Stabilttt. 

Indirfalble*, — the  Method  of  Cavalieri.  The 
method  of  Indivisibles  must  be  taken  as  the 
foundation  of  the  Infinitesimal  Calculus  of  Leib- 
nitz, in  the  same  sense  as  the  method  of  Exhaut- 
tion  is  the  foundation  of  the  doctrine  of  Limits  of 
Newton.  Compared  with  the  latter,  its  logic  and 
processes  are  loose  and  unsatisfactory,  although 
in  action  it  is  comparatively  fadle  and  seldom 
inaccurate.  Its  principle  is  that  a  line  consists 
of  a  number  of  cootiguous  points;  a  surface  of 
contiguous  lines,  and  a  solid  of  contiguous  sur- 
faces. To  value  either  line,  surface,  or  solid, 
therefore,  it  is  needful  simply  to  value  these  con- 
tiguous iadivuibles  or  ir^^itesimals,  and  to  ascer- 
tain the  law  of  their  progression  or  connection. 
If  the  law  is  such  that  we  can  8um  or  inttgra(e 
them,  we  may  thus  obtain  the  value  of  the  whole 
/ine,  turfftce^  or  solid.  See  Calculus,  Ex- 
haustions, LiUITS,  &C. 

IndBctlon.  A  term  now  employed  to  desig- 
nate a  very  lai^  and  important  class  of  Electrical 
Phenomena,  and  intimately  connected  with  all 
Electrical  Theories.  There  are  two  aspects  under 
wiiich  Induction  manifests  itselt 

(1.)  The  Ordinary  Static  Induction,— 'Elec- 
Uicity,  as  essentially  a  polar  force,  is  in  every 
phase  and  cjiaracter  subject  to  the  fundamental 
law  of  polarity,  viz.,  one  kind  of  Electricity  never 
can  be  manifetted  by  itself:  evolve  the  positive 
or  vitreous  force,  and  we  may  be  certain  that  an 
exact  equivalent  of  the  negative  or  resinous  force 
must  be  evolved  at  the  same  time.  If  a  con- 
ductor chaiiged  positively  is  placed  isolated  in  any 
position,  the  molecules  of  the  surrounding  atmo* 
sphere  immediately  assume  the  negative  state; 
and  if  a  second  isolated  conductor  is  placed  in 
the  neighbourliood  of  the  first  one,  this  polarity 
communicated — ma  the  atmosphere — ^instantly 
effects  it,  ie.,  it  talies  on  an  equivalent  negative 
state.  The  second  conductor  is  said  in  such  a 
case  to  be  excited  through  induction.  The 
theory  of  the  Electrophorvs  and  of  the  Condenser 
depends  on  this  remarkable  form  of  action.  The 
student  will  find  the  entire  subject  discussed  in 
the  writings  of  Faraday,  to  whom  we  owe  most 
of  our  accurate  conceptiona  of  Folaritt. 
-  (2.)  Induction  Dynamic,  or  the  Induction  of 
Cftrrents  by  Currents. — This  much  more  com- 
plex and  singular  manifestation  of  indirect  Elec- 
tritity  aUo  owes  its  virtual  discovery,  and  cer- 
tainly the  discovery  of  all  its  laws,  to  Faraday. 
In  its  simplest  form  tha  phenomenon  may  be 
stilted  as  follows : — Let  a  b  be  a  wire  whose  ends 
are  connected  with  the  poles  of  a  voltaic  battery, 
and  c  D  another  wire  unoonnected  either  with  the 
wire  or  the  batten*,  but  lying  parallel  to  a  b, 
and  having  its  ends  connected  with  a  galvano- 
meter or  multiplier;  it  is  found  that  on  the  in- 
stant when  a  current  is  either  established  or 
broken  tlirongh,  a  b,  the  needle  of  the  galvano- 
meteTi  js  deflected,  showing  the  establishument  of 
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an  induced  current  through  c  d:  when  oootaet 
is  first  established  the  induced  cmrent  has  tlie 
same  direction  as  the  inducing  one ;  the  coatnaj 
when  contact  is  broken.  During  stable  ooonee- 
tion  of  the  ends  of  a  b  with  the  voltaic  bsttoy, 
the  needle  of  the  multiplier  returns  to  its  vmSSt- 
tion  of  repose. — So  much  has  been  abeady  ds- 
tailed  in  this  dictionary  concerning  the  rditioM 
of  currents  original  and  induced,  under  Elbctbo- 
DTNAincs,  that  we  shall  only  recapitulate  here 
some  facts  and  laws  on  this  interesting  sufajeet 
(I.)  A  magnet  may  induce  a  cmrenL — If  a 
helix  or  cylindrical  mass  of  isolated  wire  have 
its  centre  hollow,  and  its  two  ends  oooneded 
with  a  Multiplier,  the  needle  of  the  Multiplier 
will  deviate,  on  the  instant  that  a  magnet  is 
pushed  through  the  hollow  centre  of  the  hdix, 
or  withdraw  from  it.  (2.)  A  current,  named 
technically  the  extra-curremt,  may  be  induced 
through  a  wire  along  which  a  direct  carrwt  is 
passing. — ^The  nse  of  this  extra-current  is  mry 
important  Delarive  has  employed  it  with  greil 
effect  in  augmenting  the  electric  tensk»  of  a 
couple.  See  the  valuable  treatise  on  Electricity 
by  this  disUnguished  Physicist  (S.)  Indnetim 
is  produced  by  magnets  on  electric  oonduelon  at 
some  distance  from  Mem.— When  metallic  mssM 
of  copper,  silver,  gold,  &c,  are  placed  at  a  little 
distance  from  the  poles  of  powerful  dectro-mi^ 
nets  with  horizontal  faces,  the  effects  of  indirtinn 
are  readily  recognized.  And  these  efifectsorigiiiato 
precisely  the  same  attractions  and  npolsioos  a 
the  ordinary  electric  currents— showing  that  or^ 
naiy  currents  and  their  induced  currents  are  sub- 
ject to  the  same  Laws.  (4.)  General  faw  qf 
induced  currents. — ^The  following  leadiiv  htti 
may  be  accounted  asoertained.  Fir$L  The  estab- 
lishment of  an  electric  current  tfaroqgfaa  metaDie 
wire,  does  not  take  place  instantaneondy,  or  with- 
out having  to  overoome  a  certain  reaiatanoe.  This 
resistance  is  expressed  by  a  certain  co-^jitMst  ef 
inertia,  which  is  always  constant  for  the  sms 
metaL — Second^,  The  intensity  of  induced  cnr- 
rents,  whether  inverse  or  direct,  is  an  expoocotiai 
function  of  the  electro-motor  force  of  the  pile,  of 
the  resistance  of  the  circuit  traversed  by  the  car- 
rent,  and  of  the  time— reckoned  from  the  iintant 
of  the  opening  or  dosing  of  the  circuit — Tldr^ 
The  induced  current  has  for  its  limit  of  intensity, 
the  intensity  of  the  inducing  current;  ie.,  Uie 
fini^l  current  has  no  intensity.  There  is  no  spsik 
accordingly  when  it  is  €iMod. — Fourthly.  The 
direct  or  returning  induced  current  has,  at  the 
moment  of  opening  the  circuit,  an  additional  re- 
sistance to  overpower,  depending  on  the  distance 
between  the  two  extremities  of  the  broken  or 
opened  dreuit  A  spark  may  always,  or  almost 
always,  be  produced  \hsxi.'~ Fifthly,  The  time 
requisite  for  the  complete  establiahment  of  a  cur- 
rent, in  a  circuit  of  known  resistance,  is  proper- 
tionate  to  that  resistance,  and  to  the  inverse  ratio 
of  the  etectro-motor  force  of  the  pile.  (5.)  /a/jb- 
ence  qf  media  on  the  ejfeets  of  IndueiuML—T^ 
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g«Mnl  known  niolti,  irith  ngud  to  the 

gf  madia,  may  at  praaent  be  ezpnued  as 
fbttom: — On  corering  electio-nuignets  with  me- 
tallic envekopes,  the  velocity  of  magnetisation  or 
wmagnetiatatioa  is  diminished:  tlus  may  be  ex- 
plained by  tlie  proence  of  anraits  of  induction 
widiiB  the  metalBe  manes;  and  it  aoooonts  fbr 
dw  wethod  employed  to  diminiiih  the  Aook  in 
magneffHehctiie  apparatus  by  enveloping  these 
machfaee  in  a  metallifi  cylinder.  It  is  essential 
to  noifce  that  by  sndi  a  oontrivanoe  th6  mUenniy 
or  anspyy  of  tk$  mAuUoe  aeUom  w  not  oitertd — 

ita  dMtaiiom,  For  details  of  the  eflbcts  of 
the  writingB  of  Davy,  Heniy,  and 
•ipaeially  DovdL  (6.)  D^firad  ordtn  of  car- 
fwnCi  ^iiMfcielMn*— Inves^pUkms  with  regard  to 
the  inflwure  of  media,  show  that  the  interj^eition 
ofnplatnofaooodBOtingsnbstanoe  between  the 
eanent  and  the  secondary  or  indnoed 
may  originate  a  seoondaiy  current  do- 

ivn  of  tlie  ellbct  of  the  primaiy  one.  It  is 
Boi  thenliiie  onexpeeted  that  when  a  condooting 
win  is  timvened  by  an  indnoed  oonent,  it  can 
another  induced  currant — a  oomnt  of 
order  in  a  third  wire;  and  that 
thia  may  eitaMish  in  a  fourth  win  an  induced 
€mamto£thdtkirdordertSae^&e,  ThefoUowing 
ii  the  law  of  the  natoie  of  these  caneuto  as 
mtaUiahed  by  Heniy  and  Abiia:. 

L  WM»1kiCtratUiiCkted, 
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(7.)  imdiKtiom  dite  to  tke  action  of  ike  Eanh.— 
It  hne  bem  quite  established  by  Faiaday,  Pal- 
mieri,  and  Siaari,  that  Terrestrial  Msgnedsm  acts 
m  aU  bodies  on  the  smiiMS  of  the  earth,  by  in- 
daditg  electric  currants  within  them  predsely  as 
U  a  strong  magnet  were  placed  within  the  in- 
at  the  globe  in  the  direction  of  the  ftee 
needle;  and  that  these  currents  aie 
firom  east  to  west  parsDel  to  the  Magnetic 
This  uOmio'WUffmiO'eleetrie  action 
kaa  no  doubt  much  to  do  with  metearological 
(8.)  IndautUm  due  to  Ehdrie  dia- 
. — ^Tbis  can  acaroely  be  termed  a  asperate 
I  of  Induction.  If;  as  has  been  seen,  induced 
currents  can  develop  in  their  turn 
cwrsDts  of  induction,  it  might  be  expected 
that  ilifciik  discharges,  such  as  the  discharge  of 
the  JLqrdcn  Jar,  mnet  equally  produce  them.  See 
tbe  theoratieal  and  expertaaental  researches  of 
Henry,  if*'**"'"'i  MatteMoci,  Baeai,  and  Yerdet 
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—The  student  is  fbrther  refemd  to  the  admirable 
general  treaUaes  by  Delarive  and  BecqoereL 

iMdBCiive  Electric  WMmchiamt  Bfcwm- 
kavA'e.  One  of  the  most  powecfhl  means  of 
obtaining  intense  electiic  effects  at  preeent  exist- 
ing. The  following  is  an  outline  of  its  stmctuxe 
and  character ;  but  the  student  who  would  under- 
stand it  thoroughly  and  appreciate  its  varied 
applicationa  is  refened  to  a  pamphlet  by  M. 
Moncel.  The  apparatus  consists  of  a  long  cylin- 
der of  thin  csrd-board,  terminated  by  Ades  of 
glass  or  wood,  and  covered  by  a  primary  circuit, 
oompoeed  of  insulated  and  pretty  thick  copper 
wire,  through  which  the  inducing  electric  cunent 
is  made  to  pass.  The  extrendtieB  of  this  primaiy 
wire  are  attached  to  copper  columns  fixed  oo 
the  fhunewoik  of  tbe  apparatus.  —  Over  this 
primary  circuit  is  rolled  a  thin  copper  wire  of 
great  length,  covered  with  silk  and  gum  lac, 
the  recipient  of  the  mdmeed  current  The  length 
of  this  second  wire,  by  opposing  resistance  to  the 
movement  of  the  Electricity  in  the  first  or  in- 
ducing wire,  amgrnaOe  itt  mtentitjf;  and  this  is 
the  main  cause  of  the  astonishing  and  xeaUy  im- 
mense eflbcts  producible  by  Bhni^orff's  machine. 
The  mechanism  of  the  whole  is  most  admirable^ 
proving  the  artist  to  be  a  man  of  genius.  The 
instrument  is  not  yet  adequately  Imown  in  this 
country. 

IsHlns*  A  constellation  of  Bayer,  situate  be- 
tween the  South  Pole  and  Sagittarius.  Its  largest 
star  •  Indi  is  of  the  third  magnitude. 

iMe^walitf.  It  is  usual  in  computing  the 
motions  of  a  planet,  to  calculate  the  place  in 
which  it  is,  at  any  given  time,,/irfl,  as  that  in 
which  it  would  be,  if  it  moved  in  a  chn^le,  having 
its  average  distance  firom  that  centre  round  which 
it  moves,  for  radius,  at  a  unifonn  rate.  Whatever 
correctioos  require  to  be  applied,  as  for  an  ellip- 
tical orbit,  for  a  variable  rate,  for  a  precession  of 
tbe  line  of  the  mi^or  axis,  &c.,  are  called 
InequaUtiee.  They  are  generally  divided,  in  a 
systematic  account  of  them,  into  those  which  do^ 
tad  those  which  do  not  depend  on  the  eccentricity. 

!■  I  IS  ill!  I  The  principle  generally  named  the 
principle  of  the  Inertia  of  Matter,  is  twofold. 
The  first  part  of  it  is  a  pore,  but  convenient  kj^ 
potketu.  This  hypothesis  is,  that  sU  external 
nature  ii  naturally  inert,  motionless,  Ufoless;  and 
that  action,  or  activity,  can  be  impressed  on  it 
solely  by  external  eneigies  or  forces.  But  In  so 
for  as  we  can  finrm  any  oonoeptioD  of  the  con- 
stitution of  matter,  this  is  physically  quite  un- 
true,— not  an  atom  existing  which  is  not  the 
centre  and  source  of  manifold  and  multiform 
activities.  The  hypothesis  is  convenient,  how- 
ever, and  even  neeessaiy  to  the  development 
of  science  :-r-we  inquire  theoretically  what  kind 
of  motions  could  be  impressed  on  an  inert  point  by 
the  action  of  certahi  external  forces;  and— these 
determined— we  infer,  or  expect  to  infor,  some- 
thing concerning  the  nature  of  those  inherent 
activities,  or  aficctions,  which  positively  establish 
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tbe  place  ooeapied  by  that  point  amid  the  changet 
of  the  Unlvone.  No  other  possible  aooonnt  can  be 
rightly  given  of  this  oonception  of  InerticL — ^Bnt 
there  is,  besides,  the  Law  o/*  /ncHio, — the  ftinda^ 
mental  Lccw  of  Motion, — the  Law;  viz^  that  a 
body  sntrjected  to  any  impulse,  or  cause  of  Modon, 
trottJU^  if  not  fartlier  disturbed,  move  on  for  ever 
in  a  straiffht  Bne,  and  toUh  an  uniform  vdodfy. 
For  a  full  discussion  regarding  tliiB  and  cognate 
Laws,  see  Laws  of  Motioh. 

InHexloH.     See  DippbacAOST. 

I«aalation«  When  Electricity  is  gtven  to  a 
mass  of  iron  hdd  in  the  hand,  it  does  not  remain 
on  it,  but  passes  off  immediately  to  the  earth. 
This  happens  -whether  the  Electricity  imparted 
be  vitreous  or  resinous,  positive  or  negative. 
If  Electridty  l>e,  on  the  other  iiand,  imparted 
to  a  bar  of  glass  it  win  hold  its  charge  for  a 
long  tee,  though  in  contact  with  the  hand. 
Some  kinds  of  matter,  therefore,  conduct  elec- 
tricity, and  some  other  kfaids  seem  to  resist  its 
passage.  In  the  case  of  the  glass,  the  earth 
has  not  changed,  and  is  ready  to  conduct  the 
electridty  away,  but  the  glass  resists  its  passage 

down ^It  is  called,  therefore,  a  non-eonduclor 

<Mr  an  in»tdator.    The  latter  name  it  gets  firom 
this  fact,  that  when  a  conducting  body,  such  as 
iit>a,  is  not  in  connection  with  the  ea:rth  except 
through  some  such  insulator,  it  receives  deo- 
tridty  and  retains  it,  as  if  it  had  been  a  non- 
conductor.   Thus,  if  we  stand  on  a  stool,  with 
glass  legs,  and  plaoe  oursdves  in  connection 
with  a  woridng  electric  madiine,  we  reodve  a 
chatge  wiiich  we  can  give  off  when  we  put  our- 
sdves in  connection  with  a  conductor.    Bodies 
then,  which  like  glass,  resist  the  passage  of 
electricit;/,  are  called  insulators,  and  those  whidi 
do  not  are  non-insulators.     Glass,  the  resins, 
such  as  shellac,  gutta-percha,  &c.,  are  good 
insulators.    Air  also  is  an  insiflator,  dae  as  all 
bodies  are  surrounded  by  it  in  ordhiary  cases,  it 
would  be  only  possible  to  give  a  diarge  in  a  Tor- 
ricellian vacuum.    Water  is  not  an  insulator, 
and  firom  this  cause  arises  the  diief  difficulty  found 
in  producing  insulation.    A  light  film  of  aqueous 
vapour  very  readily  deposits  on  the  suriSace  of 
such  an  insulator,  as  a  glass  stool,  and  conducts 
the  dectricity  downwards  to  the  earth.     It  is 
needful,  therefore,  to  beat  our  insulators  well  be- 
fore uging  them,  carefully  rubbing  off  all  particJes 
of  moisture.     It  is  useful  beddes  to  ooat  a  glass 
insulator  with  a  thin  siuface  of  shellac,  which  is 
not  so  liable  to  become  moist,  as  the  glass,  and 
round  which,  therefore,  this  conducting  film  does 
not  so  readily  form.    Shellac  is  not  probably,  in 
^  interior,  so  good  an  insulator  as  glass,  but  its 
surface  is  mudi  better,  in  consequence  of  this  pro- 
perty.— No  body  is  a  perfect  insulator.— ^Elec- 
tridty, however,  of  verj'  low  tensbn,  i.e.,  feeble 
transmissory  power,  will  pass  along  an  iron  wire 
at  the  rate  of  thousands  of  miles  per  second,  while 
it  will  take  an  hour,  even  if  the  tension  be  very 
hi^h,  to  creep  an  inch  along  a  piece  of  glass. 
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This  win  give  to  idea  of  the  extent  of  this  familat- 
ing  quality,  and  of  tlie  difierencea  it  must  imply 
in  the  nature  of  these  eubatanoea. 

lategnrtlMi.  The  process  of  the  integml 
calculus  is  essentiany  of  the  following  nature: — 
Given  a  aeries  of  quantities,  each  ef  which  be- 
oomes  indeflnitdy  smaU  whSe  their  namba' 
increases  indefinitdy,  it  is  required  to  know  t» 
what  quantity  thdr  sum  constantly  appmxi- 
mates.  Thus,  supposing  that  we  have  a  carved 
line,  along  the  ardi  of  which  we  draw  senrd 
diords,  then  if  we  take  the  chorda  as  sudi  a 
series,  increasing  the  number  of  the  diordB,  and 
so  diminisliing  the  magmtnde^  since  they  aB 
travel  between  two  definite  points,  Le^  the  ex- 
tremities of  the  diords,  in  a  sort  of  geneEal  di- 
rection or  course,  that  ia,  along  the  arch,  it  is 
required  to  know  to  what  eonatant  quantity  th» 
sum  of  the  chords  approadies  without  ever  reach- 
ing it.  It  is  sufficiently  evident  that  tlua  warn 
wUl  approach  to  the  arch  itsdf,  and  so  if  we  caa 
1^  means  of  the  integral  calcoloa  diicover  it» 
exact  amount,  we  didl  deariy  be  able  to  t(D 
the  length  of  tlie  arch.  Hence  the  integrsl  cil- 
cnlus  enables  us  ficquently  to  obtain  defioifir 
values  for  otherwise  unknown  qoantitiea.  Sfani- 
larly  by  taking  what  are  called  dements  ef  the 
area,  we  ean  obtain  the  area  induded  lietweea  a 
curve  and  what  is  called  its  ordinate,  or  if  the 
curve  be,  like  the  drde,  an  endosed  one — feefmi- 
nating-  in  itBdf;~we  can  teU  thus  the  area  wfaiA 
the  line  of  curve  contains.  The  elements  are  the 
little  areas  oontained  between  indefinitely  small 
arcs  of  the  curve,  and  indefinitdy  near  parsDel 
lines.  The  smaller  they  become^  the  nearer  they 
win  be  in  area  to  little  rectangles  having  one  ef 
the  pandld  Ihies  for  sides,  and  the  breadth  be- 
tween them  for  the  other,  and  the  whole  son 
making  up,  in  any  case,  the  complete  area  of  the 
curve,  we  may  take  instead  of  it  the  quantity, 
found  by  the  integral  calculus  to  which  the  sum 
of  these  constantly  diminishing  rectangles  ap- 
proaches.    The  sign  of  integration  is  /,  the  dd 

form  of  «,  the  initial  of  stftmno. — If  we  bave  a 
series  of  quantities  wliich,  on  bdng  thus  indivi- 
dually dlmbished,  but  increased  in  number,  con- 
stantly approadi  to  any  given  value,  suppose  tbe 
value  %  then  they  will  ako  manifestly  constantly 
approach  to  any  number  above  tliat  value,  sodi 
as  3,  4,  &C.,  although  they  always  remam  far 
bdow  these  latter  numbers.  Hence,  the  integral 
calculus  might  give  us  with  as  much  propriety, 
in  answer  to  the  question,  which  as  we  have 
stated  it  answers,  the  numbers  8  or  4  as  the 
number  2.  How  then  shaU  we  be  able  to  die* 
tinguish  ?  In  fact  there  is  difficulty  m  doing 
so,  but  it  is  neverthdess  poadble  in  most  cam. 
The  answer  usually  comes  out  s=  2  -f'^  taking 
(e.g.)  2  as  the  correct  answer  or  proper  limit,  and 
this  quantity  a  is  indefinite,  but  its  value  may 
usuaUy  be  assigned  through  some  datum  of  the 
!*petiiai  questaoa.    Sonustimes  it  happens  that  tbe 
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ftrst  qnaatity  2  does  not  coine  oat  quite  evidently 
at  fint,  fMit  of  tlio  qiMndty  a'  being  aa  it  were 
broqgfat  into  and  mixed  np  with  tlie  algebraical 
quantitY  expreeaing  it,  bat,  tben  also,  it  is  poesible 
to  tell  the  exact  valoe  in  ordinary  cases.  The 
melboda  by  which  this  lowest  valne  to  which  the 
som  approximates— «r  SmU  of  the  som — is  osu- 
ally  foond,  are  called  those  of  de/mite  mtegralt. 
(See  Todkmiter's  CaUndm^  De  Morgans  Cal- 
cdba,  WheweiFs  Doctrine  of  JJmiUy  and  oar 
aitides  Limits  and  CAiiCULcs. 

iMcafta— ce.  A  name  given  to  an  oocor- 
rence  that  must  take  place,  under  certain  dr- 
camatanoes,  with  regard  to  all  phenomena  which 
depend  on,  or  an  a£RM:ted  by,  the  propagation  of 
Wares;  aiid  the  i^ile  explanation  of  many  of 
the  most  striking  fiwta  in  Physical  Optics. — In 
order  that  ita  nature  be  clearly  apprehended  let 
us  refer  to  the  csae  of  the  Tides.  In  the  free 
eeean  there  b  bat  one  great  tidal  wave ;  but  when 
that  tidal  waye  enters  channels  among  clusters 
of  irianda,  it  ia  broken  into  several  subsidiaiy 
onea;  and,  oo  the  other  side  of  an  island,  these 
subsidiaiy  waves  frequently  meet  and  modify 
each  other, — the  actual  tide  on  the  coast  being 
then  not  the  geoeml  great  luni-solar  wave,  but 
the  roolt  of  the  meeting  of  these  partial  waves. 
The  tkle  at  the  port  of  BoUha,  for  instance,  is  a 
perfect  example  of  auch  interference  in  its  oom- 
plenst  form.  The  actual  tide  of  this  harbour 
Rsuhs  from  two  sets  of  wavea  passing  through 
two  fhannris,  whoaelengths  are  so  difi^Knt,  tluit 
the  tidal  wave  through  the  one,  reaches  Batsha 
exactly  six  houn  eaiiier  than  the  corresponding 
wave  through  the  other.  Bi^  watery  as  deter- 
mined by  the  one  wave,  thus  meets  Low  water  as 
determined  by  the  other;  and  the  consequence  is, 
that  at  those  aeasons  at  which  the  morning  and 
evening  tides  an  equal,  there  is  no  tide  at  all  at 
Batsha — the  hollow  of  the  one  wave  being  merely 
filed  up  by  the  crest  of  the  other;  while  at  all 
other  seaaooa  there  is  only  a  small  tide,  due  to 
the  diflereoce  between  the  heights  of  the  morning 
sod  evening  tides.  In  the  same  manner  have 
Mveial  apparently  perplexing  irregularities  of 
the  tides  in  the  p(Ht  of  London  been  recently 
e:tplauied  by  Vr.  WfaewelL  Thb  tide  is  really 
the  result  of  the  interference  of  two  tidal  waves, 
one  of  wlddb  flows  through  the  English  Channel 
^Biect  from  the  Atlantic,  and  the  other — also  from 
the  Atlantic,  but  propeUed  towards  London  from 
tiie  north — through  the  German  Ocean. — In- 
KHuous  experiments,  contrived  by  Mr.  Hopkins, 
■how,  aa  OBie  might  quite  expect,  the  applicability 
of  the  same  principle  of  interference  to  the  aerial 
waves  of  iSoiMd  These  waves  or  pulsations  differ 
from  the  tidal  waves  in  this, — they  consist  of 
alteraating  expanded  and  compressed  portions  of 
the  Atmosphere;  so  that  interference  would  con- 
eiit,  in  thb  case,  in  the  meeting  of  the  expanded 
portion  of  one  wave  with  the  compressed  portion 
of  another.  Now  it »  found  that  if  two  separate 
tnUa  be  made  to  join  or  meet  in  one  common  tube, 
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and  if  sound-waves,  in  oppoAite  states,  be  propa- 
gated through  the  separate  tubes,  there  is  no  wave 
or  sound  whatsoever  in  the  tube  in  which  they 
meet — But  let  us  hasten  to  occupy  ourselves  ex- 
clusively with  the  remarkable  subject  of  the  Inttr' 
ference  of  Light. — The  fundamental  fact,  con- 
nected with  this  large  class  of  phenomena,  is 
unquestionably  due  to  the  Jesuit  Grimaldi.  To 
him  science  is  indebted  for  the  earliest  statement 
of  the  apparent  paradox,  thai  Ught  added  to  light 
mag  produce  darhnest.  This  was  the  form  of  his 
experiment : — Let  rays  of  light  pass  into  a  dark 
room  tlirough  two  neighbouring  small  circular 
openings, — each  of  these  openings  will  be  tlie 
apex  of  a  luminous  oone  surrounded  by  a  pen- 
umbra less  bright  Beoeive  these  two  cones  on 
the  same  screen,  and  it  wUl  appear,  that  although 
portions  of  the  r^on  within  which  the  cones 
mingle  with  each  other,  are  brighter  than  they 
would  be,  were  only  one  cone  received  on  the 
same  screen,  there  are  other  parts  much  darker, 
or  rather  whoUg  umUaminaUd;  and,  ftirther,  that 
these  daric  parts  became  bright  again,  the  in- 
stant that  the  Ught  of  one  qfthe  conet  it  removed 
by  closing  the  orifioe  at  its  apex.  Until  the 
period,  however,  of  the  labours  of  our  country- 
man, Dr.  Thomas  Young,  nothing  additional 
accrued  in  relation  to  this  curious  subject,  and 
not  a  step  was  taken  towards  explanation  of  the 
phenomenon.  Toung  first  greatly  improved  the 
form  of  6rimaldi*s  experiment  Instead  of  cir- 
cular openings,  he  employed  narrow  rectilineal 
ones,  and  l^  this  means  obtained  Grimaldi*s 
results  much  more  clearly  and  definitely:  if 
homogeneous  instead  of  the  usual  composite 
solar  light  be  employed,  a  screen  in  this  case 
exhibits  an  alternating  series  of  well  marked 
dark  and  bright  bands  passing  on  either  side  of 
the  centre  of  the  space  separating  the  two  slits. 
Cloee  one  $lit,  and  the  dark  bands  affecting  the 
Ught  entering  bg  the  other  whollg  and  vutaj^ 
taneouslg  disappear.  The  mode  of  the  experi- 
ment received  its  last  perfection  from  FresneL 
Lest  it  might  be  said  that  these  bands  arise  from 
some  action  of  the  edges  of  the  hoU  or  the  sUl, 
Fresnel  substituted  the  two  inclined  mirrors  de- 
scribed under  Diffraction,  and  thus  completed 
the  demonstration,  that  Light  added  to  Light 
may  produce  darimess.  To  the  further  and  in- 
genious modifications  of  this  fundamental  experi- 
ment, as  proposed  by  Lloyd  and  others,  we  cam  ot 
here  refer. — ^The  fact  clearly  established,  what  is 
its  cause  ?  It  is  one  of  the  strongest  of  Young's 
many  titles  to  a  high  permanent  place  in  Scientific 
Histon*,  that,  first  of  all,  he  answered  the  ques- 
tion. Before  his  time,  the  Undulatory  Theoiy 
of  Ught  had  been  propounded,  and  was  rising 
into  esteem.  But  if  Light  is  not  an  Emission — 
i^  like  the  Tide^  or  lilce  Sounds  it  is  propagated 
by  systems  of  waves,  ia  it  not  certain  that  two 
systems  of  waves  proceeding  from  different  sources 
and  intermingling,  will  necessarily  present  lines 
or  curves  along  which  the  crest  of  the  one  ju£t 
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fiOs  ap  tbe  troogii  of  the  odMr, — in  otlier  wordi, 
where  there  must  be  darimess?  We  are  not 
required  to  carry  oat  here  spedflo  illustrations 
of  this  principle,  beoaiiM  of  the  ftill  details  in 
article  DiFFBAcnov ;  bat  it  is  hoped  that  what 
has  been  said  even  here,  will  give  the  student  a 
distinct  conception  of  the  nature  of  what  is  termed 
iNTESPBBEKO&^In  the  remainder  of  this  article, 
we  shall  state  briefly  the  general  laws  of  Inter- 
ference, advert  to  a  few  interesting  spedflc  in- 
quhries  connected  with  it,  indicate  the  probable 
extent  of  its  range  among  pheoomeoa,  and 
notice  a  few  of  its  proposed  apj^ications. 

I. — ^According  to  Uie  Undnlatory  theory,  the 
waves  of  light  are  found  in  two  conditions,  the 
condition  that  constitutes  Ordmary  Ughtt  and  the 
condition  that  constitutes  PolaHzed  UghL  The 
difierenoe  is  supposed  to  be,  that  whUe,  in  the 
former  case,  the  vibrations  of  the  particles  ccxisti- 
tttdog  the  wave  always  correspond  in  all  respects 
in  regard  to  thdr  /y&me, — these  vibrations,  in  the 
latter  case,  are,  in  every  separate  instance,  confined 
to  some  special  plan&  The  student  will  folly  com- 
prehend this  rather  obecare  sutrject  on  referring  to 
PoLARiZATiozr :  he  is  required  at  present  merely 
to  keep  in  mind,  that  if  a  beam  or  wave  of  ordi- 
nary light,  meets  another  beam  or  wave  of  the 
same  ordinary  light,  we  are  not  requbed  to  raise 
any  question  as  to  the  dbection  in  which  the 
wave  particles  are  vibrating,  seeing  that  these 
are  tbe  same  in  both  beams ;  but  that  the  case  is 
quite  different  when  a  question  is  started  regarding 
two  rays  of  Polarized  Light  Under  these  con- 
ditions let  OS  study  InUrftrenoe  as  it  most  be 
supposed  to  influence  the  meeting  of  rays  of  both 
sorts. 

(1.)  JJnpohristi,  or  Ommon  UghL^Tbin 
subject  also  consists  of  two  parts — viz.,  when 
the  rays  that  intei^fere  are  homoffmeoutj  and 
when,  as  in  the  case  of  the  ordinary  solar  beam, 
they  consist  of  several  distinct  colours,  or,  what 
is  the  same  thing,  of  several  distinct  and  easily 
distingaishable  sets  of  vibrations.  Both  cases, 
however,  have  already  been  so  fully  treated  under 
DiFFRAcnoir,  that  regard  to  the  narrowness  of 
our  space,  prevents  our  fhrther  advening  to  them 
here.— On  one  collateral  point  of  much  interest, 
however,  a  remark  may  be  made.  It  long  re- 
mained one  of  the  crucial  questions  between  the 
theory  of  Emission  and  the  theory  of  Undulation 
—whether  light  is  retarded  or  accelerated  on 
passing  from  a  rare  medium  into  a  dense  one. 
Accept  the  theory  of  Emistum,  it  ooght  to  be 
acederated:  aoeept  the  theory  of  Undulation,  and 
we  expect  it  to  be  retard&d.  The  qoesUon  has 
at  length  been  finally  settled  by  direct  experi- 
ment~(see  Light,  VBLoorrr  of),  but  it  is  also 
determinable  by  aid  of  the  principle  of  Inter- 
ferenoe.  If  one  of  the  rays  whose  interference 
caoses  tbow  S3miraetrieal  fHnges  on  the  screen 
alluded  to  above,  and  so  fully  described  under 
DiFFRAcnoif,  be  made  to  pass  through  a  dense 
medium— say  a  thin  or  transparent  plate  or  a 
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tube oontabbg water;  andlf  {tsv^odtrbetlrai 
altered,  the  system  of  fringes  will  no  longer  be 
found  on  the  screen  symmc^cally  with  ^  wgacb 
between  the  two  slits — t.e.,  the  central  band  will 
no  longer  be  opposite  the  centre  of  that  spsoe.  It 
is  dear  that  if  the  one  ray  of  light  has  been  re- 
tarded by  passing  through  the  denser  oiediani, 
the  action  of  the  other  ray  must,  so  to  speak, 
have  famed  tpon  it,  and  the  system  of  fiiogea 
will  shift  iowards  the  slit  through  whkfa  the  i»- 
tarded  ray  is  entering :  if,  on  the  other  hand,  the 
ray  has  been  accelerated,  the  reverse  mustfoUow. 
Experiment  in  the  hands  of  Arago  proooonoBd 
for  the  former  result;  and  thus  8tq)ped  out  in 
advance  of  the  very  brilliant  measarenMnts  of 
Foucault  and  Flzeau. 

(2.)  Polanxed  Ltght—WB  have  now  to  take 
into  account  the  pkmci  in  whidi  the  paitideB  of 
the  Light-wave  vibrate.  The  following  are  the 
laws  established  by  Arago  and  FnsoA : — L  Two 
rays  polarized  in  the  tame  plane  necessarily  in- 
terfere exactly  as  if  they  were  rays  of  nnpolariaed 
lig^t  This  in  fact  is  a  mere  case  of  that  genenl 
one  in  which  we  do  not  require  to  take  any  ae- 

count  of  the  planes  of  vilnration 2.  Two  riTS 

polarized  in  planes  at  light  angles  to  each  oCber 
can  in  no  case  produce  Uie  phenomena  of  inter> 
ference,  at  whatever  phase  of  their  vibratkn  thsr 
may  meet  It  is  manifost  at  first  aight  that  a 
vibration  from  ▲  to  a',  and  vice  vena,  cannot  at 
all  afibct  a  vibration  from  b  to  b',  and 
rioe  vena.  And  experiment  amply  |^ 
oonflnnsthis. — 3.  Two  rays  polarked         { 

in  planes  indined  to  eadi  other  at  an  , \ g. 

acute  angle,  interfen  partial^  when 
tbey  meet  at  the  proper  phase;  the 
intensity  of  thto  fringes  prodooed  is  In 
that  case  comparatively  feeble.  Ex-  n^  l 
periment  proves  this ;  and  tiie  stodent 
will  at  once  discern  the  cause  of  it,  by  resolrhig 
one  of  the  vibrations  into  two^the  one  at  right 
angles  to  the  plane  of  the  other  vibration,  and 
the  other  in  the  direction  of  that  plane. — 4.  T«o 
rays  polarized  in  opposite  planea  may  be  faraosht 
into  the  same  plane  of  polarizatkin  without  t^cr^ 
acquiring  the  power  to  interim  with  each  other. 
— 6.  Two  rays  treated  as  above,  intetfere,  as  hi 
tlie  case  of  ordinary  light,  provided  ih^  htkm$  to 
a  beam,  originaHy  imd  at  a  lekole,  polaneed  ahng 
the  tame  plane.  —  6.  The  phenomena  relatiTe 
to  the  interference  of  rays  that  have  nndergoDS 
doubk-re/ractioH,  and  the  position  of  the  frtege^ 
are  notdetomined  soldy  by  oonslderatkm  of  the 
distances  through  which  the  nje  have  tiavdlad, 
or  thefar  velodties : — regard  most  be  had  to  a 
ha^-ynthdation  that  may  be  said  to  have  bees 
lotL  The  kss  of  this  half-nndulatlon  ia  a  simple 
and  beantifhl  consequence  of  the  theory  of  firant- 
vertal  vibrationt.  In  reality  the  vibnUkm  of  the 
wave  is  divided,  in  the  interior  of  the  Cf>-stalf  into 
two,  at  right  angles  to  each  other,  and  aitnat^*- 
the  one  in  the  plane  of  the  prindpal  sectloD,  and 
the  other  perpendicularly  U>  that  plaoe.    £sdi 
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cT  these  Tibratkms  most  be  d«compoMd  anew 
into  two  oChera,  aocording  to  tbeir  rectangular 
Hreetuttu;  and  it  if  easy  to  ooodade  that  of  these 
/b«r — (coming  from  the  primitiTe  vibration) — 
two,  along  oDe  of  the  defidte  directions,  conspire 
ar  agree ;  while  the  other  two,  along  the  direction 
at  right  an^^  to  it,  are  oppoeed.  It  is  dear, 
tha,  that  the  ribratioos  of  the  two  couples  mnst 
be  regarded  as  difiering  by  half  an  nndnlation  — 
An  these  laws  have  been  amply  and  brilliantly 
eoofinned  by  the  experiments  of  Arago  and  F^es- 
ml,  and,  it  may  just  be  added,  that  they  entirely 
eoDsist  with  the  doctrines  of  Undulation  and 


IL — The  fbiegolug  an  the  simple  laws  of 
twUr/mnmoes  but  we  deswe  to  give  an  idea  of 
tha  mnlUfioioiia  and  complex  conditiona  under 
which  it  is  foond  to  exert  its  influence,  and  of 
the  extent  of  onexplored  field  yet  remaining  in 
this  legion  of  Physical  Optics.  To  do  this,  in 
the  most  palpable  manner,  we  shall  spedfy  three 
problems  or  rTasniw  of  phenomena,  that  have  re- 
eently  engaged  attention. 

(1.)  A  veiy  singnlar  experiment  was  brought 
a  few  yean  ago  under  notice  of  scientific  men  by 
Prot  Baden  PowelL  Take  a  hollow  prism  or 
wedge  of  ^aas  as  below,  and  enctoee  within  it 
some  veiy  refringent  or  disperrix-v  liquid,  such  as 
oQ  of  9at$a/raSj  or  axHu ;  next  {ntreduce  into  it 

partially,  as  in  the  figure^ 
a  plate  of  glass  whoeelower 
edge  shall  be  parallel  to 
the  base  of  the  prism,  or 
the  suifkoe  of  the  liquid. 
This  done,  introduce  a 
•beam  of  light  through  a 
narrow  horizontal  slit, 
and  observe  the  spectrum 
formed  by  it,  with  the 
eye  at  the  arrow.  The 
appearances  manifest  themselves,— 
the  fpectnim  thus  formed  is  erosiec^  bg  a  certain 
mm^er  of  dark  bamdt  paraUd  to  the  bIU  or  to  the 
ham  of  tke  pritrn.  Professor  Powell  tried 
various  combinationa  of  oils  and  other  media, 
with  pUtea  of  glass  and  other  transparent  sab- 
ttanees  of  dificerent  thicknesses :— he  fennd  each 
eombination  distinguished  by  its  peculiar  system 
flfdsik  bands.  Further,  he  varied  the  faiclination 
of  the  fanmersed  plate,  sometimoa  even  laying  it 
on  the  side  of  the  prism,— the  bands  did  not 
CMse  to  be  visible,  bat  their  Intensity  ISided  as 
the  deviation  of  the  plate  from  the  perpendicuUr 
hynasid.  Mr.  Stokes  proposed  a  new  form  of 
the  experiment  as  below, — the  vessel  with  the 
Bqoidand  plat<»,hrtng  rectangular,  and  a  prism  (of 
the  same  material  as  the  vase)  fitted  to  produce 
a  ^Kctram,  being  placed  outside.  The  phenomena 
ai«  precMy  the  same;  but  this  form  of  the  ex- 
pcriiacnt  b  prefenble,  as  it  sepantes  the  agency 
of  the  prismatic  shape,  from  the  agency  which 
cvolns  the  dark  bands. — Complex  Siougfa  these 
•mage  appearances  unqaestiooably  tn,  they  have 
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all  yielded  to  the  pHnciple  of  Tnierferenee.  Their 
origin  in  general  terms  is  this : — the  portion  ol 


the  ray  passing  fhrongh  the  plate  is  retarded; 
and  when  the  retarded  part  and  the  unretarded 
part  emerge  and  mingle,  there  is  a  destruction  of 
light  at  an  those  points  of  the  spectrum  where 
the  retwrdation  amounts  to  half  an  undulation ; — 
hence  the  dark  bands.  But  this  general  explana- 
tion is  not  enough ; — account  must  be  given  of 
specific  cases  and  tbeur  specific  phenomena :  and 
it  is  precisely  here  that  the  doctrine  of  Inter- 
ference has  achieved  its  triumph.  By  aid  of  the 
formulsB  of  Fresnel  and  Ahy,  Professors  Stokes 
and  PoweU  have  traced  the  dependence  of  every 
specialty  of  these  dark  bands — their  number, 
thickness,  and  distribntlon— ^m  the  relative  re- 
fringent powers  of  the  plate  and  the  liquid  me- 
dium. Nay,  so  thoroughly  has  this  been  accom- 
plished, that  if  the  refi^gent  or  dispersive  power 
of  the  liquid  medium  be  known,  and  the  number 
of  the  bands  ascertained  by  obeervation,  we  may 
deduce  by  calcukuion  the  mdex  o/R^fradum  of 
th»  Plate. 

(2.)  The  second  instance  to  which  we  shan 
aUude,  is  one  of  those  innumerable  classes  of  facta 
with  whk^  the  unequalled  indnstty  and  aoenracy 
of  Sir  David  Brewster  have  enriched  eveiy  de- 
partment of  Physical  Optics.  Form  a  spectrum, 
either  fay  Refraction  or  Difiaetum.  Look  at  it 
across  the  edge  of  a  thin  plate  of  ghu^  quarts^ 
or  aiica ;  in  other  words,  place  sudi  a  plate  so 
that  it  cover  about  half  the  pupU  of  the  eye.  If 
the  plate  be  on  the  violet  side  of  the  spectrum,  the 
entire  spectrum  will  appear  traversed  by  numeroua 
black  and  nearly  equi-distant  bands  paraUel  to  the 
dark  lines  of  Frauenhqfer^  and  which,  spealdng 
generaUy,  increase  in  breadth  with  the  thickness 
of  tlie  plate.  But  if  the  plate  is  on  the  red  side 
of  the  spectrum,  no  bands  are  produced*  Sic 
David  has  studied  this  curious  sut(ject  under  all 
its  aspects — var>'h]g  the  inclination  of  the  plate, 
d(C;,  &C.  Mr.  Airy  immediately  occupied  himself 
with  the  theoiy  of  these  new  bands.  At  the 
meethng  of  the  British  Association,  in  1840,  he 
produced  a  very  able  memoir,  referring  them  to 
Interference;  but  on  the  suppoeition  that,  when 
seen,  the  spectrum  was  slightly  out  offoem.  Sir 
David  objected,  that  the  phenomenon  explained 
could  not  be  the  true  phenomenon,  because,  along 
with  his  dark  lines,  he  saw  the  fixed  lines  A 
Frauenhofer,  and,  therefore,  that  the  spectrum 
must  have  been  perfectly  in/oeu*.  Mr.  Airy 
resamed  his  investigations,  and  generalized  them, 
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finding  his  former  eapposition  imnecessaiy ;  bnt 
Sir  David  again  objected  to  several  of  his  formuIsB 
and  specific  results.  Pit>fe88or  Powell  has  sinoe 
then  reviewed  the  whole  carious  question,  ex- 
pressing a  strong  conviction  that  Mr.  Ally's  two 
memoirs  contain  a  satisfactory  reference  to  the 
theory  of  Interference^  of  all  phenomoia  belong- 
ing to  this  class,  at  present  known.  He  confesses 
at  the  same  time  that  pecnliarilies  may  occur 
not  easily  reducible  by  the  calculus,  but  contends 
that  even  such  a  drcumstance  ought  not  to  be 
held  as  invalidating  a  general  theory  which  has 
explained  so  much.  The  whole  history  of  this 
curious  case  is  most  interesting,  and  ought  to  be 
studied  in  the  original  memoirs  by  the  eminent 
men  we  have  named. 

(8.)  It  is  impossible  to  omit  reference  to  those 
recent  very  interesting  researches  by  Foucault 
and  Fizeau,  concerning  the  interference  of  two 
rays  of  light  which  have  passed  through  spaces 
of  very  different  lengths : — the  phenomena  osually 
produced,  are  evolved  by  rays,  differing  from  each 
other,  in  regard  of  the  course  itiey  have  traversed, 
by  only  a  very  few  half  undulations.    Imagine 
the  fringes  of  diffhiction  produced  by  the  mirrors 
of  Fresnd  to  be  received  on  a  screen ;  and  let  that 
screen  be  pierced  by  a  very  fine  slit  in  the  midst 
of  the  central  fringe.    If  the  ray  emeiging  from 
this  slit  be  passed  through  some  very  refiingent 
medium,  it  will  be  expanded  into  the  ordinary 
spectrum,  and  the  observer  viewing  this  spectrum 
by  a  telescope  will  simply  discover  the  usual 
colours  and  the  fixed  lines  of  Frauenhofer.   Sup- 
pose now  that  one  of  FresneVs  mirrors  is  made 
to  advance,  or  brought  forward  in  a  direction 
I>arallel  to  its  original  position,  the  central  band 
or  fringe  will  be  displaced,  and  instead  of  it  a 
fringe  will  be  found  of  an  order  that  will  be  the 
higher,  the  fSulher  the  mirror  is  brought  forward. 
Instantly  the  spectator  will  find  the  spectrum 
covered  with  dark  and  bright  lines ;  and  these 
increase  in  number  and  crowd  on  each  other  the 
more,  as  the  mirror  is  farther  and  farther  brought 
forward.    The  ordinary  fixed  lines,  remaining  in 
the  spectrum  at  the  same  time,  one  can  easily 
count  the  similar  lines  between  any  two  of  them, 
and  it  is  found  that  this  number  depends  exactly 
on  the  amount  of  the  advance  of  the  mirror.    If, 
instead  of  causing  the  mirror  to  advance,  a  thin 
plate  (a  plate  of  retardation)  be  placed  in  the  way 
of  one  of  the  rays,  precisely  the  same  phenomena 
occur,  and  the  bands  increase  in  number  with  the 
thickness  of  the  plate.    The  following  is  the  ac- 
count given  by  MM.  Foucault  and  Fizeau,  of 
their  first  general  concludon : — **  The  number  of 
bands  may  be  made  very  great,  without  their 
ceasing  to  be  observable,  through  the  whole  length 
of  the  spectrum.   When  66  were  counted  between 
the  Frauenhofer  lineet,  b  and  f,  the  phenomenon 
was  distinct  and  defined,  and  there  were  then 
about  500  in  the  whole  spectrum.     When  this 
number  is  laigely  augmented  they  begin  to  fade, 
and  even  no  longer  to  be  perceived,  near  the  red 
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extremity; — after  that  they  fade  away  in  tbe 
orange, —next  in  the  yellow, — cro«*ding  up  to- 
wards the  violet  end  of  the  spectrum.    The 
greatest  number  counted  between  a  and  f  is  141 ; 
they  have  been  seen  still  more  crowded,  but  in 
that  case  they  could  not  be  counted,  because  of  the 
feeble  intensity  of  the  light  emi^oyed  in  such  cir^ 
cumstances  to  form  the  spectrum.  Theprogroave 
disappearance  of  these  bands,  beginning  with  the 
least  refrangible  portion  of  tbe  spectrum,  is  tke 
difference  of  the  routes  of  the  two  rays  becomes 
greater  and  greater,  n  a  phenomeooo  oonstmlly 
observed,  whatever  the  means  used  to  jnxidvcethe 
interference.     If  it  be  remarked,  that  this  db- 
appearance  does  not  begin  until  the  bands  hiTe 
attained  an  extreme  thinness,  and  if  it  be  icool- 
lected  that  in  consequence  of  the  deertasmg  &- 
persion,  from  the  violet  end  of  the  spectnun  to 
its  opposite,  the  light  at  the  latter  is  neoeswilv 
less  pure  or  homogeneous,  one  may  be  indioal 
to  attribute  the  fact  just  mentioned,  to  the  im- 
perfect separation  of  ^e  simple  rays  at  the  kut 
dispersed  extremity  of  the  spectrum.** — ^Foucault 
and  Fizeau  have  not  stopped  with  the  exhibitaoo 
of  the  new  int^erenoes  now  described;  thdr 
elaborate  memoir  contains  a  mass  of  original 
and  most  curious  investigatitm,  conceming  in- 
terfbrences  produced  by  reflexion  firom  tkmfides^ 
and  by  means  of  chuble  r^raetion ;  and  they  have 
further  investigated  the  shigular  effects  prodoeed 
on  polarized  light  by  bi-refringent  cr^'iBtak   We 
cannot  follow  them  through  such  researches  ben^ 
but  must  content  ourselves  with  assenting  to  the 
opinion  of  M.  Babinet,  who  reported  on  their 
labours  to  the  Institute,  that  henoefonrani  the 
mode  of  analysis  they  have  «ased  must  be  tbe 
essential  instrument  in  the  hands  of  any  one 
occupied  with  the  hi^er  problems  of  Fhyaacal 
Optics. 

III.— It  cannot  be  doubted,  thataprindpfeso 
fertile  and  flexible  as  the  one  now  explained  and 
exemplified,  must  play  a  I'ery  important  part  in 
the  production  of  optical  phenomena.  Aoong  tbe 
more  remarkable  aspects  of  external  nature,  we 
find  as  its  result,  the  twinkling  of  the  fixed  stan- 
See  SciMTTLLATiON.  As  is  shown  in  many 
separate  articles  in  this  Dicdonary,  it  b  the  soorce 
of  all  theee  brilliant  chroroatio  phenomena,  dis- 
played in  difflraction,  and  the  colours  manifested 
by  cr^'stals  subjected  to  polarized  light;  and, 
indeed,  sets  of  fringes,  rectilineal  or  circular,  are 
rarely  met  with,  unless  through' the  agency  of /a- 
terfertnce.  But  the  point  of  highest  interest, 
requiring  notice  in  this  place,  is  one  suggested  by 
tliese  most  instructive  experiments  of  Foucault  and 
Fizeau.  These  ingenious  physicbtB  have  placed 
it  beyond  all  doubt,  that  by'  the  interfereooe  of 
rays,  whose  routes  difi^r  very  much  in  length,  tbe 
ordinary  spectrum  can  be  crowded  with  dark 
bands — these  bands  increasing  in  number  as  tbe 
difference  augments.  It  is  not  posable,  then,  to 
refhiin  from  the  h^^'pothesis  that  the  puzzling  dark 
lines  of  Frauenhofer,  and  even  those  wonderful 
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nierdy  general  form^  By  the  application  of  the 
calculos,  he  has  shown  how,  in  the  <;hief  caaeB, 
alike  the  diHerenoe  of  inarch,  and  the  intensities  of 
the  emei^ing  rays,  may  be  calcalated  for  any 
namber  of  reflections;  and,  what  Is  even  more 
satisfiictory,  he  has  devised  experiments,  afterwards 
perfected  by  M.  Soleil— experiments  In  which 
the  reflecting  surfaces  of  the  molecules  are  re- 
preseated  by  cylindric  surfaces  of  mica — by  which 
it  can  be  made  manifest  that  such  bands  may  be 
produced,  as  Sir  David  Brewster  observed  in 
some  of  his  most  remarkable  experiments. 
Should  Von  Wrsde^s  views  and  ideas,  when  further 
developed,  fulfil  thdr  present  apparent  promise, 
they  will  lead  us  towards  something  of  a  solution 
of  the  yet  obecure  question  concerning  the  natural 
colour  of  bodies;  and  what  is  of  equal  impor- 
tance, the  bands  produced  by  the  interposition 
of  any  gas  or  other  substance  will  cease  to  be 
isolated  phenomena, — they  will  be  our  first  due 
to  the  peculiarities  of  the  molecular  consdtutioa 
of  these  substances  themselves. 

IV. — We  conclude  this  article  by  a  brief  refer- 
ence to  a  few  of  what  may  be  tenned  the  practi- 
cal applications  of  the  prhiciple  of  interfenHce. 

(1).  By  its  aid,  an  objection  that  at  one  time 
appeared  fktal  to  the  wave  theory  of  Light,  is 
eniirdy  removed.  Tliis  theory  seemed  at  first 
inconsistent  with  the  rectilineal  propagation  of 
light,  iaasmoch  as  a  wave,  although  meeting  an 
obstade,  turns  round  that  obstacle.  How  then 
could  shadows  exist  ?  The  reply  is  quite  satis- 
factory. The  wave  does  turn  round  obstacles ; 
neverthdess  shadows  necessarily  exist  because 
the  different  portions  of  the  lateral  wave  destroy 
tack  aiher  bjf  uUer/erwcet  and  the  only  efficacious 
part  of  the  wave,  is,  on  this  account,  those  por- 
tions of  it  wliich  are  propagated  straight  onwards. 
The  grounds  of  this  assertion  have  already  been 
in  so  &r  exposed  under  Diffraction. 

(2).  In  (1.)  I.  of  this  article,  it  is  explained 
how  the  interposition  of  a  refracting  substance 
between  one  ray  and  the  screen,  necessarily  dis- 
places the  system  of  fringes,  in  the  fundamental 
experiment  of  difincdon.  The  amount  of  this 
di^Iaoement  depends,  of  course,  upon  the  index 
of  refraction  of  the  interposed  plate;  for  it  is 
in  proportion  to  this  index,  that  the  vdocity  of 
the  ray  is  accelerated  or  retarded.  It  was 
early  soggested  by  Arago,  that  the  measure- 
ment of  the  displacement  Inmishes  by  far  the 
most  ddicate  means  of  determining  the  refring- 
ent  power  of  any  transparent  substance ;  and 
the  accuracy  of  his  opinion  is  made  strikingly 
apparent  by  an  daborate  investigation  of  this 
kind  on  which  he  ventured.  The  question  whether 
the  humidity  of  the  atmosphere  ought  to  be  taken 
Into  account,  in  the  theory  of  Astronomical  re- 
fractions, had  long  been  a  vexed  one.  Laplace 
and  Biot  had  both  engaged  in  the  controversy ; 
but  instruction  by  experiment  remained  abiMOit. 
The  subject  was  taken  up  by  Arago  and  FresnrI, 
Wrede  has  not  left  the  snl^ect  in  the  foregoint'  I  —the  leading  experiment  being  made  by  them 

471 


INT 

pbenometta  discovered  by  Sir  David  Brewster, 
cooeeming  the  efiect  of  mtrous  acid  gas,  the 
vapour  of  iodine,  brome,  &c.,  &&,  may  here  find 
their  rstional  explanation.    It  had,  indeed,  been 
conjectured  long  before  the  singular  experimental 
ooofirmation  by  Foncanlt  and  Fizeau,  that  such 
lines  are  simple  results  of  interference.     Sir  John 
llerMfad  very  early  took  this  view,  and  exhibited 
it  m  a  paper,  published  in  the  PhilotopkiccU 
Maffotme,     Bat  he  assigned  every  indiviilual 
absMption  to  a  spedal  cause,  and  was  thus  obliged 
to  imagine  as  many  different  causes  within  ab- 
soriUng  bodies,  as  there  are  dark  lines  or  absorp- 
tfans  bs  the  spectrum.     No  such  explanation 
ooaM  be  received;  It  was  the  igmttnm  per  igno- 
Hnt:  nevertheless,  our  countryman  had  the  hon- 
our of  first  suggesting  what  seems  the  true  origin 
of  these  puzzKog  appearances.    The  credit  of 
carrying  out  this  suggestion,  and  of  first  present- 
ing U  £&  an  acceptaUe  form,  is  unquestionably 
doe  to  Baron  Von  Wrede,  whose  most  instructive 
and  daborate  Hemoir  (already  frequently  referred 
to),  has  been  vrorthily  induded  in  the  valuable 
wpertuiy  of  Mr.  Taylor.     The  Baron  assumes 
mthiqg  except  one  gen«rd  feet— or  rather,  what 
evoyphyaidst  accepts  as  a  fact  regarding  tiie  con- 
stitatioB  of  matter: — viz.,  that  all  matter  is 
eoapused  of  partides  maintained  by  certain  forces 
at  detenounate  <Bstanees  from  each  other.    Now, 
whUe  it  b  dear  tliat  such  a  constitudon  must 
iapiess  certain  general  eonditfens  on  a  lumin- 
ous wave  passing  into,  or  through  any  portion  of 
oattar;  it  is  equally  manifest  that  no  dprhri 
statsoMBt  can  be  made  as  to  the  specific  efiiets  to 
be  expected  from  the  transit  of  such  a  wave 
through  any  tpedik  kind  of  matter,  because  we 
are  quite  ignorant  of  the  specific  difference  be- 
tween tlfes  moleallar  oonstitation  of  any  two  sub- 
staaosBL    Tlieory,  in  this  case,  therefore  cannot 
predict  partienlar  results;  it  can  only  show  that 
mdfmlar  diflfeieuces  have  the  power  to  produce 
Net  passing  beyond  the  foregoing  generel 
iption  regar^g  the  constitution  of  matter, 
let  us  imagine  a  light  wave  entering  or  passing 
through  such  a  mass  of  connected,  but  yet  sepa- 
nrte  molecides.     It  is  dear,  that  these  partides 
win  oifer  a  resistance  to  the  wave ;  part  of  it  wiU 
be  TCfledad  frmn  sarfSMo  to  surfece  of  the  mole- 
ciilei,  and  when  it  emerges,  it  wHl  eonidst  of 
dilfennt  waves ;  some  of  whidi  have  traversed, — 
through  effect  of  the  deviations  caused  by  the  vari- 
ous refleetiooe,— distaaoes,  very  different  fh>m 
those  travened  by  others.    These  differences  of 
distances  must,  of  course,  be  determined,  in  each 
esse,  by  the  peculiarities  of  the  molecular  arrange- 
ment, or  by  the  constitution  of  the  body ;  in  some 
ewbefsneeB,  the  eifeeto  maybe  mappredable ;  but 
it  is  easy  to  concdve  that  there  are  others  which 
wiD  cause  the  ray  to  enieige  with  its  parti  in  the 
precise  relatkmahip  wldch  gave  rise  to  the  inter- 
ferences, or  the  dark  bands  in  the  strilring  experi- 
ments of  Foocault  and  Fizeau.     Baron  Von 
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ooqjoiotly ;  fhe  eorrectlon  and  ooDfirmation  of  it  I  term  a,  aod  fi  denotes  the  order  of  tlielaAapcililei 


by  Ango  alone.    The  form  of  the  experiment 
tras  simple,  although  the  preparation  and  oon- 
doct  of  it  demanded  that  precision  and  care,  which 
one  can  look  for,  only  from  the  moet  expert  and 
distingmshed  physidsts.      Two  tubes  above  a 
yard  (a  metre),  in  length,  were  filled— 4he  one 
with  dry,  the  other  with  moist  air,  at  the  same 
temperatoFB  and  fhe  same  elastldty     The  open 
ends  of  the  tabes  were  dosed  by  plates  of  glass, 
in  all  respects  corresponding.    The  two  rays  of 
the  diffraction  experiment  were  then  made  to 
pass  throogh  the  two  tabes.    If  the  refrfaigent 
powers  of  dry  and  moist  air  are  the  same,  it 
is  clear  that  the  central  band  of  diffh^tion  woM 
retain  its  symmetrica]  position;  if  they  are  differ- 
ent, that  band  and  the  whole  system  of  fringes 
most  move  tountrds  the  tube  containing  the  moet 
highly  refracting  medium.      Ditphcement  took 
phee  bff  ths  broadth  of  a  frimge  md  a-half,  Uh 
toardiihetUhof  tkedhy  air.    Dry  air,  therefore, 
is  more  higlily  nftingeot  than  moist  afar;  and  the 
diflbrenoe  could  be  calcolated.    At  80^  Fahr.  the 
Index  ofrefraetionof  dry  aircamaontto  be 

1*0003946, 
while  that  of  moist  air  appeared 

1*0002986 ; 
a  diffbrence  almost  infinitesimal,  but  real  and  cer- 
tain ;— 80  ddicate  an  instrument  is  the  prindple  of 
Interferences  I  It  might  be  applied  in  the  same 
way  to  test  all  other  qualities  of  the  Atmosphere ; 
and  Arago  has  shown,  how  by  a  very  dmi^e 
apparatus,  it  miglit  indicate  variations  of  the 
aiPs  pressure  and  temperatore, — ^thns  supplant- 
ing the  barometer  and  thermometer.  Into 
farther  details,  however,  our  limited  space  for- 
bids us  to  go. — Such,  in  outline,  the  general 
character  of  that  most  important  prindple,  known 
as  the  Interference  of  Liji^t.  The  student  will 
find  it  ftilly  devdoped  in  dl  good  modem  treatises 
on  Light  That  he  is  aoquahited  with  it,  wOl 
be  assumed  in  many  articles  on  Physical  Optics, 
in  the  ftuther  portions  of  this  Dictfenaiy. 

iMUjHialBiloM.  The  operation  of  ifaiding 
terms  between  any  two  consecutive  ones  of  a 
series  which  shall  conform  to  the  law  of  the  series. 
In  most  cases  the  law  of  the  series  is  not  given, 
but  only  numerical  vdues  of  certain  terms  of  the 
series,  taken  at  fixed  and  regular  intervals.  In 
this  case  we  may  approximate  to  the  interpolated 
tenn  by  the  foimuUi^ 
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T  =  o-j-|  di  + 

•l)*^c^  +  &c (1.) 
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Formula  (1.)  expresses  any  term  of  a  series  whose 
terms  are  computed  for  vdues  of  the  variable  in 
arithmeticd  progression ;  a  denotes  the  term  of 
the  series  preceding  the  interpolated  term;  di, 
<^st  ^i  ^4i  ^f  ai^  the  first  terms  of  the  sue- 
cossive  orders  of  difierenceSi  oounthig  from  the 


term.  To  illaatrate  the  process  of  mterpolstion, 
let  us  take  the  equatioD  y  =/(a;).  Now,  bya»- 
signing  vdues  to  «,  and  dedodng  corrBip(wBag 
values  of  y,  we  shdl  have  sets  of  vdues  of  x  SDd 
p  which  may  be  regarded  as  the  oo-ordmates  cf  a 
phme  curve  that  may  be  eonstmcted.    Qvppm 


o  X  and  o  T  to  be  the  axes  of  oo-ordhiatH,  ni 
o^e'cl',  &C.,  thecurve;  66^,  ee',<iif,4e.,tebs 
ordinates  taken  at  equd  intervals,  that  is,  so  thst 
oa=a6=i6c=:cd^6c  Kow,  if  the  owe  whs 
aoouiatdy  oonstructed,  any  ordinate  gf  betmea 
bb"  and  o&j  might  be  found  by  dnwing  gf 
paralld  to  o  t,  imd  measuring  the  length  of  it 
by  means  of  a  scale  of  equd  parts;  bat  if  the 
carve  were  onfy  approximately  given,  the  vsIm 
of  ffgr  could  only  be  appreximatdy  detenalnei 
But  if  we  have  tabdated  a  aeries  of  vdues  «f  y 
for  vdues  of  «  in  arithmeticd  progressioa,  ween 
by  interpdation  obtain,  to  any  degree  of  eiact- 
ness,  any  intermediate  oidinato.  In  oidar  to 
apply  formula  (1.),  to  find  the  valae  of  y/i  «* 
should  make  in 


hff 

'  bo 

and  taking  the  tabulated  valnes  of  (^,  eC,  iit 
&C.,  find  the  soocesdve  order  of  diAreneee  to  soy 
required  degree  of  aeconicy,  and  make  d],  dti 
d^,  &a,  eqmd  to  the  firet  terms  of  the  sooeeidvs 
orders  of  differences.  Substitutfng  these  expi«- 
stons,  hi  formula  (1.),  the  vafaM  of  t  will  be  die 
ordinate  required,  or  the  interpolated  ton.  T» 
fflustrate;  let  it  be  required  to  find  from  the 
tabulated  vdues  of  the  logarithms  of  the  mm- 
bers  13,  18,  14,  and  16,  the  vdua  of  the  kga- 
rithm  of  12|  ^~ 

Koa         19.  19L  M.  U. 

Log.  1<079181      iaiS9<8     lS6tS8     MTCM 

Istor.  difll.  0081763      0103186      OttW 

9d    da  .-0-002677 

Sd    do.  OOOOaSfiw 

Counting  from  Ipg.  12,  we 

a  =  1*079181,  •  =  ), 
c^=    0-002677 

Substitathig  these  vdues  in  formda  (1.),  and 
neglecting  all  the  terms  after  the  fooith,  as  in- 
appreciable^ we  have^ 


di  =  0*084783 
d^  =  0-000866 
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T = kg.  12J  =  a +Y  cfj  +  j^ +— *'«+ *<^» 

=r  1-W9181  +  0-017881  +0-000322 
+  0-000022  =  1-096906 

Had  it  been  nqnired  to  find  the  logarithm  of 
12*89,  we  ihonld  have  made  »  =  0*89,  and  the 
procem  would  have  beeo  the  same  as  above.  In 
like  mamMr  we  may  interpolate  terms  between 
the  tabniated  tsnns  of  anj  mathemstkal  table. 
The  method  of  uiterp^tioo  is  of  extensive  nse, 
DOC  enty  in  pore  analjsb  and  geometiy,  bat  also 
in  vaiioas  other  sn^eets  of  mathematical  in- 
qjoiiy  and  eompntation,  paiticnlarly  in  Astro- 
aomj.  In  this  latter  branch  of  investigation  it 
is  the  means  of  saving,  in  many  casesi  immensaly 
labofiooa  compntations.  Thus,  tor  example,  ia. 
fiadiqg  tlie  places  of  some  of  tiie  planets  whose 
motlona  aie  not  ver^  rapid,  it  will  be  sufficiently 
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One  of  the  Asteroids.   ForElementa, 
&C.,  see  AsTSBOiDS. 

IrMeec«Boe*  The  name  given  to  those 
brilliant  displays  of  odour  always  maniJested 
when  transparent  substances  are  presented  in 
very  thin  plates  ■  ■  as  in  the  case  Afth  eoobt, 
the  lamintt  of  vtothtit  of  pearly  9oap  bubblety  &o. 
See  Thin  Plates,  and  Intekssbeiigb. 

Irla.  One  of  the  Asteroids.  For  Elements, 
&c,  see  AsTBBOios. 

Iria«    See  Rainbow. 

Iriec«pe*  An  ingenious  and  simple  instru- 
ment, invented  by  Mr.  Reade,  by  which  Newton's 
odoored  rings  can  be  readily  shown.  It  is  simply 
a  plate  of  black  glass  perfectly  polished.  Let  the 
experimentsr  oover  itt  surface  with  thin  and  very 
fine  soap,  and  rub  it  afterwards  with  a  piece  of 
diy  chamois  leather.  On  breathing  on  it  after* 
wards  through  a  glass  tube,  the  vapour  deposits 
aeunraie  to  eompnto  their  places  tor  every  fourth  I  itself  in  brOUant  rings,  the  exterior  of  which  is 


ilfth  day,  and  then,  by  interpolation,  to  find 
tbeb  places  tor  intermeifiato  days.    Again,  in« 
tai&big  the  moon's  place  tor  any  particular  hour, 
snppneing  its  place  tor  every  three,  six,  or  twelve 
houB  to  be  given,  the  method  of  interpolatkm 
may  be  applied  with  great  saneess,  the  results 
diftring  inappredahly  from  those  of  actnal  com- 
Dutatiasi.    Bv  this  mtianiu  aim.  the  nlace  of  a 
eomei  wX  any  particular  time  may  be  determined, 
from  obeervatioas  oaade  previoue  and  subsequent 
to  that  precise  period.    In  a  word,  Astronomy 
has  derived  more  sesistsnce  from  this  prindple 
than  from  almost  any  other  mathwnafieal  device. 
ImiBislMMSs     See  Poltbome. 
KmibIiii.    See  EvoLimk 
Ifviii^M,  m  Anummic  and  ATwrntAwaA 
Algikrot  is  tlie  process  by  which  wuAtn^  or 
Bteral  representations  of  numbers,  or  oombina- 
tbDS  of  sudi,  are  raised  toiNNpert,  tLe.,  on  which, 
tlie  act  of  mnltipHcatkA  into  themsdves  is  re- 
peated any  nuxnber  of  times.    The  BuumUal 
rtssrem  is  the  general  lepreeentation  of  the  re- 
snhs  or  laws  of  such  Invoihttion.— In  Symbolicsl 
Algebn,  or  the  Science  of  Operations,  the  sig- 
■s^**"*^  of  the  term  IwookiUkm  may  be  extended 
to  icpseeent  tlie  repetition  upon  a  quantity  or 
a  symbol,  of  the  eame  operation,  any  number 
of  times. 

lBV«lBtl«s»  in  (reosuAy.  A  very  important 
and  tortile  rehuion  between  jwmto  is  indicated, 
in  the  Hi|^  Geometry,  by  this  term.  It  is 
explained  fully  under  BATia  Technically, 
it  is  this, — if  a,  8" ;  (,  ^;  and  c,  C,  be  three 
systSBH  of  two  pouits,  ooi^iigaie  to  each  other— 
tmo  to  two — viz.,  a  to  a';  6  to  ft',  and  e  to&\ 
end  if  the  amkaimomic  Ratio  of  four  of  these 
pdnfes— say,  Oy  b^  c  and  c',  is  equal  to  that  of 
tlidrtoarooii}ugatepdnts;  via.,  a",  ft',  c' and  e — 
tlien  six  pointo  are  said  to  be  in  wwohUum.  The 
real  significsnce  of  this  term  and  its  vdne  in 
Oeomecry  will  be  indicated  under  artides  Ratio 
and  PoiRTB^— See,  for  the  whole  subtject,  the 
great  work  of  Chsslew     Geomotrio  SM^Mrieure. 


black,  and  the  interior  dther  white  or  cdoured, 
according  to  the  quantity  of  vapoor  deposited. 
Tlie  colours  of  these  rings  seen  under  ordinary  or 
compodte  Li^t,  oorreapond  with  the  reflected 
rings  of  Newton, — ^with  this  difierence,  that  as 
the  film  of  vapour  is  here  thickest  at  its  centre, 
the  rings  of  the  Irisoope  have  ftfodb  exterion  or 
ooNlovr*.  See  Thin  Plates. — ^The  Iruoopt  is 
much  more  a  philosophical  toy  than  a  philoso- 
phical instrument 

InnuitettoB*  An  optical  phenomenon  briefly 
explained  as  follows: — It  is  wdl  known  that  the 
images  of  objects  ponist  on  the  retina,  in  time^ 
t.e.,  we  continue  to  see  a  light  for  a  certain  period 
after  that  light  has  gone  out;  witness  the  trdns 
of  light  of  the  tolling  stsn,  and  a  common 
child's  amusement;  viz.,  the  whirling  round  of  a 
bright  point,  causing  thereby  the  appearance  of  a 
oontinnous  bri^t  drde.  hradkJMm  is  a  pre- 
dsdy  similar  action  of  the  retina  in  respect  of 
^pooe.  Not  only  does  the  retina  not  lose  its  im- 
pression at  once,  but  no  part  of  it  can  be  affected, 
apparentiy,  without  its  immediate  neighbour- 
hood being  affected  also.  Hence,  objecte  appear 
to  the  eye  slighUy  larger  than  tiiey  really  are ; 
and  when  the  objecte  are  thin — such  as  Saturn*s 
Ring  seen  on  edge,  the  efRKt  of  this  Irradiation 
is  so  great,  that  it  becomes  impoedble  to  execute 
accurate  messuremente  of  them.  The  laws  of 
this  special  optical  illusion — for  such  it  is — have 
been  investigated  with  great  acuteness  by  M. 
Plateau,  who  has  thrown  so  much  theoretical  and 
experimental  light  on  the  cognate  phenomena  of 
IMfsutaMoe  of  mprouimu.  The  following  are 
the  oondusions  of  his  very  remaikaUe  memdrSb 
For  the  sake  of  distinctness,  and  because  of  their 
eminent  practical  value,  we  give  them  in  the 
form  of  sepsnte  and  substantive  propodtions. 
They  express  the  whole  phenomena  of  Irradia- 
tion, as  it  afifecte  eimple  virion,  or  viuon  aided  by 
Tdescopes. 

I.   A$  to  tmpU  Fmmmi.— (1.)  Irradiation  is 
a  toct  thoroughly  established,  eerily  confirmed. 
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very  Tariable,  bat  capable  of  being  meaaiirod 
with  precision,  under  every  drcumatanoe. — (2.) 
It  occun,  whatever  the  distance  of  the  object  at 
which  we  look;  and  its  amount,  or  the  vittial 
angh  which  it  subtends,  is  independent  of  that 
distance.     Henoe,  the  dsoliUe  breadth  that  we 
ought  to  attribute  to  it,  is — all  things  else  being 
equal — proportional  to  the  distance  which  exists, 
or  seems  to  exist,  between  the  object  and  the  eye. 
— (3.)  Irradiation  increases  with  the  brightness 
of  the  oliject,  but  not  proportionally.    If  the  law 
of  its  increase  were  represented  by  a  curve,  whose 
abscissm  represent  increasing  brightnesses,  begin- 
ning at  darkness  or  zero^  and  having  for  its  ordi- 
nates  the  corresponding  amount  of  Irradiation, — 
this  curve  would  pass  through  the  origin  of  the 
co-ordinates ;  have  its  concavity  towards  the  axis 
of  the  absdssffi,  and  finally  pass  into  an  cuymptote 
parallel  to  that  axis.    For  a  brightness  equiva- 
lent to  that  of  Stan  in  a  dear  northern  sky,  the 
curve  would  be  found  very  dose  to  its  asymptote. 
— (4.)  When  the  space  surrounding  the  object 
looked  at,  is  not  wholly  dark,  the  irradiation  be- 
longing to  the  object  is  diminished;  and  when 
the  illumination  of  the  fidd  of  view  approaches 
equality  with  the  brightness  of  the  object,  the 
illusion   attributable   to  Irradiation   altogether 
vanishes.    Henoe  two  important  practical  conse- 
quences.   When  two  objects  of  equal  brightness 
touchf  or  can  be  made  to  appear  to  tondi,  irradia- 
tion is  at  zero^  at  thdr  point  of  contact.    And 
any  two  irradiations,  occurring  in  neighbourhood 
diminish  each  other, — ^the  diminution  bdng  the 
greater,  in  proportion  as  the  edges  of  the  lumin- 
ous spaces  aie  nearer  each  other. — (6.)  Irradia- 
tion augments,  the  longer  we  contemplate  the 
object;  but  as  it  depends  very  much  on  the  state 
of  the  eye,  or  the  impressibility  of  the  retina^  it 
varies  considerably,  even  in  the  same  individual, 
from  day  to  day. — (6.)  Irradiation  is  greatly 
modified  when  a  lens  is  placed  before  the  eye : — 
it  is  diminished  by  convei^ng  lenses,  and  aug- 
mented by  divergent  lenses.     This  action  of 
lenses,  seems  to  depend  soldy  on  tiidr  focal  dis- 
tances— ^not  on  their  diameters  or  apparent  curva- 
ture.   The  shorter  the  focal  distance,  the  more 
distinct  and  decisive  it  is.    The  theoretical  diffi- 
culty of  the  subject  really  lies  in  this  action  of 
lenses.    What  M.  Plateau  has  established  on  the 
subject,  is  now  to  be  explained : — 

II.  Irradiatior^  at  affecting  Vision  through 
Teleicapes.—(1,')  The  error  produced  in  Astrono- 
mical observations,  flowing  out  of  what  is  called 
IfTodtationf  springs  from  two  causes  essentially 
distinct ;  viz.,  the  ordinary  ocular  irradiation  just 
described,  and  the  aberration  of  the  Instrument 
—(2.)  The  part  of  the  total  error  due  to  irradia- 
tion properly  so  called,  depends  on  the  magnifying 
power  of  the  eye-piece,  the  brightness  of  the 
image,  and  the  nature  of  the  eye  ci  the  observer. 
It  is  greatiy  diminished  by  the  action  of  the  eye- 
piece, and  that  in  proportion  to  its  magnifying 
power,  or  to  its  conctrgency  as  a  lens.    But  it 
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will  vary,  of  course,  with  the  state  of  the  (d>- 
server's  eye.  It  is  aldo  dear,  that  this  portioD  of 
the  total  error  must  disappear  when  a  doabk 
image  Micrometer  is  made  use  of:  it  must,  like- 
wise, afiect  only  slightly,  observations  witii  the 
Udiometer. — (8.)  The  other  portion  of  the  total 
error,  that,  viz.,  which  originates  in  abenratkm  d 
the  Telescope,  necessarily  varies  with  the  Instra- 
ment  used,  but  must  be  constant  for  the  same 
Tdesoope.  One  part  of  the  error  is  thus  coo- 
stant,  while  the  other  varies  with  drcanutanoes, 
and  with  the  obeerver.  Neverthdess,  it  is  msm- 
iestiy  possible,  even  in  the  case  of  an  imperfect 
instrument,  and  an  eye  very  sendtive  \d  irxadU- 
tion,  to  obtain  means  of  Iredng  obsenratioos  from 
the  effect  of  this  peculiar  irror. 

laobaroteetric  The  term  itsdf  mdicates, 
equal  barometric  pressure.  It  is  emptoyed  by 
Kaemtz  to  denote  lines  on  the  snrboe  of  the 
globe,  connecting  places  that  present  the  same  man 
dtfierenoe  between  the  monthly  extremes  of  the 
Barometer: — Lines,  or  rather  curves,  whose  geo- 
graphical position  and  inflections  yidi  important 
oondusions  regarding  the  influence  exercised  br 
the  fbrm  of  the  land  and  the  distribution  of  ths 
seas,  on  the  oscillatioiis  of  the  atmosphere.  Hin- 
dostan  with  its  high  mountain-chains  and  tri- 
angular peninsulas,  and  the  eastern  coasts  of  the 
New  Continent,  where  the  warm  gulf  stram 
turns  to  the  east  at  the  Newfbundhmd  banks, 
exhibit  greater  isobarometric  oscillations  thsn  the 
group  of  the  Antilles  and  Western  Eunope.  The 
prevailing  winds  exercise  a  prindpal  inflnenoe 
on  the  diminution  of  the  pressure  of  the  atmo- 
sphere ;  and  this  is  accompanied  by  an  deradoQ 
of  the  mean  levd  of  the  sea. 

la^cklaseBal.  A  term  applied  to  lines  eoo- 
necting  places  on  the  surface  of  the  globe,  at 
which  there  is  an  equal  mean  heat  during  winter. 

See  ISOTBERMALS. 

laoclunviMns.  Vibrating  or  osdDatoiT 
movements  performed  in  equal  times  arecalkd 
isochronous;  and  the  same  iaochronism  bekngB  to 
that  very  remarkable  property  by  which  all  sys- 
tems that  are  in  equilibrium,  when  disturbed  by 
moderate  but  different  forces,  from  that  position, 
vibrate  with  oscillations  performed  in  what  ia 
sendbly  the  same  time.  A  demonstration  of  tbe 
general  property  cannot  be  wdl  given  heni  It 
is  to  be  found  in  the  MecaniquB  Anaigli^  of 
Lagrange,  and  depends  on  the  processes  of  tbe 
higher  cdculus.  The  most  ordinary  and  best 
known  instance  of  the  property  is  in  the  motion 
of  the  pendulum,  which  bdng  set  a-going  either 
with  a  very  great  or  a  very  slight  vdocity,  will 
beat  seconds  quite  regularly  if  of  the  proper  leogdi. 
Another  excellent  instance  is  detected  in  thii, 
—  when  a  note  of  a  pianoforte  is  struck  sfaaii^y 
or  gentiy,  the  finest  ear  cannot  discern  sny  dif- 
ference in  the  pitch.  That  depends  on  the  time 
of  the  vibrations  exerted,  and  they,  therefore,  are 
isochronous  in  the  two  cases,  although  the  dtb- 
turbanoo  iu  the  one  case  may  be  more  thsa 
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twenty  times  that  in  the  other. — If  there  be  Iso- 
dmmltm — that  ia,  if  the  Uuger  space  through 
wliicfa  the  disturbed  body  moves,  be  traversed  in 
the  aame  time  aa  the  smaller,  it  will  be  needful 
that  the  force  in  the  first  case  have  been  greater 
than  in  the  second,  and  not  only  so,  but  that  it 
bav«  borne  the  same  ratio  to  the  second  that  the 
first  space  did  to  the  second.  It  b  not  difficult 
to  ptxyve  that,  for  small  distances  of  equilibrium, 
this  ia  aensiblr  tlie  case;  and  it  follows,  therefore, 
that  the  vibratonr  motions — before  restitution 
to  the  original  place  b  oomidcted — muat  be 
bocfaronous. 

Mearll— It  signifying  equal  indmatum,  A 
term  applied  to  lines  traced  over  the  surface  of 
oar  gkiw,  connecting  places  at  which  a  free  and 
perfsctlj  balanced  Needle  has,  when  magnetized, 
the  same  mdmaUon  or  dip.    See  MAONBnsM 


t  signif jing  equal  farce,  A 
tenn  lulled  to  lines  connecting  places  on  the 
aur&oe  of  oar  globe,  at  wliich  the  total  magnetic 
power  of  the  Earth  ia  the  same.  See  MAOMBnaM 


A  term  applied  to  a  set  of 
or  rather  carve-sorfaces,  within  the  Earth, 
■ippuaed  to  connect  surfaces  equally  afiittted  by 
tlie  internal  or  proper  heat  of  our  globe.  Such 
iufiMes  are  assuredly  not  yet  determined.  They 
are  suppooed  to  be  indicated  partly  by  the  depthis 
of  hot  i^ogs,  partly  by  very  ambiguous  theore- 
tical eoosiderations. 

1— HaMJc.  A  term  signifying  eq^amglu. 
It  is  applied  to  those  lines  traced  over  the  surface 
of  the  |[^obe  which  connect  places  at  which  the 
deviationa  of  the  magnet,  firom  the  meridian  or 
tms  north,  are  equal.  The  course  of  these  curves 
over  oar  globe  ia  extremely  simple  and  interest- 
fag,  as  wdl  as  the  history  of  their  changes. 
Eveiy  one  of  them,  as  Hunfboldt  observes,  has  a 
Aiitfory.  The  atadent  is  refered  to  Maometuh 
Tbrbestmal. 

MammtttwUwX  Prc^ccttoa.  A  species  of 
projectioa  on  a  ^gle  plane,  whose  fundamental 
eondition  ia  the  folbwing : — If  three  etjpud  lines 
lie  persllel  respectively  to  three  rectangular  axes^ 
the  single  plane  must  be  so  chosen  that  thefar 
prqjectioos  on  it  be  also  ttfuJL  It  is  a  mode  of 
pnjectioB  moat  valuable  in  the  arts.    See  Pbo- 

leap  la  Ins  fir  re  A  branch  of  the  Higher 
Geoowtiy,  treating  of  sorfiioes  having  equal 
perimetera,  and  of  aoUds  bounded  by  equal  sur- 
iaoes.  The  caiioas  problems  suggested  by  it 
cQotribated  more  perhaps  than  any  other  dr- 
camstance  to  originate  the  CdcduM  of  Variatiant, 

laeihiiBl  A  term  applied  to  lines  connect- 
h|g  places  on  the  aurftce  of  the  globe,  at  which 
there  is  an  equal  mean  summer  heat.    See  lao- 

TBEBXAUb 

laeehcmssila  or  leeiheinsiil  Ijtaea.  Nearly 
fcrty  years  have  elapeed  since  the  illustrious  and 
ao«  veteran  Humboldt  published  in  the  Me- 
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moires  de  la  SodUe  d'AreSeU,  his  famous  disser- 
tation on  Isothermal  Lines,  and  the  distributiuri 
of  heat  over  the  sur£u»  of  the  Globe.  Uniting, 
by  lines,  the  points  of  equal  annus!  mean  tem- 
perature, on  the  east  coast  of  America  and  the 
western  coast  of  Europe,  he  prolonged  these 
through  the  interior  of  the  two  continents  as 
far  as  the  state  of  observation  at  that  epoch 
permitted  him.  Much  has  been  done  since  the 
date  of  Humboldt*s  Memoirs,  to  enable  the 
physicbt  to  osny  out  ibu  master-idea.  The 
temperature  of  the  polar  regions  hss  been  deter- 
mined ;  every  ocean  has  been  traversed  by  skilfnl 
navigators,  and  its  relations  to  heat  at  the  differ- 
ent seasons  carefully  scrutinized ;  and  in  the  in- 
terior of  the  continents,  meteorological  Observa- 
tories, fiimished  with  choice  instruments,  have  been 
planted  in  abundance.  The  general  map  of  the 
annual  Isothermals,  now  presented  to  the  reader, 
is  the  result  of  all  these  various  investigations,  aa 
collected  and  methodized  by  Kaemtz,  Bergliaus, 
and  Dovii  On  the  left  hand  side,  the  degrees 
are  merited  according  to  the  Centigrade  scale,  and 
on  the  right  are  the  corresponding  d^rees,  in  the 
scale  of  Fahrenheit  It  most  be  observed  too, 
that  the  influence  of  altitude  Is  eliminated  from 
all  these  mean  temperatures  by  aid  of  the  well 
known  law,  which  expresses  the  amount  of  that 
influence  in  any  given  latitude ;  so  that  the  globe 
of  which  we  are  supposed  to  be  treating,  is  not 
our  irregular  globe,  but  one  with  an  even  surface 
enveloping  ours,  at  the  mean  level  of  the  sea.  The 
most  cursory  glance  at  this  map  cannot  fidl  to 
impress  one  with  a  sense  of  its  great  impor- 
tance, and  of  the  profound  interest  that  in  every 
respect  attaches  to  it  Speaking  generally,  the 
temperature  diminishes  aa  one  passes  from 
equator  towards  either  pole ;  bat  how  utterly  In- 
dependent withal,  is  any  of  these  Imes  of  mean 
temperature,  of  the  mere  parallel  of  latitude ! 
No  wonder,  that  the  eariy  American  oolonlsta 
were  so  cruelly  disappointed  with  the  new  climate 
into  which  they  had  adventured.  Albany,  in 
the  State  of  New  York,  is  of  the  latitude  of 
Rome ;  and  yet,  the  Hudson  which  flows  past  it, 
is  often  frozen  over  for  nearly  ninety  days  in  the 
course  of  a  year  I  Look,  abo,  at  the  North  of 
Europe,  and  the  South  of  Asia,  the  town  of 
lakoutzk  has  the  same  latitude  as  the  Faroe 
Islands,  while  the  difference  of  their  temperatures 
amounts  to  Sl^  of  Fahrenheit  What  b  the  cause, 
then,  of  these  remarkable  anomalies?  How  does 
the  distribution  of  land  and  water  influence  them  ? 
What  b  the  influence  of  ocean  currents  ?  What, 
of  the  prevailing  winds?  &c.,  &c.  Problems  of 
higliest  interest  in  physics :  but,  before  attempting 
to  resolve  them,  let  us  attend  to  another  all-im- 
portant consideration The  mean  annual  temper- 
ature of  a  plaoe  b  only  the  rudest  element  of  ita 
climate.  The  eflects  of  climate  are  mainly  felt 
through  the  changes  that  occur  during  the  year. 
Now,  if,  according  to  the  happy  conception  so  well 
wrought  out  by  M.  Dovd,  we  lay  down  mape  of 
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monthly  Itothermala,  we  shall  find  that  althoo^ 
■a  the  heat  iDcreaees  in  either  hemisphere,  these  lines 
have  a  direct  and  well  pronounced  moticm  towards 
the  respective  poles,  they  do  not  retain  any  approach 
to  paiidlelism  to  the  line  of  the  annual  mean. 
On  the  oontnury,  they  entirely  change  their  form, 
some  portions  of  them  pushing  onwards  with  re- 
markable velodty,  and  many  new  sbnoeities 
appearing.    Maps  2  and  8,  offer  to  the  qre  of  the 
reader,  M.  Dov^s  determination  of  the  isother- 
mals  of  January  and  July ;  and  a  glance  at  the 
curves  into  which,  they  are  thrown,  will  suffice  to 
bear  out  our  assertion.    Observe,  for  instance, 
the  isothermals  of  July.    In  this  month  theh- 
modifications  attain  their  maximum.     In  the 
long  space  passed  over  by  the  line  of  80°  Cent, 
or  of  86°  Fahr.,  a  shiuosity  is  devdoped,  within 
wiiich  the  temperature  rises  to  82*5   Cent, 
or  00*5  Fahr.     This  comprehends  'Kubia  and 
the  south  of  Arabia,  —  **  countries  of  which  it 
is  said  by  Hagi  Ismael,  that  the  earth  is  of 
fire,  and  the  wind  a  flame.*'    Is  it  astonish- 
ing,  under  such   drcnmstanees,  if   the  trade 
wind  of  the  south-east    there  called  the  mon- 
soon of  the  south-west^drives  back  the  trade 
wind  of  the  north-east,  even  to  the  feet  of  the 
Himalaya;  if  elevated  temperatures  are  found 
even  in  the  north  of  the  Asiatic  continent;  or  if 
near  Baganida,  trees  are  found  hi  the  72°  of 
latitude,  although  the  earth  remains  frozen  a  few 
feet  beneath  the  surface  ?    In  the  interior  of  the 
ootttinent,  the  curves  become  oomwD  towards  the 
north, — Scotland  and  Ireland  possess  a  marine 
climate,  Just  as  Labrador,  Canada,  Australia  on 
the  south  and  north,  the  coast  of  California,  and 
on  as  ikr  as  the  embouchure  of  the  river  Mac- 
kenzie.   The  centre  of  heat  in  the  Gulf  of  Mezko 
presents  by  no  means  so  high  temperatures  as 
Africa  or  India.    At  Maracaibo,  it  reaches  80° 
Cent,  or  86°  Fahr.    The  thermic  equator  there  is 
only  sli^itly  bent  towards  the  north,  whereas,  in 
the  Eastern  continent,  it  reaches  in  some  plsioes 
eventhetropicofCancer.  Inthepokrr^ons — ^the 
entrance  to  the  Icy  Sear-the  Straits  of  Lancaster 
and  Behring— transform  tlie  isotherxnalB  near 
the  poles  almost  into  triangles.    In  the  north  of 
America,  these  Unes  are  (biven  downward  both 
east  and  west    In  Europe  and  Asia,  their  con- 
vexities are  transformed  into  concavities,  and  for 
the  most  part  their  directions  are  perpendicular 
to  what  they  were  in  January.    In  the  southern 
hemisphere,  few  of  these  irregularities  appear. 
The  lines  are  quite  near  each  other,  and  almost 
straight  between  1°  and  15°  S.  latitude.    Com- 
paring the  map  of  July  with  that  of  January,  and 
glandng  also  at  Dov^s  maps  of  the  other  months 
not  given  here,  we  may  In  general  terms  sum  up 
the  changes  which  the  Isothermals  undergo  in  the 
course  of  the  year,  as  follows :  —1.  In  Asia,  these 
lines   present    the  largest  displacements  in    a 
northeriy  and  southerly  direction.    Thehr  sum- 
mits, con>'ex  towards  the  pole  in  summer,  become 
concave  in  winter. — 2.  In  Europe,  the  isother- 
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male  present  the  most  complex  oontortiooa— 
8.  In  America,  the  concave  summits  pointiiig  to> 
wards  the  poles,  shiit,  between  winter  and  sum- 
mer, ftxvm  the  interior  of  the  continent  towards  the 
Eastern  coasts,  and  they  res^me  their  previoos 
place  towards  the  end  (^  summer  or  autumn. — 
4.  Europe  has  no  extreme  seasons.*^  6.  Ada  baa 
cold  winten  and  hot  summers ;  America  rigoroas 
winters,  a  cold  spring,  a  European  somuMr, 
but  a  much  more  beantUhl  autumn.— If  primaiy 
causes  were  slone  taken  into  account,  the  ex- 
tremes of  heat  and  cdd  ought  to  be  found  in  the 
middle  of  tlie  continents  and  oceans  respectively. 
It  is  not  so.  Sundry  causes  of  great  importaaoe 
must  therefore  modify  the  action  of  the  prioiaiy 
ones.  What  these  are,  will  m  so  fiir  appear  ftem 
the  remainder  of  this  paper. — The  mode  in  which 
M.  Dov^  determined  these  monthly  means,  and  so 
felt  authorized  to  construct  liis  maps,  is  explsined 
under  Tkmpsraturb. 

(1.)  The  Temperalwreqf  Oe  Fait,  and  (ftkt 
Terrutrial  Globe  tmd  Ui  tv>o  Bemupkerei. — Be> 
fore  proceeding  to  take  account  of  the  seooodsiy 
causes  above  slladed  to,  let  us  attempt  to  ibcm  a 
notion  of  the  general  distribution  of  temperatnre 
over  the  globe.     In  the  map  of  January,  as 
indeed  in  the  othere  also,  it  will  be  seen  that  the 
fiercest  colds  nge  in  the  north  of  Asia  and 
America.      If  a  polar  projection  were  mads  of 
these  regions  for  the  month  of  January,  it  would 
be  found  that  the  two  coldest  spaces  of  these  ooo- 
tinents  form  a  continuous  band  passing  across 
the  pole  of  the  Earth.    But  the  lines  occupying 
these  regions  of  the  extreme  north  are  so  twkled 
and  strange,  that  no  formula,  of  a  manageable 
nature,  capable  of  expressbg  them,  need  hopefolly 
be  looked  for : — happily  in  determining  the  tean 
perature  of  an  entire  hemisphere,  the  conditioB 
of  the  other  regions  is  of  much  more  impoitanee. 
Let  us  rather  start  frx)m  the  torrid  zona    In  tUi 
zone,  the  formula  wliich  best  expresses,  in  Centi- 
grade degrees,  the  decrease  of  temperature  in 
January  as  we  pass  from  0°  to  80°  K.  lat,  hi 
the  Eattem  Bemuphere,  is 

/^•»  26*21  cos.2ak 

where  0  is  the  latitude  and  i^  the  tamperatnn 

corresponding  to  it  In  the  Western  Hcmisphoe 
between  0°  and  40°,  the  approxhnate  npnsso- 
tative  formula  is 

t^  =  27-75  008.  (2  a  —  7°). 

No  formula  can  be  found  that  win  embrace  all 
degrees  of  latitude;  and  between  80°  and  40° 
the  erron  of  the  feregt^ng  are  sufficiently  pdpaUa. 
The  reason  is  simple.  It  is  between  these  par- 
allels that  the  Gulf  Stream  leaves  the  coast  of 
America  and  makes  for  the  Azores,  and  that  hi 
Asia  we  meet  with  the  plateau  which  rins  from 
the  plains  of  the  Ganges  Henos  perUubathns 
in  the  kw  of  the  decrease.  The  formula  which 
best  represents  the  case  for  a2/ panBela  k 
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-V  fv  kyir  latUndM,  the  nemrt  fbrorala  is 
I    «  — 80-0 +  56-25  008.  *x. 

iording  to  thfe  the  tanpenture  of  the  pole,  or 
jn  X  «»  90^—woiild  be 

.  —  80*»-6  Cent  =-  —  28«1  Fahr. 


•o 


l!5*--^ 


r  the  Esetem  Hemisphere,  south  of  the  Eqna- 
,  and  fts  far  as  40®  8.  lat^  the  foUowingiun&iila 


®«»?4*9s. 


ive: — 

I     ».  —  —  6-«5  +  82-75  COS.*  («  —  5°). 

\  vr^  by  appMng  these  fiMinuIflB,  which  he  oon- 

^/v   lers.  with  all  thdr  enxNrs.  prpferable  to  the  asoal 
^i^^thod,  obtained  the  foUowing  results  :^ 

^  -W*    JASVASTf  Kortheni  Bemiiphere  49^  Fahr, 
K.^  Southera       „  M»fi 


Satire  aUbe, H^\  Fslir. 

Jolt,— Korfhera  Remispbere,  70^'^  Fshr. 
Sontheni         m  M'S 


•'*    .- 


■-1- 


4^ 


^  .. 
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9b 


EattoB  Globe, ...... 630-94  Fahr. 

The  tempeiatiire  of  the  Earth  thus  diminishes 
8**  Fahr.  or  4® -5  Ceat  ftom  Januaiy  to 
^j^^Jrir.    If  the  mean  temperatore  of  the  Berth  be 
'^^  *    ae  tiie  nean  of  the  temperatore  of  these  two 
months,  it  li  14^-5  Cent,  or  W-1  Fahr. ; 
the  Sootheni  13^-6  Cent,  or  68^*82  Fahr.  For 
NortlMniHenusfihenHisl5''-6G€Dt,  or  56^*6 
akr.    The  diflbrenoe  of  the  temperature  of  the 
and  of  the  irariations  indicated  above 
to  the  great  primary  cause — their 
\y  different  relatioos  to  land  and  water. 
Bai  liow^  many  other  compUeations  are  involved 
la  those  difletences?    To  how  many  modiflca- 
tlone  in  Hie  general  STStem  of  winds  must  they 
give  rise, — bow  greatly  most  they  ailbct  the  dis- 
tiibntiaB  and  wdl-being  of  animal  and  vegetable 
life! 

(S.)  Tie  Injkimce  of  Oeeame  CmrtiUa  om  (Ae 
itatkirwuMiB. — ^Tbe  calorific  influenos  of  an  oceanic 
comnl  noeessarfly  depends  on  the  diflbrenoe  of 
keat  fTJsHng  between  the  coasts  it  leaves  and 
thaaa  aft  wUch  It  arTives.  The  great  Equatorial 
cmveok  from  East  to  West,  has  no  perturbing 
actisnwiiatever:  Inflocneecf  this  sort  can  be  ez- 
peeted  only  ftom  thoee  wUdi  flow  ftom  Equator  to 
Pele^andoMeeerBB.  Of  these,  the  two  chief  ones 
aie  tlie  Golf  Soeam,  canrying  Equatorial  heats 
Dorthwaid  in  the  Atlantic,  and  the  current  on  the 
discovered  by  Humboldt  in  1802, 
towards  the  Equator  the  cold 
of  the  Antarrtio  Oeean.  Both  of  these 
toist  the  lautheimal  lines,  and  in  the  same  direo- 
lioa ;  giving  diem  sinoorities  that  push  north- 
wards. It  is  in  the  soutliera  atmosphere  where 
tiM  aontlieni  ioes  melt  in  greatest  quantity,  that 
tiw  inflaenoe  of  the  Peni^rian  current  is  mainly 
Ah;  bol  the  mass  of  waten  moving  northwards 
is  eo  largo,  that  there  an  only  slight  traoea  of 
diftTBM,es  owing  to  the  seasons.  The  northern 
lialf  of  tlw  Pacific  Ocean  and  the  southern  half 
of  dia  fT**"***^  present  phenomena  strikingly 
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analogous  to  the  great  Antarctic  current  In  the 
southern  Atlantic  a  current  arising  at  the  Cape 
of  Good  Hope,  moves  along  the  African  coast 
towards  the  Equator,  then  it  traverses  that  ocean 
fW>m  east  to  west,  following  the  confines  of 
Brazil  firom  Cape  St  Roque,  and  flowing  fVom 
north-east  to  eouth-west  In  the  North  Atlantic 
also,  there  is  a  current  running  opposite  to  the 
Gulf  Stream  from  Greenland  and  Hudson's  Bay, 
but  this  latter  acts  chiefly  in  spring.  This  is 
joined  by  another,  whose  origin  apparently  lies  in 
the  melting  of  masses  of  ioe  carried  to  the  north 
of  Siberia  by  the  unbound  rivers  of  that  terrible 
region,  and  which  gives  rise  in  the  first  place  to 
what  Rennel  called  the  Stream  Omrmi.  This 
divides  Into  two  currents,  one  of  which  flows 
west  to  Spitzbergen,  which  turns  it  to  the  south 
in  the  direction  of  Greenland ;  it  passes  between 
Greenland  and  Iceland  as  far  as  Cape  Farewell. 
At  that  Cape  it  meets  the  former  current, — the 
one  which  penetratee  flfom  the  Icy  Sea  into  Baf- 
fin*s  Bay,  through  the  Strait  of  the  Fmy  and 
Eecla — issuing  through  2>arw*  Strmtt.  Thus 
we  find  on  the  banks  of  Newfoundland  icebergs 
brought  down  by  thew  two  currents;  but  these 
rapidly  melt  on  meeting  the  waters  of  the  Gulf 
Stream From  these  fiusts  it  results  that  the  Iso- 
thermal lines  which  always  posh  forward  towards 
the  pole  in  proportion  as  the  declination  of  the 
sun  increases,  are  stopped  in  their  advance  along 
the  eastern  coast  of  America.  The  concave 
summits  of  December  and  January  shrink  back  in 
the  centre  of  America ;  and,  after  June,  they  are 
displaced  towards  the  eastern  coast.  The  north 
of  America,— especially  the  neighbourhood  of 
Hudson's  and  Baffin*s  Bays—is  the  countiy  of 
cold  sprhigs.  There  vegetation  is  of  the  poorest, 
because  the  masses  of  ioe  abeorb,  in  melting,  the 
heat  which  should  cherish  the  mcrease  and  multi- 
plication <jt  plants.  An  unhappy  conjunction  of 
ciicunistanoes  neutralizes  the  ben^cent  influence 
of  the  sun.  For  instance,  the  missionaries  at 
Okak  faifbrm  ns  that  on  Ist  May,  1887,  their 
garden  was  covered  with  snow  to  the  depth  of 
fh>m  five  to  dght  yards,  and  in  Angtut  it  snowed 
anew !  Thne  fiBw  examples  may  sufBoe  to  show 
the  influence  of  Oceanic  Currents  in  impreasiog 
irregularity  on  the  American  Isothermals. 

(9.)  Ii^/btmee  i^  Aerial  OitrreiUs  or  Wvidi  on 
ike  ItotkermaU.—Ii  will  be  noticed  that  the  hi- 
fluence  of  the  Oceanic  currents,  as  traced  in  last 
section,  is  mahily  visible  In  the  Western  Hemi- 
sphere,—a  fact  naturally  issuing  firom  the  narrow 
and  elongated  character  of  the  new  continent 
The  eastern  half  of  the  globe  has  a  totally  dif> 
ferent  configuration.  It  cannot  fnm  its  very 
nature  be  much  influenced  by  the  waters  that 
wash  its  coasts;  and  it  is  here  acoordin^y  that 
we  trace  mainly  the  agency  of  Wmds  in  modi- 
Mng  temperature^ — The  plateaux  and  chains  of 
mountains  in  the  Eastern  continent,  lyingfor  the 
moet  part  from  East  to  West,  are  on  that  acoount 
against  the  winds  that  chiefly  Influence 
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temperatare,  viz.,  the  Northerly  and  Southerly 
streams.  The  central  plateau  of  Asia,  acting  la 
this  manner,  prevents  the  hot  winds  of  India 
from  penetrating  into  Siberia,  and  the  cool  winds 
of  the  North  from  refreshing  daring  summer  the 
homing  plains  watered  by  the  Ganges:  hence 
the  terrible  winters  of  Siberia,  and  soordiing 
summers  of  India.  These  latter,  indeed,  do  to 
some  extent  inflaence  the  summers  of  Siberia, 
wliich  in  some  places  are  very  warm. — Why, 
however,  do  the  isothermals,  with  concavities 
towards  the  pole,  fall  in  winter  near  to  its  eastern 
coast,  and  not  in  the  centre  of  the  Asiatic  conti- 
nent? In  other  words,  why  has  Europe — the 
western  side  of  the  old  World — so  high  a  tem- 
perature in  winter?  The  temperature  of  the 
winter  in  our  latitudes  is  so  dependent  on  the 
direction  of  the  winds,  that  the  cause  of  the 
phenomenon  in  question  must  be  sought  for  there 
alone.  The  predominance  of  moist  and  hot,  over 
dry  and  cold  winds,  is  the  cause  of  the  mildness 
of  the  European  winters.  Two  proposit  ions  estab- 
lish this : — Fintj  Nowhereare  moistand  hot  winds 
so  predominant;  and,  tecondhf.  Nowhere,  even 
when  they  prevail,  do  they  raise  the  temperature  so 
much  as  they  do  in  Europe.  This  subject  cannot 
be  understood  without  regard  to  the  changes  im- 
pressed on  aerial  currents  by  the  rotation  of  the 
Earth.  The  air  which  rises  at  the  Equator  is 
animated  by  a  rotation  much  more  rapid  than 
that  of  higher  latitudes,  hence  a  diange  in  its 
direction  as  it  flows  northwards  or  southwards 
towards  the  temperate  zones.  In  our  Northern 
sone,  the  south  winds  gradually  vei^ge  towards 
west  winds,  and  north  winds  towards  the  east 
The  air,  therefore,  that  rises  in  Africa,  blows 
rather  over  Asia  than  over  Europe.  The  cradle 
of  our  winds  is  not  in  Sahara,  but  in  America. 
Now,  the  air  which  rises  under  the  tropics,  and 
descends  to  the  Earth's  surface  in  higher  lati- 
tudes, warms  them  chiefly  by  getting  rid  of  the 
latent  heat  that  retained  its  moisture  in  the  state 
of  vapour.  Europe  b  thus  the  condenser  of  the 
Caribbean  Sea.  The  Andes  and  the  rocky  moun- 
tains arresting  the  snow,  all  the  vapours  of  the 
Padflc  Ocean  precipitate  themselves  in  the  narrow 
slip  of  land  on  the  west  of  tiiese  chains.  Hence 
the  vast  difference  of  the  influence  of  these  appa- 
rentiy  corresponding  winds  in  Europe  and  the 
greater  part  of  the  continent  of  America, — that, 
viz.,  lying  to  the  east  of  its  central  chains  of 
mountains. 

(4.)  Caiues  of  the  intense  Cold  qf  Northern 
Amenca. — Besides  the  general  phenomena,  al- 
ready partially  explained,  there  starts  up  the 
problem  as  to  the  fearful  rigour  of  ^e  winters  in 
the  northern  portions  of  North  America.  Why 
are  immense  riven  annually  frozen  in  a  continent 
whose  coasts  are  washed  by  the  Gulf  Stream  ? 
Why  have  the  United  States— narrow  as  that 
continent  is,  and,  of  course,  with  every  point  in 
it  near  the  sea— a  contmental  climate  in  winter, 
and  a  marine  climate  in  summer? — The  great 
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lakes  of  the  St  Lawrence  coveraspaoe  of  94,000 
square  miles,  and  other  lakea  besides,  fijnn  m  oon- 
tinuous  chain  between  Hudson's  Bay  and  iht 
Rocky  Mountains,  as  far  as  the  Arctic  Sea.  In 
these  masses  of  fresh  water,  the  cooled  layer  at 
the  surface  always  descends,  and  the  lowering  of 
temperature  through  effect  of  evaporation  takes 
place  exactiy  as  in  the  sea;  but,  in  the  sea,  the 
cold  water  on  reaching  the  bottom  Jlovs  towanb 
warmer  regions ;  while  no  such  current,  removing 
the  cold  layer,  can  take  place  in  endoaed  lakes. 
Fresh  water  also  has  its  maximum  deositj  at 
89° -2  Fahr.,  while  the  sea  freezes  less  eaady  en 
account  of  the  tides  that  agitata  it  The  Northern 
regions  of  America,  with  its  frozen  lakes,  is,  there* 
fore,  a  continental  mass  during  vinter;  wliile^  m 
smnmer^  its  surface  is  divided  between  kmd  and 
water.  Hence  the  contrast  Ifitisasked^fortha; 
why  the  lakes  freeze  so  soon,  why  the  Hndsan, 
under  the  latitude  of  Rome,  is  bound  up  from 
the  15th  of  December?  the  reply  is,  that  in 
Europe  south-west  winds  dominate  in  winter,  and 
are  replaced  in  spring  and  anmmer  by  northerihf 
ones;  while  in  America  the  mean  direcdoB  is 
north-west  in  winter,  and  south-west  in  sumnMr. 
(5.)  Causes  of  the  predominance  efBes^hterhf 
Windt  in  Europe. — It  is  well  known  that  then 
are  two  grand  opposing  aerial  cuRcnta  in  oar 
Atmosphere — one  from  Equator  to  Pole,  and  the 
other  from  Pole  to  Equator.  These,  modifiwl  ia 
direction  by  the  rotation  of  the  Earth,  onginatB 
our  main  winds.  See  Winds.  But  the  air 
which  returns  from  Pole  to  Equator  is  the  sane 
as  that  which  flows  from  Equator  to  Pole,  only 
it  has  lost  its  vapour,  and  ia  much  colder,  and 
therefore  occupies  a  greatiy  dimintshed  VQlnmfr 
These  counter  currents  often  change  their  beds; 
but  any  point  of  Europe  will  be  found  much 
more  frequentiy  within  the  course  of  the  large 
equatorial  current,  than  in  that  of  the  compara- 
tively narrow  polar  one.  Hence  the  predomi- 
nanoe  of  southerly  over  northerly  winds. — ^To 
establbh  the  relative  frequency  of  these  auients 
and  their  reciprocal  influence  in  the  course  of  tha 
year,  is  now  one  of  the  most  urgent  necessities  of 
meteorology.  I>ord*s  maps  of  the  monthly  iso- 
thermals is  a  most  important  contribution  towanis 
that  end. — Other  and  more  special  cansn  act  also 
upon  Europe.  Thehigh  summer  tcmperatun  of  the 
Asiatic  continent,  gives  rise  to  a  powerful  special 
ascending  current,  which  diminishes  the 


spheric  pressure  over  it,  and  theteby  makes  that 
current  a  sort  of  centre  of  attraction  to  aU  acsgb- 
bouring  masses  of  air.  Then  the  south-east  trade 
wind  is  driven  back  and  becomes  the  south-west 
monsoon.  The  n(uth-west,  as  tar  as  the  Himalaya 
and  Europe,  are,  tlirough  the  same  action,  visited 
by  cold  north-west  winds  that  cool  so  disagree- 
ably the  atmosphere  in  summer.  At  the  same 
time  east  winds  prevail  on  Uie  ICast  coast  of  Asia, 
north  winds  on  the  coasts  of  the  Froaen  Ocean, 
and  the  mass  of  air  that  rises  from  Asia,  flows 
away  laterally  and  aocum*ilateB  over  the  omrex 
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■vmnlu  id  Uw  IntluntulL  Tbit  !•  Iba  flwt  In- 
dieUcd  bjr  th*  ram  of  mromatiiM]  pnuure  of 
tka  (bj  a»  at  SlIAa,  wba«  the  majdmam  ii  in 
uuiuwa  ;  vhfla  in  coiuitiiai.  witli  cold  iprlng 
fimm  (tha  antic  nglon  of  Nscth  Amflrlca),  llig 
■■xiowim  irfpfMBUHtitg  plan  at  that  «san. — 
8>cfa,  tboi,  te  mottblng  of  tbe  pNwdio  channa 
that  afiecl  the  iaoUKnaal^  and  wboN  comUnattoa 
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givaitfattodwoMHialcurm.  Tba  ttodent,  who 
in  carioiu  regarding  this  most  inlereating  subject, 
it  relenvd  to  tbe  original  memoin  of  M.  Ihrci, 
from  whose  imnwose  repertory  Uie  foreg<^g  piper 
ti  abitracted. 

bMTvpIc  8*IU.  An  AmorjAotu  Solid,  or 
ODO  Id  which  the  action  of  tbe  Elastic  Ktrcn  ii 
llika  in  all  dirwsIioDi.    Sc«  Et-aancm,  %  19. 


M^m».  Om  of  the  Aftcroids  (;.v.)  dlKortred '  dajs,  and  Che  Utter  in  21,819  dayi.  Tbe  pe«ur- 
'  Profeaaor  Haidlns  of  Gotlingen  is  IS04.  jbalioiu  in  the  main,  iberelore,  recur  in  tbe  coutm 
ir  ha  QaBCBta,  lee  Aitskoidb.  r  of  vei7  nearly  60  yeara.    Bat  the  recurrence  la 

J«pH— ■    ThalargaM  and  moat  auperb  planet  [  not  enact;  and  thia  inexaditude  gives  riia  to  a 

IT  inlenL    Tha  diaoMtet  of  this  mag-  '  luportdded  or  supplementary  inequality  alwaya 

b,  kSiplf      -        ■    ■     - '■      - 


■ifient  ofb^  a 


i!,164  mOea,  that  of  Ihe  earth 


boDg  on^  7,BSG  mUo.  Ill  vohtBit  ia  iherefore 
1,191  tiiMS  that  of  the  earth ;  bnt  aa  iu  denisilr 
.  la  only  -StT,  sr  coniderablf  leas  than  one-fourlJi 
tha  ^mmUj  «f  tha  aartb,  ita  mu  ii  only  838718 
doMa  gnatv  than  tbe  man  of  oar  glube. 
GraTity,  at  tha  aaitace  of  JuiHler,  is  lUBrl.i  SJ 


■Bifaca;  to  ethv 
body  fall*  thnog^  16-1  Aet  ) 
bod7  woidd  bll,  is  the  same  ti 
oar  eompMrfna  planet  throng 


rbik  nitb  ui 


■urging  the  pertnrbations  jost  inenlioDed,»bich 
■ISO  runs  ita  course.  Tbe  diS^recce  between 
the  two  fbttgoing  numbers  is  only  146  daysi 
oavcrthelese,  In  that  time,  Jupiter  deecribei  1!% 
irtiila  Saturn  deeeiibes  only  &° ;  lO  that,  In- 
atead  of  being  in  actual  conjunction,  they  an  7° 
apart.     Tbe  question  is,  then,  seeing  that  " 


',  at  Uw  surfitce  of 
4  Act  Jupiter's 


«J^alUi^^^y  ti  il»  orUl,  tnm  6-458063,  to 
4  aSlSTIy—tbcdbUoce  of  the  earth  being  unity. 
Hu  DMUI  Artoca  «  6-203T67.  The  poiod  of 
hla  aidefpd  Rnlntloo  is  4S32'SB4S0S1  days. 
Tte  period  of  Ua  ntatlon  CO  his  ax  is,  on  ty  9  hOBn, 
ii  aia-vtm,  H  nooada )  so  that  It  ii  not  won- 
daiftd  thtt  t^  jlanM  is  slDgulariy  oblate  or 
Battled  at  tfcipaiw.  Tba  oompreaaion  of  the 
Ewth  la  ksmn  t*  be  only  about  ^th  part  otita 
eqoaloti4  dlauctar;  but  the  comprasston  of 
Japiur  i*«B  madi  aa  ^^Ih. — It  ia,  at  ooaraa,  to 
be  aaiMuiWd  (hat  ■  planet  ao  m^cstlb,  ahoald, 
thraagh  tfm  InBoenea  of  ita  gnntatioa,  largely 
"'*~*'*f*'  tta  other  ortw  cf  thia  aj-atem,  and  aspe- 
oaUy  ihpae  in  Its  immediate  nd^bmrbiud. 
Tin  '—■ -■T'—  spaces  separating  Jujdtv  born  most 
of  his  naaepaoioo  pUnets,  dlmiaiah  In  so  far, 
a  of  his  great  magnitude  j  although 
hly,  that  iufloenca  most  extend  to 
a  alL  OiM  of  the  qost  intereiting  of  his 
tmaa  Id  tbla  way,  is  that  img  intqualilg,  as  it 
ia  taduiiatlly  tRiDed,  which  exists  through  the 
BBtual  i^aliooa  of  this  planet  and  SaOim.  If, 
■a  amy  rerolntion,  or  erery  few  revolutioos, 
any  two  pUncts  wete  to  neume  their  original 
pi-Wt""  and  distancta  idatiie  (o  each  other, 
tbdr  mitBal  perurtkations  would  recur,  or  go 
Ihroogfa  tbair  nxutds,  in  comparatively  brief  cycles. 
This,  buwarer,  to  mwhera  the  caae,  ahhoogh,  hi 
aome  int<r"~*  then  ia  an  ^ipniach  to  Sl  In 
the  eaaa  of  Jupiter  and  Saturn,  Bvg  pcioda  or 
laralBticas  of  tha  fonnet  aie  nearly  equal  to  two 
cTtbelalte',— tiubtintrtiUng  place  in  21, 66S 


w  long 


separate  thus  ftz  ia  about  60  years,  b 
will  they  raijuira  to  letun  to  thvir  odglnal  tela- 
tirepodlloo?  The  psiod  of  the  long  inequality 
is  detsmlned  by  the  reply  to  this  question.  In 
cnnjonction  with  other  coosiiieratioDs  on  whii.-h 
we  cannot  now  eotcr.  lit  true  period  is  about 
91»  yeara.— The  laSueace  of  this  great  planet  on 
Hars  will  be  nJtmd  to  in  our  nodce  of  Han. 

(1).  Jir;>t[n-,PAy»ai;a4MiMo/:— On  the  sur- 
face of  Jnpitar  are  aeveral  transverse  bands  par- 
allel to  bta  equator,  which  is  almost  parallel  to 
the  ecliptic;  and  dariilsb  spote  are  also  disooveraUe 
CO  his  imface.    See  fig.  1.    Uenchel  attributed 


Iheoebands  to  atmospheric  currents  similar  to  our 
Iradt  mind;  only  mucb  mure  marlced,  as  a  necea- 
saiy  Mcsequeace  at  the  great  swiftnen  of  his 
rotation.  Ttie  theory  of  tha  spots  on  the  disc,  ia, 
that  they  aie  occasioned  by  cloudt  Hosting  b  liit 
atmosplierei  and  tlie  mobility  of  such  clouds 
sufficienlly  explains  Ilie  slight  diflenoca*  in  the 
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▼alnes  given  for  the  period  of  hb  rotation.— Owing 
to  the  &ct,  that  his  polar  axis  la  almost  perpen- 
dicular to  the  plane  of  hia  orbit,  there  cannot  be 
any  appreciable  matom  in  Jupiter,  and  of  oonree 
none  of  those  peculiar  changes  that  so  direnliy 
and  beau^  tiie  existence  of  the  Earth. 

(2).  JfipUer,  SaidBlm  <^— One  of  the  earliest 
disooverieB  of  Galileo,  after  his  inestimable  in- 
vention of  the  teleraope,  was  the  four  ^  Medioean 
Stars,**  or  the  four  Satellites  of  Jupiter.  The 
following  table  exhibits  their  mean  distancas 
from  the  centre  of  the  planet,  and  their  periods 
of  revdlution.  It  will  be  seen  that  the  rdations 
of  their  dJBtances  and  periods  are  exactly  ex- 
pressed by  the  third  law  of  Kepler : — 


M««l 
DbUncM. 

Durntion 
of  their 

Ist  Satellite 

2d   Siitellite. 

%\   Ssitelllre.... 

4tli  Satellite  

6-09 

lA:tA 
87^00 

177 

715 
16-U9 

The  sutjdned  figure,  drawn  according  to  exact 
propnftion,  will  represent  their  relations  to  the  eye. 
On  the  same  scale,  the  distance  of  Jupiter  from 
the  Sun  would  be  28  English  feet — the  volume  of 
the  Sun  himseli^  neariy  filling  up  the  space  within 
the  orbit  of  the  second  Satellite.    The  eooentri- 


ng.8. 

dties  of  the  oriiits  of  the  two  first  Satellites  are 
acarody  peioeptible,  thoeeof  the  third  and  fourth 
exceedingly  slight  The  planes  witliin  wliicfa 
tiiey  move,  form  very  email  angieB  with  the  plane 
of  Jupiter*8  orbit,  on  which  account  they  are 
generally  seen  arranged  nearly  in  a  straight  line 
in  the  direction  of  the  planet*s  equator.  The  in- 
clination of  the  tUrd  Satellite  is  the  largest,  and 
that  is  only  6'  8"  from  Jupiter^s  equator;  the 
inclination  of  the  orbit  of  the  seoondC  is  1'  fi^  * 
that  of  the  fourth,  24'',  while  that  of  the  first,  is 
only  7". — The  perturbations  of  this  interesting 
system,  were  early  investigated  by  Laplace; 
whose  Memoir  on  the  subrject  was  one  of  his  first 
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titles  to  distindioB.  They  liav«  siaeB  oeonpM 
other  distinguished  astronomers.  They  srevvy 
cmiono  especially  the  rdations  of  the  flirt  thws. 
As  the  foregoing  taUe  shows,  the  relatioos  of  the 
periods  of  revdntions  of  these  three  are  peesiv 
and  most  simple.  The  period  of  the  sMoad  ii 
v^^  nearly  double  the  period  of  the  flnt,  sadtte 
period  of  the  third  18  also  almost  exactly  dodiie 
that  of  the  second.  From  this  peculiarity,  ad 
the  fbrther  foct,  that  the  slight  diflerenoBB  betveta 
these  two  ratios,  and  the  actual  numben,  srelikt- 
wiae  related  in  a  very  simple  way,  the  IbOovipg 
two  laws  controlling  their  mutual  pertnbslial, 
arise : — L  Tlie  regression  of  the  linie  of  eo^|iiDe- 
tion  of  the  second  and  third  Satdlites  is  vati^ 
as  rapid  as  the  regression  of  the  line  of  coigaBOtiaB 
of  the  first  and  second  Satellites.  And->IL  Tbi 
line  of  coqjnnction  of  the  second  aad  thirl  8ild- 
lites  always  ooinddes  with  the  lineof  ooi^nndioi 
of  the  fint  and  second  SateUttes  produced  bsck- 
wards ;  the  conjunction  of  the  second  aad  tUrd 
Satellites  always  takhig  place  on  the  side  oppoeils 
to  that  on  which  tlie  conjunctions  of  the  first  nd 
second  take  place.  Hm  stndcnt  vemd  in  the 
calculus,  will,  of  ooune,  consult  tin  erigiMl 
chapter  in  the  MeaaAqve  Celetle,  These  bodla 
are  all  somewhat  larger  than  oar  moon:  the 
laigest— the  thhd— is  8.678  mfles  in  dtanslee. 
(8.)  Jupiter's  SaUUiiea,  Ediptm  or  OxsAs- 
tiom  ^— Owuig  to  the  foot,  that  the  phnw  cf 
the  orbits  of  these  bodies  are  nearly  coineiileet 
with  the  plane  of  ikn^  planet's  ortut,  tfaejr  iswt 
suffer  edipse  on  every  revolution ;  and  fcr  tbi 
same  reason,  we  must  be  able  on  ever^  levulutaoa 
to  see  them  passhig  across  Jnpiteif's  diss.  Thw 
phenomena  were  atone  time  employed  todetemlne 
terrestrial  longitude  (see  LoMorruDB),  but  the 
practice  has  long  been  superseded  by  the  see  cf 
much  more  precise  methods.  It  demands,  hswevci^ 
to  be  mentioned,  that  it  was  by  aid  of  the  eelipw 
of  the  Satdlites,  that  the  acnteness  of  BooMr  fint 
detected  the  jiro^rssftae  diaracterof  tiie  psopege* 
tion  of  light,  and  its  actual  velodty.  OecopTisg 
hfansdf  with  the  Oeorstical  prediction  of  thM 
eclipees,  he  found  that  the  actual 


never  took  place  at  the  calwilafnd  tfane— dMi 
oAooyi  LATBR.  Still  ftirther,  this  apparoit  cn« 
varied  with  the  podtlon  of  the  Observer,  oroftte 
Earth.    When  oar  g^obe  ia  between  tiie  fln 


and  Jupiter,  and  of  course  nearest  Jupifier,  the 
error  is  not  so  great  aa  in  the  epposile  csn^ 
viz.,  when  the  earth  is  fiuHieBt  from  JnpHer,  or 
on  the  opposite  side  of  the  Son.  And  the» 
apparent  enon  are  not  capridoos.  Thqy  oc- 
cur reigulariy  and  by  r^gndar  qnantitiee;  aad 
this  deariy' indicates  that  tiiefar  origin  liei  ia 
some  pennanent  and  regular  caose.  In  a  hspfiy 
moment,  Bcemer  hit  on  the  coqjeetnre,  thst  m 
dofiot$miht  ec/^pss  whm  it  dbst  ftdbs^fBOi,  bat 
some  time  afterwiiida,.--in  other  words,  that  Ug/t^ 
oocmpitt  g  certom  dq^wte  <miis  w  fnaweflf »y.  "Hn 
idea  started,  the  calculation  of  the  velodtjr  wM 
easily  made.   Taking  that  vdocHj  in  leandi 
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Imr,  or  19S,000  mfles  in  one  aeoond  of  lime,  the 
AftraooDMr  foand  thai  aU  diMraponcMS  vaniaM 
and  ftom  that  monunt,  a  now  and  moot  impor- 
tant traHi  enterad  tlio  domain  of  PlivtioB.  It 
win  be  nen  in  other  aitidee  in  this  dlotlonaiy 
that  our  wliole  power  to  explain  the  phenomena 
of  Liglti  depends  on  our  poaoBsnton  of  tliis  tmth. 
—For  discuMion  of  the  ihat  itseU;  see  Ligiit, 


TsLOcnr  o^- — ^It  cannot  Ikirly  be  alleged  that 
we  are  acquainted  experimentally  with  &»  velo- 
city of  this  great  agent  in  the  interatellar  apaoea ; 
but  it  is  taken  for  granted  in  all  phyaioal  Inqniiy, 
that  it  travels  thxoagh  those  remoteneasea  alaO| 
with  the  aame  marveUous  speed.  Roamer's  dis- 
covery is  thus  held  to  be  a  oondical  0I1& 
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A  veiy  pretty  device  of 
Pwiftaaoi  WheatstoM^a,  by  which  the  eye  can  be 
made  to  dlatingniah  the  trmtmrtal  vilnatiooa  of 
an  elaatie  thin  plate^  ilxed  at  one  of  ita  extiemi- 
tSm.  Let  the  plate  cany  at  ita  fine  end,  a  ball 
of  peBahed  metal,  or  a  hoUow  glasa,  aHvered 
wilUn;  and  let  the  eatperiment  be  made  in  dr- 
cnmstanoea  ealcolated  to  eAct,  by  thia  ball,  the 
refectaoD  of  Light  in  the  form  of  a  brilliant  point- 
Whea  the  tUn  plate  ia  pat  in  vibration,  in  any 
way,  tUa  ftae  point  of  lif^i  appeara  to  deaeribe 
virioiis  ewes,  eomspooding  with  the  mnsical 
notes  prodaoed  by  the  vibra&ns. 

WMleHaarare  Abeontifiilinstrament— one 
of  tbs  happiest  mvenftioiB  of  Star  David  Brewster. 
It  Is  wdl  known  that  if  two  mirrofs  hang  on 
wabs  exactly  opposite  eaoh  other,  the  image  of 
any  ofejject  betwean  then— 4if  a  lamp  for  example 
~  ia  npeaied  in  each,  an  indeflnite  number  of 
tlBMa;  ftnningtifthemirrora  are  perfteUy  parallel, 
a  aort  of  indefinite  or  vaniaUng  alley  of  ligfata.  If 
the  nAmca,  instead  of  being  parallel  and  diatant 
ftwn  cndi  otlier,  were  indined  as  below,  the  image 
of  any  object,  m^  between  them,  would  likawfae 
B  be  repeated,  but  inatead 

of  fenning  an  alley,  ita 
imagea  wcmld  be  diaposed 
around  tlie  drcumftreoee 
of  a  ciMJe  whoae  centre  ia 
B,  and  radioa  b  c,  or  b  C. 
Sb  David  Brewster  happily 
imagfaied  that  by  the  lijg^t 
diaposition  of  two  miirora 
in  thia  way,  figvate  objecta  placed  between  o  and 
C  night  be  nude  prodooe  sjrmmetrical  forms  of 
gnat  beaoty  and  {nfinite  variety;  and  by  fixing 
two  oUoQg  mfamra  at  thair  edges  as  at  b,  and 
mailing  etfisr  suitaUe  ammgements,  ho  anived 
at  his  fluBooB  KaleidasoopeL  This  instmmcnt, 
wUchf  in  tens  nors  or  Ian  nde,  found  ita  way 
ime  the  hands  of  every  one,  is  so  well  known  that 
IMbar  general  description  ia  unneceaaaiy*    It  ia 

r,  to  the  eminent  inventor  to 
that  tlM  Kaleidoscopn  ptodnosd  under  his 
in  nowiae  be  oonftunded  with  the 
lOQgh  imitatinns  of  them  that  so  rapidly  spread 
The  latter  wan  toys.  Brswster's  Kalai- 
is  SB  instcuBMBt  pertscCed  by  scienoek 
Am  in  vrntj  simaar  drennstanoe  in  whidi  he 
Ins  been  ouiiesiaed,  fiir  Dsrid  dgoroudy  invee* 
»if^*^  bmI  apT^'WI  all  ttoos  atffl"t*ftft  OTnditiWTf 


to  whidi  hia  invention  dumM  be  sntjected,  ao 
that  it  produce  perfect  aymmetiy.  The  following 
are  the  leading  conditiona; — (1.)  The  angle  at 
which  the  reflectors  are  placed  must  alwaya  be 
a  aubmultiple  of  860^-^(2. )  When  the  object 
whoae  imagn  are  to  be  viewed  is,  in  all  its  parts, 
symmetrically  dtuated  with  regard  to  both  mir- 
rora,  thia  aubmultiple  may  be  dtber  even  or  odd; 
but  if  the  olirject  is  inegnlar,  and  inegnlarly 
placed,  it  ought  to  be  an  esea  submnltlple. — (8.)- 
Iliere  are  only  two  poaitiona  in  which  the  olject 
can  be  placed  eo  that  ita  imagw  form  a  periSect 
aymmetiy.  It  must  dther  be  between  the  ends 
of  the  minora,  or  in  contact  with  theae  enda.— 
(4.)  The  eye  must  be  aa  near  aa  poaaiUe  to  the 
angular  pdnt— 4Sir  David  added  to  aome  of  hla 
kaleidoaoopn  an  6t]>|ect-glan  or  lena;  thereby 
giving  the  dbeerver  the  power  to  view  fhrongli 
it,  any  eactamal  or  natural  olject  The  inatru- 
ment  was  of  gmt  uae^  and  at  one  time  <rf  wide 
appticatioo,  in  aU  Arta  of  Deaign. 

Kepic>%  Infwa»  Three  Lawa,  or  exproa- 
aiona  of  the  Order  of  the  planetary  motioaa,  dia- 
ooverad  by  John  Kepler.    They  are  theae : — 

FinL  The  orbit  of  every  pUmetaiy  body  ia  an 
EU^^tet  111  ODA  of  whoae  foid,  the  Sun  ia  aitnated. 

Second,  ThenmiMM  vector,  of  each  planet,  eweepa, 
in  equal  thtaes,  over  equal  areas.    See  Abbas. 

Third.  The  ajworet  of  the  times  of  Revdution 
of  two  planets,  are  in  the  ratio  of  the  aibee  of 
their  mean  Distanoea  firom  the  Sun,  or  from  the 
fod  of  the  Ellipeea  in  which  they  move. 

Then  moat  important  Lawa  were  dabomted 
by  Kepler  out  of  the  man  of  separate  obeerva- 
tkms — ^thon  eapedally  on  the  planet  ifon— left 
by  Tycho  Brahe.  No  more  instructive  kaaon, 
in  induotive  philoaopby,  can  well  be  found, 
than  hia  own  narrative  of  the  mode  in  which  he 
discovered  them.  We  have  told,  in  sztide  6ba- 
viTATiOtf,  what  is  their  place  and  importance,  as 
meana  towarda  the  diaooveiy  of  the  grand  Law 
of  the  material  Umvcne,  and  n  deacriptive  of  Ita 
exaet  Order. — It  waa  unfortanatdy  not  the  privi- 
lege of  Kepler,  to  advance  beyond  then  Lawa,  or 
to  aaoend  to  tba  great  Physical  Theory  afterwards 
unfolded.  He  was  indeed  the  true  diaooverar  of 
the  Law  tfJnmiia^  but  could  not  appreciate  ita 
bearings  on  CdeML  Meehamas.  He  dung  to 
a  doctrine  of  VortioM;  nor  would  it  have  been 
easy  te  him  to  dsvin  a  mon  competent 
Theoiy* 
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One  of  the  oonstenatioiui  marked 
by  Hevelius.  It  is  surrounded  by  Andromeda, 
CepheiiB,  Cygnos,  and  Pegasus.  Its  laxgest 
star,  g  Laoerta,  is  of  the  fourth  magnitode. 

Eaamp.  A  very  essential  part  of  an  experi- 
mentalist's apparatus.  The  prime  quality  of  a 
lamp  is  the  steadiness  of  its  light,  and  this  de- 
pends on  the  uniformity  with  which  the  wick  is 
wetted  by  the  oil  or  other  combustible.  The  first 
effort  to  secure  this,  was  by  the  ling-lamp,  in 
which  the  oil  was  contained  in  a  ring  of  a  foot  or  so 
in  diameter,  surrounding  the  burner,  and  on  a  level 
with  the  top  of  the  wick.  But  the  level  of  the 
oil  in  tlie  ring  sank  as  combustion  proceeded,  and 
the  issue  was,  carbonization  of  the  wick,  smoke, 
and  diminished  light  This  could  only  be  avoided 
by  the  troublesome  prooeBs  of  c<mtinued  replenish- 
ing. Next  we  had  CarceTs  lamp,  in  which  the 
oil  is  regularly  pumped  up  to  a  certain  leyel 
from  a  reservoir  blelow,  by  two  small  pumps  kept 
in  motion  by  clock-work,  or  by  force  of  a  main- 
spring. These  lamps  have  been  great  fkvourites 
on  the  Continent,  and  were  made  highly  orna- 
mental ;  but  their  expense,  and  the  inconvenience 
arising  from  the  necessity  of  cleaning  their  me- 
chanism, kept  them  out  of  general  nse^  The 
Moderator  lamp,  quite  a  recent  invention,  pro- 
mises to  displace  Careers.  In  this,  as  in  Car- 
eel's,  the  reservoir  for  the  oil  is  below,<  and  it  is 
forced  up  to  the  required  level  by  the  action  of  a 
spirsl  spring,  whose  tension  requires  to  be  re- 
newed, or  the  spring  wound  up,  once  in  twelve 
hours.  They  possess  all  the  virtues  of  the  Car- 
ed lamp.  The}-  are  simpler,  cheaper,  and  free 
from  the  more  serious  inconveniences  attaching 
to  their  precursors. 

liSunp,  1IIoBO€liV«Huuic«  A  lamp  whose 
flame  yields  rays  of  some  one  homogeneous  light 
It  is  of  greatest  importance  in  optical  experiments 
to  have  the  power  of  nsing  light  of  a  definite  re- 
frangibility.  But  the  object  is  difllcult  of  attain- 
ment unless  by  the  process  of  first  separating  the 
rays  by  the  prism,  and  then  selecting  the  special 
ray  we  desire.  Sir  David  Brewster  long  ago  pro- 
posed to  substitute  lamps  with  coloured  flames. 
Here,  too,  the  difficulty  is  great,  as,  however  strong 
tfa^  colour,  the  ray  seldom  manifests  absolute 
homogendty  under  the  test  of  the  prism.  The 
distinguished  philosopher  just  named  obtained  a 
homogeneous  yeUow  light,  from  a  lamp  fed  by 
spirits  of  wine  diluted  with  water  and  heated: 
and  it  has  been  found  since  that  if  some  of  the 
muriates  are  thrown  in  powder  on  the  wick  of  a 
spirit  lamp  the  same  effect  is  produced.  By  using 
common  salt  or  muriate  of  soda,  in  this  way,  Mr. 
Talbot  obtained  a  very  copious  supply  of  pure  or 
absolutely  homogeneous  yellow  light 

IjWbp,  Safety.  A  fine  invention  of  Sir  H. 
DavyX  with  the  object  of  lessening  danger  of 
explosion  in  mmes.    It  rests  on  the  principle  that 
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flame,  to  ignite  adequate  combustible  gasss,  wiD 
not  pass  through  fine  wire  gauze;  sltboogh 
the  Ught  of  the  flame  easily  passes  thnmgh  it 
If  used  with  ordinary  care,  this  lamp  is  quite 
effective  for  its  purpose. 

l4MUer«*  9I«glc.  A  very  rimple  and  in- 
genious phflosophical  instmment  depmdlBg  to 
dioptrical  principles.  It  is  sometimes  empkjvd 
for  scientific  pnipoaes;  most  commonly  as  • 
mere  toy.  It  consists  of  a  box  of  cnbicsl  Ibnn, 
within  which  a  lamp  is  set  The  box  has  i 
hole  in  the  middle  of  one  of  its  sides,  when  a 
lens  is  inserted,  as  in  the  ordinary  camen  ob- 
scura,  with  a  vacant  space  between  the  giaaei 
of  the  lens  and  the  end  nearest  the  box,  where  t 
slide  can  be  inserted.  The  lamp  is  placed  so  that 
iU  light  shall  be  on  a  level  with  this hokin  the 
box.  The  lens  consists  of  an  arrangement  of  tiro 
or  three  glasses  capable  of  scattering  raja,  which 
go  through  them  from  the  box,  according  to  the 
ordinary  dioptrical  properties  of  Lbscsbb  (;.  v.) 
The  slide  has  coloured  figures,  the  ookrars  beh% 
as  transparent  as  possible ;  and  when  it  is  is- 
serted  the  rays  from  the  lamp  passing  thnogh 
the  glass  slide  go  on  to  the  lenticular  anange- 
ment  through  which  also  they  pass.  If  the 
room  be  £iik,  the  black  wall  opposite  the 
mouth  will  be  lighted  up  by  the  radiance  fioa 
the  lamp  coming  tluoagh  the  slide  and  lens,  sad 
the  figured  glass  fitnn  its  colour  absorbing  ONie 
light  than  the  plam  glass  beude  it,  the  light 
which  has  passed  through  it  will  be  lees,  and 
dark  outlines  will  thus  be  thrown  upon  the  waD. 

liSitittidie.  The  ktitnde  of  a  place  is  eqniTB- 
lent  to  the  elevation  of  the  pole  above  the  hori- 
zon, which  altitude  could  be  easily  detenuaed 
were  the  pole  a  visible  point  But  as  there  is 
no  star  exactly  at  the  pole,  its  position  most  be 
determined  by  observations  of  stars  at  a  distance 
from  it  There  are  seven  methods  of  delenniniog 
this  essential  dement 

(1.)  Bf  TrannU  of  a  Ciremnpolar  Skf  hoik 
Above  and  Bdow  the  /V>/e.~The  best  method  of 
determining  the  latitude  of  a  place,  so  as  to  be  b- 
dependent  of  the  dedination  of  the  star  observedf 
and  also  as  free  as  possible  from  the  etrors  of  re- 
finaction,  is  by  observations  of  a  dreumpolsr  star 
at  the  time  of  its  npper  and  lower  culuunatioo«. 
These  observations  may  be  made  by  means  of  a 
mural  circle,  or  any  graduated  drde.— Let  b  z  r  o 
represent  a  meridian, 
R  o  the  horizon  of 
the  place  of  observa- 
tion, p  the  place  of  the 
pole,  and  a  b  o  d  the 
circle  described  by  a 
cireumpolar  star  in  its 
diurnal  motion.  The 
elevation  of  the  pole 
po  is  equal  to  half  tha  sum  of  AO  acd  cO) 


Flf.L 
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eorfeeted  fbr  icfrMtioo. — ^Let  ▲  and  ▲'  npment 
tli»  ahitodai  of  a  dreumpoltf  itar  at  its  upper 
■ud  lower  cnlmlnatiwu ;  also,  let  r  and  r'  be  the 
irfiacUoPB  wrresponding  to  these  altitudes ;  then 

both  altftndes  bang  neasozed  from  the  north 
horiaBOo.— If  Bcoith  distances  instead  of  altitudes 
are  obseiml,  the  oo-latitode  wiU  be, 

^  =  »o*'  — #=♦(«  +  «'  +  »•  + 'O. 

The  icfractkm  is  derived  from  the  usual  tables. 

(2.)  Bf  Simple  MeriSum  iifttted0«.--Let  p  z  h 
lepnsent  the  meridian  of  the  place  of  obserratioD, 
s  H  o  the  horixon,  c  the 

senith,  p  the  place  of 
the  pole,  SQ  the  etjuA- 
tor,  s  or  a' a  star  on  the 
meridian,  8K  or  rs  its 
dedinatioii  ()),  8P  or 


n«.i 


8'  p  its  distance  from 
the  pole  (d),  which  is 
the  eonplement  of  );  the  arc  s b  is  the  comple- 
mcnt  of  the  latitude  (f),  or  90^  —  f.  — We 
measure  the  altitude  (a)  of  the  o^ect  b  or  b',  or 
its  aentth  distanoe  (z),  and  ooirect  it  ibr  reflnso- 
tioD  and  parallax,  if  the  parallaT  is  appreciable. 
Then  it  Is  evident  that 

BH£=8B  —  8B=8'B-|-S'B* 

two  eq[uatloaa  am  included  in  the  same 
doD  by  regarding  the  dedination  negative 
it  ia  south  of  the  equator.    Thus, 

90"  — f  =  A  — I, 
f  =  90*»  +  >— A. 
1  =  90"  —  A. 

which  culminate  south  of  the  zenith, 

)  must  have  the  negative  sign  when  the 

ia  south.— If  the  star  passes  the  meri- 

betwesn  the  north  pole  and  the  aenith,  as, 

tpk^  at  B,  then  we  shall  have 


or 

But 

H 

fcr 


diaa 
far 


PO  =  BO  — BP; 
thalis,  f  =  A  — d 

Bat     A  =  90"  —  z,  and d='90"  —  X 
Keooa  f=:l— z. 

If  the  star  passes  the  meridian  bdow  the  north 
pole,  Ifaeo  we  shall  have 

PO^co-f-pc; 
that  is,  f  =  1  +  ^=180"— )  —  z. 
Hence  we  shall  have 

f=  )-j-z  if  the  observations  bemade  to  the  south; 
f=r| — z  ifto  the  north,  o&oes  the  pole; 

f=s  180"— 9+z)  if  to  the  north,  Mbw  the  pole. 

(8.)  Bjf  dram  swndita*  AUUudet The  pre- 
ceding method  gives  but  oner  value  of  the  latitude, 
bfiansn  the  star  can  only  be  observed  at  the 
instsnt  when  it  crossei  the  meridian.  But  where 
the  ubsener  is  famished  with  an  altitude  and 
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azimuth  instrument,  a  repeating  drde  or  sextant, 
he  may  render  any  number  of  observations  made 
on  eadi  side  of  the  meridian,  and  at  a  short  dis- 
tance from  it,  equal  in  accuracy  to  those  which 
are  made  at  the  moment  of  culmination.  For 
this  puTiwee,  he  must  know  the  distanoe  (in 
time)  of  the  star  from  the  meridian  at  the  instant 
of  each  obeervation,  and  he  can  compute  the 
correction  which  ou^^t  to  be  applied  to  the  zenith 
distance  obeerved. — ^Let  p  be  the  pole^  z  the 
zenith  of  the  place  of 
obeervation,  pzk  a 
meridian,  a  astarnear 
to  the  meridian,  m  the 
point  where  this  star 
crosses  the  meridian,  al 
and  P8  an  hour  circle  Fig.  S. 

passing  throu^   the 

star.  Suppose  the  zenith  (distance,  z  s,  of  the  stsr 
has  been  measured,  and  corrected  for  refraction, 
and  also  for  panllaz,  when  the  sun  or  a  planet  has 
been  obeerved ;  it  is  required  to  compute  the  zenith 
distance,  z  ic,  of  the  star  when  on  the  meridian. 
Now  from  the  figure  we  perceive  that 

P8  =  90"  — I, 
pz  =  90"  — ^, 

ZM  =  PM  —  PZ  =  f  —  }=(Z), 

the  zenith  distanoe  of  the  star  on  the  meridian.— 
With  z  as  a  centre,  describe  the  are  an,  and  the 
point  M  will  be  at  the  same  altitude  as  8.  It  is 
required  to  compute  m  n  =  a^  the  quantity 
which  the  star  must  rise  from  s,  before  it  reaches 
the  meridian. 

coe.  a  ^  cos.  b  cos.  e-^skiLb  sin.  e  cos.  a. 

But  cos.A  =  l  —  2rin.*^A. 

Hence 

coe.  a  =  COS.  6  cos.  c  -I*  dn.  b  sin.  e 
—  2  sin.  6  sin.  c  sin.  *^a. 
Also, 
cos.  b  cos.  e  -|-  sin.  6  sin  o  ^  cos.  (5  —  c). 

Hence 

COS.  a  r=  coe.  (b  —  e)  —  2  sin.  b  sin.  o  sin.  *^a. 

Applying  this  formula  to  the  triangle  p  z  a,  and 
representing  the  angle  z  p  8  by  p,  we  have 

ooe.z8^cos.(p8 — pz) — 28hLPzrin.P8sh].*}p 
:=c(M.z  —  2cos.f  C08.)sin.*}p (1.) 

But  Z  8  =.  Z  M  -|-  X. 

Hence 
COB.  z8  =  cos.  zx  COS.  X  —  sin.  z H  sin.  X. 

But,  since  x  is  supposed  to  be  a  small  arc,  we 
may  put 

x  =  sin.  X, 


and 


008.X=  1 


2 


+.  &c 
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Henoe  we  obtain 


cofl.  z  8  =  ooi.  z  M  (1 — — -  + ,  &C.)  —  a:  sin.  z  M 

>    =  oofl.  z  —  ix^  008.  z  —  a;  sin  z. 
Therefore  equation  (1.)  beoome8 

009.  z  —  ^2*  008.  z  —  X  sin.  z 
=r  008.  z  —  2  008.  ^  008.  )  sin.  *|p, 
or  Jas*  008.  e-\-x  an,  z 

=  2  008.  f  008.  3  sin  *|p (2.) 

If  we  neglect  the  tenn  contidning  x*,  and  sup- 
pose a;  to  be  expressed  in  seconds,  we  shall  have 

_^  2  sin.  *|p  COS.  ^  COS.  ) 
sin.  1"  sin.  z 

whidi  formula  is  sufficiently  accurate,  when  the 
hour  angle  does  not  exceed  ten  minutes.  If  a 
further  approximation  is  required,  it  may  be  ob- 
tained as  fo]lows:^Divide  equation  (2.)  by  sin. z, 
and  we  obtain 

,   1  «     .  _        2  sin.  *  ^p  COS.  «  008.  2 
X  -t-  *«•  oot  z  = 1- 1 . 

sm.  z 

Represent  the  second  member  of  this  equation  by 
B,  and  ^  oot  z  by  A,  then 

X-\-AX^  =B, 

or  a  =  B  —  A«*. 

But  B  is  the  approximate  value  of «  before  ibund ; 
henoe^  for  a  second  approximation,  we  shall  have 

«  =  B  —  A  B* ; 

or,  supposing  x  to  be  expressed  in  seconds, 

2  shi.  *|p  COS.  f  008. 1 


-( 


sin.  V*  sin.  z 
rin.  *jp  COS.  ^  COS.  > 


sm.  z 


)•  2cot.z 
sin.  1" 


.(3.) 


which  is  the  correction  to  be  subtracted  from  the 
zenith  distances  observed  near  the  meridian,  for 
an  upper  culmination,  in  order  to  obtain  the  true 
meridional  zenith  distance. 

(4.)  ByaSmgU  AUUude^theTimeofObierva- 
Uon  being  known, — Let  z  be  the  zenith  of  the 

observer,  p  the  pole,  s 

a  star  whose  altitiide 

^/^  /     — 2^^p       is  measured  at  a  known 

instant  of  time.   Then, 
inthespherical  triangle 
\q  EPS,  we  have  given  PS 
Flg.4.  =90°  — J,Z8=:Z, 

and  the  hour  angle 
z  p  8,  to  find  p  z.  From  s  let  fall  the  perpen- 
dicular a  m  upon  pz  produced.  Then,  by  Napier's 
rule,  we  shall  have 

B.  008.  p  =  tan.pMoot.P8=:tan.PMtan.  %, 

Hence        tan.px=:co8.pcot)  (1.) 

VZ  s:  PK  —  pz  =px4- f  —  90^ 
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Also, 

COS.  PM  :  COS.  zm:  :  cos.  Ps':  co&  zs, 
or,  008.  PM  :  8bL(px-|-^): :  sin. ) :  cob.  z. 
Hence 


sb.  (p  X  -f-  ^)  = 


008.  Z  008.  1'  M 


sin. ) 


•w 


Equation  (1.)  fimiishes  the  vahie  of  ph,  ad 
equation  (2.)  furnishes  the  value  of  p  m  +  •^ 
The  difierance  between  these  quantitleB  is  f,  the 
latitude  required. 

(5.)  By  Obtervatioiu  of  Ihe  Pok  Star  at  0^3 
7Vm«  ^Mtf  i>ay.— Let  p  be  the  pole,  z  the  xenith, 
z  PN  the  meridian  of  the  place  of  , 

observation,  and  8  the  pole  star  in 
any  point  of  its  diumal  cirde,  sbs'. 
Then  we  shall  have  zp=  90° — ^, 
z  8  =^  90°  —  B,  H  beiqg  the  ob- 
served hdght  of  the  star  corrected 
for  refraction.  Bepresent  the  polar 
distanoe,  p  s,  by  d  Since  the  arc 
d  is  at  present  less  than  90',  the 
sides  zp,  Z8,  difier  only  by  a  small 
arc,  Xf  which  we  prc^Kwe  to  calcu- 
late.—Let 


fis.& 


ZP  —  ZB  =  a;;  that  is,  h  —  f=ix,  J 
or  f  r=:H  —  X, 

Represent  the  hour  angle  z  p  a  by 

p.     The  spherical  triangle  z  p  8  fomisbes— 

oo8.z8=oo8.P8co8.PZ-|-  an.  P8  sin.  pz  00&  ff 

or 

sin.  H  =:  COR.  (f  8in.(H — x)  -|-  sin.dco8.(H— «)oob.  ?• 

By  substituting  the  values  of  sin.  (h  —  x^  sod 
COS.  (h  —  <p),  and  dividing  the  whole  eqioatioo 
by  sin.  h,  we  obtain 

1  ^  008.  d  (00s.  X  —  sin.  x  cot  b) 

-\-  rin.  d  (cos.  X  ooL  h  .-|-  suk  x)  en.  r, 
or 

1  :=  COS.  X  (cos.  d  -{-  sin.  d  oot  h  cob.  f) 
—  dn.  X  (cos.  d  oot  H  —  on.  <f  00s.  r^ 

Let  us  put 

a  =  008.  d  -|-  rin.  d  oot  b  coa.  P, 
b  =  008.  d  oot  H  -^  Bin.  d  cos.  p, 

and  we  have 

1  =  a  008.  X  —  h  rin.  x (I) 

But 


8m.y 


^         6    ~ 
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O08.y  =  l— ^-|--|^  -,&c 


Therefore 

a=sl-|-<foo8.Poota  — 


2 
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d* 


—    COS.  P  OOt  H  4*t  ^ 

6  ^ 


b  =O0t.H  —  ^C(M.P  — 


2 


OOt  H 


+  __  C08.  P  +,  &C 

o 
Let  nt  DOW  ttssame 

«=:A</+Brf«+Ccf»+,«C (2.) 

where  a,  b,  and  o  represent  unknown  ooeflkients 
indeiMndemt  of  d.^-Then  we  shall  have 

s.je  =  l~  :^**'*  —  ABd»+,ftc 
2  ' 

SubslitDtiiig  is  eqaation  (1.)  the  values  of  a,  6, 
an.  X,  and  ooe.  «,  arranging  the  terms  in  the 
ordff  of  the  powers  of  dt  §:Si  retaining  all  the 
tame  which  contain  the  first  three  powers  of  d; 
we  obtain 

l=:I  +  O0S.PO0t  H.({ C0e.P00tB 

'  2        6 


A«tt« 


A*  J* 


COS.  P  OOt  H  — ABd* 
2  2 

A(/* 
-    AOOt  H.4/+AC0e.P.<J*  +  ---C0tB 

-|-B<i*00a.P  —  BOOtH.tf* 

Sboe  tUs  eqiiatk»  meat  he  Terilled  by  any  value 
of  d^  tlie  terms  faivolving  the  same  powers  of  d 
must  cancel  each  other.    Hence,  Fmit, 

ooLPcetB — AootB=.0;  whence  a  =: cos.  p. 


cot  B  .  <f  *. 


—  |  — -f^-|- ACQS.  P  —  B  cot  B  =  0. 


^coa.  "p  — 


ooa.  *p 


-* 


•p  — 1 


sm.  *p 


H 


sin.  'p  ^ 
---------  tan.B. 

2 


Tkird. 


COS.  P 


A*  COS. 


-+t-(<'-T)=«- 

the  value  of  a  already 


Whenosi  sobstitatlag 
fiiand, 

8  c  =  COS.  p  —  COS.  •? 

=r  eoa.  p  (1  —  coa.  •p) 

j=  ooa.  p  sin.  *p* 
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Therefore^ 

O  =  ^  COS.  p  sfaL  *P. 

Substituting  these  values  in  equation  (2.),  we 
obtain, 

cs=ioos.p  —  |8aL*p  tan,  B,d* , 

•^  ^  COS.  p  shL  *p  d* ; 

OTf  multiplying  by  sin.  V%  in  ctder  that  x  may 
be  expressed  in  seconds  of  are,  we  have 

f  =  B  —  (f  coe.  p  4-  i  abi*  1"  (<<  ciB-  P)*  tan.  B 
—  ^  shi.  *V'  (d  coa,  p)  (d  shL  p)«...(8.) 

The  last  term  of  this  equation  never  amounts  to 
half  a  second,  and  may  thecefine  gaerally  be 
omitted. 

(B,)BjfObiervinfftheD\f€rmioe<iftheMendiona^ 
ZmiA  DitUmoa  of  J\do  Stan  <m  OppotUe  £Sdei 
of  the  ZemtlL — If  we  select  two  stars  whose  places 
are  well  known,  one  of  whidi  culminates  to  the 
north,  and  the  other  to  the  sooth  of  the  observer, 
at  nearly  the  same  distances  from  the  lenith,  and 
within  a  short  interval  of  time,  and  measure 
accurately  the  difference  of  their  zenith  distances, 
the  latitude  of  the  place  of  observation  may  thence 
be  easily  deduced.  If  we  represent  the  zenith 
distance  of  the  norUiem  star  by  x^  and  that  of 
the  southern  star  by  z, ;  also  the  derJination  of 
the  northern  star  by  )..  and  that  of  the  soothem 
star  by  }^  then  we  shall  have 

Hence      2  f  =  >.  +  J.4-«,  — «.; 

that  is,  the  sum  of  the  declinations  of  the  two 
stars  (which  are  given  by  the  catalogne),  added 
to  the  diiftrence  oif  their  zenith  distances,  gives 
twice  the  latitude  d  the  place. 

(7.)  B^  Obtervaihnt  wUh  a  DrtmtU  Imtrummt 
mthePrime  FeK»txi<L-*This  method  supposes  the 
transit  faistmment  to  be  placed  with  its  supports 
north  and  south,  so  that  the  telescope,  when 
directed  toward  tlie  horizon,  points  due  east  and 
west  We  most  then  observe  the  passage  of  some 
known  star  over  the  same  wires  when  the  tdesoope 
is  pointing  east  and  west  Fnm  these  observa- 
tions we  may  determine  the  latitude  of  the  plaoe, 
or  the  decUnatkm  of  the  star,  when  either  of 
these  quantities  Is  known. — Let  p  represent  the 
pole  of  the  earth,  z  the  zenith  of  the  observer, 
Bzw  the  prime  ver-'  p 

tical,  whkdi  is  also 
the  Une  described  in 
the  heavens  by  the 
transit;  and  let  the 
arc  8B8'  be  the 
path  of  a  star  whidi 
culminates 


Uttle 


nc& 


south  of  the  zenith. 
Let  the  times  at 
whidi  a  star  crosses 

the  field  of  the  transit  at  8  and  a"  be  noted;  and 
I  the  angle  sp*',  whidi  is  the  diilerence  of  those 
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Bat  to  accompUsh  tUa  otject  in  the  bat  b 

reqaimaninstrniDaitofapecaUirEinlta 

The  InMnunent  aboold  Bdmit  d  hiving  the  led 
■ppUed  to  it  wbile  the  talooope  il  k  tbt 
~""'~~    of  obaervitiDii,    md   ft   abmU  dn 

bedng  tevmed  with  on  tnd  npUtr- 

Tbe  flgnn  below  irpnatata  ndi  m  ban- 
mmt    made  b;  Hgtor  and  Hutiiu,  of  BaOi 


The  InitnuneDt  leMa  on  a  block  oT-gnnKa,]  colnmni4|ltathlgfa,M(iaialadbyacaTilr«U:k 

M  M,  6  fnt  6  Incha  high,  S  hat  8  Inches  tmni  contaiiii  tha  rara^g  appaiUna  — a  ii  the  uk 
Mat  to  met,  and  3  ftet  7  incbea  from  noHh  to  of  the  liulnuiHit,  termhiatliig  fa  tm  [ivon,  i,  ■. 
•onth.    Thia  Uodc  la  cat  lo  aa  to  bna  tvo  |  6'6  incbea  ia  dlaiMtir;  to  ooa  cf  whkb  b  tf* 


tadied  the  teksoope,  t,  to  the  other  tie  cylinder, 
r,  whidi  ooanterpoises  the  telescope.    The  tele- 
toope  IS  6|  ftet  focal  length,  and  4*8  inches  clear 
apertoK. — y,  v  an  the  T*8  which  support  the 
axis,  and  c,  o  an  friction  rollen,  with  grooves 
for  relieving  the  Ta.     They  an  r^Pi^^  ^7  ^^ 
eoonterpoises  w,  w,  all  of  which  an  carried  by 
the  reversing  apparatosi. — ^The  axis,  8,  is  hollow, 
and  onntains  a  lerer,  r,  one  end  of  which  expands 
into  n  folk,  and  is  firmly  secured  at  x  to  each 
sSde  of  the  telescope  tabie.    To  the  other  end  of 
tlie  lever  is  attacM  the  counterpoise,  k,  which 
lianafeis  the  weight  of  the  telescope  to  that  part 
of  the  ptvnt  which  rests  immediately  upon  the 
T*s.    A  similar  oonnterpoise  is  placed  on  the 
other  side,  to  prodooe  the  same  effect  with  refer- 
ence to  this  cylinder  n. — z  is  the  striding  level, 
which  reats  permanently  upon  the  pivots  b,  b 
during  the  observations;  and  l  is  a  mirror  for 
Hlominating  the  level  divisions  by  means  of  a 
hunp.    Tlie  level  tube  is  protected  by  a  glass 
case^  o,  and  then  is  a  cross  level  at  A. — About 
the  middle  of  the  axis,  at  cK,  is  a  damp  for  slow 
roolioD  of  the  telescope,  and  a  screw,  with  a 
lIoQk''s  Joint,  at  s. — The  nveiring  i^paratus, 
r,  p,  tnnis  on  an  inverted  cone,  worldng  in  the 
hollow  eyUnder,  n,  and  is  strengthened  by  the 
cross  iron  bars,  a^  a,a,  which  an  supported  by 
the  flat  iron  ban,  6, 6. — R  is  a  crank  which  turns 
a  oog-wherl  at  h,  which,  by  means  of  a  screw, 
lifts  the  boUow  cylinder,  B,  and,  by  means  of  the 
forits,  If  I,  lifts  the  horizontal  axis  until  the 
piTots,  Bf  B,  an  sufficiently  high  to  dear  theTs. 
The  teleseopc  is  then  tamed  to  a  zenith  distance 
of  aboDt  46^,  and  is  revolved  to  the  other  side  of 
the  pier.     It  is  prevented  tiom  going  too  far  by 
tlie  arm  p,  whidi  is  so  a^usted  as  to  strike  the 
pin  D,  when  the  tdesoope  is  exactly  over  the  T*s. 
— « is  s  finding  drde  for  setting  the  tdescope 
npen  a  star. — j  is  the  handle  of  a  screw,  which 
mores  a  slide  at  o  for  regulating  the  illumination 
of  the  wins. — t  is  the  micrometer  head  and  scnw 
moving  the  micrometer  wire.— ^  Is  a  lever  which 
earries  the  esre-picee  across  the  field. — In  the 
eye-pieoe  of  the  telescope  an  inserted  two  hori- 
aontal  and  patalld  threads,  distant  V  ftom  each 
other;  and  (bo  16  fixed  vertical  lines,  with  one 
■nveable  one.    The  transits  over  the  vertical 
lines  an  designed  to  be  observed  midway  between 
the  two  horizontal  lines. — ^Having  determined  the 
onr  ef  level  of  the  axis,  the  observer  directs  the 
telescope  to  a  star  while  it  is  yet  north  of  the 
saituu  prime  vertical,  and  observes  the  transit  of 
the  star  over  each  of  the  wires  preceding  the 
middle  of  the  field ;  the  altitude  of  the  tdesoope 
being  continually  changed,  so  that  the  oblique 
transit  may  be  observed  over  the  oentn  of  each 
wirew    When  the  star  has  passed  the  win  next 
brfon  the  middle,  he  nvcrses  the  axis,  by  wliich 
means  the  telescope  will  be  carried  to  the  oppodto 
side  of  the  pier,  and  observes  the  passage  of  the 
alar,  now  on  the  sonth  side  of  the  eastern  prime 
vertical,  over  the  same  wins  as  before,  bat  in*  the 

487 


L.VT 

opposite  order.  Ho  next  determines  the  error  ef 
levd  of  the  axis.  When  the  star  is  approaching 
the  western  prime  vertical  from  the  south,  the 
faistrument  being  stiU  in  its  second  position,  he 
ascertains  again  the  eiror  of  level  of  the  axis. 
Again  he  observes  the  transit  of  the  star  over 
the  first  seven  wires  preceding  the  middle  of  the 
fidd ;  reverses  the  instrument  to  its  first  position, 
and  observes  the  transit  of  the  star,  now  on  the 
north  side  of  the  western  prime  vertical,  over  the 
same  wires.  Finally,  he  ascertains  the  error  of 
levd  of  the  axis  in  the  last  podtion. — The  fol- 
lowing observations  wen  made  by  Stmve,  with 
the  prime  vertical  trandt  of  the  Pulkova  Ob- 
servatory. The  numbers  in  the  last  column  an 
read  from  bdow,  upward  :— 

January  15,  1842.     •  Draconis. 


Bast  Vbktical. 

Wist  Vbbtioal. 

TtlMoope  8. 

TwOMOpc  8. 

Wbw. 

h.  m.    •. 

h  m.    •. 

I. 

17  54  807 

19  43  51  4 

II. 

K   8-60 

43  13^ 

IIL 

65  44-4 

41  88-0 

IV. 

66S2-S5 

40  60-85 

V. 

57    0<6 

40  31-7 

VI. 

57  40-9 

88  41-4 

VII. 

17  58  19-5 

19  39   n 

TtlMCopeN. 

Trieicopt  K. 

vn. 

18    1    4-0 

19  36  17-85 

VI. 

1  45-5 

85S7-0 

V. 

SS9« 

84  53-85 

IV. 

8  12-7 

84    9-8 

HI. 

8  57-6 

88  347 

IL 

4  89« 

83  431 

I. 

18    5  26-8) 

19  81  55-6 

Level --H  0^*687 

Level  -  4-  9' '928 

The  reducdon  of  the  observations  u  made  as  fol- 
lows, each  win  bdng  treated  separatdy: — Let 
N  B  8  w  npresent  the  horison,  ir  b  the  meridian, 
BW  the  prime  vertical, 
p  the  pole,  and  ▲  the 
place  of  the  star  at  its 
trandt  over  one  of  the 
wires  of  the  telescope. 
Join  p  A  and  m  a  bv 
arcs  of  great  drdes. 
The  prqjection  of  each 
win  on  the  skv  is  a 
small  drde,  whose 
pole  is  the  north  point, 
N,  of  the  horizon.     If  yig.  a 

e  npresent  the  angular 

dlstanoe  of  one  of  the  wires  fW>m  the  line  of 
oollimation,  90®  —  e  will  be  the  radios  n  a  of 
the  small  drde,  when  the  star  is  seen  on  it,  north 
of  the  prime  vertical,  and  90®  -4~  ^  when  the 
star  is  south  of  the  prime  vertical — In  the  tri- 
BDf^  p  XT  A,  we  have 

COS.  KAssoos.  irp  COS.  PA -{- sin.  NPdn.  PA  cos.  KP a. 

Let  f  :=  N  p  the  latitude  of  the  place; 

)  =  90®  —  r  A  =  the  star's  dedhiation; 
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f,  r  =  the  hoar  sngle*  spa  from  the  merl- 
diao,  at  the  two  observations  OTer 
the  same  wire,  in  the  direct  and  re- 
Tersed  positions  of  the  axis. 

Then,  when  the  star  is  north  of  the  prime  yer- 
tical, 

oos.  (90^  —  e)  ==  sin.  o  =  COS.  ^  dn.  ) 
—  sin.  p  COS.  )  COS.  t; 

aod,  when  the  star  is  sonth  of  the  prime  vertiea], 

COS.  (90°  -|-  c)  =—  sin.  e  =  oos.  ^  sin.  ) 

—  shi.  f  000.  )  COS.  f  . 

Adding  these  two  equations,  we  obtahi 

0  =  2  8in.  )co8.  ^ —  006.  } sin. f  (cos.  f-f'006.f)« 
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tan.)cot^==£?!Llii??L£. 


=:C06. 


2 


ooa. 


2 


'"W 


This  formula  wiU  famish  the  declination  vlieK 
the  latitude  is  known,  or  tlie  latitude  irbm  the 
declination  is  known.  The  latitude  of  the  Pidk- 
instrument  is  69''  46'  18".    r 


ora 

half  the  interval  between  the  first  trsniit  ent 
and  tlie  second  trsnsit  west;  and  ( is  hslf  tlie 
interval  twtween  the  second  transit  east  and  tlM 
first  transit  west — ^The  following  is  Strure^s  i»- 
dnction  of  the  preceding  obserraiiona,  a  eornc- 
tion  of  4*  O'OOs.  bdng  applied  to  the  mteml 
w.  —  B.  for  rate  of  clock^i— 


WlreL 

WiielL 

Wire  IIL 

Wire  IV. 

WlreV. 

Wire  VI.  '■  Wire  VIL 

W.-R  {If 

h.  m.     iL 
1  48  20*79 
1  26  29-84 
0  48  42*68 
0    6  27*86 

m.       s. 

47  6*09 
28     2*89 

48  46-87 
4  45*67 

m.       B. 
46  53*69 
29  27*19 
48  50*22 
4    6*62 

m.      a 
44  87*69 
80  56*69 
48  58*60 
8  25*25 

m.      a 
48  21*19 
82  22*64 
48  65-96 
2  44*64 

m.       s. 
42     0*69 
88  61*59 
48  58-05 
2    2  26 

m.      a 
40  43*29 

85  1894 

48  59-31 

1  22*83 

cos.Kr  +  0 
oos.}(r-0 

tan.  ^ 

9*9901167 
9*9998765 
0*2345728 

0871 
9063 
5728 

0642 
9801 
5728 

0411 
9516 
6728 

0250 
9688 
5728 

0107 
9828 
5728 

0020 
9922 
6728 

tan.  i 

0*2246660 
59  11  89*00 

5662 
89*04 

5671 
89^8 

5655 
88*90 

6666 
89*12 

5668 
89''*06 

6670 

39"^! 

1 

The  mean  error  of  level  of  the  instrument  may 
be  applied  to  ^,  or  we  may  apply  a  correction  to 
the  declination  obtained  with  a  constant  value 
of  f .  If  the  inclination  of  the  axis  be  denoted 
by  I,  which  is  the  mean  of  the  two  inclinations, 
telescope  r  and  telescope  a,  then  ^  4~  '  should  be 
used  in  place  of  ^.    Now  we  have 

tan.  )  z:  tan.  f  cos.  P. 

Dy  differentiating,  supposing  p  constant,  we  ob- 
tain 

<f  )  sec.  *)  =  c?^  sec  *p  cos.  p. 

Hence 

di  =  dt    "C-'ftML?^^ 
aat*     <S  fan     A 


COS.  ^sin.  3 


sec.  *3  tan.  p 


or 


COS.  f  sin.  ^ 

sin.  2  3 
am.  2  p 

sin.  2  3 

I. 


sin.  2  ^ 

In  the  preceding  observations  the  mean  inclina- 
tion of  the  axis  was  -|-  0"'805. 

The  mean  value  of  3  =  59°  11'  89"071 

Correction  for  inclination  of  axis         +  0"-814 
Observed  dHinatinn  =  69°  11'  89''-886 


The  declination  thus  found  is  not  correct,  onkst 
tlie  telescope  is  truly  actuated  to  the  prime  rer- 
ticaL    Suppose  there  Is  an  error  in  the  sflmnih 


Wf. 


Fig;  A. 

of  the  instranent  equal  to  a  or  90°  —  PCi't 
then,  in  the  triangle  rzxT, 

,  ^  ^        cot.  P  E  z'  tan.  a 

tan.  p  = s=  — , • 

COS.  pz  sm.  f 

If  the  emxr  in  azimuth  be  amaH,  we  may  aKBBS 

a 
sin.  f* 

which  represents  the  an^e  at  the  pok^  betwen 
the  true  meridian  and  the  meridian  of  ths  iastm- 
ment  The  instant  of  the  starts  passage  over  tiie 
meridian  of  the  instmiMnt  is  e^al  to  the  hslf 


p  = 
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cm  of  the  ent  and  mat  tronsitB.    Thus,  in  the 


TA«,.«. 

TdcMnpc  III 

L 

18IL  48aL  4M0K. 

18b.  48in.  40-9te. 

a 

4llta. 

41-S3a. 

IlL 

41'JOa. 

41-07L 

IV. 

411UaL 

41001. 

V, 

4118i. 

411.'»B. 

VL 

41-lJiL 

40'9<8L 

vn. 

41*101. 

40978. 

He 

HL    ISh.  48m.  41'iaB. 

41-03& 

llcen,  Uk  48IIL  ilitft. 

The  instant  of  meridian  panage  reqoires  a  small 
rorrection  fbr  the  difleranoe  of  indinationa  of  the 
axis  in  the  two  verticals. 

Ii«Hf*ri.  ieirMiewilfl  If  a  great  circle 
be  drawn  throng  a  Star  ftx>m  the  pole  of  the 
KdipdCy  the  pmtion  of  that  drde  intercepted 
the  atar  and  tiie  Ediptie  is  UaLaiUude, 
'BoeMi  Another  name  lor  the 
or  focal  ekord  ol  a  conic  section. 

■aw*  a  woid  cf  frequent  and  important  use 
aKke  in  Phjiics  and  pore  Mathematics.  It  is 
fwifial  to  have  it  nndentood,  that  the  term  has 
BO  iiiftciim  aignificanoe^  no  significance  in  so  frr 
as  external  events  or  phsnomena  are  coooemed, 
brfond  thia, — it  meicij  expresses  an  order  <(f 
wycf,  or  the  mode  in  which  changes  succeed 
each  other.  If  the  suooession  be  very  regular, 
the  Law  is  simple;  if  comparatively  irrmlar, 
the  Law  ia  mora  complex.  Into  the  mdQtc^iiot 
mnamng  and  relations  of  Phjiical  Law,  ita  rela- 
tiona  to  our  notion  of  Forcb  or  to  the  idea  of 
Caubatuut,  we  inquire  not  here. — In  pure  ma- 
thfrnatiffs,  the  word  ia  generally  empbyed  to 
tliri(^nsl<i  the  mode  hiwli&di  the  suooesriTe  tenna 
ofaaoriei  are  derived, — each  one,  from  those  going 
befws  iL  Sometimes  this  mode  of  derivation  is 
nnple,  and  at  other  timea  quite  complex.  The 
higheit  and  most  grsaping  expression  of  Law, 
annnrding  to  this  view  of  it,  b  exempllfled  in 
Laalace'a  idea  of  GeattatiM  Pnwctiom. 

liBwa  mt  aiatfBBi  I— Those  ftmdamental  pro- 
porftkma  on  which  the  whole  of  A^iliof  and  i>ym»- 
SHCi  raposei  VarionastatementahaTe  been  f^ven 
«f  them,  and  ver^  various  theories  advanced  as 
to  the  aooros  of  their  authority.  We  have  no 
room  fiircritieiam,  and  shall  simply  expose  there- 
fen,  that  view  of  the  fanportant  subject  which 
SNuia  to  us  meet  satisfrctoiy. — It  has  already 
been  eoKplained  under  Ihebtu,  that  the  so-called 
MMifta  of  MoHer,  is  not  a  physical  fret,  but  a 
kgieal  hypothesis, — an  hypotheeis  involving  no 
wrar  pcuvldedit  be  understood  as  such,  and  which 
it  absolnlely  neceesaiy  ao  that  Dynamical  sdenoe 
be  fomble.  This  Inertia,  then,  is  not  a  Law  of 
Hotlon,  or  a  fundamental  fret,  but  a  preliminaiy 
or  ^Bsfatoarf  hfpotkuu.  The  mtsr  Law  of 
Uot&on,  or  the  Zow  of  Imeriiat  as  distinguished 
from  the  Hypothesia  of  Inertia,  was  discovered 
by  John  Kepkr.  It  is  this:~^tf  rnoiiom  u  ma- 
tmmUf  rteHfmtnr  and  mdform;  in  other  words, 
«Mry  hodg  adtd  on  by  a  $mifU  inttantaneous 
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force,  mooee  eomtam^  in  a  elraigkt  fine  and 
with  an  uniform  velocUif,  Yarious  but  most  futile 
attempts  have  been  made — chiefly  through  mie- 
use  of  the  Frindple  of  the  Suffidenl  Reaion — to 
prove  the  abeoloie  nature  and  necessity  of  this 
Law,  or  to  establish  it  as  an  a  priori  truth; 
whereas  the  very  drcnmstance,  that— notwith- 
standing the  acuteness  of  the  Greeks,  and  their 
especial  aptitude  as  to  every  form  of  a  priori  in- 
vestigation— the  discovery  of  the  Law  fell  so  late 
as  the  times  of  Kepler,  would  seem  enough  to 
class  that  discovery  among  the  fruits  of  slowly 
advancing  observation.    In  fact,  tlie  discovery 
of  such  a  prindple  could  not  be  easy,  inasmuch  as 
we  discern  simple  motion  nowhere  around  us. 
Every  body  that  is  moving,  is  under  the  influ- 
ence of  several  forces,  unless  we  except  the  case 
of  falling  bodies,  which  again  are  not  acted  on 
by  an  Mftoaftmeoiif  force ;  nor  can  the  natural 
influence  of  a  sin^^e  instantaneous  force  be  eli- 
minated fitMn  any  visible  phenomenon,  unless  by 
consideiing  the  path  resulting  from  that  force  aa 
the  limit  or  asymptote  of  the  paths  actually  passed 
over,  or  by  a  process  of  analysis.    A  projectile, 
for  instance,  takes  a  panbolic  couiae,  because  its 
subjection  to  the  laws  of  falling  bodies  oombuies 
with  the  effect  of  the  impulse.    The  former  effect 
ia  constant,  but  the  latter  may  be  varied  inde- 
flnitdy.    Increase  it,  and  the  parabola  becomes 
wider  and  wider — a  larger  and  larger  portion  of 
it  approaching  to  idenUty  with  its  tangent:  if 
the  power  of  the  impulse,  therefore,  were  aug^ 
mented  indefinitdy, — in  other  wofds,  if  it  were 
infinite,  or  so  great  that  grevitatlon  might  be 
supposed  rdati^y  to  disappear,  the  path  of  the 
prqjectile  would  be  along  the  tangent  or  in  a 
straight  Hne,    Or,  the  Uws  of  frlling  bodies 
understood,  as  wdl  aa  the  third  Law  of  Motion, 
the  complex  path  may  be  analjftedi  if  the  efl^s 
of  gravitation  be  then  distinguished  and  separated, 
the  residunm  will  be,  a  rectilineal  path  and  an 
uniform 'velodty,  as  due  to  the  instantaneous 
force  or  impulse.    In  many  other  ways,  this 
great  Law  of  Nature  ia  indicated;  but  it  needed 
the  experience  of  ages,  and  the  acuteness  cf  such 
a  man  as  Kepler,  to  diaentangle  it — The  sboovd 
Law  of  Motion  is  due  to  Sir  Isaac  Newton.    It 
asserts  the  univereal  eqnalUy  of  action  and  rs- 
ooCiofi;  that  is,  if  one  body  strikes  another,  it 
will  lose  exaetljf  the  eame  quantity  of  motion  at  it 
communioatee  to  Ae  body  ttrucL    (The  term, 
quantity  qfmotion^  signifies  the  mass  or  wdght 
of  the  body  multiplied  by  the  vdodty  with  whidi 
it  moves.)   This,  also,  ia  dearly  the  result  of  an 
universal  experience  or  observation;  nor  have 
attempted  a  priori  demonstntions  been  more  soo- 
cessfrl  in  its  case  than  in  the  former.    It  ou^t 
to  be  remarked  that  the  famous  Prindple  of 
D*Alembert,  (see^D'ALBMBEsr,  Pbibciflk  of), 
by  whose  aid  all  problems  of  Dynamice  are  so 
readily  transformed  into  mere  problems  of  ^Stofict, 
is  nothing  but  a  complete  generalization  of  this 
Law  of  Newton's.    The  ^indple  in  questkm 
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only  states  ngurding  otiy  mmber  of  oonnected 
forces,  whatNewton*s  Law  asserts  rsgardingtev: 
which  mode  of  considering  it,  saves  as  from  the 
necessity  of  pladng  reliance  on  certain  veiy  nn- 
satisfactory  abstract  speculations  that  are  often 
adduced  as  its  foundation. — ^The  third  Law  of 
Motion  is  usually  designated  the  Law  of  the 
CompotUion  of  Motion  or  Forcei,  (q.  v.)t  dis- 
covered by  Galileo.  In  its  purs  and  simple  form, 
this  law  merely  asserts  that  any  motion  common 
to  any  system  of  bodies  whatsoever,  does  not 
alter  the  special  motions  of  the  difierent  bodies 
of  that  system  with  respect  to  each  other:  or, 
that  if  a  biody  is  moving  in  one  direction,  the  addi- 
tion of  some  new  impulse  will  only  superinduce 
its  own  efi^  without  destroying  or  even  modi- 
fving  any  tendency  that  previously  existed.  The 
Law,  indeed,  instesd  of  being  called  the  Law  of 
t  he  Composition  of  Forces,  should  rather  be  termed 
the  prifttdpU  of  Me  independence  or  oo-exittence 
of  moHone;  a  principle  of  wide  reach,  of  which 
the  mere  compomtioo  of  motions  is  but  a  coroUaiy, 
and  that  includes  within  it  the  famous  principle 
of  the  oo-txittence  of  trntUl  otciUtUiona  (see  Os- 
ciLULTiONs),  which  became  so  powerful  in  the 
hands  of  Danid  Bemouilli.  There  is  less  difficulty 
in  recognizing  the  principle  as  now  stated,  to  be 
the  result  of  univenal  observation,  than  in  the 
case  of  our  first  and  second  Laws.  AH  phenomena 
around  us  indicate  its  reality.  The  smooth  motion 
of  a  ship  does  not  derange  the  vessel's  internal 
economy :  nor  are  scientific  experiments  wantbig 
to  sustain  its  authority, — ^for  instance,  Laplace 
showed  that  the  oscillations  of  the  pendulum  are 
the  same,  whatever  the  relation  of  their  plane  to 
the  direction  of  the  rotation  of  the  Earth.  Never- 
theless, not  only  have  efforts  not  been  wanting  to 
establish  this  principle  on  abstract  considerations; 
but  there  is,  perhaps,  no  principle  in  Philosophy 
on  which  so  much  vain  logic  has  been  expended, 
so  that  it  might  appear  based  on  mathematical 
reasonbg.  The  hi^er  analysis  even,  Has  been 
brought  into  ostentaUons  play :  in  every  instance, 
however,  something  has  been  assumed  quite 
equivalent  to  the  Principle  itselC  For  instance, 
Poisson,  in  his  very  mise  en  equationf  takes  it 
for  granted  that  whatever  the  angle  at  which  the 
two  independent  forces  act,  they  must  be  com- 
pounded, tin  the  eame  way^  to  produce  the  resultant; 
or  that  the  form  of  Mb  function  cannot  vary 
with  that  angle.  If  this  assumption  be  analysed, 
the  inmost  nature  of  the  truth  to  be  established 
will  be  found  involved  in  it. — These  Laws,  then, 
ought  tobe  held  as  results  of  univenal  Observation. 
licap  Year.  The  true  solar  year  is  nesrly 
865|  days  bog.  If,  therefore,  we  were  to  date 
our  time  from  its  commencement,  on  one  year 
our  day  would  begin,  suppose  at  12  o'clock  at 
night,  next  year  it  would  begfai  at  6  in  the 
morning,  next  at  12,  next  at  6  in  the  evening, 
and  next  again  at  midnight  There  would  thus 
be  a  constant  rotation  of  the  commencement  of 
the  first  day  of  the  year,  which  would  seriously 
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embarrass  civil  aflkirs.  In  our  cakndazs,  there- 
fore, to  remedy  this  main  and  obrions  ibcob- 
venience,  an  entire  day  is  introduced  into  the 
month  of  February  every  fourth  year.  On  every 
fourth  year,  February  has  fventjMiwedaTs.  That 
one  of  any  four  successive  years  whidi  is  feqi 
year,  is  the  one  divisible  by  4  without  remsindff. 
See  Bissextile. 

Ijcaat  BqaaivM*  IHciliMl  •£  SeeSQiraaEi 
TUB  Least. 

Ijeda*  One  of  the  Asteroids  very  recently 
discovered.  See  table  of  recent  Asteroidi  is 
Appenilix. 

£«■••  There  are  ten  difftvent  kinds  of  Icbhi 
of  the  more  ordinary  spherical  fbrm. — They  as 
represented  in  fig.  1 ;  the  light  being  inddent  oa 
them  in  the  dlrection-of  the  anxm-— 
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Flff  1. 

No.  L— The  double  convex  or  concaTo-conTex  knt- 
whlch  mav  or  may  not  hare  the  ipboaeil 
turfiiccs  of  equal  nuUL 

2.— PUno-coDTez. 

8.— CoDTezo-pIane. 

4.— Doable  concere  or  oo&caTO-coneava 

6.— Plano^concsre. 

6.— ConcaTO-plane. 

7.— Convex  meniscus  (moon-'Sluiped}. 

8.~ConcaYe  meoiscua 

9l— ConTexo-cuiicavc. 
10.— Goncavo-courex. 

It  is  necessary  to  specify  the  directioo  in  vhidi 
the  ray  comes  from  the  luminous  point;  benaa 
several  of  these  lenses  might  be  interchanged  wboi 
that  is  altered.  Thus  the  lenses,  Na  7  and  Ka  8, 
would  bo  exactly  the  same,  if  the  ray  til  vpoa 
them  firom  diflKoent  sides.  So  also  with  2  sod 
8,  with  6  and  6,  and  with  9  and  10.  It  saen, 
therefore,  that  the  following  divinon  indndei  ail 
the  real  forms  of  the  lens,  and  that,  when  «e 
wish  to  change,  for  example,  a  lens  Ko.  2,  ibIb 
a  lens  No.  8,  we  require  simply  to  turn  it  so  that 
one  surface  shall  be  met  by  the  light,  inslcsd 
of  the  other— 

L— The  rimple  convex  (Noa  9  and  t^ 
S.-.Tbe  dm^e  concave  (No&  6  and  <). 
IL— The  dOBDle  convex  QSik  1). 
4— The  doable  ooncaye  (Koa  i.  7, 8, 9, 10). 

The  latter  lenses,  Nos.  9  and  10,  dife  fttnn  the 
lenses,  Nos.  7  and  8,  simply  in  tUs,  that  the 
inner  drde  diveiges  from  the  outer  in  one  psir, 
while  it  coQveiges  to  it  In  the  other.— Hie  uses 
of  lenses  are  principally  two — to  incresse  the 
apparent  magnitude  of  ol]jects  from  wfaJch  lonrin- 
ous  rays  come  (as  described  in  the  artides  Tsti- 
soopB  and  MiCROSOor b)  ;  and  to  eollect  Inmtooiis 
rays  issuing  from  a  body,  luminous  cither  is 
itself  or  by  reflection,  into  a  point  to  which  the 
ere  can  be  oonveniently  applied.   The  Conner  ess 
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modi  by  the  latter,  bat  we  shall 
oooliiie  oaradveB  to  the  Utter. — In  each  of 
tta  Iwn—i  we  have  enumerated,  a  ray  incident 
•a  anj  point,  woold  paas  throngfa  one  surfoce, 
IpQin  the  air,  into  the  material  of  the  lens;  and 
flooenllj  speaking,  next  throngh  that  material, 
—  thus  eafeing  two  distinct  refractions  (Di- 
omics),  befim  meeting  the  eye.  —  To  take 
Ae  rimplff  esses  6nt,  we  shall  imagine  that 
the  lens  conaasts  of  one  cnrred  sur&ce  on  which 
the  ny  is  incident,  and  that  the  point  to  which 
tiMVsftaeted  rays  converge  b  in  the  interior  of  the 
sofastance.     It   thns   ceases   to   be 
what  may  be  the  exact  form  of  the 
IsDticiilar  siu&oe ;  and  we  have  the  simple 
caaa  of  a  lay  incident  upon  a  single  curved  sur- 
fiwa,  of  given  refractive  power,  at  a  certain  angle, 
dM  eooiae  of  wliidi,  throogh  the  mass  of  refract- 
1^  anbstance,  is  rsqnired. — We  have  no  species 
of  lens  wliidi  will  ooBoentrite,  by  refraction,  aU 
tiha  liimiBoas  rays  (even  svppoeing  that  these  rays 
consist  of  homogoMOos,  or  eqiully  refrangible 
Bglu)  coming  from  points  placed  at  various  dis- 
taneea  fhm  it  in  q>ace.    For  one  Inminous  point, 
we  can  eoostmct  one  surfiice,  so  that  the  rays 
diipeised  from  that  point  and  incident  upon  that 
anitee,  shall  converge  to  one  point  within  the 
nfraetlng  mass. — As  the  portions  of  points  may 
be  Infriitdly  varied,  it  would  be  impossible  to 
apply  simple  geonietrical  oonsidentions  to  the 
fhU  qnestion.    One  analytical  expression  might 
tadeed  be  found  applicable  to  eveiy  case;  but 
if  w«  T^ect  analysis,  we  are  reduced,  in  all  of 
the  mos«  complicated  problems,  to  consider  special 
csaea  indnded  under  the  general  formula,  as  we 
have  found,  for  instance  in  the  article  Dioptrics 
(whScb  sbouH  be  read  before  this  artide),  when 
coi^deting  the  course  of  rays  passing  through 
lefhKting  media,  and  falling  at  the  points  of 
ta^vwi^f*  in,  and  emeigence  from,  the  medium  in 
qmaliiwi,  upon  pknes  not  paralleL — The  case 
wUefa   most   frequently  tums  up,  Is  that  of 
iimi^i^t^ff  injs  from  the  sun,  moon,  planets,  or 
fixed  stars.    These  bodies  are  so  far  removed  that 
we  flsay  consider  the  rays  from  them  as  paralleL 
The  problem  then  is,  to  find  a  lens,  whkh  shall 
nfract,  by  a  sbgis  refraction,  luminous  rays 
foDiqg  parallel  upon  it,  to  a  single  point  in  Its 
mtm     iin  dllptic  lens  Is  sudi  an  one,  that  Ita 

eceestiidty  b  eq[nal  to  -^  U  beittg  the  refractive 

iadsx  of  tlw  material  of  the  lens).  In  this  case 
the  lefractsd  rays  converge  to  the  farther  focus  of 
the  dlipsoid,— the  parallel  rays  frtlling  upon  the 
convex  swfrKK  of  the  elUpsoid.— A  hypert>oUo 
Ins  has  a  similar,  property.  If  a  pencil  of 
panllel  nys  foil  upon  the  concave  sarikoe  of  a 
hvpcriMloid,  whoee  subeUnce  has  a  refractive 
index,  equal  in  value  to  ito  eccentridty,  the 
rays  will  be  refracted  to  the  other  focus  of  the 
bypecboloid.~The  converse  of  these  two  propod- 
t^^if  ritff  holds,  vis.,  if  rays  diverge  from  the 
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fod,  to  which,  in  the  cases  mentioned,  the 
psralld  rays  converged,  they  will  be  refracted 
from  the  medium,  as  paralld  rays. — In  this 
most  important  case  then,  dlipsoid  and  hyper- 
bdoid  lenses  would  altogether  serve  our  purposes, 
and  might  bo  used  with  very  great  advantage  in 
telescopes ;  for  even  altliough  not  employed  with 
a  view  to  cdestial  observations,  the  objects  to 
which  they  would  be  directed  are  neverthdess 
ordinarily  at  such  a  distance,  that  rays  coming 
frtHn  them  might  be  considered  panJId.  But 
it  unfortonatdy  happens  that  lenses  of  this  precise 
shape  are  of  very  difficult  construction  in  any 
case,  and  especially  so  in  the  larger  and  finer 
instroments.  The  oaiy  possible  ibrm  of  construe^ 
tion,  is  dther  that  of  phme  or  spherical  snrfoces. 
The  former  would  prodnoe  no  diect,  however,  of 
ttss  for  the  purposes  of  a  magnifying  Instrument. 
—We  are  at  once  led  therefore  to  cosdderatioo 
of  the  refraction  of  homogeneous  light  at  ^Aerioo/ 
surfisces.  Onr/r«t  proposition  is,  that  tbs  refrac- 
tion, aft  a  spherical  surfooe,  of  rays  from  a  Iwnin- 
otts point  at  a  distance  from  its  centre*!- ^  times 
the  radius,  is  directed  to  a  pohit,  the  distanes  of 
which  from  the  centre,  will  form  with  the  dis^ 
tance  of  the  first  Inminous  point  from  the  centre, 
a  rectangle  equal  to  the  squars  of  the  radius. — 
Let  p  A  P'  (fig.  2)  be  sudi  a  surface,  and  let  q  o 
:=  AO  .  /»  and  Q  o  .  J'  o  =  A  o*,  then  tha 


nfracted  rays  will  be  refrscted  sccnrstdy  to  q" 
(q  being  the  Inminoos  point  from  whidi  the  rays 
diverge). 

ShiceQo.  j'o  =  AQ« 

90:0  A(or  op)  ::.OP:Oj[' 

Theiefow^  =  ^        (VI.I6.) 
QP      g'P 

NowQO=AO.f»=:OP.^ 


OP 


OP 


^•■5^  — :;:ri 


andX?'=l 

FQ         A* 

Let  o  If  o  M  be  drawn  perpendicular  to  PQ  and  F  9 


^.j'PrrQP; 


Than  Q"^  Sinopg' 
OM'       SinoPQ 

ButOK.P^:0M'.PQ::  p^:pQ«. 

Since  the  first  two  members  of  this  proportion 
are  equal,  respectivdy,  to  double  the  area  of  the 
triangles  o  p  ^,  o  p  q,  and  since  these  triangles 
are  proportional  to  p  i^«,  and  p  q\  respectivdy. 
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—we  hav«,  therefbra, 

om:  0Mf::v^:  pq 

And  OM^Sinopg^^ t£ 
OH'      Sin  OP Q      PQ 

But  l£^L 

PQ""  /» 
,.,  Sinop^         1 
SinopQ  ^^    7^ 

Sin  o  P  Q 


^Sinopj'. 

Now  o  p  is  die  perpendionltf  to  a  plane  tonchiiig 
the  incident  enrfiuse  at  p,  and  o  p  Q  is  therefine 
tlie  angle  of  inddenoe.  Henoe  o  p  ^  is  eqoal  to 
tlie  angle  of  refraction,  according  to  the  dioptrical 
law ;  and  the  my  will  appear  to  an  eye,  within 
the  maee  of  p  p,  as  ooming  frnm  ^  instead  of 
from  Q.  This  will  hold,  evidently,  with  regaid 
to  all  the  rays  passing  from  q,  by  parity  of  rea- 
soning (since  nothing  In  the  reasoning,  required  to 
postulate  that  p  q  a  was  any  particular  angle). — 
The  same  proof  hdds  for  convex  sarfiMSs  on 
which  rays  are  incident  (as  in  fig.  8).      Rays 


Fig.  a. 

which  have  a  foens  (or  point  of  eonvergence),  if 
unhiterrupted,  atQ(oQ»:^.oAas  before), 

will  conveige  in  reality  to  ^  [oj'  =  — V 

Thus  imagine  a  concave  sarfiu»  of  glass — the 
t^Rdins  of  the  spherical  part  of  which  (o  a,  fig.  2) 
is  1  foot  Then  o  q  =.  1*6  X  1  ^  1)  foot.— 
Kays  then  emerghig  from  q  will  be  seen  through 
the  glass,  as  if  oomiug  from  q'^  which  is  deter* 
mined  by  the  equation 

^       OA«        1  2  , 

o  j'= —__-:»_-  foot. 

OQ         1^         8 

That  is,  such  rays  will  appear  as  coming  from  a 
point  10  inefaes  (18 — 8)  nearer  the  spherical  sur- 
face. The  point  q,  however,  is  here  determmed 
for  every  glass  suiftoe,  with  the  same  radius  and 
refracting  index. — But  with  any  given  refracting 
suriSue,  we  have  generally  to  take  account  of 
luminous  rays  coming  from  other  points.  The 
olirject  cannot  always  be  moved  to  a  pohit  cor- 
responding to  q;  and  we  are  ususlly  quite  as 
unable  to  move  towards  it,  or  to  go  so  for  towards 
it,  as  to  bring  it  to  tlie  point  adapted  to  a  given 
lens.  Generally,  moreover,  a  luminous  otfject 
consists  of  a  series  of  pomts  rather  than  one^  and 
if  one  be  in  the  position  q^  the  others,  for  that  vecy 
reason,  are  not  there.  There  will,  therefore,  bo- 
as this  is  the  only  case  of  aocniate  refraction  to  an 
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aetul  pohM^  widi  spherical 
light  in  many  cases,  and  in  still  more  humogeuBSss 
li^tdisperBed.  To  this  fa  omipg  the  liis mslimi  ef 
the  caosdc  curve  (Caubxic),  and  mudi  of  thsfi^ 
arrangement  which  nqnires  adnomaSic  appfioh 
tions. — In  the  problem  just  treated,  the  loaiBBM 
pomt  could  not  be  at  a  great  distance  from  thelaai^ 
for  q  o  =  ^ .  o  A  and  /•,  in  the  case  of  meRsy, 
the  most  refrangent  substance  in  thetabK  »  ^ 
than  6.  o  q  would  thvefore  be  less  than  6  oi, 
and  Q  A  less  than  7  o  a. — Suppose  fp'  to 
grow  less  and  less  curved.  U  wonld  do  m, 
evidently,  by  o  being  removed  along  AO  hm 
a;  now,  if  finally,  AG  came  to  bean  indrfmte^ 
great  distaaoe^  p  a  p'  would  be  irtgy  OBsdj  s 
flatsnifooa  q a,  therefore,  being  greater  liMa 
o  A,  would  also  be  very  large;  and  rays  proceriiv 
fix>m  Q  might  be  conceived  paralld,  as  in  thBon 
of  the  solar  or  astnd  rays.  Thfa  peculiar  kn^  a 
lens  with  a  plane  sorfisce,  would  therefore  fasve 
the  foregomg  proposition  appUoable  to  it,  ibrthe 
most*  usual  case  of  Solar  or  astral  U|^  istn 
apply  it. 


AO> 


AO 


*^  --  QO 


J. 


QO 
QO 


AO  =   —.AC 


QO 


Hence,  if  q  be  indefinitely  distant,  the  fbcaif' 
from  which  the  refracted  rays  would  sem  to 
emerge,  would  also  be  at  a  very  great  distsnoe^ 
since  ^*  could  not  be  greater  than  3<l  A 
proposition  which  gives  ns  no  very  valubh 
information. — We  pan  now  to  ooosider  the 
case  of  Solar  light  incident  upon  concave  or  ceor 
vex  spherical  lens  sarCacea,  and  to  mA  the  focsi 
of  accurate  reflectJon,  if  it  may  be  obtained.— Let 
the  rays  sp  and  sa  be  solar  or  astral  mys,  ind- 
dent  (figs.  4  and  6)  upon  spherical  leadcnlir 


surfiMes,  of  which,  with  air,  ^  fa  the  nladie 
refractive  faidex.  Let  g'  be  the  point,  as  hi  the 
former  case,  where  the  unrefraded  ny  (fidfing 
upon  the  surfooe  perpendiculariy)  meets  the 
ntfracted  my  p;'.  Draw  pom  through  p  sod 
o  and  q'  x  perpendicular  to  it,  then  o  p  s  = 
PO  A  =  M  o^ 

nowSbiKOo'=  Sini=  — ^:  andSinf'PO 
*  oy' 


=  Sm  t' 


ir  ^, .         Sm  t 
^   hence 


J'f 


Sinf 


fi 


dividing,  f$  = 


ost 


492 


LEN 

IJenoe,  in  ocder  to  find  the  point  g^  we  require  to 
daoibe  npoo  tbe  base  o  p,  a  triangle  whoee 
adm  ahaU  have  the  oooatant  ratio  ft,  and  which 
dian  hitve  one  of  its  sides  in  the  direction  xoq'. 
It  would  not  be  dlfficolt  to  show  that  for  each 
base  o  p  (drawn  from  o  to  the  Tarious  points  of 
tfaa  soi&oe)  we  shoold  have  a  diiierent  point  q*. 
It  fcDows  that  m  this  caae  the  raj  wOI  not  be 
oaneentrated  to  one  point,  becanse  Uie  same  thing 
hapinnB  to  the  nya  below  o  a',  which  would 
thsRibn  intersect  each  other— if  at  all^either 
above  o^ot  bejrond  ap',  wlule  the  oorrespond- 
mg  mjB  above  woold  intersect  below  o  jf'  or 
h^ond  A  p. — ^The  rays  near  a,  on  both  sides, 
vffl giv»  g'p  and ^  a  vay  nearly  eqnal (because 
p  and  ▲  become  nearij  the  same  point),  and  op 
and  OA  nearly  coincide.    Hence,  for  such  rays 

we  have  this  law   ^   =  /i.     The  pofait  ^ 

will  theRfae  coooentnte  a  tkm  pencil  of  rays. 
When  tfa«  Bg^  comes  from  the  snn  the  length, 
f  A,  iscdkd  ib%  friMsqial  foeai  length  of  the 
icftnettngaufaoe.  The  focal  length  varies  (being 
eqMl  to  the  distance  of  the  point  ^,  which  varies 
fior  each  point  p,  from  a),  but 


0'' A 
ibelengtb  j^A,fi>nnd  by  tlie  equation  J; —  =s^ 

Is  that  to  wliich  an  nhhnately  approach,  and 
ttocfivB  has  its  name.    Call  ^  a  ==/^, 

then  4 =^ 

^/— ^r=/ 

/»  — 1 
Thn,  In  n  kna  of  c^ass,  with  refractive  index 

*^^  —  8  feet— 


l-ft,  nd  radios  1  ibot,y> 


i 


Pndsdv  the  same  result  is  obtamed  in  the 
erne  (fig.  6)  whidi  we  give  here,  that  the 
stMknt  may  eompare  the  proof  with  this  figure, 


Ftg.& 

B  evder  that  be  may  obaerre,  that  noddng  de- 
["—^'"g  upon  the  circumstance  of  the  ooncavity 
er  eonfAity  being  tuned  towards  the  luminous 
pcndl,  can  alter  the  Unffth  of  the  principal 
fbeal  distance. — We  shall  now  revert  to  the  more 
gMMnd  caw  of  tiie  incidence  of  dtvttgtng  rays 
ipon  a  spberieal  nedlnm,  and  endeavour  to  get 
lesdlBaBalogoua  to  these  Just  obtained.  Imagine 
tiMAieigIng  point  situate  anjrwhere,  and  depend* 
ing  hiBo  degree  upon /I.    Tlien 
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SInoPQ       QO 
Sin  p  0  Q  "*  Q  p 

Sinpo^'      ^r 
Shi  op/      g'o 

,    SfalOPQ         QO 

*'  Sinopg'"^  q  p 

Sin  OP  Q                            QO 
Sinop^—'*         "^"-Qp' 

but 


y'0_QO 

m  •    am        ■    '  ^i»  *"^— • 

But,  ibr  the  same  nasoos  as  before,  if  pand  a 
approach  very  dose,  we  shall  have  ^  p  and  9  p 
becoming  equal  tog' A  andQ  a 

g'o       Q  o 

'^  5'A         Q  A 

Making  qa=:i«,s^a:=ii'  and  o  a  »  r,  we 
have^o  =  i»'  —  r,  qo  —  u—  r 

,•.  «  «' — «» r  Bs  ^  ti  •' — ;*  u  r 
Divide  by  «ii'r,  theni—  i=  —  —   -^ 


r  « 


which  gives  -^  ,  and  as  ^  is  known  for  ea':h 

special  case,  n' is  determined.— In  this  case  oi  the 
concave  surface  then,  we  obtain  the  point  from 
which  the  luminous  rays  will  appear  to  diverge. 
If  we  take  the  case  of  a  convex  lens,  instead  of  a 
concave,  q  a  or  u  has  changed  its  position  relative 
to  the  surface,  and  will,  therefore,  be  marked — u 
in  the  application  of  the  formula.  Sometimes  in 
this  case,  the  rays,  originally  dispersing,  are  made 
to  converge  downwards,  so  as  to  interMCt  in  one 
point ;  scwoetimes,  on  the  other  hand,  they  still 
continue  to  diverge,  though  less  than  before.  In 
the  latter  case  the  term  u'  also  changes  in  direc- 
tlon  being  on  the  same  side  of  a  with  11,  as 
before.  In  the  former  it  does  not,  but  takes  the 
oppoeite  direction,  commencing  from  a,  to  that 


offi.    In  the  first  case,  therefore, ^-  = 


i— 1 


--.or 


^  — 


i»-i 


In  the  aeoood  case,  we  have 

Remembering  that/"  (the  prindpal  focal  length), 
whidi  ia  ooo^deredas  a  fixed  point  in  the  system 


of  every  lenticular  aurlkce  :=  ^ 
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we  haro 


-  f^-l 


^   =  -^  4- 


in  the  prin- 


cipal fcrmnla  Jost  found. — In  the  case  of  a  con- 
verging, inst^  of  a  diverging  pencil,  Incident 
on  a  concave  sorfaoe,  "we  have  r  changing  its 
direction  in  effect,  and  the  formula  becomes 


-^  = 


For  a  plane  sur&oe,  r  is  infinite,  and 

r 

vf  » 

whence  ^  «  =  «'. 

For  parallel  rajs  incident  on  a  concave  surface, 
Si  is  at  an  infinite  distance  (t.e*))  «  is  infinite,  and 


'*    — 


a  — I 
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mass  in  a  given  direction.  WiehsvethttiDewn^ 
of  light,  moving  in  a  definite  directioa  the  <n 
Just  found— and  towards  a  definite  poiat,  abo 
found  by  that  investigation.  Theqaesdonistlni 
simplj  repeated.  The  rays,  so  directed,  hareto 
emerge  into  a  rarer  medium  (or  denser,  as  Ae  case 
may  be)  at  another  spherical  snrfiue,  the  rdatfit 
refractive  index  of  which  and  the  matter  urn- 
prising  the  lens  are  well  enough  known;  aadtUi 
problem  has  been  already  in  efiSsct  solved.  We 
aim  rather  at  giving  principles  than  at  detaS^s 
processes,  and  shall  therefore  avoid  the  RfwlftiDB 
of  those  already  indicated.  Tlie  lesobi  iiil 
be  useful,  however,  and  we  give  theoL— Hi 
simplest  case  is  that  of  a  plano-oonvez  Icb(%. 
1,  No.  2).  Rays,  as  of  astral  or  solar  ligbt,  ih 
ddent,  parallel  to  the  axis,  &I1  perpeo&sliriy 
on  the  first  lefiracting  surface.  They  so  laB, 
therefore,  and  pass  through  the  substanoB  of  Ae 
lens,  unaltered  in  direction.  We  have  hs^ 
therefore,  only  one  application  of  the  priac^ki 
of  refiraction ; — ^we  have  only  to  comider  Ae 
original  parallel  rays,  as  coming  throng  ths 
whole  conne,  tluoi^  the  medinm  of  tbi  sab- 
stance  of  the  kns,  and  entering  the  air  or  vato', 
or  whatever  other  translacent  substame  Ihi 
lens  may  be  surrounded  by.  Aooordiag  tafiie 
investigation  already  given,  then  we  l^ve  far 
that  case,  making  b  f  =  /;  and  tiie  radias  o  a 


of  the  convex  lens, 


/' 


u 


^-1 

now,  r  be  two  feet,  and  the  lens  be  made  of  ^as 
(refinactive  index  1*5),  aurrounded  by  air,  ve 

shall  have/» -^  =  4  liset— In  the  levcne 

case,  of  a  convexo-plane  lens  (fig.  1,  Na  3^  (^ 
same  lens,  having  its  splierical  side  toned  to 


_    /*-! 


+ 


— We  shall  not  pursue  the  aubject  of  the  di- 
optrical effect  of  single  spherical  surfiues  on 
homogeneous  li^t  further  at  preeent — We  pass 
to  consider  the  efibct  of  the  various  kmds  of 
lenses,  through  which  there  is  a  second  refraction 
of  the  luminous  rayB.^In  doing  so,  it  is  usual  to 
imagine  the  thickness  of  the  lens  so  small  that 
it  may  be  safely  disreigarded.  In  an  accurate 
determination  of  the  complete  effect,  this  would 
require  to  be  taken  into  account;  bat  unless  we 
employ  the  principles  of  the  higher  mathematics, 
sudi  a  detormination  is  impoasible. — ^We  shall 

not  considCT  here,  Uie  eflect  of  a  tos  upon  meet  the  parallel  nivs),  with  the  laya  paialtol  as 
ordmary  white  light  (Achromatism),  but  c^- 1  y^  ^^^^  this'r^ult,  where  a  »,  Si  thid- 
sider,  as  in  the  article  Dioftrics,  the  flight 
9A  homogeneous,  or  of  equal  refrangibility.— The 
discovery  of  the  efiecta  of  lenses  upon  light  from 
points  at  any  position,  is  the  most  general  pro- 
blem ;  that  upon  light  consisting  of  parallel  rays 
is  at  once  the  most  important  and  the  simplest 
The  focus  of  a  lens  is  the  point  to  which  all  the 
ra3rs  emerging  fix>m  a  given  luminous  point, 
actually  converge ;  or.  in  the  case  of  rays  which 
divei^  after  infraction,  the  point  fh)m  which 
they  seenu  to  an  eye  behind  the  lens,  to  proceed 
instead  of  from  the  actual  luminous  point 
The  principal  focus  of  a  lens  is  the  pdnt  to 
which  rays  incident  hi  a  dhection  parallel  to  the 
axis  of  the  lens  (the  perpendicular  through  its 
middle  to  its  two  surfaces),  and  incident  upon  a 
small  space  of  the  lens,  or  a  small  angular  space 
of  the  drole  of  which  the  whole  lens  is  a  segment, 
tend  to  converge.  We  shall  not  give  detailed  in- 
vestigations for  the  various  forms  of  lenses.  The 
principles  upon  which  these  are  conducted  are 
precisely  sudi  as  are  employed  in  the  investiga- 
tions already  gone  over.  At  the  one  surface  of  the 
lens,  the  rays  are  refracted,  and  pass  through  its 


ncss  of  the  lens  is  taken  into  coosideratko,  and 
where  B  F  =/a8  before 

/ 


T  M 


If,  as  is  usually  the  case, be  ray  maO,  and 


(^y 


verv  much  smaller  than 


^-1 


(^  —  1  being  generally  less  than  1,  and  r  gnatff 


—  1 


TbesBoe 


than  1),  we  obtain    —  —> 

result  exactly,  is  obtained  by  neglecting  thethid^- 


'-?v= 


ness  i ^Sinoe  therefore  -?-  —  ^ „ , 

quite  as  before.  It  would  appear,  then,  that  the 
two  lenses  are  veiy  nearly  of  the  same  valae. 
as  far  as  their  focal  distance  goes.  It  is  readOr 
seen  how  this  must  be  so.  If  we  imagine  t  to 
be  amall,  as  we  did  m  the  first  case,  or  to  vaaWi 
as  we  did  in  the  aeoond,  we  get  the  n^  stxik- 
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faig  npoQ  F  Or  at  m  point  ao  T617  little  below 
tkat  ftt  which  it  would  have  struck,  if  it  had  gone 
on  vniefiractod,  that  when  it  oontinneB  its  coarse, 
it  might  be  easilj  considered  as  having  oontinaed 
ha  eonne  ftom  that  point  instead  of  finom  that  at 
i4iich  It  does  reall j  strilre  on  the  plane  soifiioe 
ef  tlie  lena.  When  we  do  take  into  aoooont  the 
thickneaa  of  the  lens,  if  it  bear  any  considerable 
proportioii  to  the  radios  of  the  spherical  sulaoe, 
a  difHerent  resnlt  firom  the  former  is  nndonbtedlj 
pndneed.     Thos,  let  r  »  2  feet,  ft  a  1*5  and 


f  as  6  inches,  then  — 


(  ly^   ±+    JL    =iiand/= 
\  4   J  4    ^    48  48  "^ 


4^3 

18 

48 


48 
18 


or  8}  feet  nearly. 


The  focal  distance  is  therefore  shortened  by  this 
siraiigenieot  of  the  glass.  In  the  other,  it  was 
qidte  immaterial  how  thkk  the  glass  might  be. 
No  eflfect  was  produced  upon  tlw  focal  length. 

Hera  the  tiiidoer  the  glass,  the  greater    ^- 

beoomes,  and  thertfore  the  less,  /,  becomes.— 
Thcfe  Is  a  considerable  efleet,  moreover,  due  to  this 
cfaange  of  focal  length,  from  the  chromatic  dis- 
peniaD  of  the  rays  of  light—The  principal  focal 
IsQgth  of  a  doable  concave  lens  is  expressed  by 

tUtfonnol*  ±  -O-D^i-  +  i\ 


-t(^)- 


^vbere  y  as  b  p,  r,  is  the  radius  of  the  one,  and 
r'  of  the  other  spherical  surface,  B  a  being  the 
thickness  t.  This  lens  causes  the  parallel  rays  to 
divcige,  and  the  focus  here  is  the  point  from  which 
tbey  appear  to  come. — ^With  a  double  convex 
km^  the  expresrion  for  the  principal  focal  length  is 

(  ^      ^  y        This  lens  makes,  however,  the 

poiallel  rays  converge  instead  of  di\*erging — If 
Hie  thickness  be  very  small,  so  much  so  that  it 
amy  be  negjecied,  we  find  the  following  yaloes  for 
the  two  cases : — Fcxr  the  doable  concave, 

For  the  double  convex, 

The  focal  length  is  therefore  the  same— the  dif- 
isRaee  of  convexity  and  concavity  merely  suffic- 
ing to  determine  whether  the  focus  be  the  point 
from  which  the  rays  will  appear  to  an  eye  behind 
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the  lens  to  diverge,  or  to  which  they  will  appeal 
to  converge.— To  take  an  example  of  the  yarioos 
cases  just  enumerated,  imagine  two  lenses,  the  one 
double  concave  and  the  other  doable  convex,  the 
thickness  of  each  of  which  is  two  inches— the  re- 
fractive-index 1*6,  the  radii  of  the  two  surfaces, 
five  and  six  inches  respectively.  Then,  for  the 
double  concave  * 


T^t{6  ^  t)+  1}  (t)' 


60     *"    8      »"  100         60  "T 


800 


•••^  69 


60  "T"  800 

■ 

61^  indies  nearly ; 
For  the  doable  omvex  lens— 

L_±/A   .  l\_J./*\' 
/  -  i  \6  +  6  )     n\r) 


11 

CO 


a     I 


8 


.-./ 


100 
800 
61 


11 

60 


800 


61* 
800 


6-^  nearly. 


If  f,  instead  of  bemg,  as  here,  two  Inches,  be 
sufficiently  small  to  be  neglected,  then 

7  =■  W  "^/=  ^A  inches. 

The  principal  focal  length  of  a  convex  meniscus 
lens  (No.  7,  fig.  1)  is  expressed  by  the  following 
formula :— - 

For  a  concavo-concave  ^aas  (fig.  1,  No.  10)  we 
have 

j.=(,-.>(-V-')-,i('-=-y 

The  other  cases  (fig.  1,  Nos.  8,  9,  6,  6),  have 
analogous  formula,  according  to  the  various  modi- 
fications of  the  dicumstances  in  which  the  lumin- 
ous nys  are  incident  at  first,  and  finally  emeigent 
from  Uieir  various  surfaces. — We  now  see  how 
the  various  principal  focal  lengths  depend  upon 
/ft.  The  problem  of  achromatism  is  this, — to 
arrange  several  lenses,  so  that  the  ultimate  point 
of  conveigenoe  will  be  the  same  for  difi^rent 
but  known  values  of  /c.  For  any  one  given  form 
of  lens,  in  most  of  the  formula  given,  there  would 
be  one  focal  distance  conespon^g  to  every  value 
of  the  refractive  iudex.  Hence  the  violet  of  a 
pencil  of  white  light  would  be  sent  to  one  prin- 
cipd  focus,  and  the  red  rays  and  those  at  the 
other  end  of  the  prismatic  spectrum  would  be 
sent  to  another.  In  some  of  the  formula  Indeed, 
where  /*  Is  found  both  in  the  numerator  and  the 
denominator,  two  values  of  it  might  be  foond, 
which  would  lead  to  the  same  principal  focal 
length.  But  supposing  these  to  be  suited  to  the 
vsloes  of  ^  for  the  red  and  the  violet  rays,  we 
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chould  still  have  the  Intennediate  nys  of  the 
Bpectrum,  with  diffisrent  values,  so  that  achrom> 
atism  woold  still  be  unattabed.  The  introduo- 
tion  of  two  or  more  lenses  remedies  the  evil  so 
far.  Imagine  rays  coming  from  one  point,  in 
one  direction  to  be  incident  upon  a  given  lens, — 
they-  become  separated,  so  as  to  appear  emeigent 
from  difierent  points,  one  for  each  different  re- 
frangibitity  of  the  prismatic  rays.  If  now,  these 
separated  ra^'S  came  from  one  point  npon  the 
f>eoond  lens,  we  shonld  have  the  very  same  effect 
as  a  reseparation  of  the  constitoent  lights ;  but 
falling  as  they  will  now  do,  in  difier^t  direc- 
tions npon  the  lens,  that  lens  may  be  so  arranged 
that  they  shall  be  reoonoentrated.  With  some 
lenses,  for  example,  the  greater  the  refractive 
index  is,  the  larger  the  principal  focal  length ; 
with  others  again,  the  greater  the  refractive  in- 
dex, the  smaller  the  principal  focal  length,  under 
certain  linutations.  Some  lenses,  as  we  J^mrB 
seen,  throw  parallel  light  falling  upon  them  back, 
upon  a  point  before  them.  O&ers,  on  the  con- 
trary, csrry  it  forward  to  convergence  at  a  point 
behhid  them.  Taking  these  faet^  in  ooi^unction 
with  that  readily  established,  that  the  refirangi- 
bilities  of  any  one  kind  of  substance  are  not  pro- 
portional to  those  of  any  other,  for  the  diffivent 
rays,  as  for  example, — 

Refractive  index  at  b  for  Crown  Glass,  No.  18 
'Befractive  index  at  b  for  Flint  Glass,  l^o.  13, 

ia  not  equal  to — 

Refractive  index  at  h  for  Crown  Glass,  No.  13 
Refractive  hidex  at  h  for  Flint  Glass,  No.  13 ; 

we  may  understand  the  principles  upon  which 
practicid  opticians  found  improvements  in  achro- 
matism. Their  aim  is  simply  to  obtain  glasses, 
which,  while  serving  to  make  rays,  converge 
or  diverge,  will  mate  the  rays  of  different  re- 
frangibility,  converge  to  or  diverge  frx)m  the  same 
point — In  treating  of  achromatism  we  have 
found  ourselves  brought  into  contact  with  the 
more  general  case,  of  the  use  of  lenses.  Althoagh, 
for  example,  the  rays  incident  upon  the  first  sur- 
face are  parallel,  they  diveige  or  converge  before 
reaching  the  second,  and  foil  npon  it  in  all  possible 
directions.  We  must  examine,  therefore,  if  there 
be  any  new  principle  involved  in  the  case  of  rays 
diveiiging  fix>m  or  converging  to  a  point,  not  so 
for  distant  from  the  lens  as  to  be  considered  par- 
allel to  it,  which  has  not  yet  been  considered. — 
The  case  is  very  much,  in  fact,  the  same  as 
before.  The  consideration  of  the  principles  deter- 
mining the  refraction  of  converging  or  diverging 
rays  into  a  medium,  bonnded  by  a  spherical  sur- 
face, has  already  been  taken  up.  TlJs  is  exactly 
the  case  ofthe  incident  rays  before  us.  When  pass- 
ing through  it,  they  may  be  parallel  to  the  axis  of 
the  lens,  or  converging  or  diverging.  If  the  for- 
mer, the  case  of  paniUel  rays,  emergent  from  a 
medium  bounded  by  a  spherical  surfoce^  is  exactly 
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the  same  as  that  of  parallel  ra>«  fncidcnt  apoB  t 
medium  (the  substance  into  wiiicfa  tfaqr  emerge), 
which  Is  likewise  bomided  by  a  spherHslmte^ 
turned  in  the  opposite  direction.  Webavesheidj 
considered  tUs.  If  the  latter,  the  case  of  cbbo^ 
gent  rays  and  of  inddeot  rays  is  exadly  dn 
same  in  such  circumstances.  It  follows,  tboe- 
fore,  that  no  new  pdndple  Is  InvolTed  in  tbe 
case  just  introduced.  We  prefer  to  giteafev 
results  rather  than  prooeaMs  here  tJisL^Tbt 
following  formula  expresses  the  length  of  tin 
focns  of  emergent  rays,  when  a  small  pcndl  of 
diverging  rays  is  incident  on  a  donUe  cooitx 
lens.  Let  r  be  the  radius  of  the  first  and  Kof 
the  second  lens,  q  the  centre  of  emisNOB  tf 
light,  and  q'  the  focns  of  the  rays  while  psasBS 
through  the  lens.  Call  q  the  focns  oiiitap 
as  finally  emeigent,  and  IetQA  =  M,9'A=< 

9  B  =:  9,  and  ▲  B  =  t,  then  —  =  C^  —  1)  X 

the  principal  focal  length,  we  have  >-  =  -^ 

u  ^  f^   \    r  n  J 

We  have  for  the  other  most  frequent  case  of  the 

doubleooncavelens  —  =  -y--! 1 —  X 


X 


(.■v): 


The  cases  of  Other  kinds  of  loses 


may  be  solved  upon  the  same  principles  as  tbeM. 
Their  formuin  may  be  deduced  from  the  fonaals 
here  given,  by  introducing  the  iq^ropriate  tuis- 
tioDS  for  the  values  of  r,  r',  Sao, — For  exaB|ilCi 
a  convex  meiuscos  (No.  7,  fig.  1\  may  be  ofio- 
sidered  to  be  a  double  convex  lens,  whose  rafiBSt 


r',  is  negative  instead  of  positive,  and  wiiae  it 
occurs  in  the  expression  we  should  have  simplf 
to  add  instead  of .  subtrsctiog;  and  soUiset 
instead  of  adding.  With  a  oonvexo-plane  kn 
(No.  8,  fig.  1),  we  should  have  t'  lBfinil^  be- 
cause the  plane  may  be  considered  as  a  spher- 
ical surfooe  with  an  infinite  radius.  With  t 
plano-convex  lens  again,  we  have  r  negathra 
and  r'  positive,  and  so  on.  AH  the  omsb  tfaae- 
fore  of  spherical  lenses  maybe  solved  by  the  «■• 
ployment  of  the  fbr^going  fbrnrobs,  by  mens 
of  the  proper  snbstltntloDs;— one  of  wbSA  fe, 
in  fiict,  dedudUe  finom  the  other,  by  tks  mm 
method.  >  The  drdes  of  the  doabk  ooBeavi  an 
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jait  tbose  of  the  double  convex  twmedf  and 
tkoM  of  Uie  doaUe  conTez  have  the  same 
nladoa  to  those  of  the  dooble  concayo.  Hence, 
if  in  the  farmnla  Ibr  the  one  we  sabstitute 
— r  and  —  r'  for  r  and  r^,  we  shall  find  a  for- 
mula applicable  to  the  other. — ^The  same  method 
of  rabetittttion  would  enable  na  to  deduce  all  the 
OMB  considered,  from  the  general  one  of  incidence 
ef  direigiii^  or  converging  pencils  upon  a  double 
convex  or  concave  kns.  If  the  rays  be  parallel, 
we  have  to  express  that,  in  the  general  formula, 
sahsdtntlng  for  the  todeflnite  distance  «,  the 

iBlliiiCeyaliie,andhaEvingthefefore   —  =o*    If 


paraDd  rars  be  incident  on  or  emeigent  from  the 
Tafkas  kind  of  lenses,  we  hare  merely  to  take 
the  two  ayvtems  of  sabstitution  now  indicated, 
tsgetlier,  instead  of  apart — Still  another  case  re- 
mains for  consideration,  however  madi  more  com- 
plsx  in  tha  mathematical  processes  necessary  for 
its  solntioo,  yet  not  in  the  least  involving  any 
diflerent  physical  prindpleb— It  will  have  been 
remarked,  that  whowver  we  treated  of  the  effects 
of  knses  upon  light,  the  light  was  either  parallel 
to  the  axis  (the  petpendicolar  to  the  two  len- 
ticular soifaoes  at  the  middle  of  the  lens),  or 
emitted  from  a  point  in  the  line  of  that  axis. 
Now  this  is  by  ilu  the  most  usual  case.    But  no 
object  oooflistB  of  one  point  alone,  capable  of 
iM^ng  piiscftd  in  the  axis  of  the  telescope,  and 
except  in  the  case  of  stars,  we  have  tew  which 
appear  to  consist  of  a  mere  point  of  light    For 
the  son  and  moon  and  planets,  and  for  distant 
Imrcstrial  okjects,  and  to  an  extent  yet  almost 
inappreciable,  for  those  stars  which  have  a  paral- 
lax, we  must  consider  U^^t  fSdling  upon  our 
lenssa  in  directiona  other  than  that  of  the  axis. 
In  observations  npon  the  stars  themselves  it  is 
frsqaently  necessary  (as  for  double  stars),  to  ob- 
ssrvB  two  or  more  at  once,  and  in  this  case  also, 
only  one  can  give  such  rays  as  we  have  already 
treated  c£     We  shall  therefore  give  very  shortly 
the  forranke  Cor  pencils  of  oblique  light,  foiling 
upon,  and  refracted  by  lenticnlar  surfoces. — But 
wa  must  Oder  fint  a  definition.    The  centre  of  a 
lens  is  the  point  where  a  line  jcnning  the  extrem- 
ities of  two  paiallel  radii  of  its  spherical  surfaces, 
cots  the  aids  of  the  lens. — One  proposition 
then,  of  considerable  importance  in  connection 
with  tliis  problem  is,  that  one  focus  is  always  in 
the  lins  joinhig  the  centre  of  the  lens  with  the 
csBbaofemisdon  of  light    In  the  esse  of  a  tele- 
aeops^  some  of  tlie  oblk)ae  rays  wiD  generally  be 
iiteroBpted  by  the  rim  of  the  telescope  however, 
ami  this  result  will  not  be  accurately  produced. — 
If  the  pcmcO  of  oblique  light  be  not  much  inclined 
to  the  axis  of  the  lens,  the  focal  length  for  par- 
aOsI  raya  will  be  in  the  line  named,  and  at  a  dia- 
taoee  firom  the  osntre  =y^  for  a  double  eonvex 
er  donble  concave  lens — and  therefore^  since  all 
lansss  maj  be  conudered  aa  particular  cases  of 
Ihsss    for  an  lenses.    Hence,  we  may  find  the 
food  kngih,  hj  dfscrihing  from  the  centre,  a 
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small  arc  with  a  radius  ss /,  which  will  give  the 
focus  of  all  the  principal  u>caX  lengths  for  small 
obliquities. — We  have  for  diverging  pencils  the 
following  focal  lengths :— 


These  are  the  principal  cases  of  ordinary  lenses, 
which  come  properly  under  our  notice. — Another 
interesting  question,    merits  notice, — requued 


I1g.7. 

the  focus  of  a  refractmg  sphere.  We  have 
already  considered  the  focus  for  a  spherical 
surface,  prolonged  indefinitely,  but  in  this  case 
we  have  a  twofold  refraction,  at  incidence 
and  emergence,  as  with  an  ordinary  lens.  The 
expression  obtained   for   it  is   the  following, 

for  parallel  rays  o  o  «=  J^ rr  where  a  o  is 

the  distance  of  the  focus  of  the  refrMted  rays 
from  the  centre  of  refraction. — ^The  case  of  a  re- 
fracting sphere,  on  which  the  incident  rays  are 
converging  instead  of  parallei,  gives  expres- 
sions predseiy  analogons  to  some  of  those  for 

convex  lenses.    —  =  -:=- ,wheregisthe 

q         f  J> 

distance  of  the  focus  of  refraction  from  the  centre 
of  the  sphere  as  before,  /  the  principal  focal 
length  determined  above,  and  d  the  distance  of 
the  centre  of  emission  of  light  fivm  the  cen- 
tre of  the  sphere — This  formula,  applied  to 
the  case  of  rays  from  an  infinite  distance  would 

give  «  -^,  and  q  =/,  as  it  ought  to  do. 

— We  have  thus  seen  how  lenses  operato  in  mak- 
ing rays  from  a  point  converge  or  diverge,  and 
we  have  further  considered  the  case  of  rays  falling 
obliquely  on  a  surfkee  instead  of,  as  usual,  parallel 
to  the  axis.  We  rsquired  to  do  this,  principally 
because  the  oljects  we  usually  have  to  examine 
through  lenses,  are  not  points,  but  made  up  of  a 
series  of  points,  forming  themselves  into  surfoces 
or  lines.  It  is  interesting  to  trace  the  efiect  upon 
the  various  points  whidi  make  up  these  Ihies 
together,  in  order  to  discover  what  image  is  pro- 
duced by  any  given  kns,  of  a  given  otject,  and 
at  what  point  or  line  or  surfoce  it  is  produced. 
The  theory  of  microscopes  and  telescopes  entirdy 
depends  npon  the  problem  now  indicated.  We 
can  do  little  more  than  allude  to  it  Suppose  we 
desire  to  find  the  image  produced  by  a  spherical 
surface,  of  an  ofcgect  which  constitutes  a  cir- 
cular are  concentric  with  the  surface.  We  have 
found  what  would  be  the  focal  distance  of  rays 
coming  bom  any  one  pdnt  of  it  when  the 
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rayi  are  incident  perpendicularly  upon  the 
face;  and  as  the  object  is  a  drcnlar  are  con- 
centric with  the  spherical  sarfaoe,  the  line  from 
every  point  to  the  centre  of  the  spherical  sarfkoe, 
is  perpendicular  to  that  sarbce.  As,  further,  the 
distances  of  the  various  successive  points  from  the 
centre  of  the  surfkce  are  the  same,  and  as  it  is 
upon  tins  distance  that  the  ultimate  position  of 
the  focus  (or  point,  to  which,  the  ray  is  refracted, 
or,  ftom  which,  it  appeare  to  come)  depends, 
the  distance  of  that  focus  from  the  centre  of  the 
surfiice  will  be  the  same,  for  every  point,  and 
therefore  the  are  will  appear  as  a  concentric 
spherical  are  also,  magnified  or  diminished  in 
proportion  of  the  distance  of  one  of  the  foci 
from  the  centre,  to  the  distance  of  the  point  to 
which  it  corresponds  from  the  centre. — The  image 
by  reflection  of  an  arc,  concentric  with  the  spheri- 
cal part  on  which  the  rays  from  it  directly  fSnll,  is 
also  proved  to  be  circular,  and  the  expression 
for  its  magnitude,  compared  with  that  of  the 

object,  is  -23  ~  ^,  OQ  bemg  the  distance  of 
r      ' 

the  object  from  the  centre  of  the  lens ;  and  r  the 
radius  of  the  lens  which  is  considered.  There 
are  two  cases,  as  the  image  and  the  object  are 
placed  on  opposite  sides  of  the  lenticular  snr&oe, 
or  upon  the  same  side. 

licnacs,  Aplaaatle.  A  name  given  to  lenses 
that  practically  destroy  the  efiecta  of  spherical 
Aberration.  In  no  single  lens  can  this  aberra- 
tion be  made  less  than  1*07  of  the  thickness  of 
the  lens;  but,  by  combinations  of  lenses,  it  may 
be  much  frirtber  reduced.  Sir  John  Herschel 
has  pointed  out  that,  by  the  substitution  of  two 
plano-convex  lenses  with  their  convexities  turned 
towards  each  other,  the  aberration  may  be  reduced 
to  one-lburth  of  the  foregoing  amount,  provided 
the  focal  length  of  one  lens  be  2*3  times  that  of 
the  other. 
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See  PBABOiL 
One  of  the  Zodiacal  coBstdhtiom  It 
anmnemorateB  the  Nemcan  Vum  which  Heredn 
slew.  A  line  passes  nearly  through  Aretoni,  and 
the  bright  stars,  Begulus  («,  Leonis,  of  the  fim 
magnitude),  and  Deneb  (fij  Leonis,  between  that 
and  the  second),  whidi  are  the  brightest,  aid 
the  next  brightest  of  the  ooostellation.  A. fine 
through  Deneb  and  the  Pole  Star  passes  ttnongh 
the  lowest  of  those  in  the  Great  Bear  (y  Urn 
Midoris).  The  sign  of  Leo  in  the  Zodiac  ii  q. 
-  I<eo]llte«r.  OneoftheconstdlatioosmailEai 
by  Hevelins.  It  is  sonoonded  by  Leo,  Caaea^ 
Lynx,  and  Una  Major.    It  has  no  large  stan. 

Ijcp«s.  One  of  the  old  constellations  ditedly 
under  Orion.  Its  chief  stars  «f  A,  >*,  Lepon, 
are  of  the  third  magnitude. 

Iierel.  A  most  important  instrunMil  fai  sU 
practical  sdenoes  whose  operations  are  depeadmt 
upon  a  correct  detennmation  of  the  horiiwitsl  or 
vertical  point.  In  the  olden  times  of  PtaetiBd 
Astronomy,  the  vertical  point  was  nsoally  ssoer- 
tained  by  thep&minef,  by  aid  of  the  cuntrivaaa 
termed  Ramsden*s  Ghotta ;  snbseqoently  the 
method  of  direct  and  reflected  observatioii  vai 
resorted  to  \  and  quite  recently  a  pnfereDcs  bai 
been  given  to  Bohnenberger*s  happy  cuace|iCi«B 
as  explained  under  Cibclb.  Nothhig,  eert^y, 
can  exceed  a  long  plummet  in  ddicacy ;  bat  it  ii 
not  convenient  of  application,  and  its  osdHatioai 
do  not  cease  soon.  It  is  also  fivquently  reqoirili 
to  determine  a  horirontal  or  level  line,  vhea 
neither  of  the  other  methods  can  be  empbjed. 
It  is  necessary,  therefore,  that  we  resort  to  ths 
tpirit  feoef ;  nor  is  this  any  longer  a  hankUp, 
on  account  of  the  almost  wonderftd  perfbctka 
with  which  our  great  Artists  have  succeeded  is 
endowing  this  instrument  The  general  charaetar 
of  a  tpirii  fei^  as  it  is  now  us^  is  iiLpiewiiwt 
in  the  suttjohied  cut    The  tnbe  b  b  k  of  taia, 
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moveable  at  one  end  on  the  hinge  f,  and  capable 
of  being  moved  up  and  down  at  the  other  end  by 
the  screw  h  ii.  Sometimes  the  milled  head  by 
which  this  screw  is  moved,  is  graduated,  so  that 
the  observer  may  know  precisely  through  how 
much  of  a  ciroumference  the  screw  has  been 
turned.  The  glass  tube  containing  the  spirit, 
and  in  which  the  bMle  or  empty  part  is  appa- 
rent, is  placed  within  the  brass  tube,  the  upper 
portion  of  which  is  open,  so  tlut  the  position  of 
the  bubble  mav  be  seen.  Sometimes  there  is  no 
bnus  tube  at  all,  but  only  a  brass  ttandj  on  which 


the  glass  tube  is  fixed  by  itA  extremities,  or,  much 
better,  by  its  centre.  Attached  to  the  bras  tnbe 
or  stand,  and  placed  right  over  the  spirit  level, 
we  have  the  scale  d  d,  graduated  in  proportioa 
to  the  delicaqr  of  the  level,  and  by  aid  of  whose 
graduations,  read  off"  at  both  ends  of  the  bubble, 
we  gather  whether  its  centre  is  at  sera,  or  by 
how  many  divisions  it  departs  from  it  Suppong 
a  le%*el  well  made,  the  observer  a4juats  it  as  fol- 
lows : — ^Place  it  on  a  moveable  snriaoe,  —its  T*  fat 
instance,  on  the  pivots  of  a  transit  iustumwnt— 
and  by  the  screw  H,  bring  the  babble  to  sero  of 


498 


LEV 

tte  Mda.  B0f«ne  the  lard.  If  Oie  bubble  Is 
rtffl  at  SOTO,  the  aadi  of  the  tmnsft  and  the  post- 
Ikn  of  the  krd  tnbe  are  both  alike  correct.  If, 
at  afanoat  alwaja  wffl  be  the  case,  the  bubble  has 
departed  from  aero,  aaoertahi  the  «moiint  of  de- 
pvtim  by  the  scale;  divide  this  by  two;  attri- 
bolB  half  the  error  to  the  levA,  iad  the  other 
half  to  the  timiiait ;  correct  accordingly,  and  again 
fBfCDa  Both  instmments  will  in  ^is  way  be 
apeedQy  freed  finom  error.  It  abo  generally  hap- 
pens that  the  gbss  tube  is  not  plairod  absolutely 
along  tlie  line  which  gives  it  support,  but  lies 
soneiHiat  transversely.  This  error  can  easily  be 
detected  by  giving  the  level  a  slight  side  motion 
on  its  T*s;  and  a  tiansvene  scrow  is  always  sup- 
plied to  oonect  it — ^These  corrections  are  easy ; 
it  is  in  the  construction  of  the  level  that  the  chief 
difficulty  lies.  The  bore  of  the  gUss  tube  must 
be  groimd  to  a  nicety,  so  that  equal  parts  of  the 
scale  indicnte  equal  angular  quantities  wherever 
the  bubble  Is;  and  instead  of  the  ^ass  tube  being 
itraiglit,  it  must  be  an  arc  of  a  circle  of  greater 
or  lea  ndiua.  The  larger  the  radius,  the  truer 
the  level:  the&moua  Bdchenbach  is  said  to  have 
bonrtad  that  he  could  construct  a  level  with  a 
ladiaa  of  cnrvmtnre  of  two  humdnd  Engliah  mileit 
--a  feat  wfasdi,  if  accomplished,  would  have  en- 
abled tlie  bubble  to  move  over  more  than  five 
Eagltih  feet,  ibr  a  diange  of  one  second  of  space! 
Withoot  reference  to  aadi  marvels  however,  it 
suffices  to  know  that  by  aki  of  tiie  levels  of 
Eitd,  Bepsold,  and  some  of  our  own  English 
Aitista,  an  estimate  may  be  safely  adventured 
en  of  leiiflf  ofmoamA  civpaet:  it  is  only  by  aid 
of  the  Eleclrfe  ncofder  that  we  can  expect  to 
apimxiniate  each  accuracy  in  our  measurement 
of  ^aetf  tfarough  the  medium  of  <«nie. — ^Afker  a 
level  haa  been  oonstrocted  with  the  utmost  care, 
it  nnst  be  aeverely  tested,  and  the  size  of  the 
diviskms  of  a  scale  suited  to  it,  accurately  deter- 
adned.  Thia  is,  perhaps,  most  securely  accom- 
pliihed  by  placing  it  on  the  telescope  of  a  finely 
graduated  drde,  when  the  telescope  rests  hori- 
aontally.  A  slight  motion  communicated  to  the 
insuument  by  its  micrometer  screw,  will  elevate 
the  telescope  one  second  of  space;  the  dispkce- 
meotof  the  air  bubble  can  then  be  fixed;  and  so 
for  higer  quantities. — In  sum,  the  following  are 
the  reqnisitee  of  a  good  level,  and  fortunately 
they  are  bow  all  attainable.— Fine,  the  bubble 
most  be  lon|;  enough,  ompared  with  the  whole 
tnbe,  to  admit  of  quick  displacement,  and  yet  not 
too  long  to  admit  of  its  proper  elongation  at  low 
temperatures : — Seeondbf,  the  curve  must  be  sudi, 
that  the  sensibility  and  uniform  run  of  the  bubble 
irin  indicate  quantities  sufficiently  minute,  while 
those  quantities  cormpond  exactly  to  the  dianges 
of  hidutation,  as  read  on  the  graduated  limb  of  the 
insirument  of  which  it  forms  a  part:— rAtrtf^, 
the  bobble  must  keep  its  station  wlien  the  angles 
are  moved  a  11^  round  the  pivots  of  suspension : 
—Fomihfy^  the  opposite  endb  of  the  bubble  most 
vary  alike  in  all  changea  of  temperature;  or,  in 
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other  words,  the  ends  of  the  bubble  must  elongate 
or  contract  alike  in  opposite  directions,  so  that 
the  middle  point  may  always  be  stationaiy : — 
FiftMyy  the  angles  of  the  meUllic  end-pieces  must 
be  so  nicely  a^lusted,  that  reversion  on  horizontal 
pivots  that  are  equal,  will  not  alter  the  place  of 
the  bubble: — SixAUf^  the  distance  between  the 
two  ceros  of  a  fixed  scale,  when  such  a  graduated 
scale  is  used,  should  be  equal  to  the  length  of  the 
bubble  at  the  temperature  of  60°  of  Fahrenhdt*s 
scale,  and  should  be  marked  at  equal  distances  from 
the  visible  ends  of  the  glass  tube.  Then  as  the 
bubble  lengthens  by  cold,  or  shortens  by  heat,  its 
extreme  ends  in  the  glass  may  always  be  referred 
to  these  fixed  marks  o  o  on  the  scale,  and  wfll 
Call  either  within,  upon,  or  beyond  them,  accord- 
ing to  the  existing  temperature.  The  number  of 
subdivisions  of  ^e  scale  that  each  end  of  the 
bubble  is  standing  at,  counted  from  the  fixe(i 
zero  marks,  at  the  instant  of  finishing  an  obeer- 
vation,  must  always  be  noted,  that  an  allowance 
may  \m  made  for  the  value  of  the  deviation  in 
seconds,  -|-  or  — ,  as  the  case  may  require: — 
8tv«$Uh^fy  when  the  two  ends  of  the  bubble  are 
not  alike  affected  by  a  change  of  temperature,  the 
scale  should  be  detached  and  adjusted  to  the  new 
zero  points,  by  an  inversion  of  the  level: — 
EighO^y  when  the  scale  has  only  one  zero  at 
its  centre,  which  is  a  mode  of  dividing  the  least 
liable  to  miBapprehension,  the  positions  must  be 
reversed  at  each  observation,  and  both  ends  of 
the  bubble  read  in  each  position ;  for  in  this  case, 
if  any  change  has  taken  place  in  the  true  position 
of  this  zero,  the  resulting  error  will  merge  in  the 
reduction  of  the  observation.  This  mode  of  gra- 
duating is  generally  preferred  on  the  continent. 

Ijerelllac.  An  important  branch  of  general 
Geodesy,  whose  object  it  is  to  enable  the  surveyor 
to  draw  an  exact  profile  of  a  district  of  countiy. 
See  any  great  work  on  Geodesy. 

l^ctTcr.  A  solid  bar  at  each  end  of  which 
a  certain  amount  of  force  is  applied  in  similar 
directions,  and  which  is  supported  on  a  pivot,  or 
by  some  fastening  between  the  points  of  applica- 
tion.— The  most  intelligible  mode  of  proof  for  the 
fundamental  proposition  in  the  theory  of  Levers, 
is  the  following : — Let  A  B  be  a  rigid  bar,  at  the 
ends  of  which  forces  perpendicular  to  its  length 
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are  applied,  and  let  it  be  supported  on  a  pivot  at 
the  point  where  the  bar  ia  divided  inversdy  as 
these  forces, — it  is  required  to  show  that  there  will 
be  equilibrium.  The  maxim  on  which  the  proof 
rests  is  this:  supposing  a  small  dbturbance — so 
small,  indeed,  as  to  be  less  than  any  amount  that 
may  be  assigned, — if  the  work  done  consequent 
on  the  motion  at  the  one  end  of  the  lever,  be 
eqnal  to  that  done  at  the  other,  there  must  be 
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equflibrimn.  The  grounds  of  this  maxim  are 
maniibst.  If  the  work  be  equal  in  the  two  cases, 
tliere  will  be  a  balance  or  counterpoiae  of  work, 
and  one  arm  of  the  lerer  cannot  have  a  tendency 
to  move,  greater  than  the  other.  Assuming  this 
principle,  then  (the  principle  of  virtual  velocities), 
let  us  proceed  to  its  application.  Suppose  a  veiy 
small  displacement  of  a  b,  to  the  position  o  p, 
— the  same  forces  stUl  acting.  There  will  be  a 
small  curve  described — a  sm^  circular  arc,  a  o, 
and  another  b  p.  The  smaller  these  become,  the 
nearer  they  will  approadi  to  little  lines  perpen- 
dicular to  the  end  of  the  lever.  In  this  condi- 
tion of  UnUts  we  should  have  two  isoeceles  triangles 
similar  to  one  another,  ie.,  a  o  c  and  b  pg,  and 
therefore,  also  Ao:AC::Br:BC.  Now,  a  o 
and  B  p,  are  the  spaces  through  which  the  forces 
have  acted,  and  as  those  spaces  are  so  very  small 
that  we  may  consider  their  direction  the  same 
throughout,  t.6.,  perpendicular  to  the  line  a  b, 
and,  therefore,  by  hypothesis  in  the  line  of  action 
of  the  forces,  we  have  the  work  done  by  f  (the 
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'Riese  nifoes  mfght,  therefore,  be  rtroek  oet,  tut 
only  a  pair  left  perpendienlar  to  the  ttne  of  te 
lever,  and  in  the  line  of  vertical  moHon.  TVs 
must  reduce  them  to  the  last  eosek  Itwfflbe 
evident,  that  as  the  original  forees  B  a  ad  le 
do  not  act  upon  the  system  in  the  way  of  ler- 
tical  motion;  butonly  theelemciitB,  AFandii, 
the  point  o  must  be  at  the  divirioa  of  a  b,  vhm 
A  c :  c  B  :':  B  H :  A  p.  Thie  is  eqnv^ait  t» 
Ac:o  b:  :b  o.sin  a  b  o:a  k.sbeai, 
and  as,  if  we  produce  b  a  and  o  b,  and  dnv 
perpendiculars   from   c  upon    them,  vs  kstie 

CM  AO  circB 

BA:cM^BO:cir.  Hence,  it  is  a  genoil 
rule  for  straight  fines,  that  they  are  in  equi- 
librium round  a  point  from  whkh  the  popo- 
diculars  to  the  lines  of  dbvction  of  the  fmn 
are  in  the  inverse  ratio  of  the  forces.  Sone- 
times  we  have  a  bent  lever  instead  of  a  sln^ 
one,  the  forces  lying  as  in  fig»  2.  NotUng 
material   is    dianged  by  this,   for  the 


Fig.  I. 


win  be  ennivfflent 
of  the  former  kind. 
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foroeatA)=:FXOA,andthat  by  p'(thAt  at  laws  of  equivalence  hold.  If  the  figure  be  Bks 
b)  =  r  X  B  p.  Now,  F  bears  to  f'  the  ratio  that  in  ^.  8,  we  shall  have  a  system  wkich 
of  B  o  to  A  G.  Hence,  the  proportion  which  the 
two  amounts  of  work  done  in  this  small  dis- 
turbance bear  one  to  the  other,  is  b  o  X  o  a  to 
A  o  X  P  B.  But,  from  the  analogy  already 
given,  ao:ac::bp:bc,  orBO  X  OA  = 
A  o  X  B  p ;  in  other  words,  the  proportion  that 
the  two  amounts  of  work  bear,  is  that  of  eqttaHfyt 
when  the  lever  can  only  move  round  the  point  c, 
t.e.,  the  point  where  a  b  is  divided  mvartefy  cu 
tke  cu^acent  forces:  there  must,  therefore,  be 
equilibrium  in  that  case.  A  case  apparently  more 
difficult,  readily  suggests  itselfl  It  is  when  the 
lever  is  acted  upon  by  forces  not  perpendicular  to 
its  line  of  direction.  The  line  of  vertical  motion,  as 
we  may  call  it — the  very  small  line  through  which 
each  extremity  of  the  lever  moves,  is  always, 
as  we  have  seen,  perpendicular  to  the  lever. 
But  here  we  have  a  force  acting  not  in  the  line 
of  motion.  The  difficulty  may  be  got  over  by 
compounding  each  of  the  actual  forces  into  two 
— one  in  the  line  of  the  lever  in  each  case,  and  the 
other  perpendicular  to  it  The  two  forces  ob- 
tained in  the  direction  of  the  lever  would  pull  it 
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in  contrary  wa}^  or  push  it  together,  compressing 
it,  and  therefore  would  hxvt  no  power  to  turn  it. 


to  a  bent 
Multitudes  of 
other  modifications  of  detail,  n^ght  be  mtrodneed; 
but  the  principles  already  expounded  must  W^ 
fice  to  enable  the  student  to  comprehend  and  eolv* 
them  aU. — ^The  principles  upon  whStdk  we  have 
rested  the  solutko  of  the  problem  of  the  leter, 
depend  upon  that  of  VwttuU  Fejecfftae.  and  on 
the  use  of  the  doctrine  of  limita.  —  The  leter 
is  one  of  the  chief  mechanical  powen.  The 
pecufiar  mode  in  wliich  it  enables  us  to  rnedi^ 
mechanical  proossees,  will  be  at  once  evideaL— 
There  are  three  kinds  of  lever  usually  ennmented. 
We  speak  of  the  two  forces  as  the  power  and  the 
weight;  the  latter,  whether  weight  or  not,  beiog 
considered  the  resistance  to  be  overcome;  the 
former,  the  action  which  we  bring  to  bear  in  order 
to  overcome  it  The  point  round  which  all 
motions  of  the  lever  can  alone  be  made^  is  oaDed 
the  fiilcmm  or  prop.  But  it  may  be  a  point  of 
suspension,  as  well  as  a  point  on  which  the  lever 
rests.  The  three  kinds  of  levers  depend  on  the 
various  relative  positions  of  this  prop.  'Where 
tlie  ftdcrum  is  in  the  middle,  as  in  an  orffinaiy 
crow-bar,  one  end  of  which  is  put  below  a  atone  to 
be  raised  (e.  ^.,  the  resistance),  and  the  other 
weighed  on  by  the  body  while  near  the  stone,  a 
blodk  of  wood  is  shoved  in,  round  whidi  die 
lever  must  turn,  the  lever  is  said  to  be  of  thtjtra 
kind.  If  the  wdght  is  between  the  iUenmi  and 
the  power,  as  when  we  work  with  a  lever 
fastened  at  one  end  to  the  ground  (the  fidcnun) 
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«od  iNtting  op  a  weight  aoowwhere  Id  fhe 
■iiddl»(ti»e  ivriftaDoe  or  iraight),  we  have  a  levef 
af  Um  Moonrf  kind.  The  cUstanoe  betweoi  the 
lUoma  and  power,  is  in  this  case  lens  than  that 
the  fiiknm  and  weight,  and  there  ia, 
alwaja  kaa  of  power  needed,  than  of 
iraiiclit.  In  the  tiurd^  the  power  Sa  between  the 
w«i8^  and  the  Inlenmi,  aa  if  we  lift  a  bar 
Joentod  in  the  floor-— «t  the  fiee  end  of  which 
m  wi^hl  ia  hnag-^by  a  force  applied  withhi  the 
We  abonld  have  hi  thia  eaae  alwaya  a 
power  nqoired  than  weight  to  be  lifted; 
Che  BMireao^  the  nearer  to  the  ftikrum  we 
npfl J  tke  power.  In  thoee  inatancea  where  we 
lift  a  greater  weight  with  a  leaa  weight,  it  ia 
aihlwit  that  the  power  movea  with  a  greater 
Y«loei^  and  thitnigh  a  greater  apaoe.  Where, 
it^aiDv  wn  more  with  a  greater  power  a  leea 
mrigjbt,  we  mon%  the  power  much  leaa  rapidly 
tkflB  the  laat.  Henee,  that  old  etatenent  which 
narmrrtT  to  an  imperfect  expreaeion  of  the  prin> 
dpla  af  BMrtianirai  effMt,  that  what  we  gain  in 
9anm  wa  loae  in  time^  and  eeoe  mtm.  See 
MacsAVBOAL  Powsaa. 

A  Tery  powerfhl  meana  of  pi^ 
wndaneation,  and  by  ita  dia- 
cfaarge,  a  brilliaat  apaik  and  ahook.  In  ita  best 
coaitwMtion,  it  comiaU  of  a  ^aaa  bottle,  coated 
iatamally  and  eztenally  with  tinfoil,  from  which 
an  aipeilfiw  ought  to  be  canf ully  removed.  If 
tlMintMloraheater  tfailba  be  placed  fai  contact 
wiidi  a  poailiTe  or  n^^itiTe  conductor,  it  beoomea 
eledrified  in  the  aame  aenae  aa  the  eon- 
r,  wIhIb  the  eztomal  portion  of  the  bottle 
en  the  oppesito  form  of  electricity  in  eqoal 
An  appiozimate  CQOtact  being  eatab- 
,adlichai)Be  and  aparic  oooar,  propoirtionato 
to  the  iatcnaitiea  of  the  oppoaite  aidea 
flftiwjar.  The  explanation  at  one  time  in  ac- 
eaplanee,  waaaveryabanrdone.  It  waa  fimded 
dMt  Cbe  electrid^  waa  ftattfal  «p  withm  the  jar, 
end  tlMit  the  diachaige  waa  almply  Its  ceoape  I 
B«t  the  phanomaoon  iaone  of  pure  tiiAioCioa,  and 
tka  imtrament  belonge  to  the  claea  under  which 
the  Oaadbaaar  ia  arranged.  See  Coiidin8BB 
IbradeCaOedaeeoant  of  each  agenciea  of /adiietJbii. 
— ^By  aonatraction  of  the  Leyden  Jar,  the  electric 
ia  formed— an  apparatna  by  which  the 
MMBdooa  of  electric  efiecta  may  be  mani- 
We  bettave  that  the  moat  gigantic  battoy 
ii  at  preaent  in  the  Pmaitckmofm,  in 
Sqnarn,  liondon. 

One  of  the  old  oomtellationa  of  the 
Tndtof,  aarrounded  by  Scorpio,  Ophincoa,  Vir- 
ca,  Cetannas  and  Lapna.  In  the  more  andent 
p,  Scorpio  occupied  eo^*  of  the  Zodiac>- 
dawa  oeoapying  one  aign,  and 
faia  body  another.  The  Latina  aaeigned  him  only 
aoe,  and  placed  Libra,  or  the  balance,  where  the 
dawa  of  the  Scorpio  had  been ;  •  Ubr»,  and  0 
UbiaB,  an  of  tfa«  aeeond,  and  y  Libre,  of  the 
Clriid  uagnilade.  The  atar  /I  Libne,  ia  tbe  ver- 
tex of  an  iaoaoelea  triaqgle,  the  other  angular 
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pointa  of  which  are  Aretunia  and  Spica,  («,  Yir- 
ginia).    Ita  zodiacal  aign  ia  ^, 

I«ilM«iiMi.    The  moon  ravolvea  in  her  axis 
in  very  nearly  the  aame  time  aa  ahe  revolves 
round  the  earth.     The  conaequenoe  is  that  we 
aee  always  the  aame  face  turned  towards  ua.    If 
we  carry  a  ball  pahited  half  white  and  half  bhudc 
round  in  a  drcle,  keeping  alwaya  tbe  same  fooe 
turned  to  the  centre  of  the  circle,  it  will  be  ibond 
that  there  baa  been  one  complete  revolution  of 
the  ball  round  the  axis  when  the  revolution  round 
the  centre  ia  acoompliahed.    So,  if  there  be  auch 
a  revolution  in  the  ball  at  unUbrm  rate,  and  if 
it  move  round  the  earth  uniformly  it  will  always 
turn  the  aame  hemiaphere  to  ua.    The  irregn- 
laritiea  in  thia  are  called  Ubrationa.    If  the  mo- 
tkma  of  the  moon,  both  orbital  and  rototory,  were 
quite  uniform,  there  would  be  no  iir^gidarity; 
but  aa  they  are  not  ao,  the  moon  comea  aome- 
timea  aa  it  were  before  ua  and  thrusts  a  part  of 
ita  forward  hemiaphere  to  our  view;  aometimea 
it  ia  behind  in  ito  rotatory  motion  and  thmata 
therefore  a  part  of  ite  badnrard  hemiaphere  in 
view,  a  part  of  the  forward  one  falling  back  away 
from  ua.    Besidea,  our  Satellite  does  notrotote  on 
an  axia  perpendicular  to  ita  orbit    The  conse- 
quence  ia  tliai  at  one  time  we  aee  over  one  aMe 
of  ito  poles,  and  again  over  on  tbe  oppoaite  aide. 
At  one  time,  for  inatance,  ite  aouth  and  at  another 
ite  north  pda  beoomea  vlaible.     Then,  thia  axis 
itadf  ia  by  no  meana  constant  in  ite  poaitiona  in 
apace^  but  libratea  or  oacillates  jnat  aa  one  seea  a 
apfainiog  top  deacribe  a  eort  of  cone  with  Ite  axia 
in  apace.    In  consequence  of  thia,  we  see  more  of 
the  axia  at  one  time  than  at  another,  that  ia,  more 
of  the  dreumpolar  regiona.    Aa  a  reault  of  theee 
two  diatinct  kinds  of  libration— due  to  the  non- 
uniformity  of  the  oibitual  and  rotatmy  notion — 
and  to  the  deviation  of  the  axia  ftom  the  perpen- 
dicular to  the  orbit,  and  from  ite  own  regular 
poaition — we  aee  at  dliforent  timea  a  fow  dcgreea 
all  round  the  edge  more  than  the  regular  vWble 
hemisphere  of  the  moon.    Thia,  in  ite  largest 
aenae,  ia  Zi^ra^son. 

Eiight.  The  ph;*aical  sdenoe  of  Light,  or 
Optiob,  baa  for  ite  ardnoua  purpoae,  to  trace  and 
refer  to  Law,  all  the  complex  phenomena  of  that 
great  Agent  or  Force,  through  which  the  extenud 
Universe  beoomea  visible  to  Man.  Under  many 
aeparate  ardciea  In  thia  Dictionary,  the  various 
dasses  of  these  phenomena,  are  treated  with  the 
care  doe  to  them,  and  in  aa  great  detail  aa  tbe 
epace  at  oar  command  could  permit.  The  atn- 
dent  ia  referred  to  Catoptrics,  Dioftricb,  Ra- 

DIATIOM,  RBPRACnOH,  DoUBLB    REFRACnOH, 

Diffraction,  Intrrfbrbncr,  Polarobatioii, 
Spisctkum,  DiaPBRBioK,  AnaoRpnon,  Gol- 
OURS,  &c,  Ac  We  intend  at  present  merdy  to 
atate,  and  oompare — by  the  test  of  a  few  of  the 
singular  changes  nndeigone  by  light — the  theories 
which  have  been  proposed  regarding  thia  re- 
markable aiTcnt  W  hat  then  ia  Light  ?  or  rather, 
how  and  by  what  ioatrumentality,  is  that  in- 
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fhience  propagated  which  enables  visible  objects 
to  affect  the  eye  ?  Two  replies  have  been  ofiisred 
to  this  inquiry,  of  an  entirely  opposite  kind.  One 
form  of  answer,  ia  the  baris  of  the  Newtonian 
theory  of  light,  or  tlie  theory  of  Emiuion:  ao- 
cording  to  Newton,  roaterid  particles  of  im- 
palpable tenuity  are  sent  forth  itom  the  lumi- 
nous body,  traverse  space  with  the  immense 
velocity  of  about  198,000  miles  in  one  second  of 
time,  and— on  arriving  at  the  eye — enter  the  pupU 
and  impinge  against  the  retina.  The  aectmd 
theory  is  that  of  uadukUiont,  or  vibrations.  When 
a  stretched  wire  is  struck  at  one  end,  the  vibra- 
tion, due  to  the  elasticity  of  the  wire  at  the  end  of 
it  that  is  struck,  immediately  propagates  itsdf 
along  the  wire,  by  a  succession  of  corresponding 
xHbrations  :  now,  it  is  clear  that  in  such  a  case 
there  is  no  transmission  or  movement  of  tranda- 
tion  of  the  material  particles  of  the  wire.  They 
simply  vibrate  up  and  down;  and  all  that  is 
transmitted  is  this  motion  or  vibration.  In  the 
same  manner,  if  a  stone  be  thrown  into  a  quiet 
pool,  we  instantly  perceive  that  a  series  of  cir- 
cular waves  is  propagated  from  the  centre  of 
disturbance:  neither  in  this  case,  however,  is 
there  transmission  of  particles,  for  if  any  light 
body  be  placed  in  the  way  of  these  waves,  it  is 
not  carried  on  by  them  as  if  they  formed  a  cur- 
rent, but  only  rises  and  Calls  wiUi  the  crests  and 
trouglis  of  the  waves.  Exactly  thus  with  regard 
to  the  propagation  of  sound.  Sound  creates  no 
wind  or  current  in  the  atmosphere,  but  only  a 
series  cf  pulsaiicnt  of  varying  amplitude.  Like 
the  theory  of  Emisnony  that  of  Undndation  has  its 
fundamental  hypothesis.  It  is  this.  Through- 
out all  space,  there  is  diffused  an  impalpable 
Ether  or  medium,  of  nearly  infinite  elasticity, 
and  therefore  capable  of  being  afifected  by  undu- 
lations that  propagate  themselves  with  almost 
miraculous  swiftness :  this  Ether  is  tiirown  into 
vibration  by*  a  luminous  body,  just  as  the  atmo- 
sphere can  be  thrown  into  pulsations  by  a  sono- 
rous body;  and,  as  these  vibrations  or  Ught- waves 
reach  the  eye,  they  afiect  it  with  tlie  sensation  of 
sight  Further,  the  elasticity  of  this  Ether  is 
uniform  through  every  region  of  space  that  is 
not  occupied  by  ponderable  matter, — hence  the 
A-elocity  of  light  is  unitbrm.  This  uniformity 
does  not  hold,  however,  in  the  interior  of  bodies^ 
The  same  Ether  is  there,  but  its  density  and 
elasticity  are  not  the  same ;  these  vary  with  the 
molecular  constitution  of  the  bodies ;  and  within 
the  greater  number  of  crystalline  masses,  the 
elasticity  of  the  ether  changes  with  the  dtrscfioA. 
The  question  cannot  foil  to  arise.  What  is  the 
nature  of  these  supposed  vibrations — are  they  like 
tlioee  of  sound — dong  the  line  of  propagation,  or 
like  those  of  a  stretched  cord  perpendicular  to 
that  line  or  radius  ?  The  answer  will  be  found 
under  Undulatory  Theory  ;  where  we  shall 
show  how  much  of  the  resources  of  that  theory 
depends  upon  the  reply  given  to  the  pro- 
blem now  started : — it  is  sufficient  here  that  the 
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student   obtahi   a  Satinet  coooeptioD  of  d» 
general  basis  of  that  theory. — ^The  strict  kgidsD 
may  probably  be  disposed  to  challenge  tlie  kgW 
timacy  of  either  mode  of  speculation.    Boib 
theories  involve  a  p^fsieal^  not  a  mtKfarmai 
hypothesis,  concerning  the  reaEty  of  which,  nt 
direct  physical  proof  can  ever  be  attained.    In  the 
one  case  we  have  these  streams  of  impalpable  ^ar> 
ticles\  in  the  other  an  impalpable  and  thenfin 
unknowable  Ether,    The  k^cal  prorinee  of  as 
hypothesis  is  to  shape  or  gidde  inquiry  towirdi 
what  may  afterwards  be  estabKshfd  hj  mqm- 
tionable   indnetion;    and  in  this  mj  formal 
hypotheses,  or  hypotheses  regarding  fan,  ban 
eminently  subserved  and  accderated  the  rasicfa  of 
discovery.    But  hypotheses  as  to  theezistoioe  of 
sii&sftmces,  which,  from  their  very  nature,  mmteier 
elude  detection,  idthough  not  new  in  the  hisloiy 
of  physics,  have  certainly  never  hitheito  adiisfcd 
a  permanent  place  In  pure  seieneeL    FuBinj^ 
however,  from  these  general  considentiani,  and 
amply  acknowledging  the  servioes  of  both  theories 
— ^whether  they  shall  turn  oat  prerisioosl  or 
otherwise — ^in  pushing  forward  our  aoqaaintaBoe 
with  the  focts  and  laws  of  Physical  OptioB,  we 
hasten  to  establish  something  ooncenth^  tibeir 
comparative  merita 

(1.)  CompariMtm  of  Oe  iAeoPMS,  ikton^  Am 
reixiMntoAeTapiiityofihepropagal^ 
andite  raeiUmear  oovree, — It  is  incontestibk  that 
the  enormous  vdocity  of  the  propagation  of  fight^ 
must  stagger  the  adherent  of  the  theoiy  of  Emis- 
non.     We  can  conceive  a  medium'  or  Etfitf  of 
vast  ebsticity,  through  which  propagation  hr 
waves  might  take  place  with  any  degree  of 
swiftness ;  but  assaredly  it  is  next  to  hnpoooUs 
to  imagine  material  molecules,  of  magokadB  ss 
small,  that  countless  millions  of  them  moring  at 
the  rateof  196,000  miles  in  an  horn,  can  meek  ie 
the  focus  of  a  lens  without  oommunicstiQg  tht 
slightest  medianical  impulse  to  any  body  placed 
there,  or  even  acting  on  eadi  other  as  thiy  cross 
and  recroes.    But  ftirther  stfll,  it  is  deaaaBlcMt 
that  light  issues  from  all  bodies,  wfaateverthA 
size — ^and  whether  self-laminoaa  or  shinii^  by 
reflection — ^withpredaelytAeaamevafaeilJy.  $ov, 
the  force  which  propels  them  from  the  sorfooe  of 
any  orb,  must,  if  they  are  material,  be  nsofifiedby 
the  attraction  of  the  orb;  so  that  aa  the oele^ 
tial  bodies  vary  so  much  in  si»,  we  oo^t  t» 
expect  the  vdodty  of  the  light  imdngfttaai  theai 
to  vary  likewise.    According  to  the  eomputatioa 
of  Arago,  a  fixed  star  of  Sie  same  deosity  of 
our  sun,  but  250  times  larger,  would  utMfy 
destroy  the  notton  of  an  emitted  luminons  par- 
ticle; on  which  account  the  orb  would  lemaiD 
for  ever  invisible.    In  apparent  oonnterhalaDoe  of 
the  foregoing  preponderance  of  probability  on  bfr> 
half  of  the  undulatoiy  hypothesis,  it  seems,  oa  a 
prima  faek  view  of  the  case^  that  the  doctrine  of 
emission  can  alone  rightly  explain  the  rectilinesr 
propagation  of  this  great  agency,  and  the  pb»> 
nomena  of  shadows.    When  no  obstacle  oeeai) 
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tUt  proiMgttloii  along  stTBiglit  lliMi  is  indeed  per- 
ftcUy  oonpatible  with  the  ides  of  advance  by 
Tibmtioas ;  but  as  waves  paae  round  the  oornen 
of  obeUdea,  it  would  appear  that  the  intervention 
of  any  obatade  ought — ^if  the  nndalatoiy  theoiy  be 
tme — to  interftie  with  the  law  of  rectilinear  pro- 
pagatSoo,  and  tliat  ehadowe  shoold  not  exist 
Tl^  aeeming  or  prima  faeie  presomption  on  be- 
half of  Newtonian  theory,  disappean  however, 
when  the  CkIb  are  cioaely  obeerved  and  their  alg"- 
idficanoe  analyzed.  Shadowt  do  noi  wtt,  ac- 
oofding  to  the  oommon  apprehension  of  them. 
Let  A  be  a  Inminoos  point,  and  b  an  opaqne  ob- 
atade, H  is  commonly  imagined  that  the  space 
within  the  truncated  cone  bb'  cC  is  bereft  of 
flg^  or  in  total  darkness;  while  the  real  case  is 
veiynineli  the  opposite.    As  ezpUined  ai  length 
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under  DiFFBAcnoK,  fHnges  of  altematuig 
Hght  and  dark  spread  oat  within  oo'  to  a  con- 
ddeiible  apace;  and  Arago,  by  an  ingenioos  ex- 
periment, showed  that  if  bb'  ban  opaqne dreular 
disc  of  small  dimensions,  the  very  centre,  o,  of  the 
pnsomed  shadow  is  always  a  brighi  tpoL  The 
theory  of  emission  has  grappled  indeed  with  this 
soioos  ^fficolty,  hot  by  no  means  suocessfiilly. 
It  seeks  to  explsin  these  fringes  by  Ir^lexiant,  or 
by  anppoaed  attractions  and  repolsions  between 
the  stream  of  fight-partideB  and  the  edges  of  the 
obstade  bb%  or  the  edges  of  the  dit  throogh  which 
tiw  Inminoos beamisintrodaced.  Thesnbatitntion 
of  the  mirrorsof  Fresnd  fai  diffraction  experiments 
tttterly  destroyed  the  latter  Ibnn  of  the  hypothesis ; 
and  the  snppoaed  action  of  the  edgea  of  B  B' on  the 
paitidea  of  light  that  peas  it,  reqiUres  so  many  new 
soppodtkna  to  endow  it  with  any  degree  of  pn>- 
bahOity,  that  it  cannot  be  said  to  present  serious 
dafans  on  the  assent  of  the  rigwons  Inquirer. 
Now,  the  fTTJ^ttni^  and  entire  characteristics  of 
an  anch  fringes^interior  as  wdl  as  exterior.— 
are  firmly  comprehended  by  the  theory  of 
nnddatkms  (aee  DiFPBAcnoB);  as  likewise  the 
neeesBty  of  diadows.  These  light-waves  do 
tarn  niond  obetades,  not  certainly  without  di- 
■dmsbed  intendty ;  even  as  the  pulsations  of 
sound  are  propagated  round  obstacles  but  with 
fBsbler  intensity.  But  Fresnd  and  others  since 
Ids  time  hav»— with  their  hands  on  the  wave- 
theoiy_demonstnted  that  all  the  portkms  of 
these  laterd  waves  which  do  not  go  to  the  pro- 
duction of  fringes,  are  destroyed  through  eiibct 
of  InterfBrmee.  The  theoretlcd  shadow  %  in 
te,  the  shadow  that  actually  exists. 

(2.)  Qm^fonaon  of  ike  rival  Tkeoriei  m  their 
TfiaikmiotktR^lecAmaadReJ^actumoflAghL 
—It  win  be  necessary  to  exhibit,  in  the  first 
pines,  tl»  mode  in  wUdi  the  fandamwital  laws 
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of  reflection  and  refraction  are  explabed  by  these 
two  theories.  In  terms  of  the  theory  of  EmU- 
MOR,  the  explanation  is  very  dmple.  Reflection 
of  light,  according  to  this  view,  is  merely  the 
rebound  of  a  perfectly  dastic  substance  fix>m  a 
plane,  on  whksh  it  has  impinged.    Let  a  b  be  the 


reflecting  plane,  and  od  the  direction  and  measure 
of  the  vdodty  of  the  impinging  ray.  The  motion 
of  the  partides  constituting  the  ray  may  be  de- 
compoeed  into  two — the  horizon^l  motion  c  s,  and 
the  verticd  motion  e  d.  The  horizontd  motion 
cannot  be  effected  by  the  impact,  and  will  there- 
ibre  be  represented  by  bf  ==  o s,  after  impact. 
The  vertical  motion  kd  must  after  impact  be  re- 
presented by  an  equd  and  oppodte  verticd  mo- 
tion DB,  in  consequence  of  the  perfect  dastidty 
oftheray;  so  that  the  actodpatii  of  the  reflected 
ray  will  be  the  resnltant  of  db  and  b f,  or  d f. 
Hence^.FDB  =  ^.ODB;  in  other  words,  the 
amgU  qfr^ection  i»  necenarUy  equal  to  the  angle 
ofmeidenoe.  The  fundamental  law  of  Befraction 
i  also  deduced,  on  the  ground  of  the  emission 
hypothesis  with  every  facility.  The  law  is  this : 
The$me<iftheangleo/ineidenoehatto  theeineqf 
the  angle  ofrefroetUm^  akoaye  the  tame  ratio  for 
the  tame  medimn.  The  process  of  deduction, 
however,  rests  essentially  on  this,  that  when  an 
incident  ray  leaves  a  less  refringent  medium  to 
enter  one  of  higher  refringency,  itt  vertieal  veh- 
dtg  is  ADQHEiiTBix — The  same  laws  are  deduc- 
ible  from  the  theory  of  Undulation.  Suppose  m  u 
the  firont  of  m  li^t  wave  about  to  impinge  on  the 
reflecting  surface  ab,  and  meeting  it  first  at  m. 
Each  portion  of  that  wave  must,  as  it  encounters 
the  sui&ce  ab,  become  the  centre  of  a  new 
set  of  sphericd  waves,  which  will  travd  back* 
wards  with  thdr  fbrmer  vdocity,  since  the  med^ 
and  of  coune  the  dastidty  of  the  Ether  has 


B 


not  been  dianged.  When  n  therefore  has  tra- 
vdled  as  fiur  as  A,  the  finrnt  of  the  wave  flowing 
tnoi  m,  must  be  hi  the  drcnmferenoe  of  a  drde 
whose  radius  mo  li  equd  to  nk\  and  hi  the 
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nme  wi^  irbim  W  hu  traTelM  to  t^  tiie  inwrn 
from  mf  moflt  be  in  the  cfreamferenoe  of  a  dide 
whose  radios  m  <K  ^a  »'  ifc.  Now  the  anifaoe  which 
ftt  eadi  instant  touehet  all  these  drdes  is  the  front 
of  the  reflected  wave ;  and  smce  m  o  and  m'o'  are 
proportional  to  mi^  m^k,  tliis  sorfaoe  is  the  tan- 
gent plane  passing  through  L  Farther,  sinoe 
mo  «s  nkf  and  the  angles  at  n  and  o  are  right 
angles,  we  shall  have  ^iL.nmk-^'.^L.  okm,  which 
si^iifles,  as  before,  that  the  angle  of  incidence  is 
always  equal  to  the  angle  of  reflection.  like  the 
foregoing  simple  demonstration,  the  application 
of  the  undulatoiy  theory,  to  the  laws  of  refrac- 
tion, is  due  to  Huygbens.  As  before,  suppose 
inn  the  front  of  the  wave  pressing  towards  the 
line  AB,  the  boundary  between  two  media. 
When  the  portion  n  reaches  k,  the  parts  m  and 
mf  will  have  become  the  centres  of  waves  pro- 


propor- 


Flg.l 

pagated  within  the  new  medinnu  The 
tions  which  mo,  mo'— the  radii  of  these  new  waves 
— ^bear  to  the  distances  nk  n'k  will  evidently 
be  the  ratio  of  the  velodty  of  propagation  in  the 
two  media ;  and  the  tangent  to  the  circtes  ki/a, 
will,  as  before,  be  the  front  of  the  new  wave. 

Bnt      sfaLiimib:  BUI.  mibo-{-n£:  mo, 

that  is,  the  ratio  of  the  sine  of  the  angle  of  in- 
cidence to  the  sine  of  the  angle  of  refraction  is 
for  the  same  two  media  eqoivilent  to  the  oonttant 
ratio  qfthe  vdocUiet  of  the  r^racted  and  the  m- 
ddent  tooves.  It  is  scarcdy  necessary  to  draw 
attention  to  the  fact  that  when  the  light-wave 
passes  i^m  a  rare  to  a  dense  medium,  or  more 
properly  from  a  less  to  a  more  highly  refringent 
one,  iiM  vdodty  muH  he  dixinishbd,  in  conse- 
quence of  the  decreased  elastidty  of  the  portion 
of  the  Ether  within  that  medium.  As  to  this  part 
of  the  question,  then,  the  two  theories  are  in  direct 
conflict There  are  two  points  of  highest  im- 
portance to  which  attention  must  be  drawn,  if 
the  reUtive  values  of  the  conflicting  theories  are  to 
be  tested  by  their  powers  to  explam  the  pheno- 
mena of  reflection  and  refraction.  (1.)  The 
simple  act  involved  in  dther  phenomenon  sepa- 
ratdy,  and  its  Uws,  appear  uidiiTerently  within 
reach  of  both.  Bnt  there  is  a  complex  case,  to 
which  the  doctrine  of  Undulation  alone  satis- 
frntorily  applies.  When  arajfie  refracted,  part 
qfUiir&JleeiedaUo,  Whence  this  double  eflect? 
That  the  Wave-theory  recognizes  not  only  its 
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possibility,  bat  its  neosssity,  a  g^snes  at  %.! 
will  am^y  saffif«e  to  maka  manifest;— m  aii 
m'  being  centres  of  distubanee  from  wl^di  vivei 
must  wnanate,  it  is  dear  tiiat  one  wars  win  jmb 
badnrard  into  the  M  medinm  with  its  teMr 
velodty,  forming  the  wavB  of  vsfleetion,  vUk 
another  most  pass  into  the  lower  medion,  wiA 
its  new  vdodty,  forasing  the  wave  of  wfttdSmL 
But  if  the  NewtoniaB  doetrine  be  comet,  vkf 
do  not  the  whole  of  these  light  eorposdes  pas  iilD 
the  new  medium  ? — why  are  eome  aooeptsil  oa^, 
while  others  are  driven  bade?    Can  tiie  mm 
medium  act  difi^rently  on  the  same  est  d  eo^ 
puades— attracting  a  portioa  of  them,  and  r^d- 
ling  another  portion  ?    Tha  diificnlty  new  ai- 
verted  to,  gave  rise  to  one  of  the  most  beesinf^ 
but  at  the  same  time  one  of  the  moat  aitificiri 
and  unsatisfactory  portions  of  the  theory  desrii- 
sion, — ^Newton's  theory  of,^   According  to  fldi 
Olustrious  inquirer,  these  light-mdeeules,  sstbej 
traverse  space,  are  found  in  two  oppoeifes  cga- 
ditions  or  states.    In  the  firat  of  these  stats  or 
JUtj  they  are  dispoaed  to  permit  themsdiei  to 
be  readily  r9>efi!Bd;-.tUs  is  the  j8t  ofeu^rt- 
fidctiotk :  in  the  second  state  they  readily  yidd 
to  attractive  influences — this  is  the  fit  d  ssy 
tranemmion.     But  since  it  may  be  eipeold 
that  in  every  mass  of  such  molecnles,  sobs  aiO 
be  in  one.state  or  fit,  and  some  in  the  oontnnld 
one,  it  follows  that  the  acts  of  refleotioB  ud  le- 
fraction  may  or  even  must  oo-exist.    To  ex- 
plam the  origin  of  these  opposite  fits,  Kevtoa 
fdt  it  necessary  to  introduce  further  the  hypothoii 
of  an  Ether,  whose  vibrations  were  propsgattd 
with  a  velodty  greater  than  tha  vekdty  sf 
light    This  ether  attaches  itsdf;  so  to  spesk,  to 
the  light^^orpusdes ;    fordng  thsm  hito  sobb 
one  of  the  two  forqgoing  states,  aooordtag  ai 
its  vibrations  concur  with,  or  oonntentct  the 
original  pn^greasive  movement    Newton  wm 
computed  the  dastic  force  required  fior  this  Ediv. 
Surdy  his  foUowen  might  long  have  sesa,  tiiat  all 
the  difficulties  of  the  system  of  UndnlatkHis  wen 
thus  added  to  the  almost  insoperable  diflicoltia 
of  other  kinds  inherent  in  the  thaoiy  of  EniwAi 
— (2.)  The  second  important  point  is  thii:— ths 
two  theories,  as  wehaveae^n,  ara  in  conflict  ai  to 
a  question  of  fact    In  thetheQf7ofeaNMtoa.tfae 
vekidty  of  the  light  molecules  is  mereaa 
they  pass  into  a  more  highly  refringent 
According  to  the  doctrine  of  UndolatMoa,  tfas 
propagation  of  the  light-wave,  under  the  sbh» 
dreumstances,  is  retarded.   With  which  doss  the 
truth  lie?   A  question  as  to  substantive  iiMt  sad 
to  b^  answered  by  direct  experiment  Ia(l)I.d 
Intkrfbrence,  an  experimental  reply,  fcooded 
on  the  position  of  the  FrhigBS  of  Difiidipa,  hai 
already  been  given :  but,  quite  reoendy,  the  tud 
has  been  determmed,  without  regard  to  aaythsoiy 
or  speculation  whatsoever,  by  MM.  FooonltaDd 
Flzean.    The  methods  and  results  of  these  vey 
able  physicists,  are  fully  explained  under  our  next 
artide^—LioHTiVxLOGiTyor.  Suffice  it  to  stats 
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tiMt  than  TCMilts.  hftTB  fiaaDy  and  eonolii- 
iN«ij'  4kekled  the  cmdAl  queBtloD  od  Uw  tide  of 
tht  Thoorjr  of  UndnUrtiona. 

(S.y  IhtpmmomiffLigkitaeeorduigtolkerwal 
7%mtriLV.  It  ia  wdl  known  that  when  a  beam 
of  aolar  Ught,  or  other  eompoond  light,  falls 
•bttqaely  on  a  leMagent  anfaetanoe,  that  ray 
ia  not  ooty  Rfinacted,  hot  aepaimted  into  parts 
baTfaf^  fiflbent  ooloora;  a  sefwration  rendered 
palpable  by  the  priam,  and  mani- 
itaelf  ia  the  SracTRUx.  This  ftinda- 
&ct  is  named  the  disperBion  of  Light 
thaories  take  aoeoont  of  It  in  the  manner 
to  them.  Aeooidittg  to  the  doctrine  of 
tiw  compound  ray  consists  of  moleenles 
natans,  and  wliidi,  tluoogh  eflbct  of 
ere  attracted  eions  or /!b«  by  tlie 
The  vertical  components  of 
tlmh  vdoeitiee  are  thsniNe  varioody  altered  on 
eBtaring  that  mediam,  and  on  emerging  ftom  it 
thar  ueoeaaarilypiirBae  diflfarent  path8,-*are  aepa- 
satadordieperBed.  With  the  Undoktory  Theory, 
an  tha  otfiar  liaad,  thefttndamental  proposition  is 
this: — A  Light-wave  is  not  homogeneous,  but  con- 
siala  of  a  numbsr  of  diftrent  wavea  of  difTerent 
la^tia,  aadi  itaving  a  lapMity  of  vibratfan  pecu- 
liar to  itadf ;  and  fiom  thia  propoeition,  tlie  ne- 
of  dispcfiioa  is,  aa  we  ahall  soon  discern. 
Now,  it  may  appeer,  at  first 
eight,  that  both  suppositions  are  gratuitous, — 
additioiis  to  the  fmMlaTf***"t^iT  hypothesis, 
to  suit  tihe  new  case,  or  to  explain  the 
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new  phenomenon*  There  is,  however,  a  memor- 
able logical  diflbrence  between  them.  It  will  be 
recoUected  that,  in  the  corpuscular  theory,  the 
conception  of  Jits  was  fabricated  to  meet  oue 
special  class  of  phenomena;  and,  in  the  same 
way,  we  have  now  the  noticm  of  di/Terent  kinds 
of  molecules  with  different  chemical  or  physical 
affinities  introduced  for  the  benefit  of  another 
clasB.  It  is,  on  the  contrary,  the  distinguishing 
characteristic  of  the  Wave^Theory,  that  the  mo- 
dificatioos  required  for  ezplanatioii  of  some  novel 
facts,  have,  in  so  fiff  as  has  appeared  hitherto, 
been  suggested  by  other  facts,  or  classes  of  pheno- 
mena of  quite  a  different  nature.  Of  this  pecu- 
liarity, anid  the  signal  advantage  bestowed  by  it, 
thers  is  no  better  instance  than  the  present  one. 
If  6rimaldi*s  fringes— or  the  alternation  of  bright 
and  dark  bands,  when  a  ray  of  homogeneous  light 
is  employed  in  the  frudamental  experiment  of 
difraelitm — be  rightly  explained  by  the  general 
principle  of  Interfertnce,  then  the  coloured  fringes, 
or  the  resolution  of  the  solsr  beam  into  spectra  of' 
diffraction^  demonstrates  beyond  a  doubt  that  the 
lengths  of  the  undulations,  causing  the  different 
C0I01U8,  are  diflerent  Nay,  this  spectrum  of 
difl)raction  yields  accurate  measures  of  the  lengths 
of  theee  varioua  wares.  The  table  now  subrjoined 
offers  in  round  numbers  the  facts  regarding  these 
heterogeneous  undulations  or  waves,  as  deduced 
from  measurementa  of  this  spectrum,  and  other 
considentions: — 
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LsnathoftheUndn- 

l^ioDi  In  PartB  of 

an  Inch. 

Knmber  of  Un- 
dulations in  an 
Indi. 

Number  of  Undulations 
Per  Second. 

■LSnWDMf  l^fiOi  •••••••■••■•••••■ 

0*0000266 
0*0000256 
0*0000240 
0*0000227 
0*0000211 
0*0000196 
0*0000185 
0*0000174 
0*0000167 

87640 
89180 
41610 
44000 
47460 
61110 
64070 
67490 
69760 

468,000000,000000 
477,000000,000000 
506,000000,000000 
585,000000,000000 
577,000000,000000 
622,000000,000000 
668,000000,000000 
699,000000,000000 
727,000000,000000 

K«L     

■■  "  "t  •••■••■•••••••••••••••••••• 

Onoun.  - 

Tfilhnr,  .•,.,.. 

Gnan, 

Bloe, 

Iadjn\..ta  ........  ..X....    . 

■■  ■■©'^  ••••■••••••.•■••......•. 

Viotet, 

EKtmnt TinlaL.......    ...... 

fUgarding  the  composite  nature  of 
tha  Hgiit-waTe  being  thus  detennined,  to  a  large 
ndepcndsntly,  the  <|asstion  rscnrs,  in  what 
does  tliis  bear  OB  the  phenomenon  of  dJi- 
1/  Now,  eo  kog  as  these  vailoua  waves 
anppeesdtoba  propagated  with  equal  velo- 
k  mattcnd  not  that  thej-  had  different 
and  dttfennt  periods  of '  vibration :  the 
win  gather  fiom  eectkm  (2)  of  this  article, 
titeb  refracted  paths  must  have  ooinckled 
M  vfU  m  th^  incident  paths,  and  that  there 
oeold  be  no  dispeniott.  But  it  remained  the  re- 
eeivad  opinion,  that  the  velocity  of  propagation 
4ttd  not  at  an  depend  on  the  length  of  the  wave, 
bat  only  on  tha  alaatidty  and  density  of  the 


Etherial  If edlunu  At  hut  the  veQ  was  raised 
flrom  iMftire  the  difficulty,  by  the  powerful  analysis 
of  M.  Cauchy.  The  theorem,  that  the  propajga- 
tion  of  light-waves  must,  within  the  same  me- 
dium, be  independent  of  the  lengths  of  these 
waves,  is  an  approximation  only,  and  issues  from 
the  mathematical  fiction  that  <Ae  spkere  ijf  the 
actum  ormtraiiom  oftktseparaUnuikcuks  is  is^h^ 
itelff  small,  compared  with  the  leugtk  ^f  ike  «aae. 
This  fiction  is  convenient,  and  enables  theanaljrst 
to  evade  difficulties ;  nor  is  it  objectionable  so  long 
as  general  problema  concerning  the  propagation 
of  wavea  alone  are  before  him.  But  in  matters 
of  ultimate  delicacy  we  cannot  rest  with  approxi- 
mations*, and  at  the  instigation  of  his  friend 
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Coriolis,  M.  Caucfay  reoommenoed  the  investi- 
gatioD,  and  took  aocouDt  of  terms  previooaly  ne- 
glected. The  mult  ia,  that  these  waves  have 
di£f^ot  vdodtiea,  and,  theraforet  that  th^  most 
be  dUpersed  on  entering  a  refringent  medium 
obliquely.  Not  only  does  theory  evolve  this 
satisfactory,  result,  but,  in  its  detaUs,  it  quadrates 
with  phenomena:— the  numbers  dedudUe  from 
H.  Caudiy's  series,  corresponding  &r  within 
the  limits  of  inevitable  error,  with  the  correspond- 
ing numbers  according  to  the  actual  measurements 
of  Frauenhofer.  It  were  wrong  to  omit  notice  of 
the  great  services  of  Professor  Powell,  as  to  this 
interesting  question.  By  him  chiefly,  were 
Cauchy*s  results  brought  to  the  testing  form  of 
numbers.  Having  obtained  from  the  general  ex- 
pression of  the  French  analyst,  a  formula  show- 
ing the  relation  between  the  refractive  index  of  a 
ray.  and  the  length  of  a  wave  or  the  colour  of 
light,  he  showed  the  entire  correspondence  be- 
tween its  theoretical  consequences,  and  the  fieusts 
recorded  by  the  great  optician  of  Munich  for  ten 
different  media,  as  well  as  those  obtained  subse- 
quently by  M.  Bndberg  for  ten  other  cases  of 
crystals. — The  reader  is  referred  to  Professor 
Powell*s  own  veiy  ludd  treatise,  as  wdl  as  the 
odebrated  Memoire  tur  la  Dispersion  by  M. 
Cauchy.  Professor  Kdland  of  Edinburgh  has 
also  written  an  interesting  paper  on  the  same 
subject,  in  Cambridge  PhUoscpkioal  TVajiMcfions, 
voL  vL — Our  very  least  condusioa  must  be  in 
the  words  of  Dr.  WheweU.  '*  The  result  of  such 
calculations  shows  very  satisfactorily  that  there 
is  not  in  the  fact  of  dispenum,  anything  which  is 
at  all  formidable  to  the  Undulating  Theory." 
— It  is  scarcely  requidte  to  nmsakf  on  the 
analogy  between  the  genend  theory  of  colour, 
and  the  reodved  doctrine  concerning  the  nature 
of  sound.  Only,  the  limit  or  range  of  the  ^ 
is  much  more  limited  than  that  of  the  ear.  As 
to  colour,  the  ratio  of  the  extreme  vibrations 
that  affect  us,  is  only  that  of  1*58  :  1,  whereas 
the  ear  can  readily  perodve  and  appreciate,  a 
sound,  its  octave,  its  double  octave,  its  ix^le 
octave,  &&,  &c  No  doubt  that  beyond  either 
terminus  of  the  visible  spectrum,  vibrations  fall, 
too  dow  or  too  rapid  to  be  apprdiended  by  the  Eye. 
— In  other  artides  of  this  dictionary — especiaJly 
Polarization,  Refbaction  Double  and  Coni- 
cal, and  above  all  in  the  artlde  Umdulatort 
Theory,  several  expositions  will  be  found,  cognate 
to  the  foregoing;— the  latter  artide  being  wholly 
occupied  with  discusdons  concerning  the  intimate 
nature  of  these  supposed  vibrations,  and  of  the 
medium  within  whidi  they  are  imagined.  Enough 
for  present  purposes  has  here  been  said. 

Ught,  Eqaall^M  •£  The  allowance  to  be 
made  for  the  time  occupied  by  light  in  traversing 
a  tforiable  space. 

I^lffht*  Tcl«clfy  •£,  In  our  notice  ci  the 
Satellites  of  Jupiter  (see  Jupiter)  it  is  mentioned 
how  certain  apparent  irregularities  as  to  the  oc- 
currence of  these  Edipses,  led  the  Astixuiomer 
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Rflsmer  to  the  meroocaUe  disuuvery  that  Li^ 
has  a  definite  vdodty, — travdling  through  dn 
space  between  the  Earth  and  thai  Planet  at  the 
rate  of  198,000  miles  in  one  aeoond  of  tfiM. 
This  same  vdodty  appeua  to  obtain  eieijruboe 
within  the  sphere  of  our  Solar  System,  and  thsR 
are  grounds  for  the  presnmptioa  that  it  bokb 
good,  or  very  niearly  so,  throo^  all  the  remeler 
interstdlar  spaces.  But  although  this  importsBt 
question  seemed  settled  with  evoy  attainahlf  S8tii> 
foction,  anotfaor  remained,  of  greatest  moBSitiB 
Phydcal  Optics,— the  queetioD,  indeed,  on  wUek 
a  right  decision  between  thetwo  oppodogThearis 
of  IJght,  appeared  to  depend, — ^vix.,  does  I^gjbt 
move  with  the  same  velodty  throng  diAnnI  bm- 
dia;  and,  if  not,  can  we  ascertain  and  accmatelj^ 
state  the  difference  of  ite  varying  vfilocities  ?  Ooi- 
ddeiing  the  amaring  average  vdodty  of  Ug^  i 
might  well  have  seemed  adventuioos  If  not  hope* 
less,  to  search  a  definite  measure  of  amall  vana- 
tions  in  that  vdodty ;  neverthdeas  the  diffiedtj 
rather  stimulated  than  repdled  Arago^  to  whonae 
unquestionably  owe  the  impulse  that  has  lenUed 
so  auspidoudy.  It  has  already  been  expiiiad, 
how  this  philosopher  and  Fresnd  attenplaLfte 
solution  by  measuremente  of  dispbcemeBfea^f  Ihs 
fringes  of  difiraction;  but  Ar^go  was  atiiari  J»- 
wai^  the  effort  to  d>tain  a  diieot  and  M^ 
tm/Aeoretica^  measure,  by  thesnooeas  thatattadd 
the  labours  of  ProftsBor  Wheatatone  in  niation  to 

the  vdodty  of  Electridty.  The  prindpfe  cf  tbs 
turning  mirror,  apfdied  by  Wheatstone  (see  Euc- 
TRiciTY,  VELOcnr  of),  took  strong  hold  oa 
Arago^s  ima^ation ;  and  in  connection  wUh  H. 
Breguet  he  had  devised  a  mechaniamvnysiaiibr 

to  Wheatstone^s,  capable  of  virimUijf  tanfa^  a 
mirror  three  thousand  times  in  a  second,  andfton 
whose  action  he  fondly  expected  the  covtMiR- 
sults.  Unhappily,  dimness  of  sight— one  ef  ffce 
few  infirmities  of  his  age— overtook  the  iflMbiNS 
French  Phyddst,  before  his  prqjected  eAptiilMWte 
could  be  realised:  but  he  lived  to  know  tliat  hk 
ideas  had  been  successfully  carried  out  (and  in  a 
way  much  more  eflfident  than  by  the  plan  he 
had  proposed)  by  his  ingenioas  ooontiyinen  Fen- 
cault  and  Fizeau.  The  investigations  of  thm 
inquirers  were  conducted  apart,  and  depend  oa 
difierent  prindples.  (I.)  The  researcfaea  of  M. 
Foucault  rest  on  an  ingeniona  oontrivanoe^  Iff 
means  of  whidi — through  effect  of  a  oombiBatina 
of  spherical  and  plane  minnrs — he  made  the  basge 
of  an  object  comctde  with  the  ol^ject  itsdf,  ao  thsK 
both  could  be  seen  at  one  and  the  same  tine; 
the  image  being  formed  by  snooesdve  reflectionB  of 
the  direct  rays,  and  t^iertheee  ngpt  hadinmtrwii 
a  considerable  qtace.  One  essential  portioa  d 
the  apparatus  was  a  plane  minor,  so  placed,  thst 
although  ite  indination  were  in  any  way  ^aagdl, 
the  ooinddenoe  of  the  image  with  the  d^eot  wodd 
not  be  disturbed.  Kay,  if  the  tnnsit  of  Ijght 
were  an  ntftantaneow  act,  this  mliTor  might  even 
be  made  to  rotate  on  its  centre  with  any  &ipte 
of  vdodty  and  still  no  diatoxbanoe  wodd  taks 
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place.  Lii^t,  howmrer,  not  Mng  instaiitaneoiis 
fa  its  tmosmiflBion,  it  ia  easy  to  see  that  the  very 
rufid  roUtiaa  of  this  mirror  might  be  made  the 
neans  of  separating  the  image  from  the  object, 
becanae  the  ray  iasaing  from  the  same  point 
iiiigbt  come  to  be  reflected  by  it  in  two  dififerent 
p^»>«i«^  OD  acooont  of  the  time  occupied  in  the 
ray's  paaMge  through  the  long  devious  route  caused 
bj  several  reflections.  On  this  simple  principle 
Foneault  oonstrncted  that  ingenious  and  alto- 
gether adequate  medianJam,  described  at  full 
length  in  his  own  memoirs,  and  in  the  last  edi- 
tion of  PoiiiIlet*s  Pkysiqme,  He  immediately  ap- 
plied it  to  detect  the  diiftrenoe  of  the  velocity  of 
I^ght  when  passing  through  air  and  water.  The 
original  ebfia  was  a  small  square. diaphragm 
croesed  in  the  middle  by  a  fine  platbium  wire. 
In  thia  case  he  made  two  images  of  the  object 
eoindde,  and  examined  them  through  an  ofdi- 
naiy  eye-piece.  When  the  mirror  was  at  rest  the 
two  images  appeared  as  under.    The  bright  one 

— the  image  through  the 
idr — overlapping  the  centre 
of  the  darlier  one,  or  of  the 
image  derived  from  the  ray 
paaring  through  water. 
The  platinum  wire  will  be 
noticed  passing  through  the 
centre  of  both.  The  mirror 
..    .  was  then  put  in  rapid  rota- 

^  tion;  and  the  images  ap- 

pealed as  below.  Both  were  displaced,  showing 
that  Bght  haa  a  definite  velocity,  or  takes  time 

to  travel;  but  the  image 
formed  by  the  ray  passmg 
through  the  tube  of  water 
KaBiXtplaeedtkewiott:  thus 
proving  be>'ond  a  doubt  that 
light  travels  more  swiftly 
through  air  than  through 
water;  signally  confirming 
Ango*8  deductions  ftonf  the 
displacement  of  the  fringes 
of  diflhietion;  and  settling 
for  ever  this  cardinal  Inintof  diiierencebetween  the 
rival  theories  of  Light  Foneault  farther  computed 
the  amoant  of  the  dil!erenoe,  and  thereby  deter^ 
■lined  the  relative  indioesof  refraction  of  the  two 
media. — (2.)  The  principle  of  the  apparatus  of 
Fiasan  la  very  different.  He  also  produced  an 
image  of  an  object  by  rays  which,  by  aid  of 
soreral  reflections,  had  been  made  to  pass  through 
hog  distances;  but  instead  of  a  rotatory  mirror 
he  employed  a  toothed  whed,  which  had  been 
to  rotate  with  immense  rapidity  by  H. 
Placing  this  wheel  so  that  its  teeth 
ooincide  with  the  focus  of  the  returned 
n^  forming  the  image,  he  caused  it  to  rotate 
until  no  image  could  be  seen — until  in  fact  the 
iange  was  edipsed :  and  a  part  of  the  apparatus 
hiuimwl  him  of  the  velocity  of  the  wheel's  rota- 
tion at  the  moment  when  that  end  was  gained. 
It  Is  ymj  evident  that  this  velocity  mwt  be  a 
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direct  index  of  the  velocity  of  Light ;— had  Light 
passed  from  point  to  point  instantaneously,  there 
could  have  been  no  eclipse.  Fizeau  immediately 
entered  on  the  same  course  of  investigation  as 
Foueanlt,  and  with  the  same  results.  But  he  haa 
farther  started  on  a  new  career, — investigating 
the  efiects  of  the  motion  of  the  medium  through 
which  the  Ughtr^wave  passes,  on  the  %'elocity  of 
its  propagation.  These  efiects  in  the  case  of 
fiovnng  water  are  palpable,  or  rather  considerable 
and  perfectly  r^ular,  so  that  for  the  first  time 
science  has  obtained,  through  decisive  experiment, 
a  knowledge  of  the  efiects  of  the  motion  of  pon- 
derable matter  on  the  velocity  of  light — It  cannot 
be  doubted,  that  from  the  aources  now  indicated, 
we  may  gather  most  important  and  unexpected 
facta  regpuding  the  constitution  and  relations  of 
these— at  present — ^rather  hypothetical  Ethen, 

Ushtalac*  A  spark  of  electricity,  disen- 
gaged during  an  electric  discharge^  either  firom 
doud  to  dond,  or  between  the  clouds  and  the 
earth.  It  is  easy  to  distinguish  these  two  kinds 
of  lightning.  If  the  lightning  Joins  two  clouds  at 
unequal  hdghts,  the  diy  is  irr^ularly  illumined : 
but,  if  it  passes  from  a  doud  to  the  earth,  we  ob- 
serve a  narrow  fork  of  dazzling  light,  quite  limited, 
andborderedbyasortofhalo.  Arago  distinguishes 
three  kinds  of  lightning. — (1.)  Zig-zag  flashes, 
that  frequently  bifurcate  or  trifareate  at  their  ex- 
tremity: they  may  sometimes  divide  into  a 
greater  numbor  of  parts. — (2.)  Sheet  JJ^htnmgg^ 
presenting  themselves  as  lights  that  iDumlne  the 
outlines  of  the  douds:  these  are  most  common 
when  the  air  is  very  moist,  and  they  do  not 
appear  to  have  very  great  tention, — (8.)  Ball 
Ugkinm^  or  globes  of  fire:  these  move  dowly 
from  the  douds  to  the  Earth,  and  are  visible  for 
several  seconds.  M.  Arago  demonstrates,  that 
lightnings  of  the  first  and  second  dasses  do  not 
last  for  the  millionth  part  of  a  second : — their 
length  or  continuity,  therefore,  depends  on  the 
prindple  of  the  persistence  of  images  on  the  re- 
tina.— Lightning  generally  moves  from  the  douds 
to  the  euth,  but  on  occasion,  the  earth  is  the 
originator  of  the  discharge,  and  the  Ughtning 
seems  to  move  upwards.  The  writer  of  this 
notice,  was  ones  witness  of  a  remarkably  brilliant 
and  continued  discharge  of  this  kind,  while  cross- 
ing Shap-feU. — ^The  colour  of  lightning  is  gene- 
rally a  dazzling  white:  sometimes,  however, 
it  verges  towards  violet  We  know  that  the 
colour  of  the  ordinary  dectric  discharge  varies 
with  drcnmstances.  *  See  Elbcteical  Eoq. — 
When  lightnteg  falls  to  the  surface  of  the  Earth, 
it  natundly  follows  the  best  conductors,  duefly 
attaching  itself  to  metala.  This  rule,  however.  Is 
not  absolute.  The  abeolute  rule  is,  that  it  foUowa 
the  Sne  of  least  retietance.  It  will  leave,  there- 
fore, a  long  but  tortuous  good  conductor,  for  a  less 
perfect  one,  that,  by  its  comparative  shortness, 
oiTers  in  reality  a  less  obstructed  route.  If  light- 
ning meets  with  bodies  that  are  bad  eondnctom, 
it  pierces  them,  bnaka  them  and  acatten  them 
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aboat  with  irreeistible  fsroe :  instaooes  of  these 
itB  most  disaetrouB  effects,  tre  onlutppQj  too 
namerons. — ^This  meteor  is  sssnredlj  the  most 
imposing  of  any  in  the  Heavens ;  and  it  long 
passed,  and  in  numy  places,  or  rather,  with  the 
ignorant  in  all  places,  it  passes  still,  as  a  sign  of 
celestial  wmth.  Idstea  to  the  wisdom  of  old 
Liicretins: — 

**  Postremo,  car  atncta  Deftm  delabm  snaaqiie 
Dlacutit  Infesto  pneclaras  (Ulmioe  tedes 
£t  bene  facts  Deftm  fhuiglt  slmalacra,  sulaqne 
l>emlt  imafflnlbttB  violento  Talnere  bonoremf 
Altuc^tie  car  pleruinqoe  petit  loca  f  plarima  qao  pins 
Mcmtibttt  la  aunuais  vestigU  cemimoa  igaia}" 

For  something  on  ths  ocbar  of  lightning,  and  the 
electric  odour  in  geoersl,  see  O20NB. 

Ijl(|htBlBv€*Md«ci«n.  The  disasters  often 
doe  to  powerful  Atmospheric*Electrical  diachaiiges 
led  very  early  to  the  question,  whether  means 
for  security  could  be  devised.  The  points  at  one 
time  in  doubt  as  to  Thunder'rodt,  are  now 
well-nigh  settled.  They  ought  to  be  pointed  at 
the  top,  connected  at  the  bottom  with  some  layer 
of  the  earth  considerably  below  the  surfiioe,  and 
every  metallic  portion  of  the  roof  to  be  protected, 
oqght  to  be  joinod  with  the  conductor.  These  rods 
or  metallic  strips  should  likewise  be  of  considerable 
dimensions — a  thin  rod,  as  Faraday  has  shown, 
presents  so  much  resistance,  that  lateral  dischaiiges 
of  a  destructive  Idnd,  are  not  prevented  by  it — At 
best,  however,  the  Thunder-rod  is  only  a  protec- 
tion within  a  very  few  ieet  of  its  position,  unless  It 
be  literally  connected  by  sufficient  strips  of  metal, 
with  the  other  parts  of  the  roof.  In  proof^  as 
quoted  by  Sir  William  Snow  Harris,  the  main- 
mast of  H.M.S.  Endymion  was  protected,  the 
foremast  not:  and  a  flash  of  lightning  striking 
the  latter,  shivered  it  to  atoms. — ^To  the  ex- 
cellent Inquirer  just  named,  we  owe  our  best 
arrangement  of  Marine  UghhUng  condmctors,  A 
continuous  rod,  applied  to  the  ship^s  mast,  is  im- 
practicable, because  of  the  necessity  of  elevating 
or  lowering  the  masts;  nor  is  a  cluun  altogether 
snitable,  inasmuch  aa  every  transition  from  link 
to  link — ^unless  they  are  pressed  together  by  ex- 
treme tennon — ^is  a  break,  to  a  certain  amount, 
in  the  chain^s  conductibility.  Sir  William  over- 
came the  difficulty,  and  imparted  all  the  advan- 
tages of  fixed  conductors,  to  those  used  at  sea,  by 
a  very  simple  and  ingenious  contrivance.  He 
inlays  a  slip  of  copper  along  the  entire  length  of 
each  mast ;  and  these  slips  aze  so  arranged,  that 
whatever  the  elevation  or  depression  of  the  mast, 
the  perfect  metallic  contact  between  the  a^laoent 
ones,  is  maintained,  llie  lower  portion  of  the 
conductor  terminates  in  the  sea. — No  doubt  now 
remains  as  to  the  entire  efficacy  of  this  excellent 
contrivance ;  experience  has  pronounced  its  verdict, 
fur  many  ships  have  thereby  been  preserved  fh>m 
destruction.  We  desire  most  earnestly  to  see  it 
adopted  as  univeraally  by  our  Mercantile  Marfne, 
as  it  has  been  by  the  Navy.  Old  prejudices  still 
exist  however,  and  men  are  even  yet  fijund  to 
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allege  that  such  ooaducton  are  daageransi  becaav 
they  aUnaet  the  lightning.  No  conductor  aUrwfr 
lightoing;  it  merely  furnishes  it  with  a  safe  roa4 
to  the  eulh,  when  it  strikes  a  ship  or  a  bmUog. 

liiMb.  The  edge  of  a  pbmet  ii  csDed  ia 
Umb,  and  so  also  the  edge  of  any  dicfe  of  sa  ai- 
tronomical  instrument.    « 

£jlHSlia»  Peciriag  mC  The  pfindiile  upoa 
which  the  processes  of  the  integral  ealcaliB,  aad 
most  of  those  of  the  dififerential  cakafan  depBd 
is  this,  that  when  we  are  unable  by  the  apfiiics- 
tion  of  ordinary  means  to  arrive  at  any  ooida- 
sion  regarding  a  certain  olgect— as,  regu&g 
the  exact  length  of  a  curve — ^we  may  iqipM 
that  object  replaced  by  another,  which  csa  be 
conceived  to  come  quite  indefinitely  amr  to  it; 
and  apply  our  reasoning  to  that  instead.  Itai, 
to  take  the  case  of  a  curve,  whoss  leqgth  «e 
want  to  know,  we, may  substitute  iiiir  the  cone 
A  B,  a  polygonid  line  a  d  b,  which  is  very  iHady 
of  the  same  length,  and  calculate 
the  length  of  that  line.  Evidently 
this  wfll  not  give  quite  the  result 
we  want,  but  we  may  tske  stiB 
smaller  sides— as,  for  examplob 
the  polygonal  line  a  c  d  a  b.  If 
we  can  calculate  the  length  of  this, 
it  is  evidently  nearer  to  that  of  the 
curve,  though  still  not  exactly 
equal  to  it  If  we  suppose  points 
taken  between  a  and  c,  c  and  i>, 
&C.,  all  jdned  successively  with 
A,  c,  &c,  we  shall  evidently  have  aI 
a  closer  and  closer  approach.   The  ris.L 

smaller  each  little  side  of  the  poly- 
gon becomes,  the  larger  maniftstly  wB  he  the 
total  sum,  and  the  nearer  to  the  idtinialevdM  ve 
desire.  Now,  if  we  suppose  the  StUs  mkB  to  he 
quite  indefinitely,  or,  indeed,  infinite^  small,  H  h 
manifest  that  our  result  will  be  indsfinitrily  or 
infinitely  near  to  the  one  whiob  we  desire,  ani 
wetian  therefore  take  it  without  pnctiesl  env. 
if  it  be  indefinitely  near — without  any  crra;  If 
infinitely  so  —  for  that  which  we  have  ben 
seeking.— The  purpose,  then,  of  the  doetriae 
of  limite  is,  that  by  it  we  may  be  enabled  to 
substitute  in  oar  reasonings  concerning  matlert 
which  we  cannot  accurately  grasp,  othen  wUeh 
we  can;  and  that  having  oondnded  our  piuesaa 
regarding  these  latter,  and  obtained  resolti  re- 
garding them,  we  may  then  apply,  instesd  of  the 
general  values  of  thii  latter,  wlrich  hate  been 
employed,  those  special  values  which  come  ib- 
measurably  or  inflnitdy  near  the  original  snb- 
jects  of  thought;  and  so,  obtain  apedid  ismlfs 
absolutely  true  for  these  limiting  caaea,  and  thin* 
fore  indefinitely  near  the  truth — so  near  that  the 
error  shall  be  capable  of  being  made  less  Asa 
any  given  quantity,  however  smaU. — TbedDetrine 
of  limite  may  t>e  readily  understood  by  aid  of  tks 
calculus: — Suppose  we  have  an  nnknownqaaatity 
X,  and  two  Amotions  of  it,  p  («)  a]id/(«>  thsthi, 
two  quantities  wluxie  algebraical  exprassioB  ooa- 
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trin*,  and  vboM  value,  tfacrefiin^  dependi  on  tbe 
vahM  that  may  be  aMigned  to  it.  Then,  let  it 
be  wmpawd  that  m  have  two  definite  valine  at 


the  variebfe  «,  which  differ  by  A;  eappoee  x  and 
«  +  A,  it  ie  lequired  to  find  the  valne  cC  the 
fade  wliich  the  difiefence  of  f(x  -|-  A)  and  p  («) 
been  lo  that  of  the  difieranoe  of /(ss  +  *>  *°<> 
/(x)w  Thie  ie  qoite  a  genend  fonctioDal  pro- 
blin,  and,  eo  far,  bee  nothing  to  do  with  the 
doctrine  of  limits.  But,  eappoee  that  we  want 
to  know  wliat  thie  valne  will  beoome  when  A  bo- 
eoaHB  indeflnitriy  or  infinitely  emelL  This  is  a 
poblem  where  limits  are  introdnoed,  and  one 
itea  the  ralee  eetabiiehed  upon  the  doctrine  of 
Kmite.  in  that  bianch  of  mathematical  ednoe 
towed  the  diflerential  celcnlns,  at  once  come 
to  ear  aid.  The  trae  logicel  foondation  of 
this  cakolne  ie  anqaestionably  the  doctrine  of 
limits;  nor  have  oar  theoriee  rsgarding  it  any 
iignificanoe  independently  of  it.  See  the  artide 
CALCPUca;  also  Dr.  Wbewdl^s  excellent  treatise 
00  ths  Jhetrme  ^ImiU^  or  the  prefi|oe  to  Do 
Motgn'e  CbJedbie. 

UfHldl  ie  that  conditSon  of  eech  internal  part 
of  a  body,  which  oonsiete  in  tiaiding  to  preserve 
a  definite  voiome,  and  imlsting  change  of  vdlanie, 
md  in  oAMng  no  resistance  to  change  of  figore. 
—It  is  known  that  most  sabetances,  and  believed 
that  all  eobetanoee,  are  capable  of  assaming  the 
fiqead  conriition  nnder  snitable  drcnmstanoea. — 
Ths  |>opeity  of  offinring  no  resistance  to  change 
of  figure,  b  common  to  the  condition  of  LiqM 
ad  Cos,  and  conatitates  the  Jhdd  condition. 
The  Eqaid  condition  is  dietinguished  from  the 
goeeem  by  the  piupeity  of  tending  to  preserve  a 
deOaiie  velnme,  whereas  a  gaaeooe  body  tends  to 
npoad  inddinitely. —It  follows  from  tlie  property 
«f  not  rerieting  change  of  figure  of  the  internal 
psrt%  that  a  liqaid  mam  can  neither  reeiat  nor 
oiert  a  praasure  in  any  direction  exoept  perpen- 
dienlar  to  its  amrfiMe,  and  that  the  prsssure  ez- 
ortad  at  agiven  point  in  a  liqaid  maas,  between 
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the  two  pofttone  of  liqaid  on  either  side  of  any 
saHSMO  passing  throngh  that  point,  must  neces- 
sarily be  perpendicular  to  that  snrfaoe,  and  of 
equal  intensity,  in  what  angular  direction  soever 
the  sortioe  traverees  the  given  point  Tliis  prin- 
ciple is  the  foundation  of  tboee  branches  of 
medianice  whidi  are  called  JIpdro»tatie$  and 
BfdrtMljfnamkt  respectively — TbeoompretstMfi(y 
of  a  liquid,  that  is  to  say,  the  fraction  by  which 
the  volume  of  a  liquid  mass  is  diminished  by  the 
application  of  a  pressure  of  a  given  intensity  to 
its  external  suiftoe,  ie  for  all  substances  very 
smaU.  See  ELAancnr,  §§  4v  5.  With  respect 
to  resistance  to  compression,  every  liquid  isper- 
feetlji  ebutie.  See  Elasticitt,  §  8.— ESrery 
liquid  poeseoees  a  certain  amount  of  ienaeUg  or 
dw^eei  ooAeribn,  whereby  its  parts  resist  separation 
by  being  directly  torn  asunder. — This  cohesion 
has  been  proved  to  be  the  result,  in  whole  or  in 
part,  of  an  attractive  force  between  the  particles 
of  the  liquid,  which  acts  at  appreciable,  though 
exceeding  small  distances;  fai  oonaeqoence  of 
which  there  exists,  at  the  external  surfooe  of 
every  liquid  mass,  a  layer  or  film  of  liquid,  of 
unknown,  bat  exceedingly  small  thickness,  which 
»  of  somewhat  less  teislty  than  the  internal 
maas  of  liquid,  and  consequently  in  a  state  of 
tension.  This  superficial  tension  is  the  force 
which  sustains  a  hanging  drop ;  and  its  amount 
may  be  computed  from  the  wdgbt  and  dimen- 
sions of  the  largest  drop  of  the  lk)uid  which  can 
hang.  It  causes  the  snrfooe  of  every  isolated 
mam  of  liquid  (such  as  a  {idling  drop),  or  cavity 
in  a  mass  of  liquid  (such  as  an  aix^bubble),  to 
contract  to  the  smallest  possible  dimendons,  and 
conseqoently  to  asaome  the  figure  of  a  sphere. 
It  also  causes  the  sariace  of  every  isoUted  Jet  of 
liquid  to  tend  to  assume  a  form  of  circular  sec^ 
tkm,  or  to  oedllate  about  such  a  form.  It  modi- 
fies the  fonn  of  the  sorfoee  of  every  mass  of  liquid, 
by  rounding  more  or  less  theeofners  which  would 
otherwise  be  angular. — Cohesion  also  exists  to  a 
greater  or  less  degree  betweea  liquids  and  solids ; 
and  the  combined  efitets  of  this  force,  and  of  the 
superficial  tension  due  to  the  cohesion  of  thf 
liqaids  themselves,  constitute  what  are  known  at 
phenomena  of  oapiUanf  aUraeiiom. — It  ia  by 
reason  of  this  tendency  of  the  external  film  of  a 
liquid  mass  to  assume  a  definite  figure,  vis.. 


the  sphere,  that  in  defining  the  word  '*  liquid 
at  the  bq^ning  of  this  artide,  non-resistance  to 
change  of  figure  has  been  predicated  of  theniter- 
nd  parts  of  a  liquid  body  only,  and  not  of  the 
whole  mass.  The  supeiiidd  tendon,  however, 
is  so  foeble,  that  in  dl  hydroetaiicd  investigations 
relative  to  masses  of  liqaid  much  exceeding  the 
dimenskms  of  a  drop,  it  may  be  neglected. — In- 
termediate between  the  Ikpdd  and  the  solid  con- 
ditions, are  the  mieod^  plaUie,  and  jwAi/moiif  con- 
ditions, in  which  the  power  of  resisting  change  of 
figure  is  possessed  imperfectly  by  the  btemd 
paita  of  the  maas.  ELAancnr,  §  8.  The 
slidfaig  of  particles  of  liquid  over  each  other,  ot 
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over  a  solid  snrfaoe,  ia  resiBted  bv  a  fiiroe  known 
by  the  name  ciJHetion,  altbot^h  iti  laws  are 
different  tcom  those  of  the  friction  of  solid  bodies. 
Liqnid  friction,  or  resistance,  is  independent  of 
the  pressure,  and  is  nearly  proportional  to  the 
square  of  the  velocity  of  sliding,  and  to  the  area 
of  the  sur&oe  over  which  sliding  takes  place. 
The  mechanical  energy  which  disappears  in  over- 
coming this  kind  of  resistance,  is  replaced  by  an 
eqoivident  quantity  of  heat.  See  Hbat,  Mbghak- 
ICAL  Action  of,  §§1,2.  The  laws  of  liqnid  ro- 
ststance  form  the  foundation  of  that  branch  of 
HydnMiynamics  which  relates  to  the  flow  of 
liquids  from  orifices  and  through  channds. — It  is 
known  of  most  liquids,  and  believed  of  all,  that 
at  certain  temperatures,  called  their  respiective 
freezing  pointt,  they  assnme  the  solid  condition, 
which  they  retain  at  all  lower  temperatures. 
Some  substances  undeigo  an  increase  ci  volume 
in  the  act  of  freezing,  and  all  produce  certain 
quantities  of  heat,  which  have  to  be  abstracted, 
or  the  fireezing  will  not  proceed.  Heat,  Mb- 
CHANiCAL  Actz<5n  OF,  §  82.  Equal  quantities 
of  heat  are  made  to  disappear  by  the  act  of  melt- 
ing.- The  volume  of  a  given  liquid  mass  depends 
on  its  temperature :  rise  of  temperature  being  in 
most  cases  accompanied  by  expansion,  and  the  rate 
of  expansion,  with  rise  of  temperature,  being 
greater  at  higher  temperatures,  and  less  at  lower. 
In  the  case  of  water,  the  rate  of  expansion, 
gradually  diminishing  as  the  temperature  becomes 
lower,  disappears  altogether  at  89^*2  Fahr.,  at 
whicii  temperature  water  attains  its  greatest 
density.  From  this  temperature  down  to  its 
freezing  point,  water  undergoes  expanidon  with 
Jail  of  ten^lferatwre.  Whether  a  similar  pheno- 
menon takes  place,  for  any  other  substance  is  not 
known. — The  tpeeifie  heat  of  liquids  increases 
slowly  with  rise  of  temperature,  and  appears  to 
be  connected  with  the  rate  of  expansion,  though 
by  i^hat  precise  law  is  unknown.  For  most  sub- 
stances, the  specific  heat  is  different  in  the  solid, 
liquid,  and  gaseous  conditions.  Rise  of  tempe- 
rature increases  the  resistance  of  liquids  to  com- 
pression (ELASTicmr,  §  5),  and  diminlBhes 
^heir  cohesion.  It  is  known  of  most  liquids, 
and  believed  of  all,  that  for  each  temperature  of 
a  giv^i  substance,  there  is  a  certain  minimum 
pressure  on  its  external  surface,  which  is  neces- 
sary to  its  existence  in  the  liquid  state,  and  under 
which  the  communication  of  additional  heat  to 
the  liquid  mass,  makes  it  boil,  or  emit  bubbles 
of  vapour  from  its  interior.  There  is  also  reason 
to  believe,  that  aU  liquids  under  all  circumstances 
emit  vapour  from  their  surfaces,  and  are  sur- 
rounded by  an  atmosphere  of  their  own  vapour. 
See  Heat  and  Vapour.  Liquids  possess,  in 
some  instances,  a  greater  or  less  capacity  for  a6- 
eorbing  particiJar  gases.  This  absorbing  power 
is  increased  by  pressure,  and  diminished  by  rise 
of  temperature. — Liquid^  have  also,  in  some  in- 
stances, the  power  <rf  distohfing  particular  solids, 
or  other  liquids,  to  a  greater  or  leas  extent    The 
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c2i^ks»bfi  of  dissolved  soUda  or  liqiiidB  Uumigli  tin 
dissolving  liquid,  proceeds  aoowdtng  to  definite 
laws. — liquids  are,  in  general,  alow  condmetorm 
ofheaU  The  transfer  and  diffbsiQa  of  heat  in 
them  takes  place  chiefly  by  oanvecUon ;  that  ia, 
by  the  dreulation  of  currents. — Liquids  are  ako^ 
in  general,  slow  oonduetan  ofeleebrtdtg,  tboogh 
not  so  mudh  so  as  certain  aolid  bodiea.  When  a 
liquid  is  capable  of  being  electiicaUy  deeompoaed, 
an  electric  current  may  be  transmitted  tliioai^ 
it  by  electrofysia, — No  liquid  pooetsacja  the  pro- 
perty of  dottble  refraction ;  but  some  Uquida,  such 
as  turpentine,  and  solutions  of  angar,  roUUe  tke 
plane  of  polarization  of  a  ray  of  lig^L  Seveiil 
liquids  (such  as  the  solutions  of  sulphate  of  qoia- 
ine,  and  of  the  colouring  matter  of  leaves),  poasoa 
Jbiore$cencfe,  or  the  property  of  abaorinng  U^  ef 
a  higher  degree  of  refirangibility,  and  emitting  ia 
its  stead  light  of  a  lower  degree  of  reCrangihility. 
— liquids  are  capable  of  asraming  a  feeble  sMy- 
n^ic  or  diamagnetio  condition  by  indodiaB. — 
The  liquid  condition  ia  the  moat  fkvoaFableof  aS 
to  chemical  action. 

IiedPlaali  I^eeaa.  The  locoa  of  a  paint, 
is  the  line  generated  by  tliat  point  when  it  moves 
according  to  some  determinate  law :  in  the  aame 
manner  the  locns  of  a  line  moving  also  aocxo'daog 
to  determinate  law,  will  be  some  detemuoate  sar- 
face. — The  investigation  of  joei,  was  a  fiiveiirite 
pursuit  of  the  ancient  geometers, — ooe  of  the 
most  interesting  works  of  the  great  ApoQoniu, 
being  his  treatise  De  Lode  PkmU^  or  an  inquiry 
into  such  lod,  as  can  be  referred  to  the  stri^iglit 
line  or  the  drde.  The  treatise  itself  is  kit; 
but  as  Pappus  has  described  it  paeity  fiilly,  it 
became  an  ambition  with  our  best  modem  geo- 
meters to  restore  it.  Fermat  made  a  aoooeafU 
attempt,  which  he  communicated  to  hiafiienda  in 
1687.  He  was  followed  by  Schooten  in  1659; 
but  no  one  entered  into  the  true  spirit  ef  tiie 
methods  of  ApoUonios,  previous  to  Robert  SinMoai, 
who,  in  1746,  gave  to  the  world  his  ApoOtmS 
loca  plana  restituta.  The  preface  of  ^baa 
raarkable  work  especially  merits  attention, 
of  the  nice  appreciation  it  contains  of  the  (dd  i 
metrical  analysis. — ^The  nature  of  the  probkius 
occupying  this  work  of  Apollonius,  will  be  undo^ 
stood  from  the  following  enunciations  of  three  of 
them.^-(l.)  Suppose  that  from  any  point  p, 
8e\'eral  pairs  of  lines,  pa,  pa;  pb,  p6;  pc, 
p c;  &C.,  are  drawn  making  constant  angka  Jlto^ 
B  p  6,  c  p  c,  &C.,  and  that  the  ratio  of  p  a  to  p  o 
is  the  same  as  that  of  p  b  to  f  6,  &c ;  or  soppooe 
that  the  rectangle  p  a  X  ^  <(i  ^^  equal  to  the  reet> 
angle  p  b  X  p  ^)  &c.| — then,  if  the  points  a,  b»  c, 
&C.,  have  a  plane  loctu — ^that  is,  if  tiiey  lieeiiher 
along  a  straight  line  or  a  circular  arc — the  points 
Oyh,  c^  wiU  also  have  a  plane  locus,  in  the  former 
case  they  will  lie  along  a  straight  line,  in  the 

latter  they  may  be  ooimected  by  a  circular  ar& 

(2.)  If  from  the  extremities  of  a  atraigfat  line, 
two  linea  a  p,  b  p,  be  drawn,  having  to  eachotlier 
a  ratio  of  inequality, — this  point  p,  and  all  othen^ 
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p,  w,  Ac.,  n  wbieh  lines  Ajv,  b j),  a  r,  b  r,  hAT- 
fng  the  tsme  ntiov  can  terminate,  will  have  u 
tbfdr  locus  the  drcmnferance  of  a  drde. — (8.)  If 
frcND  may  number  of  points,  a,  b,  c,  d,  s,  &c.,  there 
be  dtBwn  lines  to  any  number  of  other  points, 
r,  p,  w,  &c.,  so  that  the  same  of  the  squares  of 
the  lines  a  p,  b  p,  c  p,  &c.,  be  equal  to  the  sums 
of  tfaa  squares  of  the  lines  Aj»,  sp,  cj>,  &c.,  and 
80  oo  wUh  regard  to  w,  &c.,  then  the  points  p, 
^  V,  Ac.,  must  an  be  in  the  circumference  of  a 
drds  irhoee  centre  and  diameter  may  be  deter- 
mined.— ^Tliis  latter  proposition  enundates  a  veiy 
csrioos  pwperty  of  the  drde,  and  touches  closely 
OQ  the  sot^  of  the  Centre  of  Gravity.— The 
student  is  ftuther  referred,  as  tt>  problems  con- 
cerning Lod,  to  Sir  John  Leslie's  Geometrical 


!▼«  KaglBe.  8e9  Stkam  Ekoinb. 
iM.  A  name  given  to  those  auxi- 
liary numbers — the  first  conception  of  which  we 
owe  to  Lord  Napier,  or  Neper,  of  Herchistonn — 
by  whose  aid  difficult  arithmetical  operations  are 
so  greatly  sbridged.  It  has  now,  however,  a 
wider  meaning,  and  bdongs  also  to  Symbolical 
Algcibra. — ^The  nature  and  Theory  of  Logarithms, 
as  well  as  the  mode  of  computing  them  are  easfly 
derived  from  the  exponential  Equation 

where  « is  the  logarithm  of  the  number  or  quan- 
tity y,  and  ■  any  number  or  quantity  whatever, 
tsmed  the  bate  of  the  peculiar  logarithmic  sys- 
tem. Take  two  numben  and  their  corresponding 
logarithms, — 

multiplying  these  two  equations,  and  dividing 
the  one  by  the  other,  we  have 

tf 

in  oUier  words,  the  titm  of  the  lofforithms  of  two 
jmantkiet  w  the  logarithm  of  the  product  of  these 
fatnUiiiee,  amd  the  difference  of  their  logarithma 
i$  Urn  hgariihm  of  their  quotienL  Again,  ex- 
tncting  the  n*^  root  of  both  sides  of  the  fore- 
going exponential  equation,  and  raising  both  sides 
to  tl^  n*  power,  we  obtam 


and  !*•  8=5  y^  ; 

or,  the  loganthm  of  a  quantittf  divided  btf  n  it 
the  logarithm  of  the  n*^  root  of  the  quantify  f 
and  Um  some  logarkhm  nmUipUsd  bg  n^  it  the 
hgarithm  of  the  a'^  poic€r  of  the  quantity, — It 
win  be  seen  at  a  glance  how  extensively  the  in- 
vcntloo  of  thew  numbers  and  the  use  of  the  tables 
now  ooostructed,  must  go  to  simplify  and  abbie- 
riate  aD  numerical  processes. — There  are  two  or 
three  minor  arithmetical  propositions  worthy  of 
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being  noticed.  If  the  quantity  y  be  s  1,  its 
logarithm  is  o,  whatever  the  base  e,  because, 

••— L 

Again,  if  y  es  o,  the  Icgarithm  most  be  —  «  , 
because 

I  a 

The  logarithmsof  numbers  between  1  end  0,  there- 
fore, must  be  negative,  whate%*er  the  base  i: 
those  greater  than  1,  must  be  positive;  while 
logmithms  of  negative  numbers  do  not  exist,  or 
are  imaginaTy.  We  are  supposing  tliat  the  base 
i  is  greater  than  1  or  positive.  It  may  be  any 
number  whatsoever.  In  the  Neperian  system  U 
is  2*718281,  for  a  reason  that  will  afterwards 
appear :  in  the  tables  commonly  in  use,  and  which 
are  much  more  convenient^  it  is  10 :  this  change 
wss  introduced  by  Briggs. — Let  us  now  present 
the  ferie*  that  represent  the  relations  of  loga- 
rithmic quantities.  The  folbiting  exponential 
development  is  well  known  i~~ 


a*  =  1  -}-  Ax  -}- 
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A»ar» 


+  r2^  +  **^ 


let  «  a   ^   and  we  have 

A 


1 

a  — 


'"'i  +  ^  +  n 
1 

+     1-2-8-4    +  *^- 


+  r. 
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if  A  be  1,  we  have  tlie  quantity  i,  or  the  base  of 
the  Neperian  system ;  that  is 


1  1 

•=  ^+1-2  +  1-28  + 


1 


1-2-8-4 


-f  &C. 


which  series  when  summed  is  approximately 
2-718281 :  hence 

*•  =  1  +  *  +  rr  +  m  +  ^^• 

Since  a*  =:  c,  it  is  dear  that 

I*  =  a; 

that  is,  A  is  the  l^eperian  bgarUhm  of  any  other 
liase  a. — 

Reversing  the  foregoing  series,  we  get  in  the 
system  of  Neper 

y*        ^       !^*        y* 

log(l+y)«y-  2+T--4  +  5-^^ 

and 

log(l  —  y)=— y  —  y  —  -3  —  4  —  5 


by  combining  which,  we  obtain  the  siognlariy 
converging  series^ 
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log(y  +  1)  -  logy +  2  (^^ipj - 


^.+ 


»C2jr  +  l)»    '   6C2y+l) 

b>'  aid  of  which,  tables  of  namben  can  easily  be 
computed.  It  is  plain  that  it  is  only  necessary 
to  compute  the  logarithms  of  prm6  numbers : 
those  of  other  numbers  can  be  determined  from 
one  another. — We  have  said,  however,  that  the 
term  logarithm  has  now  a  much  wider  signifi- 
cance than  the  mere  arithmetical  one;  it  is  a 
sgmbolicai  term.  The  complete  solution  of  the 
exponential  equation  is  not  confined  within  the 
fangoing  strait  limits.    If 

X  may  have  an  infinity  of  values,  whatever  y 
may  be:  that  is,  y  has  an  infinity  of  logarithms. 
It  is  known  tliat 


or  if  m  =  0 


W^ 


make 

then 
multiply  by 

and 


cos  ^  +  "^  ^*  V~  1 
/  =  2  m  r, 

•  =  1» 


=  y. 


In  other  words,  a  +  2  m  «•  v^—  i  is  the  com- 
plex or  symbolical  logarithm  of  y.  Denoting 
this  complete  expression  by  l,  and  the  arithmeti- 
cal Neperian  logarithm  by  l,  the  fbregohig  ex- 
pression may  be  written 

Ly  =  /y  +  2  »  w  \/ —  I, 

or  again      L«  =  /s-|-2nr  V —  1. 

Multiply  and  divide,  and  we  obtain 

Ly«  =  /y«  -|-  2  («-{■'*)  •*  '^ —  ^ 
and    L?  «=  Z?-f  2(«  — »)«•  V^l 

The  logarithms  of  negative  quantities  have  sym- 
bolical representatives,  although  the  logariUims 
of  n^ative  numbers  are  imaginary.  For  instance, 
let  ^  =Bs  (2  m  -^  1)  «",  m  being  a  whole  number, 
then,  substituting  as  previously  in  the  original 
equation, 

-|-  sin  (2  m  +  1)  »,  V^^Hf 

Whence     l  —  l=-(2»-fl)*  ^— 1 

or  generally  

L  — x=-/a?-J-(2m+  l)rV'^^ 

From  the  value  of  L  —  1  a  curious  symbolical 
result  is  dedudble,  viz. : — 

I.— 1 

(2«+l)c  = 
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For  ftirther  and  fell  inlbnnation  as  to  genermi  or 
symbolical  Logarithms,  w«  refer  the  student  Id 
the  writings  of  PAtfessor  de  Moi^bl 


^/~i' 


The  eqnatioo  of  the  fimDcr  h 
y  8=  log  ar. 
The  polar  equation  of  the  sjnral  |b 

logr  as  V 

the  pole  being  at  the  eye  of  the  curves  An  in- 
terest attaches  to  this  latter  fh>m  the  demonatn- 
tion  by  Newton,  that  if  the  force  of  gravity  had 
varied  as  the  inverse  cubes  of  the  djstances,  the 
planets  would  have  receded  from  the  ami,  and 
that  theh*  paths  would  have  been  LogaiithDie 
Spirals. 

be  drawn  through  a  star  from  the  pole  of  the 
Ecliptic,  the  portion  of  the  Ecliptic  intercepted 
between  the  first  point  of  Aries,  and  its  sectioii  by 
that  great  circle,  is  the  longitude  of  the  star. 

iMm^ttmde  TenrcelvtaL  The  diflaenoe  of 
the  longitude  of  two  places,  is  the  angle  fonnei 
by  their  meridians,  or  the  portion  of  the  Equator 
intercepted  by  those  meridians.  The  abeohite 
Longitude  of  any  place  is  a  sbnOar  are  of  the 
Equator,  between  the  meridian  of  the  plaoe»  and 
some  other  meridian  or  great  drcle  that  has  been 
arbitrarily  selected  as  the  jfirsf  meridian.  In  aB 
our  KngHsh  maps,  and  in  tliose  of  several  other 
countries,  the  first  meridian  is  the  one  piwimg 
through  the  Observatoiy  of  Greenwich ;  in  Franoe 
they  reckon  firom  the  Observatory  of  Pans ;  and 
in  North  America  they  now  somethnes  begin 
with  the  meridian  of  Washington. — It  is  easy  to 
see  that  the  detennination  cf  the  diffeiCDce  of 
Longitude  of  two  places,  is  equivalent  to  the 
determinadon  of  the  difilerenoe  of  feme  at  the  two 
places.  As  the  Earth  rotates  on  its  axis  throa^ 
fifteen  degrees  every  hour,  it  is  dear,  that  a  place 
whose  meridian  is  fifteen  degrees  west  of  that  of 
another,  will  have,  as  Its  time,  eleven  o'clock  a.m. 
when  the  Sun  culminates  at  the  latter,  or  when 
it  is  tweive  o'clock  there ;  while  at  a  {daee  na  far 
to  the  east,  the  dock  must  point  to  oae  p.il  Ii; 
therefore,  we  can  find  these  difierences  of  fAnca, 
the  problem  regarding  Longitude  is  solved. 
Now,  since  it  is  easy  to  find  the  absolHte  tiine 
at  any  one  place  (see  Tixr), — say  at  St. 
Hdena,  the  observer  at  St.  Hdena  wiO  have 
found  his  longitude  when  he  ascertains  the 
responding  time  at  Greenwich.  Ihis  is 
pliflhed  by  astronomical  observatioBa  depending  on 
a  simple  prindple.  Changes  of  poei^on  among 
the  celestial  bodies,  or  other  noted  events,  whose 
advent  can  be  calculated  beforehand,  are  inoea- 
santly  occurring  in  the  sky.  Let  ns  suppose  the 
times  of  the  occairenoe  of  these  evcnta  at  Green- 
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wich,  to  be  oompnted  for  several  jeftfB  to  oome, 
and  thai  an  accurate  list  of  such  oociinenoes  and 
tbar  Gieeowich  time,  are  published; — an  act 
nally  done  in  our  admirable  National  Epfaemeris 
.^tbe  Nautical  Ahumae,  An  observer  at  St 
Helena  notices  one  of  these  events,  and  marks 
the  St.  Helena  time  of  its  ocennence:  from  the 
Naaiieal  Almanac  he  learns  the  corresponding 
Graenwidi  time; — hence,  his  Longitude.*— The 
application  of  this  method  would  be  ea87,  if  the 
events  in  question  took  place  at  (he  tame  abtoluie 
vulttmt  of  time  at  the  two  places.  But  this  is 
sddooi  the  case— never  indeed,  in  regard  to  those 
events,  which  can  be  obeerved  with  greatest  pre- 
cision. The  diffsfent  positbn  of  the  two  ob- 
servers impresses  diiferent  efiects  on  the  apparent 
places  of  the  important  celestial  bodies,  through 
variations  of  refraction  and  parallax;  and  it 
somctunes  happens,  that  before  an  event  obeerved 
or  ptedictod  for  one  meridian,  can  be  observed  at 
another,  the  bodies  concurring  to  produce  that 
event,  have  moved  in  the  sky.  To  get  rid  of 
the  influence  of  such  changes,  all  accurate  methods 
of  determining  Longitude  by  the  foregoing  prin- 
ciple, are  encumbered  aooordmgly  withlong  oorreo- 
tioos  or  calculations.  We  shaU  offer  one  specimen 
of  them  under  Ocoultatioh,  in  our  ezpod- 
tion  of  Bbssel's  method;  but  our  limits  pre- 
vent our  going  forther.  It  is  with  no  ordi- 
nary earnestness  that  we  refer  the  reader  desir- 
ous of  studying  the  whole  subject  thoroughly,  to 
the  recent  volume  on  Practical  Attronomy  by 
Professor  Loomis  of  New  York—by  for  the  best 
work  <tf  the  kind  at  present  exbting  in  the  Eng- 
lish language.  The  astronomical  events  usually 
employed  in  the  determination  of  longitude,  are 
these  (1.)  Edipscs  of  Jupiter's  Satellitea.— (2.) 
Eclipses  of  the  Bloon. — Neither  of  these  can 
aflbi^  satisfactoiy  accurat^. — (8.)  Edipses  of 
the  Sun.— (4.)  The  method  of  Lunar  distances 
— oommonly  used  at  sea. — (5.)  Occultations, 
9.0.— (6.)  Transits  of  the  Moon,  or  better  still, 
the  uMthod  of  Moon  culminating  stars. — ^There 
are,  however,  two  direct  modes  of  oompaiing  timee 
independently  of  celestial  observatbn,  that  have 
now  riaen  jnto  so  high  importance  in  Geodesy, 
that  it  is  necessary  to  treat  them  at  some  length. 
We  are  again  indebted  to  Profeseor  Loomis. 
They  are  as  follows : — 

(1.)  LongUade  Vetennmed  by  TrangportiO^ 
turn  of  Ckronomiden.  —  The  manufacture  of 
chronometers  has  recently  attained  to  such  a 
degree  of  perfoction  as  to  afford  the  means  of 
delerminittg  the  difference  of  longitude  of  two 
itationa,  not  too  remote  from  each  other,  with  a 
precision  superior  to  that  of  most  other  methods. 
IIm  foUowing  are  the  easential  steps  of  this 
method : — The  time  is  accuntely  detemUned  at 
one  itatfon,  Greenwich,  for  instance,  and  the 
chronometer  Is  carefuDy  compared  with  the  transit 
dock;  benoe  the  error  of  the  chronometer  on  the 
meridan  of  Greenwich  is  known.  The  dirono- 
meter  being  carried  to  a  second  station,  for  ex- 


LON 

ample,  the  Observatory  of  Paris,  is  compared  with 
the  transit  dock  at  that  place.  Thus  the  error 
of  the  dironometer  on  the  meridian  of  Paris  is 
known ;  but  its  error  on  the  meridian  of  Grieen- 
wich  at  the  same  instant  is  known,  if  its  rate  bo 
known,  and  the  longitude  is  the  difference  of 
these  two  errors.  In  grand  chronometric  expe- 
ditions, it  is  customary  to  employ  a  large  number 
of  chronometers,  from  twen^  to  fifty,  or  more, 
as  checks  upon  each  other. — The  most  serious 
difiiculty  in  the  application  of  this  method  con- 
sists in  determining  the  rate  of  the  chronometers 
during  the  journey,  for  chronometers  generally 
have  a  different  rate  when  transported  from  pla^ 
to  place,  dther  by  land  or  by  sea,  from  that 
which  they  maintain  in  an  observatory.  When 
it  is  proposed  to  determine  the  difference  of  longi- 
tude of  two  stations  with  the  greatest  accuracy, 
the  error  of  the  chronometers  should  be  deter- 
mined at  the  commencement  of  the  expedition, 
at  the  first  station;  the  same  thing  should  be 
done  at  the  second  station ;  then,  as  soon  as  pos- 
sible, the  chronometers  should  be  brought  back 
to  the  fint  station,  and  their  error  determined 
anew.  The  chronometers  should  thus  be  trans- 
ported back  and  forward  a  considerable  number  of 
times. — Let  us  designate  the  eastern  station  by  a, 
the  western  by  b,  and  the  west  longitude  of  the 
place  B  fivm  a  we  will  designate  by  «.  We  will 
suppose  that  at  the  time  f,  at  the  place  a,  the 
error  of  one  of  the  chronometere  was  a;  that  on 
its  arrival  at  b,  at  the  time  C,  the  error  was  h: 
and  again,  on  its  return  to  A  at  the  time  f',  the 
error  was  a'.  If  we  regard  a  day  as  the  unit  of 
time,  and  represent  the  mean  daily  rate  of  the 
chronometer  during  the  journey  by  m^  we  shall 
have 


m 


o'  —  a  ^ 


whence  we  may  condnde  that 

•  =  a-fm(('  —  0  —  ^ 
or  a,  =  a'  —  m  (r  —  O  *• 

Each  chronometer  will  afford  an  independent 
determination  of  the  value  of  m ;  and  in  order  to 
detect  any  irregularity  in  the  rates  of  the  chrono- 
meters, they  should  be  compared  daOy  with  each 
other  throughout  the  entire  journey. — Since 
chronometers  almost  invariably  indicate  a  differ- 
ent nte,  according  as  they  are  travelling  or  at 
rest,  if  the  observer  remains  for  several  days  at 
the  station  b,  the  error  of  the  chronometers 
should  be  determined  immediatdy  upon  arrival, 
and  again  before  departing  from  b;  and  the  in- 
terval of  rest  should  not  be  ioduded  in  the  deter- 
mination of  the  value  of  m.  Suppose  we  have 
determined  the  dironometer  errors 

a,  6,  l/y  aty  ^ 

corresponding  to  the  times 
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where  a  and  a'  are  suppoaed  to  hare  been  ob- 
tidned  at  the  place  a  ;  b  was  the  error  on  first 
arriving  at  b,  and  1/  the  error  od  departing  from 
B. — ^Tben  the  interval  of  time  embraced  in  the 
two  jounieys  is 

and  the  change  in  the  error  of  the  chrooometer 
for  the  same  time  is 

(a'— a)  — (&'— ft). 

Henoe  we  have 

_    (o^  — <?)  — (&^  — 6) 

0'  — 0 +  (*'"  — ^0* 

It  is  indispensable  to  the  accuracy  of  the  ramlts 
thus  obtained,  that  the  time  be  obtained  at  each 
station  with  the  greatest  precisioo.    Strove  re- 
oommends  that  tlie  time  be  determined  with  a 
transit  instroment,  by  observations  of  stars  near 
the  senith,  inasmuch  as  a  slight  deviation  of  the 
transit  instrument  from  the  plane  of  tlie  meridian 
does  not  affect  the  time  of  passage  of  a  zenith 
star.     It  is  necessary,  howe\'er,  to  Imow  the  in- 
clination of  the  aus  with  the  greatest  accuracy ; 
and  the  axis  should  be  reversed  upon  its  sup- 
ports during  each  series  of  observations,  so  as  to 
diminato  the  effect  of  unequal  pivots  and  of  ool- 
limation  error.    In  order  to  eUmmate  the  e^t 
of  any  error  in  the  right  a8oensions  of  the  stars 
employed,  the  same  stars  should,  if  possible,  be 
observed  at  both  stations.    For  this  purpose,  a 
catalogue  of  all  the  stars  which  pass  near  the 
zenith,  and  of  a  magnitude  sufficient  to  be  ob- 
served without  inconvenience,  should  be  prepared 
beforehand,  and  a  copy  furnished  to  each  ob- 
server.    If  the  places  of  any  of  the  stars  are  too 
imperfectiy  known,  they  should  be  carefully  ob- 
served with  the  instruments  of  some  large  oh- 
sarvatOTy. — ^The  comparisons  of  the  chronometers 
should  all  be  made  by  observing  the  comcidmce 
of  beats.    If  we  undertake  to  compare  two  clocks 
which  beat  seconds  of  the  same  kind  of  time, 
unless  they  happen  to  tick  at  the  same  instant, 
there  is  a  fraction  of  a  second  which  must  be 
estimated  by  the  ear.    This  estimation  is  ex- 
tremely difficult,  and  practised  observers  will 
differ  among  themselves  by  a  quarter  of  a  second, 
and  sometimes  even  more.    'When,  howevo*,  the 
two  clocks  happen  to  tick  together,  there  is  no 
fraction  of  a  second  to  be  estimated ;  and  a  prac- 
tised ear  will  detect  any  deviation  from  coin- 
cidence in  beats  amounting  to  O'Ols.    Now  a 
sidereal  clock  gahis  upon  a  solar  clock  one  second 
in  about  six  minutes ;  and  if  two  such  clocks  are 
placed  side  by  side,  they  must  tick  together  once 
in  every  six  minutes.    In  order  to  compare  two 
such  clocks,  we  notice  their  movements,  and  wait 
until  the  beats  sensibly  coincide,  when  we  know 
that  their  diffisrenc^  amounts  to  an  entire  number 
of  seconds,  which  is  readily  discovered.    Chrono- 
meters generally  make  two  beats  in  a  second ;  so 
that  between  a  dock  which  beats  seconds  of 


sidereal  time,  and  a  chnmometer  wfaSck  tfeksTuJf- 
seoonda  of  sdar  time,  tliere  most  be  a  ooinddcnoe 
every  three  minutes.    Chranometen  an  BDm^- 
times  made  to  tick  18  times  m  6  aeoonds.    Soch 
a  dironometer,  regulated  to  mean  tlme^  makes 
121  ticks  fai  56  seconds  of  ndereal  time;  tiiat  vs 
the  ooinddences  between  such  a  dmoometer  and 
a  sidereal  seconds-pendulum  would  occur  every 
56  seoonda.    Moreover,  the  intervals  between  this 
tfeks  of  the  dironometer  is  0*4628s.  aadereal  time ; 
and  18  of  these  intervals  are  equal  to  6*0168. 
sidereal  time ;  54  are  equal  to  24-991a. ;  67  are 
eqnal  to  Sl-OOTs. ;  and  121  are  equal  to  65^99&; 
that  is,  in  the  coune  of  56  seoonda  there  are  livt 
cofaiddences  witiiin  the  limits  ±  O-OSs.     8adi  a 
duonoroeter  affi>rdB  the  means  of  oompoiing  bj 
ooinddences  with  great  rapidity ;  a  conaideEatkKi 
of  no  trifling  importance  wliere  80  dironoiDelen 
are  to  be  compared  daily.     ChroooDselfln  are 
frequently  made  to  beat  five  times  in  two  a&BoadMf 
whidi  gives  a  ooinddenoe  at  tfTvy  86  aeconds 
with  a  half-second  skiereal  dirooonieler. — U  is 
also  indispensable  to  tiie  accuracy  of  the  rasnits 
that  the  personal  equation  of  all  tlie  oliaervcn 
employed  in  obtaining  tlie  time  shonld  be  eare- 
fnlly  determined.     See  Pebsosiai.  EQUAnox. 
Tliis  correction  is  tlie  most  diiBcolt  to  oblab 
satisfactorily,  espedally  as  the  Personal  Equation 
is  not  always  a  constant  quantity,  but  is  fiahk  to 
vary  with  the  physical  condition  of  the  oheerrer. 
It  is  the  opinion  of  Mr.  Airy,  that  wlien  a  toler- 
able number  of  dironometen  is  used  lor  a  BKMle> 
rate  distance,  and  in  good  observing  weather,  the 
variation  of  the  personal  equation  is  tlie  eaat  to 
lie  most  apprehended. 

(2.)  Longitude  Determined  hjf  ike  Ehebrie 
Ttleffraph,~^The  diflerenoe  of  the  k>cal  times  of 
two  places  may  be  determined  by  means  of  any 
signal  which  can  be  seen  or  heard  at  both  plaoei 
at  the  same  instant  When  the  places  are  not 
very  distant,  the  explosion  of  a  rocket  or  the  flash 
of  gunpowder  may  serve  this  pnrpoee.  Six  oc 
dgfat  ounces  of  powder  at  night  makes  a  good 
signal  at  a  distance  of  twenty-five  to  thirty  n^es; 
bat  for  a  distance  of  ten  miles,  two  or  three  omioea 
are  sufficient,  if  the  observers  are  provided  with 
telescopes. — But  the  electric  telegraph  affonb  the 
means  of  transmitting  signals  to  a  distanee  of  a 
thousand  miles  or  more  with  scarody  any  appra- 
dabie  loss  of  time. — Suppose  there  are  two  ob- 
servatories at  a  considerable  distance  from  eadi 
other,  and  that  each  is  provided  with  a  good 
dock  and  a  transit  instrument  for  determining  ita 
error;  then,  if  they  are  connected  by  a  tdegrapk 
wire,  they  have  the  means  of  transmitting  signafe 
at  pleasure  from  dther  observatory  to  the  other, 
for  the  purpose  of  oomparing  thdr  local  timet. 
The  signal  is  given  at  dther  station  by  pressing 
a  key,  as  in  the  usual  mode  of  tdegraphing;  and 
the  observer  at  the  other  station  bean  the  cBck 
caused  by  the  motion  of  the  armature  of  his 
electro-magnet.  Four  diffiavnt  methods  of  com* 
paiison  have  been  practised : — ^The  first  method 
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b  Un  most  obvUms  ooe,  and  consiaU  iu  simply 
sCrikiug  oo  tht  signal  key  at  intervals  of  tea 
•eoonds ;  the  party  at  one  station  recording  the 
time  whan  the  rignals  were  given,  and  the  other 
party  reoordiag  tiie  time  when  the  signals  were 
BBoeived.  After  about  tweaty  signals  have  been 
trsasmitted  from  the  firat  station  to  the  second, 
a  ifanihur  set  of  signals  is  rstomed  firom  the  second 
stetioa  to  the  flnL  This  mode  of  comparison 
has  hot  one  serious  Imperfection,  and  this  is,  that 
it  leqoiTCs  the  fraction  of  a  second  to  be  esti- 
niated  by  the  ear.  The  party  giving  the  signals 
stfikes  Us  key  ia  coincidence  with  the  beaU  of 
his  dodc  so  that  at  this  station  there  is  no  frac- 
tkm  of  a  seoood  to  be  estimated;  but  at  the  other 
ststioB  the  armature  dick  will  not  probably  be 
hcaid  IB  eoincidence  with  the  beato  of  the  dock, 
and  the  fraction  of  a  second  is  to  be  estimated  by 
the  ear.  Now  this  fraction  cannot  be  estimated 
with  the  accuracy  which  is  demanded  in  this 
kbd  of  oooiparison.  It  is  fonnd  that  obeervers 
generally  estimate  the  fraction  of  a  second  too 
sraaD  when  using  the  ear  alone,  unassisted  by 
the  eve.  This  error  is  greatest  at  the  middle 
date  Wween  two  dock  beats,  and  is  found  to 
vary  from  0*06  to  0*18  of  a  second  with  difikent 
observe!  a. — ^This  evil  suggested  tiie  tecond  method 
cf  observation,  which  lAm  on  the  comddences 
of  a  mean  solar  and  sidereal  dock  or  chronometer. 
The  following  is  the  method  puisoed: — After 
trsBsmitting  a  lew  ugnals  by  the  former  method, 
so  as  to  determine  the  di&renoe  between  the 
local  times  of  the  two  stations  within  a  small 
fiaetloo  of  a  second,  the  party  at  the  firat  station 
striking  on  his  signal  key  every 
in  coincidence  with  the  beate  of  his  mean 
solar  duQDometer,  and  continues  to  do  so  for  ten 
or  fiflaen  minotes  without  interruption.  The 
psity  at  the  second  sution  compares  the  anna* 
tars  dick  of  his  magnet  with  the  beate  of  his 
sidenal  dodc,  and  watches  for  a  oolnddence,  and 
noorda  the  time  wlien  the  coincidence  takes 
places  When  he  has  obtained  two  or  three  eo- 
JBctdencfts,  which  generally  requires  from  ten  to 
fifteen  minntesy  he  breaks  the  electric  circuit,  in 
order  to  notify  the  first  party  to  stop  beating. 
He  then  commences  beating  seconds  by  striking 
Us  own  signal  key  in  coinddenoe  with  the  beate 
of  Us  sidereal  dock;  and  the  party  at  the  first 
station  compares  the  armature  dicks  of  his  mag- 
net with  the  beato  of  his  solar  chronometer,  anid 
watdMB  for  a  coinddenoe.  When  he  has  ob- 
tained three  or  fbnr  coincidences,  which  generally 
rsipdrea  ten  or  twdve  minutes,  he  bieaks  the 
deetric  dreoit,  in  order  to  notify  the  other  party 
to  stop  beatmg.^  The  comparison  of  times  at  the 
two  ststioos  is  now  complete. — A  third  method 
of  comparing  koal  times  is  by  tdegraphing 
tnnsite  of  stars.  This  method  has  been  prac- 
tised ktdy,  in  the  following  manner: — ^A  list  of 
mtith  stars  is  sdected  beforehand,  and  furnished 
to  each  o^Merver.  When  eveiytUng  is  prepared 
for<  observation,  the  one  asuonomer  pointe  Us 


LOH 

tdeeeope  upon  one  of  the  sdected  stars  as  it  is 
passing  his  meridian,  and  strikes  the  key  of  his 
register  at  the  instant  the  star  appears  to  coin* 
dde  with  the  first  wire  of  bis  transit  He  makes 
a  record  of  the  time  by  his  own  dironometer,  and 
the  other  astronomer,  hearing  the  dick  of  his 
magnet,  records  the  time  by  Us  own  dodt  As 
the  star  passes  over  the  second  wire  of  the  transit 
instrument,  the  first  astronomer  again  striius  the 
key  of  his  register,  and  the  time  is  recorded  of 
both  observations.  The  same  operation  is  re- 
peated for  each  of  the  other  wires.  The  first 
astronomer  now  pdnto  }d»  tdesoope  upon  the 
next  star  of  the  list,  wUch  culminates  after  an 
interval  of  five  or  six  minntes,  and  tdqgnphs  ite 
transit  in  the  same  manner.  In  about  twdve 
minutes  from  the  fonner  observation,  the  first 
star  passes  the  meridian  of  the  second  astronomer, 
when  there,  pointe  his  trandt  instrument  npon 
the  same  star,  and  strikes  the  key  of  his  register 
at  the  instant  the  star  passes  each  wire  ^  his 
transit.  The  times  are  recorded  at  both  statioaB. 
The  second  star  is  td^graphed  in  a  similar 
manner.  The  same  operations  ate  now  repealed 
upon  a  second  pair  of  stan^  and  so  on  as  long  as 
may  be  thought  desirable^ — ^Tbe  chief  obfeddon 
to  this  meth^  is,  that  it  involves  the  estimation 
of  fractions  of  a  second,  as  In  the  usual  mode  of 
trandt  obeervatbns;  that  is,  it  involves  the  per- 
sonal equation  of  the  observers. — ^The  /imrtk 
method  of  comparison  obviates  this  evil  in  some 
degree,  by  printing  the  signals  upon  a  cylinder 
or  a  fillet  of  paper.  There  must  be  a  dock  at 
one  of  the  stations  fi>r  breaking  the  electric  dvoait 
every  second,  as  described  in  Tiuiiacr  Inanin- 
iiX2tT ;  and  there  must  be  a  register  at  each  of 
the  stations  for  recording  the  beate  of  the  dock 
and  any  other  signals  which  may  be  required. 
When  the  connections  are  properiy  made,  there 
will  be  heard  a  dick  of  the  magneto  at  eaoh 
station  dmultaneoody  with  the  beate  of  the 
electric  dock,  and  the  registers  will  all  begradn- 
ated  into  second  spsces.  The  method  is  nol 
limited  to  two  stations,  but  any  number  of  sta- 
tions may  be  compared  at  the  same  time.  The 
mode  of  observation  is  tlie  same  as  described  in 
the  preceding  artide,  except  that  the  obeerva- 
dons  are  all  recorded  by  the  operation  of  ma- 
chinery. If  one  astronomer  strikee  the  key  of 
his  register  as  the  star  passes  sucoesdvdy  each 
wire  of  \u»  trandt  instrument,  the  dates  are 
printed  not  only  upon  his  own  register,  but  also 
upon  those  at  any  number  of  other  stations. 
When  the  same  star  comes  over  the  meridian  of 
another  stetion,  the  observer  there  goes  through 
the  same  operation,  and  his  observations  are 
printed  npon  all  the  registers.  Thus  we  have 
any  number  of  registers  all  g^uated  into  equal 
parte  by  the  ticking  of  the  same  dock;  and,  upon 
these,  we  have  printed  the  instante  at  which  the 
star  was  seen  to  pass  each  wire  of  the  trandt 
tdesoopes  at  the  several  stations.  Then  ob- 
Rervations  fomish  the  difierenoe  of  loogitada  of 
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the  stations,  independently  of  the  tabular  place 
nf  tbe  star  employed,  and  also  independently  of 
the  absolnte  error  of  the  dock.  The  obeerverB 
next  read  their  levels,  and  reverse  their  transit 
instroments.  A  second  star  is  now  telegraphed 
raccessively  over  each  meridian,  and  so  on  as 
long  as  may  be  dedred. — ^This  method  of  ob- 
servation is  so  accurate  as  to  famish  a  tolerable 
measnrement  of  the  velocity  of  the  electric  fluid. 
If  the  fluid  requires  no  time  for  its  transmission, 
then  the  signals  given  at  either  station  ought  tn 
be  similarly  printed  at  all  the  stations ;  and  the 
fraction  of  a  second  registered  upon  any  one  scale 
should  be  identically  the  same  as  upon  eveiy 
other.  But  if  the  fluid  requires  time  for  its 
transmission,  these  fractions  will  be  difiRsrent 

I^msar  Cycle.  See  Cycle,  where  the  Me- 
tonic  Cycle  is  described. 

Emnaap  I^laiancctk  The  designation  of  a 
fiiTOurite  method  of  determining  the  longitude  at 
sea.  Its  principle  is  this: — In  consequence  of 
the  rapid  motion  of  the  moon  in  her  orbit,  she  is 
rapidly  yaiying  her  apparent  distance  trim  any 
fixed  star.  But  as  the  motions  of  our  satellite 
are  perfectly  known,  it  can  be  calculated  before- 
hand bow  far  she  is  distant  from  any  set  of  stars 
at  a  given  moment  Accordingly,  in  the  Nau- 
Heal  Abnanae^  a  lai^  table  is  supplied,  in  which 
hmar  distances  are  given — in  GremvM  tune — 
for  short  intervals,  through  the  entire  year.  Sup- 
posing, then,  a  navigator  in  possession  of  his  time 
at  sea,  should  observe  the  moon's  accurate  distance 
from  a  noted  star  at  that  time,  on  referring  to  the 
Navtieal  Abnanae  he  finds  tiie  Greenwich  time 
corresponding  to  that  distance;  and  the  difier- 
ences  of  these  times  is  his  longitude.  The  art  of 
observing  lunar  distances  is  easy  of  acquirement, 
but  it  needs  practice  and  care,  as  well  as  a  thorough 
knowledge  of  the  special  instruments  used  (see 
Skxtaht),  and  a  right  command  of  theuL  After 
the  observations  are  made,  calculations  or  reduc- 
tions are  necessary  to  "  dear  the  distance."  The 
cause  is,  that  the  distance  observed  is  not  the  true, 
but  the  tqfpare^  distance  only, — the  altitudes  of 
the  bodies  being  both  afiected  by  refraction, — and 
in  the  case  of  Sie  moon  always,  and  if  the  other 
object  is  a  planet,  in  the  case  of  botli,  also  by 
parallax.  The  operation  is  a  little  troublesome, 
but  it  offiBTS  no  difficulty  in  principle,— consisting 
simply  of  the  resolution  of  two  spherical  triangles. 
-—Details  in  any  practical  work  on  Naviffotion, 

liSHBr  OkaervaliMB.  An  observation  of 
the  moan*s  distance  from  a  star,  for  the  purpose 
of  finding  the  longitude  of  a  place  by  it  See 
LONOITDDB.  This  distance  is  called  the  Lunar 
DiaUmee. 

lioaar  Theoiy.  It  is  our  intention  toofier, 
in  this  paper,  a  general  account  of  the  principal 
Inequalities  afiecting  the  motions  of  our  Satellite, 
and  of  their  causes.  The  method  adopted  is  that 
of  Mr.  Airy  in  his  treatise  on  Gravitation, — a 
method  admirable  for  its  lucidity  and  simplicity, 
and  which  is  quite  adequate  to  explain  the  phy- 
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sical  conditions  of  this  complex  problem.  In 
inquir}"  touching  on  the  sulject  of  planetary  per- 
turi)at]on8,  there  are  two  portions  altogether  dis- 
tinct,— one  b  occupied  with  the  discovery  cf 
the  nature  of  a  perturiMtion  and  of  its  phyaksl 
cause,  while  the  other  is  devoted  to  tbe  discovery 
of  the  exact  amount  of  that  pertnrbatkm.  This 
latter  inquiiy  can  be  ooodocted  throng  the  in- 
strumentality of  Analysis  alone;  bat  iceometrical 
methods  are  quite  adequate  to  the  farmer.  The 
thorough  Astronomical  student  win  refer  to  each 
treatises  as  that  of  Ponttoulant:  we  invite  the 
attention,  in  this  place,  merely  of  those  who  desire 
a  general  but  distinct  conception  of  the  nature  cf 
the  Celestial  Mechanism. — A  few  demcntary  con- 
siderations must  be  premised.  Tbe  following 
are  the  efiective  elements  of  the  svstem  whose 
relations  we  are  about  to  examine — ^that  srstem, 
viz.,  of  the  Three  Bodies,  the  Earth,  Moon,  and 
Sun.  For  the  present,  we  place  out  of  sl^t  the 
action  and  even  existence  of  the  other  Planets: — 


Xifflb.    Moon. 

Relative  distances o'       "0025   ~    1  — 

BelaUve  maaaes 1*      Dil4  —   iMMS 

It  is  to  be  noticed  further,  that  the  ocbit  of 
the  moon  is  not  in  the  plane  of  the  Ecliptic,  bat 
inclined  to  it  at  an  angle  of  5^  8'  iT^-d.  Tbe 
three  bodies,  in  short,  lie  in  rdatioos  to  each 
other,  indicated  in  the  subjoined  diagram : — 


FIicl. 

It  is  well  known  that  if  the  Moon  were  affected 
only  by  the  attraction  of  the  Earth,  oar  Satelfiie 
would  describe  an  ellipse,  and  be  wholly  aabser- 
vient  to  Kepler's  Laws;  but  sinoe  compariBon  of 
the  foregoing  elements  shows  that  the  attraction  of 
the  Sun,  alike  over  Moon  and  Earth,  must  be  revy 
great,  a  new  element  of  vital  importance  is  mani- 
fostly  introduced.  It  is  not,  however,  the  toCal 
force  with  which  the  Sun  acts  upon  the  Moon,  tiiat 
is  the  d£ffiir6m^  force.  If  our  Luminaiy  acted 
with  equ€d  energy  on  the  Earth  and  Moon,  the 
mutual  relation  of  these  two  bodies  would  not 
thereby  be  changed.  But  it  acts  tmtqmdl§y  on 
account  of  the  vaiying  distance  of  the  Mooa : 
when  our  Satellite  is  at  m,  for  inatanoe,  the  Son 
attracts  it  more  than  be  attracts  the  Earth;  and 
when  at  Mx  the  reverse  is  the  case.  Now  it  is 
this  inequality  of  action,  or  the  d^erenee  •/  Ike 
attractwe  ^eet  qf  the  Sun,  en  the  Mom  and 
Earlh^—esi  inequality  varying  with  the  Moon*a 
place — ^that  alcme  can  act  as  a  disturbing  caoae, 
and  which  alone,  therefore,  we  have  at  peesent 
to  scrotmize.  Still  further,  the  abaolnta  foroa  of 
the  Sun  over  the  Moon,  represented  in  magnitade 
and  direction  by  m  p,  may  at  all  times  be  de- 
composed into  two  forces,  mf  and  mFx,— the  fint. 
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It  rigbt  angles  to  the  pUoe  of  the  Mood's  orbit; 
•nd  the  second,  in  the  direction  of  that  plane. 
Tliis  isolation  Is  of  considerable  importance,  in 
the  interest  of  simplicity  of  exposition;  as  it  «n- 
aUes  OS,  when  Creating  of  the  effects  of  the  most 
influential  of  tbeee  components,  to  place  oat  of 
sight  an  consideration  of  the  Inclination  of  the 
Lmur  Orbit.  In  what  follows  of  this  article  we 
shall  take  no  Anther  notice  of  the  perpendicolar 
focee,  er  the  force  dependmg  on  that  Inclination. 
SniBoe  It  briefly  to  state,  that  it  is  this  force 
wUoh  causes  the  Motion  of  the  Moon*s  Nodes, 
one  mention  of  which  Is  performed  fai  6798*279 
d^ys;  and  that  simOar  actions  giye  rise  to  the 
motions  of  the  nodes  of  all  the  planetary  orbits. 
See  Nodes.  It  were  wrong  to  omit  reference  to 
a  heantifal  method,  contriiml  by  a  most  ingenious 
geometer,  Mr.  EUiot  of  Edhiburgh,  by  which  this 
desoiption  of  perturbation  can  be  exhibited  as 
the  Ksnlt  of  experiment.  If  a  metallic  ring  be 
pot  in  rapid  rotation,  in  a  planeeomewhat  oblique 
to  a  horizontal  ciivie  withhi  which  it  rotates,  the 
applicadoo  of  a  perpendicular  fi)roe,  through  in- 
stnuneotaUty  of  a  magnet,  will  at  once  bring  out 
the  phenomenon  of  the  motion  of  the  nodes. — 
The  ground  thus,  in  so  far  cleared,  the  4yie8tion 
with  which  we  have  to  do  is  this: — 


The  Mom  revdlTes  loond  the  Earth  in  an  crbit 
Mj  Mf  1^  M4;  in  wliat  way  must  the  Sun — sup- 
posing that  luminary  to  be  always  in  the  same 
plane  with  the  Earth  and  Moon — disturi)  that 
orbit?  We  shall  treat  the  problem  under  two 
beads — taking  aooonnt  in  the  first  place  of  those 
limar  pectarbatioBs  which  an  independent  of  the 
elliptical  character  or  eooentridty  of  the  moon's 
ortMt,  mad  next  of  those  which  involve  that 
eocentrioity.  And  we  shall  then  refer  to  a  lew 
chief  pertiuHiationa  of  the  Moon,  arising  from 
other  eaaaes. 

L  IsCKQCALmKB  THAT  DO  NOT  DEPSHD  OS 

Tin  MooM*8  EccssTBicirr. — ^These  inequalities 
am  three; — the  auaual  eguatuMf  the  oarurfiofi, 
and  che  paraUaeiic  tnequtUUif, 

(1.)  Tks  M<>(m*t  Amwai  Eguaiiom.-'Bevfriiiag 
to  i^.  2,  and  to  the  vital  consideration  that  the 
Snn*a  distarbing  eflbct  is  the  di£Eerence  of  his 
eflecU  OB  the  Earth  and  Moon,  let  us  first  ex- 
amine the  most  palpable  and  general  result  of 
that  distnifung  inflacnoe.  It  cannot  fail  to  be 
evident  that  when  the  Moon  Is  at  m^  or  M9  that 
Infiaeooe  most  be  at  its  maximum,  simply  be- 
eanse  the  difference  of  the  distances  of  the  two 
buUea  fh»i  the  Son  is  there  the  greatest  possible. 
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Now,  the  nature  of  tiiat  influence  Is  entirely  the 
same  in  both  positions  of  the  Moon, — in  the  first, 
the  Moon  Is,  so  to  speak,  drawn  away  from  the 
Earth ;  and,  in  the  second,  the  Earth  is  drawn 
away  from  the  Moon :  In  other  words,  the  natural 
connection  between  the  two  bodies  is  enfeebled, 
or  the  EartVs  aitradion  over  the  Moon  it  virtualfy 
diminished.   At  the  intormediate  positions,  Hg  ^nd 
M4  on  the  other  hand,  the  case  is  quito  altered. 
Had  the  lUrection  of  the  Sun^s  force  on  x^  and 
M4  been  parallel  to  its  direction  on  e,  that  lumi- 
IUU7  could  have  impressed  no  disturbance  on  the 
Moon  when  she  is  in  quadrature,  on  account  of 
the  equality  of  tlie  distances  of  the  Earth  and  its 
satellite  in  those  positions,  from  the  Sun.    But 
the  diredion$  are  different:  Mj  s  Is  an  oblique 
force  or  strain;  and  it  clearly  has  a  tendency, 
because  of  that  obliquity,  to  bring  the  Moon  down 
to  the  Une  e  b,  or  to  cause  It  approach  the  Earth. 
When  the  Moon  b  in  fuadraiure  therefore,  the 
Sun  exerta  a  disturbing  force  which  virtimlly  w- 
creases  the  power  of  the  Earth^s  attraction  over 
that  body, — the  reverse  of  what  we  have  found 
to  hold  when  the  Moon  is  at  Mi  and  Ms,  or  in 
tyzjfgy.    But  as  the  effort  of  the  Sun  to  draw 
the  Moon  towards  the  Earth,  In  one  part  of  its 
orbit,  is  exercised  only  throu^  the  obliquity  of 
its  puU  or  strain,  while  the  contrary  effect  is  the 
result  of  a  disturbing  foice  much  more  powerihl, 
that,  viz.,  due  to  his  unequal  distance  fi<om  the 
two  bodies,  it  is  evident  that  vpon  the  vhole^  this 
disturbing  force  dimim^iet  the  Earth**  attractive 
infiuenoe  over  the  Moon.    Now,  the  central  force 
which  retains  any  body  in  an  orbit,  and  the 
periodic  time  in  whidi  that  body  revolves,  are 
m  closest  relationship :  a  permanent  alteration  of 
the  one^  will  issue  in  a  permanent  alteration  of 
the  other.    If^  therefore,  the  action  of  the  Sun  as 
first  described  had  been  permanent  and  regular, 
the  Moon  would  have  moved  with  an  angular 
vdocify  differing  from  what  she  would  have  had 
otherwise,  but  that  angular  velocity  would  have 
been  permanent  and  have  caused  no  inequality  in 
the  Moou*s  motions.    But  the  Sun*s  disturbing 
action  it  not/wrmafisn^  Its  energy  or  effect  neces- 
sarily varies  with  the  distance  of  the  system  of 
the  Earth  and  Moon,  from  their  common  Inml- 
ruuy;  and  owing  to  the  elliptical  character  or 
eooentridty  of  the  Earth's  orbit,  that  distance 
has  an  annual  variation.    The  magnitude  of  the 
Sun's  disturbing  force  is,  In  fact,  proportioned  to 
the  inverse  of  tlte  cube  of  his  distance  from  the 
Earth ;  so  Uiat  it  is  considerably  greater  when 
the  Eatth  is  in  perihelion  than  when  it  Is  in 
aphelion.    Hence  an  irr^ularity  or  inequality  of 
the  Moon's  angular  vdodty — an  inequality  that 
runs  through  its  changes  in  tlie  courra  of  a  year. 
The  effect  is,  that  our  satdlito  is  sometimes  bdiind 
her  mean  place  in  the  heavens,  and  sometimes  in 
advance  of  it;  the  greatest  deviation  amounting 
to  1(K.    This  inequality  was  first  discovered  by 
Tycho  Brahe  from  observation ;  and  it  is  called 
the  Moon's  Ammal  Equation, 
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(2.)  The  Mw»i»  Farwrion.— In  the  foregoing 
section  we  have  spoken  of  the  disturbing  force, 
in  very  general  terms  only.  It  will  be  necessary 
now,  however,  to  scrutinise  it  more  minutely. 
We  have  found  that  at  syzygies  the  force  is 
wholly  in  the  direction  of  the  radius  vector  and 
ne^tve,  in  other  words  it  diminishes  the  earth's 
attraction  over  the  moon.  At  these  two  points 
the  disturbing  energy  arises  wholly  from  the  ine- 
qu|dity  of  the  distances  of  the  Earth  and  Moon 
ftom  the  Sun ;  and  as  this  inequality  necessarily 
exists  for  every  point  of  the  moon's  orbit,  ezecpt- 
ing  the  two  points  of  quadrature,  there  must — 
(merely  putting  out  of  view  these  ^100  pomts)-^ 
be  an  energy  of  the  same  negative  kind,  and 
ariring  from*  the  same  cause,  operating  on  our 
satellite — whatever  be  her  position  in  her  orbit 
Again»at  quadrature,  as  we  have  seen,  a  dis- 
turbing force,  operates  also  in  the  direction  of  the 
radius  vector,  but  posUwe;  that  is,  drawing  the 
moon  closer  to  the  earth,  or  virtually  augmenting 
our  planet*s  attraction.  Kow,  as  this  springs  out 
of  the  obliquity  of  the  pull  effected  by  the  Sun,  a 
poaUwe  force  of  this  sort  will  be  energetic,  wher- 
ever the  Moon  is  in  her  orbit,  if  we  merely  except 
the  two  positions  of  syzygy.  The  action  actually 
exercised  along  the  radius  vector  will,  of  course, 
be  represented  by  the  difference  of  these  two  forces; 
and  a  little  consideration  will  show  that  the  fol- 
lowing must  be  the  case.  At  points  m^  and  ifg, 
the  n^^tive  force  is  pura  and  simple;  and  at 
points  Ms  and  M4,  the  positive  force  is  pure  and 
dmple.  Between  m^  and  M^t  and  between  m^  and 
Mg — in  short,  about  the  middle  of  every  quadrant, 
there  will  be  a  point  1,  2,  8,  or  4,  where  these 
poeitive  and  negative  forces  exactly  balance,  or 
where  no  disturbing  force  will  be  exercised  in  the 
dinctlon  of  th^  radius  vector  at  all.  During  her 
motion  throu^  arcs  4,  1,  and  2,  8,  the  moon*s 
gnm^  to  the  earth  is  diminished;  daring  her 
motion  through  arcs  1,  2,  and  8,  4,  that  gravity 
is  increased :  at  points  1,  2,  8,  and  4,  it  is  not 
disturbed,  but  remains  what  it  would  have  been 
had  tlie  action  of  the  sun  not  existed.  Tiiis,  then, 
is  a  complete  view  of  the  forces  acting,  positively 
or  negatively,  in  the  direction  of  the  radius  vector. 
— ^Bttt  the  Ibree  Just  semtinized  is  only  a  part  or 
single  eomponent  of  the  disturbing  energy  of  the 
Sun.  There  is  another  component  of  it  wholly 
difierent,  to  which  we  must  now  direct  attention. 
The  oblique  pull  is  not  wholly  in  the  direction  of 
the  radius  vector,  but  has  a  second  and  equally 
important  element  For  the  sake  of  distinctness, 
let  us  further  diminish  the  apparent  dis'tance  of 
tlia  sun,  or  farther  exaggerate  the  diagram.  Mi, 
Mgt  Ms,  M4, 18  the  moon's  orlat  as  formerly,  and 
8  the  position  of  the  sun.  Take  in  that  orbit  two 
points,  00  that  8  a  b  be  an  obtuse  angle,  and  8  5  s 
an  acute  angle  at  a  and  b ;  and  let  us  folly  analyze 
the  oblique  pull  8  a  and  8  h.  Resolving  the 
pull  a  a  into  two  rectangular  forces,  we  obtain 
the  negative  force  a  d  in  the  direction  of  the 
radios  vector,  and  another  force  a  e  at  right 
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angles  to  that  radius,  or  a  tangetttlal  force  polSiiig 
the  Moon  when  at  a  in  the  dfaedion  a  e.  At  the 
point  ft»  the  Moon  is  also  influenced  by  two  fiDroee, 
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one  5  d^  in  the  direction  of  the  radius  vector  M 
positive,  and  another  b  e,  also  tangential,  and. 
pulling  the  moon  in  the  direction  of  the  tangast. 
At  some  point  intermediate  between  a  and  ^ — 
the  point,  viz.,  where  the  angle  answerini^  to  8  «B 
or  8  6  B  is  neither  obtuse  nor  acute,  bat  a  rlglit 
angle,  there  will  be  no  force  but  this  tangent 
force,  which  then  attains  its  maxinram.  And  if 
these  resolations  be  effected  in  every  qnadfafit,  the 
following  win  be  seen  to  be  true ; — -when  the  forces 
in  the  direction  of  the  radius  vector  have  tbrir 
maximum — ^whether  these  be  poeitive  ornegative^ 
viz.,  at  syzygioB  and  quadratures — the  tangential 
force  is  at  zero ;  and  at  the  intermediate  ponds 
1,  2,  3,  and  4,  where  the  forces  in  the  directioo 
of  that  radius  have  evanesced,  the  tangential  fonea 
attain  their  maximum.  It  mil  readily  be  seen, 
too,  on  graphically  effecting  these  resoIutioinB,  thas, 
like  the  forces  augmenting  or  acoelemting  gravi^, 
these  tangential  forces  (£ange  their  cfaancter  or 
sign.  When  the  moon  passes  froan.  Mj  to  m^ 
the  tangential  force  is  contrary  to  ita  motion,  and 
therefore  retards  that  motion;  between  m^  and 
M3  it  is  an  accelerating  force,  between  M3  and  X4 
a  retarding  one,  and  again  an  accelerating  force 
between  H4  and  Mi  :  or,  more  briefly,  at  tAa  Moom 
passes  Jrtnn  syzygy  io  quadrature  she  is  rebwded 
by  the  iangen&al  force ;  but  vhen  she  passes/ram 
quadrature  to  syzygy  she  is  accekraUdlythalJafrot. 
— A  careful  perusal  of  the  foregoing  exposidan 
will  enable  the  student  to  understand  compieCelT 
the  action  of  the  disturbing  force  of  the  sun,  under 
the  relations  we  have  spedfied :—  let  us  proeeed 
to  scrutinize  the  special  influence  of  this  tttngmtial 
force. — Now,  without  entering  at  present  on  oqb> 
*siderati3ns  we  shall  afterwards  advert  to»  w«  tldak 
it  may  be  concluded  that,— as  the  tangential  Ibvoa 
retards  the  motion  of  the  moon  in  its  tnnait  fhm 
Ml  to  M),  and  also  in  its  transit  from  m^  to  x^ 
while  it  accelerates  between  Ma  and  m^  and  abo 
between  M4  and  Mj, — a  distmance  or  mew  m 
qucdity  in  the  MootCs  angular  motion^  must  bi 
arise.  To  reach  the  roof  of  this  Inquiiy,  on 
quires  to  advert  to  the  effects  of  this  dasa  of 
disturbances,  on  the  shape  qf  ike  Lsmar  Oriit; 
but  this  would  only  authorize  ns  all  the  more 
(see  ORnir)  to  aver  that  when  oar  aatellite  h  91 
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Ki  or  11$ —the  eztremities  of  iti  periods  of  ac- 
cclerition.  Its  actoal  angiilar  vdocitj  most  be 
gna$tr  than  its  mean  angnlar  velocity,  while  for 
tbe  opposite  reseon,  it  most  difler  from  the  mean 
angvlar  Tdodly  by  defeet,  when  at  Mf  and  114 
This  new  Imqnalltj  is  the  Mooii^i  VariatUm. 
It  readies  the  amount  of  92\  by  which  the  moon*s 
trae  plaoe  is  sometimes  behind  and  sometimes  b^* 
fan  Um  mean  place.  The  Vtariaiiom  was  l^ewise 
diicorend  by  Tycho  Brahe  at  Uianbarg. 

(8.)  Tk»  MwiC$  ParaUaelic  /iwj«a%.— In 
titntlBg  the  two  Inequalities  Just  investigated,  no 
^wtittiiitfln  has  been  made  between  the  dlstnihing 
Ibnas  as  tliej  act  on  the  two  sides  of  the  moon*8 
oriat,  vis.,  oa  the  side  neat  the  son,  and  the  side 
opposite  the  son.  But  it  will  be  dear  on  a  simple 
ins|wctfan  of  the  forsgoing  diagrams  that  thess 
loroes  are  not  equal  in  intensity;  on  the  side  of 
tbs  oihit  nearest  tbe  son  their  intensity  is  the 
greatot, — in  other  words,  the  moon  is  more  dis* 
tnhed  wlien  die  is  in  eoi\}nnction  than  when  die 
is  in  opposition.  If|  therefore,  when  computing 
tharaliie  of  the  Annual  Equation  and  the  Vari*- 
tioo»  we  use  mean  Talnes  of  the  distnrbfaig  foree, 
wemast  so  tiiat  the  representation  of  the  red 
ease  be  complete,  introdoce  some  new  dement 
whidi  shall  be  equiraleot  to  an  eifoctive  increase 
of  that  mean  ibrae  at  conjunction,  and  its  dlmi- 
natko  at  opposition.  Now,  this  amounts  to  sop- 
that  at  and  near  condonctlon,  there  is  a 
sBsall  fores  drawing  the  moon  from  the  earth, 
and  another  acting  taxmatidlv*  aoodentinff  the 
aatdlita  before  coi^onction,  and  retarding  it  dter- 
wards;  while  at  or  near  oppodtion  corresponding 
forass  of  the  oppodte  Und  act  likewise.  The 
vdoss  of  these  fofoes  known,  their  eflbcts  on  the 
angular  motion  of  the  Moon  can  readily  be  ascer- 
tained; and  their  eflbets  constitute  the  i\ira2&ie- 
tic  heqmUig*  This  inequality  is  certainly 
aoiall  In  comparison  with  the  Variation,  with 
wlifeh  it  stands  esperisBy  connected*  Its  period 
is  thai  of  a  lanar  i^nodid  revdutkNi,  or  one  lunar 
tJoa;  and  it  on^  impresses  an  eflfect  of  8'  on  the 
of  oor  Satdlite.  Bat  it  seems  the 
iataresting,  arwe  may  infer  from  its  amoont 
the  prapoftion  of  the  If oon*s  distance  to  theSnn^s 
dMtanee  fiiMn  the  Earth  :^the  magnitodes  of  the 
other  pertarbatioos  dependfa^  eddy  on  ooodder- 
adooodfeeoentiicities and  psriodie times;  ndther 
of  whaeh  ianrolTe  the  proportion  of  distances. 

IL  iMBQUAUlIEa  mVOLTBG  TBB  BLEMEirr 
or  TBB  ECCKITRICITT  OV  TBB  LUXAB  ORBrT. 

— Theaa  ineqoalitics  are  also  three,  via,  the 
geaord  pngrtmrn  of  the  Moan*i  perigee;  the 
vr^aimitgo/tke  moiiomo/ths perigee;  and  the 
aAsniafe  tacreose  and  <foerease  o/iAe  eeceiiiriei^ 
^Ae  orM.  These  two  Ust  inequaliOes,  form, 
when  oombined,  the  Eveeiiom, 

(I.)  The  general  Progrwetimo/ike  Perigee.— 
That  pecoHar  dfoct  of  the  Lonar  action  we  are 
now  to  consider,  arises  from  the  application  of  a 
dietarbing  force,  podtive  or  negstive,  in  the  ^ 
luelioo  of  the  radios  Teetor,  as  well  as  of  a  tan- 
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gentid  force,  now  accelerating  now  retarding — 
to  a  body  moving  in  an  dlipeo}  around  another  in 
the  focus  of  tliat  ellipse.  It  is  inconsistent  with 
our  limits,  to  go  over  the  whole  couree  of  inVW- 
tigation  demanded  by  this  fiyrm  of  the  problem ; 
we  shall  therefore  only  bdicate  its  method,  and 
state  the  results.— First,  then,  what  would  be  the 
effect  of  a  disturbing  force  in  the  direction  of  the 
focus,  when  the  rsvdving  body  is  in  perigee,  or 
peribdfon — in  other  wofds,  neareet  the  foous 
around  which  it  revdves? 


Fig.  4. 

Suppose  Ml,  M9,  Ms,  M4,  to  be  the  dliptic  oibit 
of  the  Moon,  or  any  other  planet,  and  as  that 
body  approaches  mi  its  perigee,  let  a  distnihing 
force  dhvcted  towarde  r  suddenly  act  on  it.  It  is 
sufficiently  pldn  that  this  will  cause  the  path  of 
the  body  to  cut  the  line  m^  Mi  at  aa  aeute  angh, 
and  that  the  place  where  it  would  cut  the  Une 
through  r  at  a  right  angle,  will  be  forther  on- 
wards, say  at  the  point  Li :  i^  then,  instead  of 
Ml,  is  the  poUa  0/ perigee,  so  that  the  orbit  has 
virtually  twisted  round  and  taken  the  podtion  of 
the  new  dotted  dlipee.  At  the  next  revdntion, 
if  the  same  force  continues  to  act,  the  pdnt  of 
perigee  will  move  still  forther  forwttd,—in  other 
words,  the  constant  agency  of  such  a  focce  will 
canse  thejMrt^ee,  or  the  /ms  o/"  tA«  i^iset  topro- 
greu.  If  the  distuibing  force  be  a  mgative  one, 
or  directed  from  the  body  in  the  focus,  under  tbe 
same  drcumstanoes,  the  iiiie  o/tke  lapses  wiB  ra- 
press. — Turning  to  the  pofait  of  ^wgee,  or  the 
point  Mg,  it  will  be  easy  to  show,  in  the  same 
ample  way,  that  the  action  of  sbnilar  foross  there 
must  have  prededy  tlie  opposite  eflect, — ^a  nega- 
tive force  acting  at  Ms  will  cause  the  line  of 
opeis  to  progrtte^  and  eics  versa.  Now,  we  have 
seen  (a  and  6,  L),  that  whea  the  lunar  orbit  is  In 
such  a  podtion  with  respect  to  the  son  as  bdow, 
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forcea  a|e  acting  at  perigee  and  apogee  exactly 
of  the  kind  supposed  abo\'0.  Therefore,  the  Une 
of  apees  is  aifected  by  opposite  tendendee; — the 
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dbtinlMnoe  tt  m^  causiDg  it  to  rtgreat^  and  the 
dbtnrbanoe  at  Mg  causiiig  it  to  progrtn.  If  those 
tendencies  were  equal  in  amount,  the  orbit  wonld 
remain  steadfast  They  are,  liowever,  in  the 
direct  proportion  of  the  distances,  Hi  k,  and  M3 
B :  the  proffrt$$ive  tendency  must  therefore  pre- 
vail, so  that  it  may  be  averred  tliat  on  the  wholes 
under  the  foregoing  drcumstanoes,  the  perigee,  or 
the  Une  ofapsetj  neceetarify  progreuee.  It  must 
not  be  forgotten  that  there  Is  also  tLpooHve  dis- 
torbiog  force,  a  force  drawing  the  Moon  towards 
K  at  M2  and  M4 :  how,  then,  does  this  force  act? 
In  the  chcumstanoes  just  treated,  this  fdroe  has 
no  effect  whatever  on  the  line  of  apses.  It 
acts  effectively,  indeed,  in  the  direction  of  the 
line  in  each  of  the  two  positions,  Mj  and  m 4 ;  but 
the  eStetB  are  oppatite;  and,  as  in  the  present 
*  cas^  the  forces  are  clearly  equal,  their  remit  or 
balance  will  be  zero, — It  were  easy  to  pursue  the 
inquiry  through  all  details,  or  in  the  two  cases 
when  the  line  of  apogee  passes  through  the  Sun, 
and  when  the  line  of  quadrature  passes  thiough 
the  Sun.  In  such  investigation,  however,  no- 
thing new  would  arrest  us; — suffice  it  then  to 
state  broadly,  as  the  general  result,  that  although 
the  motion  of  the  poigee  must  be  irregular,  it 
progresses  upon  the  whole,  in  oonsequenoe  of  the 
action  of  the  disturbing  ibrce  in  the  direction  of 
the  radius  vector. — Let  us  turn  now  to  the  effects 
of  the  tangential  diiturbing  forcey  on  this  motion 
of  the  perigee.  Without  attempting  to  give  tiie 
various  steps  of  the  inquiry — easy  though  they 
are — and  referring  the  student  for  every  satisfac- 
tion to  Mr.  Airy*s  remarkable  treatise  on  Gravi- 
tation,  we  simply  record  as  their  results,  tliat 
when  the  Moon  is  near  perigee,  the  force  in  ques- 
tion causes  the  line  of  apses  to  progress,  while 
when  our  Satellite  is  near  apogee  the  reverse  hdds. 
But  for  the  reason  given  in  the  former  case,  the 
latter  action  prevails ; — Whence,  on  the  whole,  the 
action  of  the  disturbing  tangential  force,  constrains 
the  perigee  or  Une  of  aptes  to  regrest.  The  prac- 
tical question  is,  then,  whether  the  general  re- 
gressitm  resulting  from  the  tangential  force,  or 
the  general  progretnon  resulting  firom  the  force 
in  the  line  of  the  radius  vector,  predominates? 
The  latter  predominates.  Independently  of  the 
calculation  of  absolute  quantities,  Mr.  Airy  has 
succeeded  in  showing  very  clearly  that,  from  the 
nature  of  the  forces  in  operation,  the  perigee  must 
progress ;  and  he  has  frirther  traced  the  causes  of 
the  incongruity  between  the  ascertained  amount 
of  that  progression,  and  its  theoretical  amount  as 
deduced  in  the  famous  Lunar  Theory  of  Newton. 
This  general  or  average  progreuion  of  the  Lunar 
Apses,  has  been  Imown  from  the  earliest  times. 
In  each  revolution  of  tbe  Moon,  its  perigee, 
alters  its  position  forward  along  the  Ecliptic,  by 
about  8® ;  so  that  it  describes  the  entire  circle, 
or  860°,  in  about  nine  years. 

(2.)  Although  the  line  of  the  apses  has  the  fore- 
going regular  average,  or  general  rate  of  progres- 
sion, it  cannot  escape  notice  that  as  this  average 
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is  tbe  mere  balance  of  opposite  infividnal  toi- 
dencies,  which  are  constantly  vaiyii^  in  ttieir 
relative  amounts,  nothing  akin  toactnalregiilariiy 
can  be  attributed  to  that  motion  of  progresatow. 
The  average  of  tlie  year,  in  lact,  is  stixick  among 
the  inequalities  of  the  months:  and  it  diifeni, 
pluM  and  mkuuj  from  the  phenoacDa  belonging 
to  the  separate  months,  quite  as  miidli  as  the 
mean  temperature  of  the  year  diffios  tnm  the 
mean  temperature  of  the  various  aeasooa.  Tbe 
position  of  the  perigee  therefore^  most  be  an 
oacillatingone:  indeed,  it  sometimes  paogieaets 
and  sometimes  regresses  for  months  tegethcr.  But 
as  the  angular  motion  of  the  Moon  is  swiftest  in 
perigee,  and  depends,  therefore,  on  tbe  position  of 
perigee,  we  have  here  the  manifipatt  sovnnoe  of 
another  angular  Inequality,  depen^ng  on  this 
irregulantg  in  tki$  Motion  if  the  Perigee, 

(3.)  The  akemate  Inereaee  and  Deaeaee  ofAe 
EccentrieUy  of  the  Lnnar  OrUt— Yaiiatian  la 
the  position  of  the  line  of  the  apees  doee  not  alter 
the  shape  of  the  Earth's  orbit.  It  must,  as  we 
liave  seen,  alter  her  angular  vdoctties  when  these 
are  recorded  in  connection  with  the  Longitudes  of 
our  Satellite;  but  the  orbit,  neverthdess,  is  only 
translated,  or  rather  made  to  rotate  aioond  Its 
focus, — the  shape  of  that  oriiit  remains  the  aame. 
If,  however,  the  two  constituents  of  the  solar  di»- 
tnrbing  force  should  be  found  to  alter  the  shape 
of  the  Orbit  Ukewise,  we  should  evidently  have  a 
new  inequality.  According  to  the  valoe  of  the 
eoeentridty  of  the  ellipse  in  which  a  body  movesi 
is  the  variation  in  its  angular  velodtles  dunqg  a 
revolution, — in  agreement  with  Keplet'a  Law  of 
Areas,  Now,  the  ecoentridty  is  changed  by  both 
dements  of  the  dbturbmg  force.  And  thoe  de- 
ments concur  in  evdving  the  following  pnipod- 
ti(m:^When  the  Stm  is  in  the  Hne  of  ike  Moon's 
eques,  the  eceentridtg  does  not  aber:  trfier  this, 
it  diminishes,  till  the  Sun  is  at  right  angke  to  Ae 
Une  of  apses;  then  it  does  not  alter:  and  after 
this  tt  inoreases  till  the  81m  reaches  Ae  Sm  of 
apses  on  the  other  side.  The  amoont  of  thia 
variation  of  the  eoeentridty  exoeeda  osie-liiUi 
part  of  the  mean  ecoentridty:  the  eeeentridty 
being  sometimes  thus  much  increased  and  thus 
mn<£  diminished.  For  details  again,  see  Aky\ 
Now,  as  this  irregularity  and  the  one  tefened  to 
in  the  subsection  immediatdy  preceding,  both 
depend  on  the  podtion  of  the  Moon's  perigee  with 
respect  to  the  Sun,  they  may  be  combuMd,  and 
thdr  conjoint  amount  arranged  in  tables  under 
one  Index.  This  eompodte  result  b  the  Mooo*8 
EveetUm:  an  inequality  discovered  by  Ptoleniy, 
and  amounting  sometimes  to  1^  15^;  ie.,  the 
Moon's  longitude  is,  by  the  influence  of  these 
effects,  as  represented  by  Erection,  sometimes  in 
excess  and  sometimes  in  defect  of  Its  mean  value, 
by  the  large  angle  now  specified. 

III.  The  Inequdities  in  the  Lunar  Motions  Just 
discussed,  are  the  more  Important  results  of  die 
distnri>mg  action  of  the  Sun ;  and  thdr  physical 
causes  have  been  evolved  during  the  long  pnse> 
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e^daaijtthtiuaoaB  Problem  of  the  Three  BodUi. 
The  list,  as  (^ven,  must  not  however  be  oon- 
McRd  as  ezdnaire.  TheHoon  la  disturbed  in 
mmttj  other  ways,  although  by  quantities  com* 
paiativeiy  slight.  Three  of  these  residual  per- 
tmhalknia  are  of  so  much  interest  in  their  bearing 
en  the  geoenl  mechanism  of  the  Heavens,  that, 
BOtwithstaodhig  the  length  of  this  article,  we  feel 
it  rig^t  to  describe  them. 

(1.)  InegualUiee  dq^ending  on  the  ObltUeJlgure 
«/*  the  Eofik, — It  is  well  known  that  our  globe 
is  not  a  perfect  sphere,  but  rather  an  ellipsoid, 
whoaeaboiteat  diameter  is  the  polar.  SeeEABTn, 
FiGcmB  OP.  Now,  so  dose  are  the  sympathies 
of  tlie  odestial  orbs,  that  even  this  comparatively 
slight  deviation  from  the  spherical  form  (the 
Eqaatorial  diameter  exceeds  tlie  polar  by  only  the 
y^gth  part),  is  the  origin  of  definite  and  palpable 
modifkaitions  in  the  motions  alike  of  the  Moon  and 
the  Earth.  Our  strictly  Telluiic  system  owes  to 
that  Equatorial  piotuberanoe  one  of  its  most  inter- 
estinKaBd  fMlepeoiliarities, — ItiUy  described  un- 
der Pbecesbiov.  niesemodonB  of  oar  polar  axis, 
dfsignatffd  by  the  terms  iVeoessitNi  and  NvUUwn, 
are  dna  in  great  part  to  the  action  upon  it  of  the 
Koon;  and  in  return— >in  virtue  of  the  Law  of  the 
Equality  of  Action  and  Eeactbn — the  oblateness 
of  the  Earth  afiecti  the  Moon  with  Inequalities. 
Tbcjy  exist,  and  have  been  observed  and  mea- 
alike  in  our  SateUite*s  longitude  and  lati- 
and,  strange  to  say,  from  the  obterved 
of  these  perturbations,  the  degree  of  the 
earth's  oblateness  may  be  determined  quite  as 
aecarately  as  by  any  method  depending  on  terres- 
trial measorements.  Deduced  from  t^  terms  re- 
ferred to,  the  compression  of  our  globe  amounts 
to  Y^ :  neariy  the  mesn  of  the  difibent  values 
ebUited  by  oUier  methods. 

(2.)  The  Moon's  StaJar  Acceleration.— The 
iaeqaality  itself  was  first  detected  by  Dr.  Halley. 
On  comparing  the  dates  of  modem  ed^ises  with 
the  best  authenticated  dates  of  ancient  ones,  this 
acBts  inquirer,  discerned  that  the  moon*s  mean 
rtfolntion  is  now  performed  in  a  shorter  time  than 
at  the  epoch  of  the  Chaidsans  end  Babylonians. 
And  aa  this  diminution  appeared  to  have  been 
vifcrmly  increasing,  there  was  no  alternative 
bat  to  infer  a  gradnal  acceleration  of  the  Moon's 
period,  or,  what  is  the  same  thbg,  a  gradual 
fcaaiuim^  or  drawing  in  of  her  orbit.  Th»  sig- 
wMfmnttk  aod  physical  cause  of  this  eecuir 
moeUeraikm  remained  unknown  until  the  times 
cf  Laplace.  It  had  aatnrally  attracted  great 
•tt'ff'fS'*",  and  varioos  hypotheses  were  ofl'ered  to 
aceoont  for  it  According  to  one  class  of  In- 
qoiren,  it  was  doe  to  the  effect  of  a  retarding 
or  rcaisrinfl  medium,  difi^ised  through  the  inter- 
pianstaiy  spaces :  according  to  othen,  peculiar- 
ities in  the  action  of  gravity  unknown  before, 
eoold  alone  explain  the  anomaly.  The  discovery 
of  the  simple  and  remarkable  truth  was  reserved 
fer  the  iBostrions  Frenchman.  On  referring  to  our 
aooonnt  of  the  AfSRual  Eqmti(m^  (a  !•,  mipra)y  the 
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student  will  see  that  the  mean  efibct  of  the  Sun*s 
central  disturbing  force  is  to  diminish  the  Earth's 
attractive  power  over  the  Moon ;  and  that  tbid 
effect  is  greater  when  the  Earth  is  at  perihelion 
than  when  we  are  at  aphelion.  The  greater  the 
difference,  too,  between  the  Earth*s  distances  from 
the  Son  at  these  two  positiiHis,  the  greater  will 
this  mean  disturbance  be, — ^provided  idways  that 
our  planers  mean  distance  from  the  Sun  remains 
unaltered.  But  this  amounts  to  saying,  that  if 
the  eccentricity  of  the  Earth's  orbit  should  in- 
crease, this  diiBtorbing  force  of  the  Sun  would 
increase  along  with  it;  and,  conversely,  if  the 
eecentncUy  of  that  orbit  dumld  diminish^  the 
Am's  ditturhng  force  over  the  Moon^  vfouU^  in  eo 
f€a'a8thie  action  is  concemedfdiminiehaUo.  Now, 
in  consequence  of  the  perturbing  action  of  the 
other  planets  of  our  system,  upon  the  Earth,  the  • 
eccentricity  of  our  orbit,  is  subject  to  a  gradual 
change,  one  that  is  oscillating  like  all  the  oUier 
perturbations,  but  whose  cycle  of  alternate  dimi- 
nition  and  increase  spreads  over  a  vast  period. 
And  at  present  this  eccenirieiiy  ism  its  decUmng 
phase.  From  the  earliest  periods  of  history,  then, 
the  Snn*8  power  to  diminish  the  Earth's  attractive 
force  over  the  Moon  lias  been  growing  less  and 
less ;  and  this  is  equivalent  to  a  gradual  increase 
of  the  attractive  power*  As  an  inevitable  conse- 
quence, the  moon  must  through  ages  have  been 
gradually  approaching  the  Ewth,  and  her  mean 
revoltttfon  accelerating.  One  moet  interesting 
result  came  out  of  this  solution  by  Laplace.  The 
change  of  the  Earth's  eccentricity  is  periodie: 
the  Moon's  departure  from  her  mean  place  must, 
therefore,  be  periodic  also;  so  that  the  accelera- 
tion wfaicb  has  endured  so  hmg  in  nowise  threatens 
the  stability  of  the  system. — The  whole  of  this 
curious  sul^ect  has  recently  been  reviewed  by 
Bir.  Adams  of  Cambridge.  He  has  completed 
Laplace's  exposition  by  pointing  out  and  supply- 
ing omissions,  fetal  to  a  determination  by  this 
method  of  the  actual  amount  of  the  acceleration. 
And  this  was  accomplished  by  his  taking  into 
view  the  influence  of  the  primary  step  in  this 
series  of  perturbations,  on  the  Sun's  disturinng 
ton^eatui/ force. 

(8.)  Periitrbaiions  due  to  the  Pkatet  Feauf.— 
Eveiy  planet  in  our  system  disturbs  the  Lunar 
Orbit  and  Motions  as  certainly  as  the  Sun  doesi 
But  the  effects  thence  arising  are  too  small  to  be 
appreciable  except  in  one  instance.  Venus  is  the 
planet  nearest  our  terrestrial  system,  and  its  mag- 
nitude is  considerable.  The  reciprocal  influences 
of  Venus  and  the  Earth  give  rise  to  a  long  in- 
equality in  the  motions  of  both  orbs ;  but  it  was 
reserved  for  Mr.  Airy,  in  1847,  to  ascertain  that 
through  what  may  be  termed  an  indirect  effect  of 
this  inequality,  an  inequality  of  long  period  is 
also  impressed  upon  the  Moon.  Soon  after  this 
achievement  by  dur  Astronomer  Royal,  Professor 
Hansen,  of  Seeberg,  further  determined  a  sepa- 
rate disturbsnoe  of  our  Satellite  due  to  the  ssme 
planet,  and  arising  out  of  a  remarkable  numerical 
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relation  between  the  auvmaUstie  motions  of  the 
Moon,  tnd  the  sidereal  revolations  of  Yenns  and 
the  Earth.  The  periods  of  these  two  ineqoallties 
are  289  and  237  Tears  respeetirely,  and  their  co- 
eflicients  are  28-2''  and  27-4".  To  use  the  words 
of  Sir  John  Herschel, — "  their  discovery  may  be 
considered  as  a  practical  completion  of  the  Lunar 
Theory,  at  least  for  the  present  astronomical  age, 
and  as  establishing  the  entire  dominion  of  the 
Kewtonian  Theory  and  its  analytical  application 
over  that  refiractdry  Satellite." 

It  were  wrong  to  eonclnde  this  article  without 
earnestly  referring  the  student  to  Newton*s  own 
jMnar  Thtory^  as  one  of  the  finest  pieces  of  geo> 
metrical  composition  and  physical  deduction  ex- 
tant A  brief  and  instructive  analytical  review 
of  the  subject  in  its  modem  state,  has  recently  been 
given  by  Mr.  Godftay.-^Some  general  reflections 
on  the  diameter  of  our  Celestial  Mechanism  as  a 
whole,  will  be  found  under  Pbrtitrbatioks. 

The  time  between  two  successive 


new  moons. 

I«aae*  The  area  included  between  the  arcs 
of  two  circles  that  intersect  each  other.  The 
lune  of  Hippocrates  is  famous  as  being  the  first 
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curvelineal  space,  whose  area  was  exactly  d^ 
termined. 

liBpoa.  (TheWdO.  Oneof  theaneientooB- 
stellations.  It  is  properly  part  of  the  Genlaar, 
and  was  carried  in  his  hand  towards  Axa  (the 
Altar).  It  is  now  represented  as  transfixed  by 
his  spear.  Its  principal  star,  «  Lupi,  is  of  the 
third  magnitude,  and  its  second  is  betweeo  that 
and  the  fourth. 

XiMMla.  One  of  the  Astenrfds.  For  Ele- 
ments, see  ASTEROIDS. 

TtjwK.  One  of  Hevelins'  oonstdlatkios  di- 
rectly in  front  of  Ursa  Miyor.  It  has  no  star 
above  the  fourth  magnitude.  The  head  of  the 
Lynx  is  situate  between  Ursa  Mi\}or  and  CapeDa. 

JLjMm.  One  of  the  andent  o(mstd]atian&  It 
is  surnnrnded  by  Cygnns,  Aquila,  Hercoks,  and 
DraoOb  The  star  Veiga,  or  «  Lyna,  is  of  the 
first  magnitude.  The  line  between  the  pole  star 
and  it,  is  neariy  perpendicular  to  one  thro«igh  the 
pole  star,  and  the  middle  of  Caasiopria  and  Una 
Mi^or  The  stars,  /}  and  y,  Lyra,  are  also  bsfl- 
liant,  and  of  the  third  magnitude.  A 
ring  mebtda  is  in  this  oonstdlataoo. 
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MaieUnM  are  bodies,  or  assemblages  of 
iMdies,  which  transmit  and  modify  motion  and 
force.  The  word  "  Blachine,"  in  its  widest  sense, 
may  be  applied  to  eveiy  material  substance  and 
system,  and  to  the  material  universe  itself;  but 
it  is  usually  rostricted  to  worics  of  human  art,  and 
in  that  restricted  sense  it  will  be  here  employed. 
A  machine  transmits  and  modifies  motion  when 
it  is  the  means  of  making  one  motion  cause 
another ;  as  when  the  mechanism  of  a  dock  is 
the  means  of  making  the  descent  of  the  weight 
cause  the  rotation  <k  the  hands.  A  machine 
transmits  and  modifies  force  when  it  is  the  means 
of  making  a  given  kind  of  physk»l  energy  per- 
form a  ^ven  kind  of  work ;  as  when  the  ftir- 
naoe,  bc&r,  water,  and  mechanism  of  a  marine 
steam  engine  are  the  means  of  making  the  enei^ 
of  the  chemical  combination  of  fuel  with  oxygen 
perinnn  the  work  of  overcomhig  the  resistance  of 
water  to  the  motion  of  a  ship.  The  acts  of  tnms- 
mitting  and  modifying  motion,  and  of  trans- 
mitting and  modifying  force  take  place  together, 
and  are  connected  by  a  certain  law;  and  until 
lately,  they  were  always  considered  together  in 
treatises  on  mechanics;  but  recently  great  ad- 
vantage in  point  of  deuness  has  been  gained  by 
first  considering  separatdy  the  act  of  transmit- 
ting and  modifying  motion.  The  piindples 
wrhieh  regulate  this  function  of  machines  consti- 
tute the  theory  of  pure  meehanUm ;  a  branch  of 
f  'mematiet,  or  the  sdenoe  of  Motion  considered 
in  itself  by  the  aid  of  Geometry,  without  reference 
to  its  cause.  The  prindples  of  the  theory  of 
pure  mechanism  having  been  first  established  and 


understood,  those  of  the  Ihtoty  bf  tnorib,  windb 
regulate  the  act  of  transmitting  and  moidifyjqg 
force,  are  much  more  readily  deuKHUtretad  and 
apprdiended  than  when  the  two  deptftmanta  of 
the  theoiy  of  machines  are  mingled, 
lishment  of  the  theory  of  pure 
an  independent  subject  has  been  mainly 
plidied  by  the  laboun  of  Mr.  Willis,  to  whose 
work  on  that  subject  the  reader  is  rafened  for  ila 
details. 

OuOuieof  ike  Thtaryof  Fwrt  Medtamm. 
The  general  problem  of  the  theoiy  of  pore  nae- 
chanism  may  be  stated  as  follows : — 6i9e»,  ik§ 
mode  of  eonnectiom  of  two  or  mors 
poinit  or  bodiet  wUh  eatk  otkcTf  tnd  wUk 
tam^fisMd  hodm ;  reqMired,  Iho  rdaiioiu 
the  motiont  of  the  moteabk  poimtM  or  ftorfjft/ 
The  theory  of  pure  mechanism  la  applicaljls  In 
those  cases  only  in  which  those  dimensions  and 
figures  of  the  bodies  constituting  the  maohinso 
npon  which  the  transmission  of  tlie  motioo  de- 
pends, do  not  vary  to  an  appredabla  extent  with 
tiie  forces  applied  during  the  action  of  the  ma- 
chin&  Hence,  the  only  ease  in  whidi  the  theocy  of 
pure  mechaninn  is  applicable  to  the  transmlaaiaa 
of  motion  by  means  of  a  mait  of,fimdy  is  that  m 
which  the  dendQr  of  tlie  fioid  does  not  appre- 
ciably vary  during  the  acUoo  of  the  madilDe, 
in  which  case  the  sdution  of  the  before-statod 
problem  is  as  foUowB:-^Let  a  mass  of  fluid  of 
invariable  volume  be  endoeed  in  a  veaad,  two 
portions  of  the  boundaiy  of  wludi  (called  jrarfens) 
are  moveable  inwards  and  oatwatds^  tlie  rest 
of  the  boundaiy  being  fixed.    ThaOyif  OMitioiiba 
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between  the  pistoiM  hy  moriog  oiie 
imraidi  and  the  other  oatwtrds,  it  foUows,  from 
the  innrUbility  of  the  volame  of  the  endoMd 
And,  that  the  VdodtioB  of  the  two  pistons  at 
cadi  Instant  will  be  to  eadi  other  in  die  inverse 
ratio  of  the  areas  of  the  respective  projections.of 
the  pistons  on  planes  nonnal  to  tlieir  directions  of 
motloii.  This  Is  the  principle  of  the  transmission 
of  motion  in  the  kgdroMlis  jntst  and  hydraulic 
cfWM.  When  the  body  bj  means  of  which  motion 
ia  tnnsmitted  is  of  invariable  length,  bttt  vari- 
able Qgme,  as  when  one  point  transmits  motion 
to  ani^her  bj  means  of  a  flexible  cord  passed 
rovnd  pallevs»  the  vdodties  of  the  said  points  at 
aay  instant  are  invenelv  proportiooal  to  the 
raspeetivesams  of  the  oos&es  of  the  angles  mads 
wiUi  the  direction  of  motion  of  each  point  by 
tha  several  plies  of  the  cord  which  are  directly 
eonnocted  with  it.  When  the  body  by  mems  of 
wkkh  motion  is  transmitted  Is  ninwarkAleJlfftire, 
as  wdl  as  of  invariable  dimendons,  the  problem 
ia  generally  of  a  more  complex  diaracter,  and  re- 
qwires  snb^vision.  The  dmplest  case  is  that  In 
which  the  thing  required  Is  therdallon  amongst  the 
motfans  of  the  different  points  of  one  solid  body. 
This  is  generally  deteimined  by  the  mode  of  its 
connection  with  some  fixed  body.  When  the  posi- 
tiesis  and  motions  of  any  three  points  in  a  rigid 
aoBd  body,  not  belog  In  onestraigfat  fine,  are  deter- 
mlaed,  the  podtions  and  motions  of  all  points  in 
that  body  are  abo  determined ;  and  In  order  that 
the  podtions  and  motions  of  all  tho  points  of  a 
rigid  body  may  be  delennlned,  three  at  koet  of 
Ita  pointa,  not  In  one  straight  line,  most  have 
tlHir  podtkos  and  motions  determined.  The 
■ntioB  of  a  point  Is  det«mlnsd  by  thrse  things ; 
thayirsi  ^  kBpatk^  and  the  eefocdy  nad  di/ee- 
Item  of  Its  motion  at  eaeh  pdnt  of  tliat  path ; 
iMrt  wehdljf  may  be  made  to  indade  direriioH  by 
lis  bdng  nndentood  that  one  direction  along  the 
patii  Is  to  be  oonslderBd  as  podtive,  and  the  op- 
poaiia  direction  as  negative.  If  three  points  at 
least  In  a  moveable  rigid  body,  not  In  one  straight 
Sne^  be  so  connected  with  fixed  bodies  as  to 
nova  In  pandld,  eqnal,  and  similar  paths,  with 
aqaal  velocities  at  eadi  instant,  then  all  the  points 
ef  tile  moveable  body  will  move  in  parallel, 
aqnal,  and  similar  patha,  with  eqnal  vdodtle^ 
and  any  Una  drawn  between  any  two  pohits  dl 
thai  body  will  rsmain  nnchanged  in  direction 
daring  tiie  motloiL  This  eonstitates  a  motion  of 
iB^  IransArfMs.  In  actoal  machiEss  most  of 
the  ■Bovementsof  sfanple  trsnslation  take  place  In 
atmlght  lines,  the  paths  of  the  points  of  the  mov- 
ing piece  being  determined  other  by  fixed  galdes, 
or  by  combinations  of  link-work  called  parallei 
aseCsoM.  Eolatiom  is  a  rdative  movement  of  the 
poima  of  a  body,soch  that  a  line  drawn  between 
two  ef  them  <£angeB  its  direction.  An  tuA  of 
lehilaai,  In  the  general  and  geometrioal  eense, 
is  diqr  Idm  m  f£  body  whose  dinetum  is  not 
changed  by  the  rotation ;  a  property  possessed  by 
dl  linm  paraUd  to  a  eertain  direetkn.    In  a  re- 
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stricted  sense  of  the  word  axit,  whicli  onght 
rather  to  be  spedfied  Mjueed  oau,  it  means  that 
line  whose  pciUum^  as  weQ  as  its  directkm,  is  mi- 
changed  by  the  rotation ;  and  this,  in  a  rotating 
piece  of  mcdianism,  is  generally  the  centre  lino 
of  a  diaft  or  axle  turning  in  fixed  bearfngn. 
There  cannot  be  more  than  one  fixed  axis  In  a 
rotating  body,  and  there  may  be  none  whatsoever. 
In  the  latter  case  it  is  dedrsble,  Ibr  the  sake  of 
sfanplidty,  in  analyzuig  the  motions  of  the  pointB 
of  the  body  mathematically,  to  refer  them  dther 
to  the  axis  of  rotatioo  which  traversss  the  centre 
of  gmvity  of  the  body,  or  to  that  axis  of  rotation 
wlMsepathof trandationisthediortest  ApUme 
offokdum  is  any  plane  In  which  the  mpidity  of 
tiie  change  of  direction  of  a  line  drawn  between 
two  points  is  a  maximum ;  every  plane  perpen- 
dicular to  the  direction  of  the  axes  of  rotation  hm 
this  properly.  The  angular  fkheHy  of  rotation 
is  the  angle  through  which  any  line  in  a  plane  of 
rotation  dianges  its  dnectkm  fai  an  unit  of  time: 
and  is  necessarily  the  same  in  aU  parts  of  the 
same  rigid  body ;  so  that  the  condition  of  rota- 
tion with  a  given  angular  vdodty  is  one  whidi- 
If  It  exists  in  a  rigid  body  as  a  whde,  exists  in, 
each  of  its  parts,  how  small  soever.  Angular 
velocity  may  be  expressed  In  degrees  per  hour, 
minute,  or  second,  or  in  tnnis  per  hour,  mkrale, 
or  second;  for  theoretical  purposes,  however,  the 
best  mode  of  expresesng  It  Is  in  /en^  of  are  to 
iM»  radius  unity  per  second ;  and  thus  it  is  to  be 
understood  when  not  otherwise  specified.  The 
motion  of  any  pdnt,  A,  rdativdy  to  any  other 
point,  B,  in  a  rotating  rigid  body.  Is  one  of  rs- 
pobfHom  or  traasiaiiou  m  a  arcuJarpaik  iwmd 
the  axis  passing  through  b,  with  a  linear  vdo- 
dty ecpial  to  the  product  <tf  the  angnlar  vdodty 
into  the  perpendioular  distanos  of  a  firom  the  said 
axis;  and  the  anotion  of  b  rdativdy  to  ▲  is 
exactly  the  same  with  that  of  ▲  rdattvely  to  a. 
The  linear  vdodties  of  any  two  points  in  a  ro- 
tating rigid  body  reUuivdy  to  the  axis  passfaig 
through  a  third  point,  ars  to  eadi  other  in  the 
ratk>  of  the  rsspective  perpendicnlar  distances  of 
the  first  two  points  from  the  said  axis ;  and  thia 
is  the  prindple  of  the  modiflcatkm  of  motkm  by 
the  leesr and  the M^lee/aaJinhL  ThemotioDofn 
rigid  body,  when  it  is  neither  one  of  Jtmp/s  trams 
lotion,  nor  of  rotatum  about  ajixed  axis,  may  be 
analyzed  for  mathematical  purposes  Into  a  motion 
common  to  all  the  pofaits  of  the  body  with  an 
assumed  axis  of  reference,  and  a  rotation  about 
that  axis.  For  the  sake  of  convenience,  it  is  in 
general  advisable  to  assume  for  an  axis  of  refer- 
ence, dther  the  axis  traversing  the  centro  of  gra- 
vity of  the  body,  or  that  axis  whose  proper  motion 
Is  the  shortest  or  the  most  dmpl&  When  one 
piece  of  a  machine^  a,  is  connect  with  another 
piece,  B,  and  b  with  the  fixed  framfaig,  c,  so 
that  A  has  a  given  motion  rdativdy  to  b,  and 
b  a  given  motion  rdativdy  to  c,  then  themetlim 
of  A,  rdativdy  to  c,  b  foond  by  the  ffsomstrieai 
addisy,  puiiiag  togstkor^  or  takiag  tk$ 
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o/^  the  two  given  motioos.    If  each  of  the  111*0 
eides  of  a  paralldogram  repreaents  in  direction 
and  length  the  directi<Hi  and  velocity  of  a  motion 
of  tranalalion,  the  diagonal  wiU,  in  lilce  manner, 
represent  the  reiultant  motion.    If  the  two  sides 
of  a  parallelogram  represent  in  direction  the 
axes,  and  in  length  the  angular  vdodty,  of  two 
motions  of  rotation,  the  diagonal  will,  in  like 
manner,  represent  in  direction  the  axis,  and  in 
length  the  angnlar  velocity,  of  the  resultant 
motion.     When  motion  is  trannulted  from  one 
pieoe  of  a,  macAme  (o  onothery  tliat  whose  motion 
is  the  cause  is  called  the  driver^  that  whose  motion 
is  the  effect,  the,/b/&>toer.  The  comeeHon  between 
the  driver  and  the  follower  may  be — 1.  By  rolling 
cotUaU  of  theur  surfaces,  us  in  toothleu  toheels ;  2. 
By  sliding  coiUad  of  their  surfaoes,  as  in  toothed 
wheels,  screws,  wedges,  cams,  and  escapements ;  8. 
By  wrappiag  connectors,  such  as  belts,  cords,  and 
gearing-chains;  4.  By  Unk-work,  such  as  con- 
necting rods,  universal  joints,  and  clicks;   5. 
By  redv^catUm  of  wrds,  as  in  the  case  of 
ropes  and  pulleys,  already  discussed.  The  various 
eases  of  the  transmission  of  motion  from  a  driver 
to  a  follower  are  further  dasrified,  accwding  as 
the  relation  between  their  ^tirections  of  motion  is 
o(»stant  or  changeable,  and  according  9a  the 
ratio  of  their  veloeUiea  is  constant  or  variable. 
In  every  case  exQept  that  of  reduplication  of 
cords,  the  principle  of  which  has  ahready  been 
given,  there  is  at  each  instant  a  oertidii  straight 
line,  called  the  Une  of  connection,  or  line  of 
muhud  action  of  the  driver  and  follower.     In  the 
case  of  rolling  contact,  thb  is  any  straight  line 
wliataoever  traversing  the  point  of  contact  of  the 
surfkoes  of  the  pieces ;  in  the  case  of  sliding  con- 
tact, it  is  a  line  perpendicular  to  those  surfaces 
at  thdr  point  of  contact ;  in  the  case  of  wrap- 
ping connectors,  it  is  the  centre  line  of  that  part 
of  the  connector  by  whose  tension  the  motion 
is  transmitted ;  in  the  case  of  link-worlc,  it  is  the 
etraight  line  passing  through  the  points  of  at- 
tachment of  the  link  to  Uie  dri\'er  and  follower. 
The  line  of  connection  of  the  driver  and  follower 
at  any  instant  being  known,  their  relative  velo- 
cities are  determined  by  the  foUoiiring  principle : 
— The  respective  linear  velocities  of  a  point  in  the 
driver,  and  a  point  in  the  follower,  each  situated 
anywhere  in  the  line  of  connection,  are  to  each 
other  inversely  as  the  cosines  of  the  respective 
angles  made  hg  the  paths  of  the  points  with  the 
line  of  connection.    Some  of  the  consequences  of 
this  principle   are  the  following.     When    the 
driver  and  follower  both  rotate  round  fixed  axes, 
it  is  essential  to  rolling  contact  that  the  point  of 
contact  and  the  two  axes  should  be  in  one  plane ; 
and  in  this  case  the  respective  angular  velocities 
of  the  driver  and  follower  are  to  each  other  in- 
ver^y  as  the  perpendiculars  let  fall  from  the 
pohit  of  contact  on  their  respective  axes.    In 
order  that  two  toothed  wheels  may  have  the 
same  relative  motion  from  the  sliding  contact  of 
tlieir  teeth,  which  they  would  have  if  toothless, 
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from  the  rolling  contact  of  their  pitch  Iidcb, 
pair  of  tooth-surfaces,  in  the  driver  and  follower 
respectively,  which  are  intended  to  work  to- 
gether, should  be  described  by  rolling  the  acme 
curve  of  any  figure,  on  the  same  side  of  the  re- 
spective pitch  lines  of  the  driver  and  fidkiwer. 
The  relative  velocity  of  a  driver  and  its  follower 
is  sometimes  made  capable  of  being  changed  at 
wOl,  by  means  of  apparatus  for  varying  the  posi- 
tion of  their  line  of  oonnectioa;  as  when  a  pair 
of  rotating  oones  are  embraced  by  a  belt  which 
can  be  shUled  so  as  to  connect  portions  of  their 
surfoces  of  different  relative  diamelerB.  A  trmn 
of  mechanism  conmsts  of  a  series  of  moviBg 
pieces,  each  of  which  is  follower  to  that  vhkh 
drives  it,  and  driver  to  tliat  which  foUows  iL 
A  mechanical  notation  has  been  contri^-od  by  Mr. 
Babbage,  by  which  the  nature,  mode  of  oon- 
nection,  and  motion  of  any  train  of  mecfaanisi&i 
how  complicated  soever,  can  be  cleariy  ex] 
by  a  B>*8tem  of  symbols. 

OuiUne  of  the  Thsi^rg  of  the  Wort  oj 
— A  force  applied  to  a  piece  of  mechanism  is  a 
power  if  it  acts  in  the  dhnectioo  of  the  modos  of 
its  point  of  application ;  a  resisUmee  of  it  acta  in 
the  opposite  direction ;  and  a  lateral  stress,  if  it 
acts  at  right  angles  to  that  direction.  AH  tha 
forces  applied  to  a  piece  of  mechanism  may  be  re- 
solved or  analysed  into  powers,  redstaneea,  and 
lateral  stresses.  The  only  direct  effect  of  a  lateral 
stress  is  to  strain  the  material  of  the  medianUan 
and  framework.  It  has  an  indirect  effect  in  in- 
creasing the  resistance  by  producing  frictiun; 
but  when  the  amount  of  the  resistance  so  pio- 
duced  has  been  ascertained  and  indoded  among>4 
the  resistancea  in  general,  the  lateral  stress  is  to 
be  left  out  of  consideration  so  for  aa  the  •wetk  of 
the  machine  is  concerned.  A  redprocatsng force 
or  active  resistance  is  a  force  which  acts  alter- 
nately as  a  resistance  and  a  power  of  equal  in- 
tensity, according  as  its  point  of  application 
moves  in  one  directkm,  or  in  the  oppodta  direc- 
tion. Of  this  kind  is  the  wet^  of  any  pieoe  U 
the  mechanism  whose  centre  of  gravity  altenately 
rises  and  foils,  being  a  resistance  duriQg  tha  ri«i 
and  n  power,  of  equal  intensity,  during  the  folL 
Of  this  kind  also  is  the  elastic  force  of  a  spring, 
and  of  a  mass  of  compressed  air.  A  passive  re- 
sistanee  is  a  force  which  either  acts  as  a  resistance 
In  wliat  direction  soever  its  point  of  applicitioa 
moves  (such  as  friction),  or  which  acts  as  a  re- 
sistance when  its  point  of  iq>plicatiQn  moves  in 
one  direction,  and  ceases  to  act  when  that  motion 
is  reversed  (such  as  the  resistance  of  soft  bodies 
to  pressure).  The  passive  resistance  at  the  points 
where  the  useful  woric  of  the  machine  b  per- 
formed is  flcie^  resistance ;  all  other  passive  re- 
sistance is  useless  or  pr^udieial  resistanee^  as 
being  foreign  to  the  purpose  of  the  madrine: 
Thb  distinction  of  resistanoe  into  useful  and  nse- 
leas  has  reference  to  human  purposes  only,  and 
not  to  the  order  of  the  universe.  A  power  nay  be 
employed  dther  to  baUnoe  a  resbtanoe  ur  topcodnce 
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lncM«i«  of  the  Telocity  of  a  lieoe  of  the  mechanism ; 
the  power  employed  in  the  latter  way  is  called 
wtonrng/arctf  and  Its  Tatio  to  the  weight  of  the 
piece  accelerated  is  that  of  the  increase  of  Telocity 
produced  in  a  second  to  the  increase  of  velocity 
prodnoed  by  gravity  in  a  second,  the  value  of 
'whidi  last  qoaatity  is  (to  an  accuracy  sufficient 
§at  the  purposes  of  mechanism)  82*2  feet  per 
■eoood.  and  is  denoted,  for  brevity's  sake»  by  g. 
JjH  V,  then,  be  the  velocity  of  a  piece  of  the 

necbanism  whose  weight  is  m,  and  inertia  -— , 
and  dp  the  increase  which  nich  velocity  under- 
goes in  an  instant  of  time^  <{<;  then '^T-isthe 

g     at 

OBQiviog  foroCi  which,  inasmuch  as  it  employs 
part  flf  the  power  which  would  otherwise  act  in 
balanring  resistance,  may  be  treated  in  oompu- 
tatloo  a$  a  ruitloMce,  On  the  other  band,  a 
naiatanoe  may  be  overeome,  either  by  being 
halanffd  by  a  power,  or  by  being  employed  in 
producing  diminution  of  the  velocity  of  a  piece  of 
the  mechanism.  In  this  case  the  moving  foroe 
prodadng  the  retardation  —  dp  during  the  in- 
ataat  A  In  the  weight  m,  is  represented  by 

fli      dv 
'  ~^~  *  *^  inasmuch  as  it  employs  part 

of  the  lesistanoe  which  would  otherwise  act  in 
opposing  power,  it  may  be  treated  in  computation 
as  a  power.  In  all  actual  machines,  the  velo- 
cities of  the  pieces  of  the  mechanism  when  not 
constant  an  periodiealt  being  alternately  accele- 
rated and  retarded ;  so  that  the  moving  forces 
are  to  be  treated  as  retiprocaUng  fonxg^  acting 
aa  lesistance  during  the  acceleration,  and  as  a 
power  during  the  retardation. —  Work  is  the 
product  of  a  resistance  overcome  into  the 
distance  through  which  Its  point  of  applica- 
tkm  ia  moved  against  it.  Work  is  expressed 
iwmericaUy  by  multiplying  the  reKistanoe  in 
mits  of  weight  (such  as  pounds)  by  the  distance 
thioQgh  which  U  is  overcome  in  units  of  length 
(audi  as  feet).  The  unit  of  work  employed  in 
Dritdn  Is  called  a/ool-powuf ;  that  is,  the  work 
pertained  in  lifting  a  mass  weighing  one  pound 
tfaraqgh  the  devatioD  of  one  foot  The  raU  of 
work,  or  dmtg,  at  a  given  point,  is  the  woik  pa^ 
farmed  in  an  unit  of  time,  and  is  the  product  of 
the  reaistanoe  Into  the  vdocity.  When  a  body 
rotates  round  a  fixed  axis,  the  product  of  an 
appBed  farce  by  the  perpendicular  distance  of  its 
potot  of  application  from  that  axis  is  called  the 
wtoment  of  the  foroe ;  and  aooorduigly  the  rate 
of  work  In  overcoming  a  resistance  applied  to  a 
body  rotating  on  a  fixed  axis,  Is  the  product  of 
the  wtomenl  of  tke  reitsfaacs  into  the  angular 
otloeUg,  When  resistances  are  applied  to  various 
pointa  of  a  piece  of  mechanism  having  a  move- 
ment of  simple  translation,  the  work  is  found  by 
multiplying  the  sum  of  tiie  resistances  by  the 
oommoo  dJatanre  through  which  all  their  points 
of  ^ipBcatfao  are  moved  alike,  and  the  rate  of 
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work  is  the  product  of  the  sum  of  the  resistances 
into  the  common  velocity.  When  the  resistance 
is  expressed  as  a  presture  par  unit  of  areot  the 
work  is  the  product  of  that  pressure  into  the 
cubic  space  moved  through  by  the  surface  to 
which  it  is  applied.  When  the  points  of  appli- 
cation of  the  resistances  have  diflferent  velocities, 
the  work  is  the  sum  or  integral  of  the  products 
of  each  resistance  into  the  space  described  by  its 
point  of  application.  For  example,  if  resistances 
be  applied  at  various  points  of  a  body  rotating 
round  a  fixed  axis,  the  rate  of  work  is  the  pro- 
duct of  the  sum  of  the  moments  of  the  resistances 
into  the  common  angular  velocity.  The  work 
performed  in  accelerating  the  velocity  of  a  piece  of 
mechanism  of  the  weight  m,  having  a  movement 
of  translation,  from  the  amount  vi,  to  the  amount 
Vf,  is  equal  to  that  which  would  be  performed  in 
lifting  the  same  piece  to  the  height  from  which 
it  would  have  to  fall  in  order  to  be  similarly  ac- 
celerated ;  that  is  to  say,  the  amount  of  the  said 

work  is  represented  by  »i  f  ^ •*  1 »  or  the 

product  of  the  inertia  of  the  piece  into  half  the 
diflerenee  of  the  squares  of  its  velocities  before 
and  after  acceleration. — When  the  difibrent  por- 
tions of  the  piece  have  difierent  velocities,  or  are 
differently  accelerated,  the  work  of  acceleration  is 
ascertained  by  conceiving  the  piece  to  be  divided 
into  small  molecules,  multiplying  the  weight  of 
each  by  the  height  firom  which  it  would  have  to  fall 
to  produce  its  own  proper  acceleration,  and  taking 
the  sum  or  integral  of  the  products.  For  example, 
let  the  piece  of  mechanism  rotate  about  a  fixed 
axis  with  an  angular  velocity  a ;  let  It  be  con- 
ceived to  be  divided  into  a  number  of  molecules, 
and  let  the  weight  of  any  one  of  thoee  molecules 
be  denoted  by  d «»,  and  its  perpendwular  distance 
from  the  axis  by  r,  so  that  Its  linear  velocity  is 
a  r;  then  the  work  performed  in  accelerating  the 
angular  velocity  fiom  the  amount  a^  to  the 
amount  a ^  is 
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The  quantity    -.     /  r>  <f  ai  is  the  moment  of 

9    J 
inertia  of  the  rotating  mass. — Enkrot  means 

capaeilg  for  performing  work,    Tht  energy  of  a 

power^  or  Potential  Energy,  is  the  product  of  a 

power,  in  units  of  wdght,  into  the  distance  in 

units  of  length  through  which  It  is  capable  of 

moving  Its  point  of  application.    The  energy  re- 

ceived  by  a  machine  is  the  work  peribrmed  by 

the  powers  at  their  points  of  application.    The 

energy  of  a  moving  mast^  or  Actual  Energy,  is  the 

work  which  that  mass  is  capable  of  poforming 

by  overcoming  resistance  during  retardation  from 

its  actual  vdodty  to  a  state  of  rest,  and  Is  the 

product  of  ita  inertia  Into  half  the  square  of  its 

linear  Tdodty,  If  the  motion  be  one  of  simple 
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tranalatlcn,  or  of  its  moment  of  inertia  into  half 
the  fqiuun  of  its  angular  Telodty,  if  the  motion 
lie  one  of  rotation  about  a  iized  axis.  The  work 
petformed  In  OTerooming  the  reaistanoe  of  a  red- 
procuUng  Jorce  beoomes  stored  potential  energy, 
available  ibr  tlie  porpoee  of  overcoming  paesive 
reaiatanoe  wlien  the  motion  of  the  point  of  appli- 
cation of  the  reciprocating  fona  ia  ravened;  and 
in  like  manner  tiie  woric  performed  in  aooelflrating 
the  motion  of  a  piece  of  the  mechaniam  beeomea 
ilored  aetuai  energy ^  available  for  the  poipoae  of 
overcoming  paadve  reriatanoe  when  the  motion 
of  the  pieee  ia  retarded.  The  work  performed  by 
meana  of  atorad  energy  may  be  called  restored 
eneigg.  The  work  perfbrmed  in  overcoming  pa»- 
ewe  resittattce  is  irrecoverably  expended,  partly 
la  loet  work,  beug  that  performed  in  overcoming 
veeUee  refiftoneec,— partly  in  irae^  vork.  Its 
eneiigy  continoea  to  exiat  in  the  nniverae,  but  not 
in  a  form  available  for  die  pnrpoaea  of  the  madiine. 
— ^Theaa  definttiona  and  explanattona  havkig  been 
premiaed,  the  following  ia  the  Gekeoal  Law^  of 
THB  Work  or  Macbimbb  :— /»  ang  given  time, 
the  Energy  reeeioed,  added  to  the  restcred  energy, 
i§  equal  to  the  afored  energy  added  to  ike  work 
per/ormoi.  To  expreaa  thia  aymbolically,  let  p 
be  any  power  applied  to  the  machine ;  dp  the 
apace  deacribed  by  ita  point  of  application  in  a 
^ven  time;  V  a  reciprocating  force  acting  as 
a  power;— <{|9'  the  apace  deacribed  by  ita  point 
of  application;  b'  a  reciprocating  force  acting  aa 
a  reaiatanoe ;  d  r'  the  apace  deacribed  by  ita  point 
of  application;  Q  a  uaeleaa  reaiatanoe;  dq  HbA 
apace  deacribed  by  ita  pomt  of  application ;  s  a 
uaeAll  reaiatanoe;  dr  the  apace  deacribed  by  ita 
point  of  application;  E  the  increaae  of  actual 
energy  of  a  moving  maaa  which  is  being  accele- 
rated ;  vt  the  diminution  of  the  actual  energy  of 
a  moving  maaa  which  is  being  retarded ;  and  let 
1  denote  the  aummation  of  terma  referring  to  dif- 
foientpointaof  tbe.machhie:  then 

The  energy  received  =  S  •  p  of  j» ; 

The  eneiTgy  reatored  =  a  •  p'  dpT  +  2  •  e'; 

The  energy  stored    =:  a*it'dr'-|~  '  *  i^* 
Tlie  work  performed  =  s  ■  q  (f ^  -f-  2  *  b  dr\ 

and  the  expression  of  the  general  law  ia 

2-pd/>-[-  2*P'd/?'4-2*E'=2-B'dr' 

+  2  •  B  +  a  •  Q dj  +  '  *  "^  ^»'* 

Perpetual  Motion  ia  a  term  applied  to  deluaive 
machinea,  whoee  inventora,  ignorant  of  the  law 
above  stated,  expect  them  to  perform  work  with- 
out receiving  energy.  Several  such  machines 
are  patented  in  each  year. — If,  as  is  almost 
always  the  case  in  practice,  the  motion  of  a 
machine  is  periodic,  so  that,  at  the  end  of 
each  period,  strolce,  or  revolution,  the  points 
of  application  of  the  reciprocating  forces  return 
to  their  original  positions,  and  each  part  of  the 
mechanism  resumes  its  original  velocity;  then 


the  General  Law  takes  the  following  fein:— /k 
eodk  period  the  Energy  veeeimd  at  efnal  to  the 

foork  performed — Let  /   denote  the  anmwathm 

or  intQgration  of  the  qoantities  of  eoeigy  exerted 
and  wmk  performed  in  the  aevcnd  inatanta  of  a 
period;  then 

2  /*Pdp=  2 /^Q<fff  +  */    *^»'- 

The  Effxcibxcy  of  a  Kacliine  b  tlia  ntao  of 
the  veefvl  work  to  the  mergy  eagtended,  or 


•f 
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The  Bfodubti  of  a  machine  is  an  eqaatkm 
ing  the  relation  which  Ita  efficiency  bears  to  Ita 
vdodty,  to  the  form  and  dimenaloos  of  its  parts, 
to  the  forces  applied  to  it,  and  to  the  other  cbcoB- 
stances  concerned  in  Its  working. — ^In  <lwjgwhig 
a  machine,  tlie  velocities  and  paths  of  the  poiils 
of  application  of  the  power,  are  to  be  detendned 
by  the  nature  of  the  source  of  energy,  so  as  to 
enable  it  to  act  to  the  beat  advantaige.  The 
velocities  and  paths  of  the  pointo  at  whkk  tbe 
useful  work  is  performed  are  to  be  determined  by 
the  nature  of  the  worlc,  so  that  it  shall  be  dona 
in  the  best  way.  The  intermediate  train  or 
trains  of  mechanism  are  to  be  adapted  to  trana- 
mit  and  modify  the  motion  so  as  to  suit  the 
already  assigned  velocities  and  paths,  with  the 
least  poeaible  expenditure  of  work  in  wettoming 
useless  resistance ;  that  is  to  say,  generally  apeak- 
ing,  with  the  simplest  possible  mechanism.  £aeh 
part  of  the  mechanism  and  finamewoik  ii  to  be 
made  strong  enou^  to  resiat  the  forcea  applied 
to  it,  not  only  without  ii\jory  to  the  material,  but 
without  anch  alteration  of  figure  aa  would  Impair 
the  accuracy  of  the  working  of  the  machine. — 
The  above  atated  law  of  the  work  of  marhinw  ii 
a  particular  case  of  the  general  law  of  the  Coai- 
SERTATiosi  OP  ExERGT,  which  regulates  all  the 
phenomena  of  the  universe. — Authorities.  WlDb 
On  Mechanism  ;  Sang  On  the  Teeth  if  Wheels; 
Ponoelet,  Mecanique  Tndustridk;  Morin,  AV 
tions  Fondamentales  de  M^oamaue;  Moedey^ 
Mechanics  of  Engineering  and  ArthkeatKre ; 
Rankine  On  AppUed  MeAames;  RankiDa  Oa 
li'ime  Movers, 

Blacvlae  (8*1sw).  Spots  upon  Uie  sorfaoe  of 
the  Sun.  For  a  description  of  their  probable 
nature  and  physical  cause,  see  Sex. 

SEageliaalc  Ctoadte.  Whitish  appearanoea 
like  douds  seen  in  the  Southern  Heavens,  but 
with  the  apparent  motioa  of  the  stars.  There 
are  three  of  thenu  They  have  the  same  Indi^ 
tinct  milky  appearance  as  we  observe  In  the 
galaxy  or  mUky  way,  and  firom  the  same  cause — 
Uie  density  of  the  stratum  of  stars  and  their  enor- 
mous distance — making  them  appear  like  star- 
dust 
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of  the  followiog  artide  cannot  be  treated 
pi^ciplea,  the  devetopment  of 
vUdi  ii  placed  under  lUoasiiaM  and  Elbotho- 
Dr^iAiacs.  Kerertbeleta,  for  the  pnrpoee  of 
fleeing  our  theotetkal  diecaaeion  of  the  general 
of  Magnetism  from  mmecetsary  oon- 

wUh  eeparate  although  collateral  details, 
we  abail  dieoonne,  m  this  j^oe,  of  Magnets— 
tfaor  fimiation  and  propertie8.-^The  most  gen- 
enl,  as  -well  aa,  peihape,  the  moat  coiTect  de- 
•eriptbB  of  the  primaiy  or  ftmdamental  iact  of 
Magnetiam.  k  tUa: — if  n  piece  of  iron  or  steel 
be  eaEpoeed  sulBdaitly  long  to  certain  temstrial 
fc»a»M»#— — if  it  be  hdd  for  a  time  in  a  certain 
dcflnile  position— if  it  be  filed,  hammered,  twisted. 
Aft,  it  becomes  capable  of  attracdng  metallic 
ftagmenta  and  even  of  lifting  pieces  of  iron  of 
some  magnitude.  Thia  attractive  power  bebngs 
to  aa  ore  of  iron,  hence  called  the  mUnnU  magnei 
mlomitUim;  and,  indeed,  there  is  reason  to  believe 
that  it  lesideB,  hi  grsater  or  leas  intensity,  in  every 
«anslderabfe  mass  of  the  matter  of  our  globe. 
Whatever  approximation  haa  been  made  to  the 
theory  of  this  singular  activity,  will  be  expkined 
hi  the  coniae  of  the  two  succeeding  articles :  the 
fiMt  mm  to  be  dealt  with,  is  the  following,— the 
peenliar  power  Just  specified,  can  be  coeumwioaled^ 
by  the  presence  of  a  body  possessing  it,  or  by 
certain  protessm,  to  bodies  not  possessing  it  in 
appreeiahle  d^gree^^-henee  named  artificial  moff- 
■SIR.  We  intend  to  describe  the  varione  modes  of 
MagmUmag,  and  the  laws,  in  so  for  as  they  are 
haown,  tiiat  regulate  tlw  virtue  of  thoee  artificial 
We  shall,' Anther,  advert  to  certain 

of  external  <?iTum*tancfff  that  aflRBCt  Mag- 
certain  Molecular  Aetiona  that 
invnriafaly  attend  it 

I.  Magxcxisatiov. — Then  are  two,  appa- 
nntly  distinct,  modm  by  which  Magnetism  can 
be  eemmunifufed  to  an  indiiforent  bar  or  mass  of 
stad  or  hon :  the  flrrt  depending  on  the  presence 
of  other  natural  or  artificial  magnets ; — the  second 
OBI  eperatioBe  already  in  part  espUined  under 


(1.)  Magtutim^  mdmeed  bjf  other  ifagtuU.-^ 
The  simpleit  SQustratkin  of  Uie  foct  of  the  com- 
mmicatioQ  of  Magnetic  attributes  in  this  way, 
is  the  following: — Let  a  bar  or  needle  of  steel  or 
Iron,  ewioging  on  its  centre  of  gravity,  be  brought 
■Bar  the  pole  of  a  body  already  magnetized.  One 
end  of  the  needle  will  approach  that  pole  as 
nradi  as  possible,  end  the  needle  itself  will  point 
away  firom  the  pole.  Should  the  two  bodies  pre- 
serve this  relative  position  for  a  brief  time,  the 
needle  itsdf  will  have  become  a  magnet, — that 
ia,  it  will  attract  iron  filings  or  small  pieces  of 
irao,  and  retain  them  attached  to  it  with  some 
farce.  On  the  removal  of  the  original  magnet, 
the  bar  does  not  lose  the  ftcolty  imparted  to 
it,  bat  haa  become  an  artificial  magnet:— only 
tbero  Is  quite  n  oootnst  as  to  tlM  power  of 
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difiierBnt  snbstanoee  to  retain  the  faculty  so 
newly  and  singularly  acquired; — a  steel  needle 
retains  it  so  long,  tihat  the  magnetic  property 
would  appear  to  have  become  a  permanent  part  of 
its  constitution ;  a  needle  of  soft  iron,  on  the  other 
hand,  loees  the  greater  part  of  it  a  few  instants 
after  the  withdrawal  of  the  inducing  subetance, 
and  returns  to  a  comparatively  bdifferent  state. 
— ^The  communicability  of  the  magnetie  faculty 
thus  established.  Inquirers  sought  the  easiest 
means  of  communicating  it.  And  here,  Duhamel 
in  France,  iEpinna,  and  Mitchell  and  Canton  in 
England,  were  early  distinguished.  The  modes 
first  proposed  were  the  methods  of  singk  and 
doMe  loifcA,  and  consisted  in  the  process  of  slid- 
ing the  poles  of  arti^cial  magnets  in  various  ways 
along  the  bar  or  bars  meant  to  be  magnetiied. 
These  proeeeses  being  well  known  and  also  well 
nigh  superseded,  we  shall  not  describe  them  in 
d^Udl.  It  ie  proper,  however,  to  specify  the 
method— in  so  fiur  aa  it  is  understoodk-and  the 
Bucoess  of  Dr.  Knight,  who,  at  the  close  of  last 
century,  devoted  much  talent  and  time  to  this 
practical  subject,  and  left  a  memorial  of  his  eneigy 
in  the  fomous  Steel  Magnet— more  powerful  than 
any  prevloudy  known — which  is  still  in  possee- 
sfon  of  the  Boyal  Society.  In  so  far  as  he  ever 
explained  it,  Knight*s  inethod  was  this : — brhig- 
ing  together  the  opposite  poles  of  two  as  potent 
magnets  as  he  could  obtain,  he  li^d  the  steel  bar 
about  to  be  magnetised  upon  theee  magnets,  so 
that  its  centre  should  rest  upon  the  junction  of 
their  polesi  Then  he  gradually  withdrew  the 
magnets,  or  made  their  opposite  poles  slide  slowly 
along  the  bar,  towards  its  opposite  ends.  And 
this  process,  repeated  a  few  times,  endowed  the  bar 
with  a  very  high  magnetic  influence.  It  is  quite 
probable,  however,  that  the  success  of  Dr.  Knight 
depended  as  much  cm  his  persevering  care  and 
patience  in  repeated  trials,  as  on  any  special  virtue 
in  his  prooess.  The  great  magnet  which  Knight 
termed  his  **  reservohr  of  Magnetic  Force,"  was 
once  ihr  mora  powerful  than  it  is  at  present : — a 
fire  occurring  in  the  house  where  it  was  deposited 
after  its  maker's  death,  hsving  bereft  it  of  much 
of  its  energy.  Still,  a  power  of  ncariy  an  hundred- 
weight must  be  applied  to  detach  its  armaturo 
from  the  poles.  Knight*s  magnet  is  composed  of 
450  magnetized  bars,  each  fifteen  inches  long,  one 
hich  widB,  and  half-an-inch  thick.  These  preeent 
at  their  extremities  two  poles  coming  out  hori- 
sontally  to  a  length  of  nx  inches,  a  hei^t  of 
twelve,  $nd  a  width  of  three, — ^We  wish  we  had 
leisure  to  describe  those  remarkable  experiments 
by  Dr.  Scoresby,  in  which  permanent  magnets  of 
high  intensity  were  ultimately  deduced  from  the 
feeble  inten^ty  obtained  by  hammering  bare 
placed  in  the  magnetic  inclination.  But  tlie 
subject  belongs  rather  to  obeenre  questions  re- 
iened  to  in  subsequent  sections. 

(2.)  MagMtwUUm  bjf  Eleetrie  Cwvents. — Soon 
after  the  dlseoveiy  by  Oersted  of  the  magnetic 
effect  of  an  electric  current,  Arago  estabUahed 
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that  such  a  current  attracts  iron  filings  and  pro- 
daces  magnetization  just  as  a  magnet  would  do. 
And  to  the  same  acute  physicist,  along  with  Davy, 
we  owe  the  capital  fact,  that  if  the  conductor  of 
a  current  be  bent  into  a  helix,  a  needle  placed 
in  the  axis  of  that  helix  will  become  a  magnet 
— permanent,  if  it  be  of  tempered  steel,  tem- 
porary, if  of  soft  iron.  It  subsequently  ap- 
]>eared— in  rigorous  agreement  with  deductions 
from  Ampere's  theory — that  in  a  right-handed 
lelix,  viz. :  one  in  which  the  wire  is  wound  to 
the  right,  the  south  pole  of  the  needle  is  always 
at  the  extremity  through  which  the  discharge  or 
the  current  enters;  whereas,  in  a  left' handed 
helix,  the  north  pole  is  at  the  extremity  through 
which  positive  electricity  enters. — In  the  present 
section  of  this  article,  we  shall  take  notice  only 
of  the  practical  manipulations  depending  on  the 
forgoing  principle.  And,  ^rttf  as  to  the  mode 
in  which  the  electric  current  may  be  used  in  the 
production  of  permanent  magnets.  The  best  form 
of  manipulation,  by  aid  of  electricity,  seems  to 
have  b^  proposed  by  M.  Elias  of  Haerlem, 
about  the  year  1848 ;  and  certainly  it  is  a  method 
by  which  the  smallest  needle  as  well  as  the 
heaviest  steel  bar  can  be  instantly  magnetized 
to  saturation,  with  the  greatest  facility.  All  the 
apparatus  necessary  is  some  twenty-five  or  thirty 
feet  of  copper  wire  of  about  one-eigh'h  of  an  indi 
in  thickness,  and  a  powerful  voltaic  pair.  The 
wire  must  be  wound  so  as  to  form  a  hollow,  very 
short  but  very  thick  cylinder ;  and  a  strong  elec- 
tric current  then  passed  through  it  The  steel 
bar  with  soil  iron  armatures  at  both  ends,  or 
a  horse- shoe  bar  with  an  armature,  must  be 
placed  within  the  hollow  of  the  cylinder,  and 
moved  up  and  down  to  its  very  ends.  When 
the  central  position  of  the  steel  bar  again  occu- 
pies the  cylinder,  the  circuit  should  be  opened, 
and  the  bar — now  perfectly  magnetized — be  with- 
drawn. So  efficient  is  this  simple  method,  that 
the  poles  of  some  very  powerful  bars,  magnetized 
by  Dr.  Knight  himself^  were  reversed  by  ti^e  effect 
of  a  single  passing.  A  few  magnets,  endowed  in 
this  way,  by  M.  Logeman,  optician  at  Haerlem, 
were  shown  at  the  meeting  of  the  British  Asso- 
ciation in  Edinburgh,  by  Sir  David  Brewster,  in 
1850 ;  and  their  power  astonished  every  one.  The 
following  formula  has  been  given  by  M.  Hacker 
for  the  greatest  lifting  power  of  a  permanent  steel 
magnet  of  the  weight  n. 

p  =  10-33  N» 

The  magnets  executed  by  the  best  makers  in 
Europe,  according  to  the  usual  process,  rarely  come 
up  to  the  efficiency  indicated  by  this  formula ;  but 
those  of  M.  Logeman  have  twice  that  efficiency. 
One  of  these  magnets,  weighing  only  about  one 
English  pound,  could  support  twenty-Steven  times 
its  own  weight:  a  second,  weighing  twelve  and 
a-half  pounds,  supported  a  weight  of  150  pounds ; 
and  the  great  magnet,  now  in  possession  of  the 
Boyal  Institution,  London,  weighing  only  fifty- 
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two  pounds,  sustains  no  less  than  430  poood^ 
The  .permanence  of  the  magnetism,  eeems  «  re* 
markable  as  the  great  power  of  these  magnftw. 
Sir  David  Brewster  states  that  though  its  arm* 
atnre  were  torn  away  twenty  or  even  a  thousand 
times,  the  magnet  would  ^iU  cany  aa  great  a 
weight  as  before. — But,  mc/mdl^  the  gnateat 
acquisition  to  the  efiective  magnetic  power  witliia 
reach  of  the  Physical  Experimentalist,  haa  eoma 
in  the  form  of  Eketro-MagneU,  properiy  m  caDed. 
If  a  bar  or  needle  of  it^fi  iron  be  plabed  within  a 
helix  throogfa  which  a  current  is  flowing,  it  be- 
comes instantaneously  a  temporary  magnet;  and 
that  magnetic  faculty  or  virtue  continiies  as  kmp 
as  the  current  The  merit  of  first  cuustiuetipg 
an  efiective  hone-shoe  magnet  of  this  land.  Is 
unquestionably  due  to  the  late  Mr.  Stni^geon,  a 
gentleman  whose  positive  deservii^  have  not 
l>een  adequately  admowledged.  ProfesBor  MaQ, 
of  Utrecht,  obtained  magnets  so  made,  fram  llr. 
Watkins  of  London;  but  he  did  nothing  fiir- 
ther  than  apply  the  original  idea  inaqgnrated 
by  Sturgeon.  The  greater  part  of  our  aabseqasBt 
advance,  in  the  oonstmcdon  of  ElecCn»-lIeg- 
netB,  as  well  as  a  considerable  portion  of  oar 
accurate  results  as  to  the  laws  of  their  power,  is 
owing  to  Mr.  Joule  (if  Manchester — an  Inq[aixcr, 
who  has  already  secured  a  place  in  Scientific  HIs- 
toiy  that  will  rank  him  with  the  best  disooverai 
in  our  time.  Mr.  Joule's  theoretieal  investi- 
gations  shall  be  noticed  immediatdj:  we  reftr 
at  present  only  to  his  processes  of  Eleotrieat 
Magnetization  and  their  resnlta.  He  has  given 
two  forms  to  his  chief  electro- magnets.  Hh 
firtL,  made  so  early  as  1840,  is  thna  de- 
scribed by  himself: — "A  (ueoe  of  <7liadrieal 
wrought  iron  eight  inches  long  had  a  ImI^  one 
inch  in  diameter,  bored  through  the  entire  kngth 
of  its  axis ;  one  side  of  it  was  then  planed  away 
until  the  hole  was  laid  open  throngh  its  entire 
length.  Another  piece  of  iron,  also  dght  Indies 
long  was  then  planed,  and  having  been  secnred 
with  its  face  in  contact  with  the  otiier  planed 
surface,  the  whole  was  turned  into  a  ^linder 
eight  inches  long,  three  and  three-quarter  indkes 
in  diameter,  and  one  and  one-fourth  indi  in  the 
diameter  of  the  bore^    The  larger  pieoe^ 
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for  the  dectro-nagnet,  was  then  wound  round 
with  four  copper  wires,  each  of  whidiiraa  twen^ 
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may  be  attained.  It  U  not  so  much  the  loss 
of  power  in  the  conversion  of  energy  that  oon- 
stitntes  the  Inutility  of  electro-dynamic  machines, 
as  tlie  expense  of  zinc,  the  oxidation  of  wiiich 
is  employed  as  the  sonice  of  energy. 

(8.)  J^eowre  of  the  Magnetic  Efficiency  of 
Electric  Currente.      The  Point  of  Saturation, 
The  Coereitive  Force, — The  nature  of  the  general 
rdationship  between  Magnetic  Currents  and  the 
Magnetic  Faculty  having  been  ascertained,  the 
question  that  next  attracts  attention  is  this, — 
what  is  their  exact  or  numerical  relationship? 
Through  what  formulie  can  we  deduce,  under 
given  conditions,  the  equivalent  Magnetic  Foroe 
of  a  certain  amount  and  manner  of  Electric  Force? 
Although  no  answer  fully  satisfiustory  can  yet  be 
given,  the  suttject  has  obtained  the  notice  and 
engaged  the  researches  of  our  most  distinguished 
physicists  — such  as  Lenz  and  Jacob!,  Joule, 
Thomson,    FeiUtzsch,    Werthdm,    Poggendor^ 
Plucker,  Dub,  &&,  &c.    There  are  two  poiuts 
of  especial  importance  necessarily  leading  to  ex- 
ceptions or  apparent  breaches  of  continuity  in 
any  Laws  that  may  be  established  on  this  sub- 
ject; and  it  is  not  improbable  that  partial  over- 
sight of  these  may  account  for  the  apparently 
discrepant  results  of  several  of  the  for^;oing  In- 
quirers.   In  the^s^  place,  it  is  not  to  be  expected 
Uiat  any  law  or  rule  regarding  the  magnetizing 
efficiency  of  electric  currents,  sliould  hold  when 
the  bar,  subjected  to  them,  has  nearly  reached 
its  maximum  magnetic  efficiency,  or  its  point  of 
eotwxttion.     In  whatever  the  magnetic  faculty 
consists,  it  is  abundantly  plain  that  it  has  inti- 
mate connection  with  molecular  arrangement; 
and  it  is  easy  to  see  that  any  force — be  it  what 
it  may — tending  to  evolve  this  molecular  arrange- 
ment, will  probably  not  act  proportionalfyt  after 
the  molecules  of  the  body  afTected  by  it  have 
been  nearly  aU  brought  into  the  position  or  con- 
dition which  enables  or  duposes  them  to  exert 
the  specified  vutuc.    It  is  only,  therefore,  at  a 
certain,  altliough  at  present  undefined,  distance 
firom  the  point  of  saturation,  that  we  ought  to 
expect  traces  of  proportion  between  the  intensity 
of  inducing  dectnc  currents,  and  induced  mag- 
netic effect.    But  Mr.  Joule  has  recently  pointed 
at  a  eeoond  cause  of  discordance  in  the  experi- 
ments 80  assiduously  made.    The  total  magnetic 
action  of  an  electric  current  consists  of  two  parts 
that  muat  be  carefully  distinguished.     There  is, 
in  the  Jint  place,  a  magnetism  existing  under 
the  pure  inductive  influence  of  the  current,  which 
is  deetroved  the  moment  the  currant  ceases; 
and,  eecomihfy  the  influence  of  a  magnetiBm  more 
or  less  permanently  communicated  to  the  bar  it- 
self; and  henceforth  residing  in  it, — an  influence 
which  Mr.  Joule  designates  as  the  magnetic  eet 
of  the  bar.    No  doubt  can  exist  that  these  two 
phen(.mena  belong  to  difllermt  causes ;— the  latter 
depending  on  tlie  oonatitntion  of  the  substance  of 
in   the  bar;  the  former  purely  representing,  and  solely 
which  an  ahnoat  complete  eflfectlve  oonveraion  |  depending  on  the  Magnetic  Influence  of  the  Eleo- 
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three  ftet  long,  one-eleventh  of  an  ineh  fai  di*- 
mtier,  and  covered  with  silk.**    The  fbregoing 
figure  shows  this  electro-magnet  and  its  arma- 
mre.     It  was  shown  at  the  Exhibition  hi  1852. 
The  wdght  of  the  entire  magnet  was  only  fifteen 
pounds;  and  yet  Mr.  Joule  found  that  the  cir- 
cnbition  of  a  current  from  a  powerfhl  battery 
enabled  the  kesper  or  armature  to  resist  force  up 
u>  a  weight  of  2,090  pounds  1   This  great  electro- 
magnet, therefore,  could  exerdsea retaining  power 
aver  a  mam  one  hundred  and  forty  times  its  own 
weight!    But  the  marvel  is  increased  by  the 
statement,  that  smftU  magnets  have  been  made 
br  Mr.  Joule,  by  similar  arrangements,  capable 
of  sustaining  8,500  times  thdr  own  weight 
One  of  these,  which  weighed  less  than  half  a 
grain,  was  given  by  Mr.  Joule  to  Dr.  Roget. — 
Mr.  Joule  put  more  effectively  into  practice,  in 
his  second  effort,  a  principle  of  whose  accuracy 
be  had  beeome  convinced,  vis. ;  that  if  a  particle 
of  wire  conducting  a  voltaic  current  be  made  to 
act  upon  a  vety  large  sur&oe  of  iron,  the  intensity 
of  the  induced  magnetism  will  not  be  much 
dimintslied  by  an  increase  in  the  distance  of  the 
particle  from  the  sni&oe  of  the  iron.  The  follow- 
ing are  the  details  of  the  electro-magnet  now  to 
be  deeeribed,  and  in  which  full  advantage  is  taken 
of  ttie  foregoing  (vinciple :— A  plate  of  the  best 
wrongfat   iron   was  obtained,  one   inch    thick, 
twenty- two  inches  long,   twelve  inches  broad 
at   the  centre,  and  tapering  firom  the  centre, 
lluwigfa  a  curve,  nntfl  at  the  edges  the  bar  was 
«inly  three  inches  broad.     This  plate  was  then 
bent  into  a  semicircular  shape,  so  as  to  bring  its 
ends  within  twelve  inches  of  odSe  another.    Next, 
ii  was  en^rt  by  a  oal  consisting  of  a  bundle  of 
oipper  wires,  sixty-eight  yards  long,  and  weigh- 
ing one  hundred  pounds.    The  arrangemrat  of 
thb  great  dectro-magnet,  in  a  wooden  l)ox  pro- 
vided for  it,  will  best  be  understood  by  aid  of  the 
aulguined  liketch. 


f\g.X 

The  important  results  of  the  experiments  made 
Dy  Mr.  Joide  with  this  magnet,  are  adverted  to 
below :  his  general  conclusion  is,  that  the  greatest 
Wright  that  can  be  lifted  by  an  electro-magnet 
formed  of  a  bar  of  iron  one  inch  square,  bent  into 
a  semidreular  shape,  is  four  hundred  pounds. — 
It  is  requiidta  to  add,  that  the  form  of  the  con- 
venian  of  mechanical  eneigy  obtained  by  the 
riectro-magnet  is  the  only  one  yet  known, 
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trie  Cnrreots.  Mr.  Jonk's  first  otrfeet,  therefbre, 
was  to  etiminwte  thfo  magnetk  tet  out  of  the  total 
eifect ;  and  he  has  detected,  gmeraUif^  the  followiog 
laws :— 'In  ban  of  diameters  up  to  one^foarth  of 
an  inch,  the  ma^pMUc  mt  obtained  by  fteble  cnr- 
lentB  is  proportional  to  the  sqoaie  of  the  current 
prodndng  it  This  law  sabsists  throogh  a  long 
series  of  Magnetic  Inteosities ;  bat  when  the  cur- 
rent is  increased,  and  the  diameter  of  the  bars  is 
so  low  as  -f^  or  ^th  of  an  inch,  the  set  in- 
creases in  a  much  higher  ratio,  Tuying  as  the 
/nurthf  or  even  the  tixth  powers  of  the  current 
This  singalar  increase  of  the  magiietie  set,  when 
the  bar  is  highly  impressed,  is  remarkably  ana- 
logons  to  the  law  established  by  ProfessorEaton 
Hodgftdnson,  respecting  the  permanent  change  of 
fignre  impressed  on  a  beam  of  any  material, — a 
change  which  is  proportional  to  the  square  of  the 
force  applied,  until  we  reach  the  neighbomhood 
of  the  hreokmgpomt  But  the  pdnt  of  greatest 
impoitance,  and  of  by  far  the  widest  inteiest,  is 
this,-^renioye  the  magneiie  Mi,  and  the  doubt  as 
to  the  proportionality  of  induced  magnetic  virtae, 
to  the  strength  of  the  Inducing  Cnrrents,  alto- 
gether disappears.  It  has  been  proponnded  by 
ProAseor  Thomson,  that,  if  the  effisct  of  «e<  be 
abstracted  fixym  the  resnlts  of  pressure  on  bodies, 
the  tioMtidhf  of  all  bodies  will  be  foond  perftei. 
The  analogy  cannot  be  mistaken  here,  nor  is  it 
nnrsasonable  to  hope  that  so  remarkaUe  an  ana- 
logy between  maf^ietic  and  oidinaiy  molecular 
actions,  may  lead  us  to  a  dearer  insight  into  the 
intimate  nature  of  Magnetism.  At  aU  events, 
the  saliject  is  in  most  oompetait  hands. — Steer- 
ing clear  of  the  neighbourhood  of  the  point  of 
saturation,  and  of  the  disturbing  effects  of  the 
magmHe  ss^  it  seems  to  haTo  been  ascertained 
by  JaooU  and  Lenz,  that,  when  two  bar$  of  iron 
of  dij/treni  diamtiers^  hut  equal  to  one  onoMcr  m 
length,  <md  iwrrounded  bjf  coUi  qf  wire  of  the 
wame  length,  eany  equal  ttreame  of  dectridty^ 
the  maffMtiam  deodoped  in  the  ban  ia  propoT' 
tiomd  to  their  retpeotufe  diametere,  Mr.  Joule, 
in  his  earlier  researches,  had  deduced  the  follow- 
ing theorem : — The  attractive  force  of  the  Eiec- 
tro'Magnet  for  a  bar  of  iron  induced  bjf  it  is 
directly  as  the  square  of  the  Electric  force  to 
which  its  iron  is  exposed;  or  if  k  denote  the 
quantity  of  Electricity,  u  the  magnetic  attrac- 
tion of  Ae  Iron  made  magnetic,  and  w  the 
length  of  the  wire, —  M  =  k*  wi: — therefore 
the  pure  magnetic  effect  qf  the  current  must 
be  proportional  to  m  w.  The  resolution  of 
the  apparent  conflict  of  these  two  views,  is  un- 
doubtedly in  the  oonception  of  Proitesor  Thom- 
son, that  ^*  similar  bars  ofdijferent  dimensions, 
similarly  rolled,  with  lengths  of  wire  proper' 
Honal  to  ihe  squares  of  their  linear  dimensions, 
and  carrying  equal  currents^  cause  equal  forces  at 
points  simiiarly  situated  with  reference  to  them.^ 
—2.  Reference  has  been  made  above  to  the 
point  of  saturation,  or  to  the  maximum  of  the 
power  that  any  bar  may  assume  under  the  in- 
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uvenee  of  £leetrle  Cuirenta.  Only  on  fintlier 
yery  general  propositioB  may  now  be  adveRtnred 
here.  The  magnetic  eifect  of  any  Eleetiie  Cur- 
rent, wUl  ultimately  be  found  equfyaknt  to  Its 
thermic  eflect,  or  its  power  to  decompose,  minus 
the  thermic  yidue  of  that  one  prooess  which  is  sdQ 
indefinite.  It  is  imposriUe  to  state  the  amonot 
of  dynamic  energy  oonsumed  by  the  unolecaleB  of 
the  iron  bar,  as  they  take  on  their  new  and  eeo- 
strained  positions ;  but  we  shall  obtain  Hglit  on  - 
this  subject  through  these  recent  researdies  of  Mr. 
Joule.— -8.  It  is  neoessaxy  to  define  in  this  piaee^ 
an  expression  tiiat  has  become  ledbMoo/ in  practi- 
cal  magnetism, — ^yiz.,tbeeoerei]tiMybree.  Bder- 
enoe  has  beeB»«lready  ftequently  made  totiie  tett^ 
tliat  steel  bars  magnetised  in  any  way 
their  magnetic  faculty;  while  bars  of  soft 
magnetized  by  Electric  eurrents,  rapidly  leee  this 
induced  faculty.  It  is  a  further  foct,  that  in- 
yenely  as  the  facflity  of  the  loss  or  departure  of 
the  Magnetic  I^scuhy,  is  the  downess  or  difBeoky 
with  whidi  any  bar  becomes  endowed  with  it 
Now,  this  diflicohy  is  termed  the  coercitive  force. 
It  is  the  power  or  (^wration — whatever  that  may 
be — ^whidi,  in  tempered  steel,  opposes  the  develop- 
ment of  the  Magnetic  Faculty,  and  intcrpoaes  an 
obstade  to  the  return  of  a  bar  to  its  natural  state, 
when  active  magnetization  has  ceased.  Its  ul- 
timate canse  is  plainly  the  molecular  coostitutifla 
of  the  body. 

11.  Thb  Influshcb  or  Heat,  &c.,  cur  tbb 
MAONcnsM  OF  Needles  or  Bahs. — Something 
has  been  indicated  in  the  previous  sab'sectioB  cosi- 
oeming  the  dependence  of  the  coerdtive  foree  on 
the  temper  of  bars  endowed  with  the  Magiirtic 
Faculty.  We  sulj^oin  here  a  few  reroaxks  on  the 
influence  of  other  Physical  conditions^  In  the 
first  place,  the  influence  of  torsion  or  hammering. 
When  a  bar  of  inm  is  dther  much  hammered 
or  twisted,  it  seems  to  gain  a  coerdtiye  power 
suffident  to  enable  it  to  become  a 
magnet  This  curious  subject  has 
studied  by  Ed.  Beoquerd  and  H. 
Torsion  has  temporaiy  as  wdl  as 
eflects.  The  temporary  eflects  are  mainly  these: 
when  a  magnet,  that  is  endowed  to  aaturmtion,  is 
twisted,  it  partially  loses  its  power,  but  it  re- 
covers that  power  wholly  on  being  twisted  back 
again.  The  permanent  effects  are  shown  in  the 
case  of  wires  which  when  twisted  have  beeosne 
permanent  magnets.  If  such  a  wire  of  aolt  fnsi, 
surrounded  by  an  electric  helix,  is  twisted  at  the 
same  time,  it  is  found  capable  of  xeosiviog 
permanent  magnetism:  i£,  again,  it  is  twiated 
anew  while  in  the  centre  of  the  helix,  its  mof^ 
netic  effects  or  faculties  are  reeersed^  Affording 
to  M«  Werthdm,  these  torrion  ezperimenta  act  in 
a  yery  spedal  way,  by  forcing  the  molecoks  of 
the  wire  to  dispose  or  arrange  themsdves  in  the 
form  of  spirals,  which  is  predsdy  the  form  a»- 
signed  by  Ampere  to  the  Electric  current  It  is 
right  to  mention,  however,  that  Wertheim*s  con- 
clusions, alike  experimental  and  theoieiical,  have 
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Id  the  aaine  uoontain  cafeogory 
at  DraeBi  be  naked  certain  sappoeed  re- 
ef MaUmien,  oo  tlie  magnetie  inflnenoe  of 
a  fercibie  leogUieDtng  «f  a  magnet- 
iaed  bar. — ^Bat  the  fanportaot  inflaeDoe  on  the 
magnctleai  of  banii  epriage  ttom  the  Heat  to 
wWoh  thcj  are  or  may  be  aiib}ect8d.  There  It 
BO  donbt  as  to  the  reality  of  the  Law  that,  by 
haating  a  magnetie  bar,  you  diminish  its  mag- 
netie Ihcnlty.  Coulomb  rtry  eariy  discerned 
i;  and  be  saw  berides,  that  no  inmase  of  tlie 
tamper  of  asteel  bar,  could  withdraw  it  fiom 
the  aJBfesaid  inilaenoe  of  heat  Kapffisr  recently 
took  np  the  sob^cct,  and  conoeived  that  he  had 
doiermiaed  the  law  aooonfing  to  which  the  free 
ec  eftttiTO  magnetism  of  a  bar  and  its  temper* 
atareTaryastwooo-ordinateSi  But  the  difficulty 
in  tbe  best  form  by  Oaoss.    Poosesoed 


of  the  most  delicate  instruments,  and  baring  got 
fid  by  very  ingenio«8  methods,  of  aU  influence 
arising  from  the  variations  of  terrestrial  magaet- 
isnv  Qaoss  reached  tiie  foUowing  three  oonclu- 
aions: — L  The  variatknis  of  tbe  roagnedsm  of  a 
bar,  are  subjected,  when  the  temperature  of  tbe 
bar  is  beiBg  raised,  to  laws  diflforent  from  those 
which  Rgulate  these  variations,  as  its  temperature 
ia  iMiog  lowered. — 2.  The  same  bar  acts  differ- 
antly  under  changes  of  temperature,  according  to 
tbe  intensity  oftiM  magnetism  it  possesses.  When 
ita  magnetic  fiwnlty  is  powerfiil,  tbe  bar  retains 
ft  obethiately,  and  the  change  of  temperature  pro- 
duoes  only  feeble  augmentations  or  diminutions. 
Ii;  OB  tiM  contrary,  the  magnetic  faculty  of  the 
leeble,  cfaangss  of  temperature  have  a 
toflasBee.  8,  Changes  of  temperature 
and  magnetic  intensity  are  not  simultaneous. 
For  instanee,  an  devation  of  temperature,  once 
aacomplished,  oontimies  to  act  for  a  considerable 
time  on  the  bitensity  of  the  l>ar;  it  diminishes 
that  fntensity  at  lint  rapidly,  but  its  enfoebUng 
aetioD  proceeds  slower  and  slower.— Tbe  develop- 
BMBt  of  heat  daring  the  induction  of  Magnetism 
long  ago  noticed  by  Mr.  Jouloi  and  baa 
bc«i  eonfirmed  by  Grove  and  Foncault 

III.  HOUBCCTLAR  CllAlfOaB  PBODUCBD  BY  TVB 

MaflnBTic  Cohdrion. — ^There  cannot  now  be  a 
doobt  tliat  no  bar  of  steel  or  any  substance  be- 
eoBMs  poesessed  of  tlie  magnetic  feculty,  without 
nndeigoing  molecalar  changesi  These  are  fbnst 
manifested  through  ekoHjfes  ofUmtmion.  Amag- 
aetiaed  bar  of  irni  appears  to  preserve  the  precise 
volume  or  bulk  that  it  bad  prorioos  to  its  being 
Biagnetbed;  but  though  it  does  not  alter  in 
vdame,  Its  length  increases  while  its  breadth 
^^h^fahoa.  We  owe  the  indication  and  fall  ez- 
pcrimeBtai  establishment  of  this  remarkable  feet 
to  Mr.  Jonla.  The  greatest  efoogation  obsetied 
hy  Hda  latter  physicist  amounts  to  the  TirAmv^ 
pait  of  the  length  of  tibebar;  be  states  further,  that 
the  ekai^ation  is  proportional  to  the  square  of  the 
developed  magnetic  intensity.  He  has  also  in- 
timated that  when  iron  wires,  of  a  certain  tension, 
jrs  used,  a  dimbiatfon  of  length,  instead  of  an 
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angmentatbn,  is  observed,  so  that  at  a  certain 
tension  no  alteration  of  length  whatever  oocurs. 
ThesB  curious  foots  will  one  d4r  eondoce  to  a 
true  theory  of  the  Magnetic  foime.  Seoomtlfyj 
Magnetic  nlatioBS  produce  sommh ;— 4htts  cleariy 
indieating  their  connection  with  molecular 
changes  oapable  of  impressiag  impulses  on  the 
atmoqiiiere.  Forinetance,  if  the  poleof  a  power- 
ful magnet  be  brought  near  tbe  end  at  a  spiral 
traversed  by  an  electric  cncrsnt,  a  sound  is 
heard.  Also,  if  eiectrk  currents  are  tnmsmilted 
across  bdrs  or  plates  of  magnetized  iron,  tiiere 
ensue  similar  phenomena  at  the  moment  when 
the  cufTCBt  is  opened  or  dosed.  In  feet,  regular 
musieal  sounds  can  be  produced  by  this  agency. 
This  interesting  subject  has  been  discussed  bv 
Fabroni,  De  U  B^ve,  Mattencci,  Wertheim,  Wort- 
Bunn,  Marrian,  Beatsen,  and  others.— As  regards 
Circular  MAOMEno  Polabizatiom,  see  that 
article,  as  well  as  the  general  article  following  the 
present  one. — Thirdljf,  No  doobt  remaining  as  to 
thedoseoonnection  between  the  Magnetic  Faculty 
of  bodies  and  thdr  moleeular  coutitution,  thie 
question  arises,  whether  the  '^coerdtive  foroe" 
may  net  aibrd  wme  due  to  explanation  by  leading 
towards  ultimate  causes  ?  Assume  as  a  postulate 
that  magnetisB  is  the  result  of  dectric  currents 
dreulating  around  material  partides  or  molecules. 
Although  such  currents  may  exist  around  the 
molecales  of  all  bodies,  it  is  eany  to  concdve 
bow  intimate  or  rather  ultimate  physical  differ- 
ences, must  determine  the  fadlity  with  which  the 
molecules  can  be  compelled  to*  anange  them- 
sdves,  so  that  these  ambient  currents  flow  m  one 
dinctiom;  and,  further,  that  ia  some  bodies  this 
superinduced  arrangement  will  not  be  permanent, 
unless  in  presence  of  the  primary  and  coastrsining 
force.  Hence  the  comparative  ease  with  which 
one  mass  may  be  magnetised,  while  to  Impress 
the  same  eflbct  on  another  is  difficult:  hence, 
also,  the  retention  by  the  one  of  tbe  magnetic 
state,  and  its  rapid  abandonment  by  the  other.— 
But  the  theory  of  the  whole  is  in  its  infency* 

Mf  ntlaus.  The  singular  foros  or  virtue 
indksated  by  the  term  ifo^nefuai,  appears  to 
have  been  recognised  in  the  very  eartiest  epochs 
of  obssrvation;  but,  until  recently,  it  was  re- 
garded only  as  a  spedflc  or  limited  influence, 
exerdsed  by  a  veiy  limited  dass  of  bodies  upon 
each  other.  At  present,  tbe  entire  aspect  of  tbe 
snliject  tun  changed.  It  is  already  unquestion- 
able^ that  the  force  so  named  is  a  oosmieal  force, 
to  the  influence  of  which  no  known  description  of 
matter  is  a  stranger — ^that  it  operates,  not  in  one 
simple  manner  only,  but  in  fashions  apparently 
the  meet  divene — and  that  it  is  united  in  doeesit 
rdationship  with  other  energies,  or  rather,  la 
probaUy  only  a  modiflcation  of  certain  other 
energies  which  pervade  space,  and  determine  the 
most  exteoMve  of  thoee  changee  to  whieh  the 
extenial  universe  is  subject  Owing  to  the  alpli»- 
betlGal  arrangement  controlling  the  structure  of 
this  vdume,  many  important  portions  of  the 
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genenU  tbone  an  didcoseed  under  spoda]  head- 
ings. The  ordinanr  phenomaia  of  the  relationa 
of  Maonsto  and  of  Maohbtization  are  on- 
folded  in  the  artide  immediately  preceding,  while 
thoee  belonging  to  Tebsbstriai.  Magrbtism 
oocapy  the  artide  which  follows  this  one.  The 
relations  between  the  Magnetic  Force  and  the 
agency  of  Electric  Ctirrenta^  are  discnssed  in 
Electbo-dtnamios.  It  has  been  dearly  estab- 
lished in  that  artide,  and  the  proposition  may 
be  sustained  alike  by  mathematical  and  experi- 
mental prooft,  that  tlte  action  of  the  magnet  ie 
identical  with  the  action  exerdeed  bg  direct  dee- 
trie  currents  on  bodies  exterior  to  the  circuit  tra- 
venedbg  these  currents:  thettoo  species qfactiony 
indeed f  mag  in  all  cases  be  substituted^  the  one  for 
the  otheTf  as  th^  produce  the  same  effects  under 
the  same  circumstanees.  For  an  account  of  the 
relations  of  Ma^nietism  with  Heat,  the  student 
must  torn  to  THERMO-MAOirfcTisM  r  and  the 
practical  applications  of  great  theoretical  doc- 
trines connected  with  this  subject,  are  explained 
under  Tblkoraph,  Variation  of  Compass, 
&c,  ftc. — Excluding,  then,  the  topics  just  men- 
tioned, and  supposing  some*  of  them  familiar 
to  the  reader,  it  is  our  desire  to  supply  now, 
an  account  of  the  grand  and  essential  pheno- 
mena and  of  the  laws  of  the  Force  of  Magnetism 
itsdt 

I.  Thb  Gbnbral  Phbnohena  opOedikart 
Maonetxbm. — These  phenomena,  aa  manifested 
by  the  evolution  of  a  polar  force  in  a  body  sus- 
ceptible of  magnetization  have  been  already  ex- 
plained, and  may  fairly  be  hdd  to  be  fiamiliar. 
As  we  have  seen,  a  magnetized  bar  or  needle  is 
a  needle  or  bar  so  modified  or  exdted  that  at  its 
opposite  ends  or  poles  two  opposite  and  equal 
forces  are  manifested.  The  general  methods  of 
exdtation  have  been  explained  in  the  preced- 
ing artide ;  it  therefore  remains  that  we  study 
the  leading  habitudes  of  an  exdted  mass. 

(1.)  The  Distribution  qf  the  Magnetic  Force 
loitfiin  Mc^fnetic  Bars. — ^This  distribution  may 
be  considered  in  reference  to  the  length  of  the 
bars,  or  as  to  their  interior  or  mass, — T.  If  a 
magnetic  bar,  eight,  ten,  or  twdve  inches  in 
length,  be  subjected  to  experiment,  it  ui  found 
that  the  wdghts  it  will  support  increase  aa  we 
pafls  from  dther  extremity  towards  points  at  a 
short  distance  inward,  and  that  as  we  pass  from 
the  points  of  maximum  intensity  (arther  inward, 
the  sustainfaig  power  diminishes  very  rapidly, 
and  soon  becomes  inappreciable  or  nulL  It  is 
manifestiy  of  great  importance,  in  a  theoretical 
point  of  view,  that  this  law  of  increase  and  de- 
crease be  discovered,  and  that  the  actual  position 
of  these  points  of  maximum  intensity — the  true 
poles  of  the  magnet — ^be  determined.  The  in- 
quiry early  attracted  the  attention  of  Coulomb, 
who  brought  to  the  pursuit  of  it,  at  once  his  own 
fine  sagacity  and  the  experimental  resources 
elfered  him  by  that  exquisite  torsion  balance^ 
m  which  we  have  so  often  referred.    His  method 
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of  experimenting  consisted  in  detennlniqg  the 
amount  of  tonion  required  to  counteract  the 
attractive  ibroe  of  every  position  (In  lefeieaec  to 
a  needle)  of  the  magnet,  within  its  actual  length, 
and  somewhat  beyond  dther  extremity.     But 
the  preferable  metiiod  of  oscillations  has,  since 
then,  been  extensivdy  employed.    A  needlot  im- 
afiSscted  by  the  presence  of  an  artificial  magnet, 
unfolds  by  its  oscillations  the  intensity  of  the 
magnetism  of  the  earth :  in  presence  of  an  oiti- 
fidal  magnet  the  rapidity  and  number  of  its 
oscillations  are  due  to  two  cause — ^viz.,  the  in- 
tendty  of  terrestrial  magnetism,  and  the  proper 
force  of  the  magnet.     If  the  former  has  been 
previously  determined  and  withdrawn,  the  net- 
due  is  evidentiy  the  measure  of  the  artificial  mag- 
netic force ;  and  this  measure  is  the  nooet  delicate 
of  aU.    Coulomb's  graphic  representation  of  the 
magnetic  intensity  of  bars  has  been  reduced 
within  an  empiri^  general  formula  by  Biuc 
Hi|  formula  is  this — 

y  =  A(^'-^«-*). 
in  which  a  and  f»  are  two  constants,  x  the  dis- 
tance from  the  southern  extremity,  of  the  needle 
or  bar  to  the  point  whose  magnetic  intensity  is 
g,  and  2  /  the  length  of  the  needle  or  bar.  When 
the  bar  employed  is  of  considerable  ksigth,  the 
value  of  ^  is  nearly  },  and  in  that  case  a  for- 
mula of  a  most  simple  form  may  bd  taken  as 
virtually  true, — viz., 

The  dutanoe  («  *  )  of  the  centre  of  gra^i^  of  the 
curve  of  intensities  from  the  nearest  extramttv 
of  the  bar,  is  given  by  the  following  equation — 


0>  = 


*""+^i^ 


log^  designating  hyperbolic  logarithms.  When 
the  length  of  tiie  bar  is  suffidenUy  great  that 
fii  and  ft*  may  be  considered  inHensihliw,  the  for- 
mula becomes, 

I 


log'^ 


The  thinner  the  needle  is,  the  more  do  the 
&'ntres  of  force  approach  to  its  extremities. 
Vriien  lie  very  smaJl  the  calculation  for  z*  be- 
comes exceedingly  simple :  it  tarns  out,  indeed, 
on  devdoping  the  complex  function  given  above^ 
that  in  the  case  spedfied  we  virtually  have — 

«  =  — 

The  podtion  of  the  centre  of  force  depends-^ 
such  drcumstanoes — only  on  the  length :  its  dis- 
tance from  each  extremity  bdng  one-sixth  of 
the  whole  length  of  the  bar,  2  /.  The  cwroe  of 
intennties  might  then  be  considered  aa  a  stiaigbt 
line ;  its  area  on  each  dde  of  the  bar  as  a  tri- 
angle; and  we  know  that  the  centre  of  gravity 
of  a  triangle  is  placed  at  ooe-third  of  its  hetght 
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frvn  the  bftm. — Than  are  at  preeent  our  hest 
emptritai  reralu,  fitmi  the  experiments  made  on 
iha  Tery  curious  and  Important  subject  But 
the  whofe  subject  cannot  be  theoretically  co-ordi- 
nated unless  on  the  ground  of  some  such  mathe- 
matical or  rather  dynamical  theory  as  that  of 
which  Professor  yTUiiam  Thomson  has  alrqady 
aketdMd  the  bold  outline.  From  this  physicist, 
whose  wonderful  fertility  does  not  surpass  his 
sagacity  and  power,  science  expects,  and  will 
•flmredly  obtain,  the  co-ordination  and  regenera- 
tino  of  thb  as  of  many  other  departments  of  in- 
quiry.— There  are  various  specialties  on  this  sub- 
J4*ct — ^for  instance,  the  phenomena  of  conuqitent 
ftnin^f,  with  regard  to  which  we  must  refer  the 
student  to  tiuch  treatises  as  those  of  De  la  Rive 
and  BecquereL — II.  As  to  the  distribution  of 
the  magnetic  force  through  the  inUrior  of  mag- 
netic nubses,  no  absolutely  satbfactory  light  has 
been  yet  oflcred  by  experiment.  The  distribu- 
tioQ  of  the  magnetic  force  through  such  In- 
teriors was  attempted  to  be  expisosted  by  the 
KTtiiloe  of  tying  a  great  number  of  separate 
thin  bars  together,— having  insured  their  close 
ODUtact ;  and  by  examining  their  total  magnetic 
fiifoe,  as  well  as  the  magnetic  force  of  each, 
previous  to  and  after  their  union.  But  it  does 
not  appear  that  Conlomb*s  investigations  suf- 
ficed to  inlbrm  him  of  the  exact  law  of  internal 
magnetic  distribution, — se\'eral  of  the  magnets, 
of  which  his  pile  was  composed,  turning  out, 
to  have  had  their  poles  reversed.  The  whole 
•ttlgect  has  been  recently  taken  up  by  Nobili, 
and  elaborately  pursued  \>y  the  same  method  of 
bundles  of  magnets,  to  which  be  superadded  ex- 
periments on  hoUow  cylinders.  He  soon  con- 
cluded that  the  magnetic  force  of  a  bundle  or 
••beaf  of  ban  increases  hi  a  much  less  ratio  than 
that  of  the  number  of  bars.  His  general  result 
U  this:  —  "the  interior  of  a  bar  may  be  con- 
ceiveJ  to  consist  of  concentric  laj'ers,  whose  mag- 
netisro  decreases  from  without  towards  the  in- 
terior." We  regret  that  we  can  only  refer  as 
above  to  KrofiMSor  Thomson's  M<uhematical 
TXe^rf  of  Magnstism.—Dt  Haldat  has  shown, 
that  in  the  case  of  broad  and  exact  magnetized 
platas  there  are  avast  number  of  poles  di^buted 
throogfa  the  bar  or  sheet,  and  acting  in  all  dinsc- 
tionsL—lt  nuy  Just  be  mentioned  here  in  refer- 
CDOS  to  the  magnetic  force  of  bars  of  diiTerent 
shapes  and  weights,  that  Coulomb  proposed  the 
fidlowing  fiirmula, 

to  express  the  time  of  osdllation  of  a  bar  whose 
hTMdth  is  L,  whose  thickness  is  b,  and  /  half  its 
length;  m  and  n  being  constants  depending  on 
the  nature  of  the  sted  or  other  material  magnet- 
iaed.  Coulomb  ftirther  concluded  that  the  best 
vbapa  to  give  a  magnetic  bar  is  this — it  should 
be  broad,  thin,  and  formed  like  an  arrow. 

(i.)  Tke  mmtnal  adiom  between  mug  gwen  por^ 
tmm$  t»f  SioffMtk  Matter ;  and  the  EjOemal  /2s- 
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lationt  q^Magnetiztd  Bo^ee. — The  important  in- 
quiries indicated  by  the  above  heading,  would 
require  a  volume  fbr  their  adequate  discussion : 
the  most  general  of  the  conclusions  that  ha\-e 
been  reached,  can  alone  be  indicated  here. — T. 
The  law  of  the  longitudinal  distribution  of  the 
magnetic  forces  through  bars,  and  its  approxi- 
mate concentration  in  two  poles,  enabling  us  to 
oonodveof  a  uniformly  magnetized  needle,  asabar 
in  which  equal  quantities  of  northern  and  south- 
em  magnetic  matter  are  placed  at  these  poles, — it 
becomes  comparatively  easy  to  detect  by  experi- 
ment the  mutual  affecUons  of  these  opposite  kinds 
of  magnetic  matter.  Coulomb  accordingly,  by 
aid  of  his  torrion  balance,  soon  reached  funda- 
mental propositions  as  to  this  sutjject  They  are 
these:— (1.)  Like  portions  of  magnetic  matter 
repel,  and  unlike  portions  attract  mutually.  (2.) 
Any  two  emali  portione  of  magnetic  matter  exert 
a  mutual  force  which  varief  vwereeiy  ae  the 
equare  of  their  dittitnce.  (3.)  Or  generally,  if 
quantities  of  magnetic  matter  be  measured  in 
units,  and  if  the  positive  and  negative  sign  be 
prefixed  to  denote  the  epeeiee  of  matter,  whether 
northern  (  +  ),  or  sfrnthim  ( — ),  then,  if  qwmti- 
tiee  m  and  vaf  qf  magnetic  maUer  he  concen- 
trated at  points  at  a  dieUmce  A  from  one  another, 
they  toiU  repel  with  a  force  which  mag  be  ex- 
preated  by  the  algebraie  equation-^ 

m  mf 

This  law  has  been  umversally  accepted,  and  may 
be  termed  the  rudiment  or  foundadon  of  the  dy- 
namics of  magnetism.  But  chiefly  through  the 
researches  of  Professon  Faraday  and  William 
Thomson,  a  totally  new  set  of  questions  has 
recently  arisen.  Considering  one  magnetic  pole 
as  inseparably  and  essentially  connected  with  an 
opposite  pole,  and  considering  ftirther  that  in  no 
actual  case  is  the  magnetic  matter  dlflbsed 
fh>m  mere  pointiy  we  must  conceive  of  its  diffu- 
sion through  any  space  within  which  it  really 
acts,  as  a  much  more  complex  affair  tluin  can  be 
represented  by  Coulomb*s  simple  and  fundamen- 
tal law.  The  true  or  actual  problem  is  this : — 
Given  a  space  within  which  a  given  nuignetized 
body  of  any  kind  is  placed, — in  what  manner, 
according  to  what  laws,  or  along  what  cnrvea,  will 
that  body  diflhse  its  influence  through  that  space  ? 
The  enthie  space  through  which  it  diffbaes  its  in- 
fluence has  been  happily  named  by  Faraday  its 
AfagneticJlM ;  or,  according  to  the  precise  defi- 
nition of  Professor  Thomson,  **  Any  space  at  any 
pomt  of  which  there  is  a  finite  magnetic  ftiroe, 
is  called  a  field  of  magnetic  fivoe,  or  simply 
{magnetic  being  nndentood)  ajield  qf  forced 
What,  then,  is  the  nature  of  tlie  force  at  all 
points  in  any  magnetic  field  ?  Not  only  what 
b  its  intentitg  (which,  with  certain  roservatioiis, 
we  might  deduce  from  the  general  law  of  Cou- 
lomb), but  what  is  its  directum  f  The  system 
of  lines  or  curves  surrouiHling  a  m  :giietic  pole^ 
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infieftting  that  direetioii,  Ib  called  the  tyvtem  of 
**  Lines  of  Hegnetic  Foroa."  A  line  of  force  ie 
thus  a  line  drawn  thnnigh  a  magnetic  field  in 
the  directioa  of  the  force  at  each  point  through 
vhich  it  paaacS)  or  a  line  Umebed  at  each  point 
of  itadf  by  the  direction  of  the  magnetic  foree ; 
— in  the  same  way  an  **  uniform  field  of  mag- 
netic foDoe"  is  a  epece  through  which  tlie  lines 
of  force  are  parallel  straight  lines,  and  the  inten- 
sity of  the  foroe  is  nniform. — Can  we,  then,  form 
a  distinet  conception  of  the  magnetic  field  and 
the  carves  or  lines  of  ibroe  that  fill  it  in  any  in- 
dividual  instance?  On  the  possibility,  or  rather 
.  tlie  realixatioB  of  such  a  conception,  the  promise 
of  any  effiirt  to  comprehend  the  iieliayioar  of 
any  body  within  the  magnetic  field  evidently 
depends.  These  liSast  ^  force  have  long  been 
referred  to  and  recognized  under  the  name  Mag- 
netic Curves.  Their  general  distribution  is  roughly 
indicated  by  the  arrangement  of  iron  filings,  or 
any  ligiu  substance  aibctsd  by  the  magnetic  force, 
around  any  system  of  magnetic  poln.  For  in- 
atanee,  thediagramson  the  precedingpag^— which 
apeak  to  the  eye — explain  fully  wliat  these  lines 
arau  These,  of  ceurse,  are  but  a  fow  of  the  posi- 
tions in  which  centna  of  magnetic  force  may  exist 
in  relation  to  each  other;  but  they  suffice  to 
manifest  the  natnre  of  wliat  is  tenned  a  mag- 
netie  ddd,  and  the  variety  of  the  lines  of  force 
that,  even  in  the  simplest  ease,  exist  within  iu 
Irrespective  wholly  oi  pk^$ieal  speeulatione  as 
to  the  nature  and  correlatioDa  of  the  magnetio 
energy,  it  is  dear  that  the  exact  determination 
and  calculation  alike  as  to  the  curvature  or  di- 
rection of  such  lines,  and  of  the  intensity  prs- 
raillng  in  every  portion  of  the  field,  censtituteB, 
in  eonnectfon  with  experimental  truths,  ample 
basb  for  a  9uUkematieal  theory  of  magnetic 
phenomena.  It  is  not  unknown  that  the  im- 
BMMtal  Newton,  scarcely  satisfied  with  his  grasp 
of  thai  only  law  which  we  know  to  be  universal 
— viL,  that  law  of  the  propagation  of  the  Force 
known  as  Gravitation — indulged  in  curious 
apeculationa  as  to  its  physical  origin  and  depen- 
dencies, wliieh  have  never  led,  and  were  inca- 
pable of  leading,  to  any  distinct  conclusions. 
It  is  not  often,  indeed,  tliat  a  pura  dynamical 
subject  is  in  hazard  of  foiling  back  amidst  phy- 
sical hypotliesesf  the  difficulty  is,  ferloqniiy  to 
escape  flroa  these.  It  may  be  permitted  us  to 
experience  a  degree  of  rare  pleasure^  that,  cbiefiy 
through  the  discoveries,  the  sagacity  and  philo- 
sophic views  of  Faraday  and  Thomson,  Magnet- 
ism has  now  risen  above  such  rudiments,  has 
beoomedeared  of  hypotheses  concerning  '•*■  Fluids** 
and  '^Ethen,"  and  asserted  its  position  as  a 
•denoe  of  pmrt  Force. — We  shall  refer  again 
to  this  subject. — IL  But  the  conditions  of  mag- 
netic problems  are  still  more  ooroplax,  inasmuch 
as  a  new  and  very  oliseore,  although  essential 
dement  speedily  and  iroperativdy  asserts  its 
elaima.  We  have  hitherto  referred  only  to  the 
ouitual  actions  of  wk/ jnetk  matter^  or  what  is 
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the  teme  thing,  of  pemiunently  magnetized 
masses.  But  ^re  are  relations  between  a  per- 
manently magnetized  mass  and  others  which 
cannot  assume  a  permanent  magnetism.  What 
are  tiie  laws,  for  instance,  in  obedience  to  which  a 
permanent  magnet  afltets  a  sphere  of  soft  iron? 
Tins  ii  not  the  mere  question  as  to  the  rate  of  the 
diminution  of  the  magnetic  force  according  to  dis- 
tance tnm  ita  pole ;  for  the  presence  of  the  magnet 
seriously  afiects  the  mass  of  soft  iron,  and  causes 
it  toasamne  rteiproealaetiontandrdaHoHt  which 
are  largdy  causative  of  the  total  result  Un- 
fortunately, unless  in  comparatively  a  limited 
range  of  cases,  it  is  not  at  all  known  what  the 
spedfio  change  is  which  is  thus  impressed ;  attd 
it  aeems  not  improbable  that  our  comparative 
ignorance  as  to  this  essential  dement  is  a 
nudn  souroe  of  discrepant  opinions  regarding 
certain  spheres  of  magnetic  action.  ^  We  know 
not,**  says  Faraday,  "whether  such  bodies  as 
oxygen,  copper,  water,  bbmnth,  &&,  owe  their 
respective  paramagnetic  and  diamagnetic  rela- 
tion to  a  greater  or  less  facility  of  conduction  in 
regard  to  the  lines  of  magnetic  force,  or  to  some- 
thing like  a  polarity  of  their  partides  or  masse*, 
or  to  some  ytt,  unsuspected  state."  These  word^ 
of  our  illustrious  physidst  perhaps  underrate  the 
amount  of  our  actual  knowledge ;  but  no  one  can 
withhdd  assent  firom  \iiA  subsequent  assertion, 
that  many  ^  drcumstanoes  show  that  we  have 
yet  a  great  deal  to  learn  about  the  physical 
nature  of  the  magnetic  force,  and  that  we  must 
not  shut  our  eyes  to  the  first  feeble  glimpses  be- 
cause they  are  inconsistent  with  our  presumed 
laws  of  action,  but  rather  sdze  them  as  hophig 
that  they  will  give  us  the  key  to  the  truth  of 
nature.'*  ^  Bo<Ues,**  Faraday  adds,  ^  when  sub- 
ject to  the  power  of  the  magnet,  appear  to 
acquire  a  new  physical  state,  whidi  varies  with 
the  diatanoe  or  the  power  of  the  magnet  Each 
body  may  have  Its  own  rate  of  increase  and  d^ 
crease,  and  that  may  be  aach  as  to  connect  ex- 
treme eflhcts  on  the  one  hand  with  extreme  efl^wts 
on  the  other;  and  when  we  understand  all  this 
rightly,  we  may  see  apparent  contradictions  be- 
come harmony.**  We  shall  refer  again,  and 
more  in  detail,  to  this  intricate  subject,  but  in 
the  meantime  a  few  asoertahied  focts  may  be 
recorded.  The  following  general  results  de- 
duced by  Professor  Tyndall— one  of  our  ablest 
inquirers— are  worthy  of  all  reliance.  1.  The 
mutual  attraction  of  a  magnet  and  a  sphere 
of  soft  iron,  when  both  are  in  contact,  is  di- 
rectly proportional  to  the  strength  of  the  mag- 
net 2.  The  mutual  attraction  of  a  magnet  and 
a  aphere  of  soft  iron,  when  both  are  separated 
by  a  small  fixed  distance.  Is  directly  proportional 
to  the  square  of  the  strength  of  the  magnet  S. 
The  mutual  attraction  of  a  magnet  of  constant 
strength  and  a  sphere  of  soft  iron  is  inversely 
proportional  to  the  distance  between  the  ma^iiet 
and  the  sphere.  4.  When  the  distance  between 
tlie  magnet  and  the  sphere  varies,  and  a  constant 
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fnroe  opposed  to  the  puU  of  the  magnet  Ib  ap- 
plied to  the  Utter, — to  hold  this  force  ia  eqnili- 
hrinm  the  strength  of  the  magnet  must  vary  as 
the  square  root  of  the  distance. 

II.    PhBHOMEMA   IMDIGATINO  THE  AonON 

OF  Maonbtish  on  all  Bodibs. — It  coold 
never  have  heen  acooanted  as  other  than  most 
singular  that  a  force  of  the  nature  and  energy 
of  the  Biagneticy  should  be  limited  in  its  mani- 
festations within  the  namnr  sphere  of  the  re- 
lations of  a  very  few  bodies  —  iron,  steel, 
nickel,  and  cobalt  Slight  indications  of  the 
oosmical  or  rniiversal  nature  of  this  troth  had 
been  remarked  by  Coulomb^  Bmgmann,  Le- 
baillif,  and  Becqoerel;  but  science  miqties- 
tionably  owes  to  our  own  Faraday  the  diseovery 
that  the  isolated  fatia  whidi  had  attrMted  the 
notice  of  earlier  Inquirers  are  indications  of 
general  laws,  and  therefore  all  capable  of  being 
brought  under  one  principle.  The  phenomena 
that  arrested  Faraday  have  been  already  noticed 
under  Diamagnstism,  and  are  in  their  simplest 
form  as  follows : — Suppose  that  a  prism  of  heavy 
glass  is  suspended  horixontally  by  means  of  a 
waxed  silk  thread  above  and  very  near  the  two 
poles  of  a  powerful  electro-magnet,  this  prism  on 
the  moment  of  the  completion  of  the  galvanic 
circuit  begins  to  oscillate,  and  finally  places  itMlf 
at  rest  in  a  line  perpendicular  to  the  line  Joining 
the  two  poles,  or  right  athwart  the 
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that  the  magnetic  or  paramagnetic  sensibility 
passes  graduaUy ,  from  a  considerable  force,  appa- 
rently to  tero  I  after  which  zero,  It  ahowa  h^f 


slightly  tugathe  or  diamagnetic,  and  then 
to  a  considerable  amount  of  diamagnetic  ener^gr. 
The  following  is  Faraday*s  first  amngement  ef 
substances  :— 


Iron. 
MickeL 
Cobalt 
Manf(an«M. 
Chromiam. 
Oerlnm. 
Tltaalnin. 
PalAdiom. 
Crown  glasa 
Platinmn. 
Osinium 

Air  and  Vaocnm  0"or 
sera 


AIcohoL 
Gold. 
Copper, 
surer. 


Sodfnm. 

Flint 

Cadmium. 

Tin. 

Zinc; 

Heavy  glaaa 

AntimonT. 

Phoantiama. 

Btomutk. 


that  would,  under  the  same  drcnmstances,  be  as- 
sumed by  a  bar  or  needle  of  any  metal  formerly 
accounted  magnetizable.    The  latter  tattes  on 
what  Faraday  terms  an  axial  position — the  prism 
tif^BMBnequaiorialoD^.  But  this  property  is  not 
confined  to  glass:  it  is,  on  the  contrary,  possessed 
in  diflferent  d^^rees  by  all  substances— organic 
and  inoi^ganic,  which  were  not  held  magnetic, 
or  that  Gontoia  no  portion  <^  magndw  ekmatts. 
Likewise,  if  the  prism  of  glass  is  suspended  so  that 
its  centre  is  nearer  one  pole  of  the  magnet  than 
to  the  other  pole,  it  stiU  assumes  tlie  equato- 
rial position,  but  at  the  same  lime  it  is  repelled^ 
en  mane — parallelly  to  itself,  by  the  polo'nearest 
to  it   In  performing  original  experiments  on  this 
sutject,  or  in  repeating  Faraday's,  every  care 
must  be  taken  that  the  substances  experimented 
on,  be/mre — at  least  tliat  they  do  not  contain,  or 
have  attached  to  them,  any  ordinary  magnetic 
elament : — ^for  instance,  it  is  sufficient  to  have  cut 
a  piece  of  wood  with  a  hiife  to  induce  it  to  place 
itoelf  axidlfyf  although  wood,  free  of  previous 
aiiection  from  iron,  has  a  strong  direetive  power 
equatofiaUy,  Exactly  the  same  kind  of  affections 
are  found  to  belong  to  liquids  and  gases.    These 
remarkable  results  hiduced  Faraday  to  question 
whether  we  had  previousl}'  exhausted  the  list  of 
budles  capable  of  manifesting  the  ordinary  mag- 
netic action,  in  opposition  to  which  he  named  this 
new  mode  of  action — dkanagneAo^  or  cross  mag- 
netic   He  extended  the  old  list  considerably; 
and  according  to  his,  and  subsequent  researehen, 
a  list  may  now  be  made  out,  appearing  to  show 


Air  and  Vacaam. 

Arwnlc. 

Ether. 

Beoquerel  and  Pludter  have  both  engagad  if 
this  species  of  research,  and  have  sought  to  d^ 
termine  actual  immberBy  representing  the  Jper^ 
magnet:8ms — paramagnetic  or  dSamagnetic— et 
a  large  number  of  bodies.  In  so  far  aa  the 
term  tpecific  involves  a  theory,  we  cBsdaim 
such  use  of  it;  but  the  positive  researches  of 
Beoquerel  are  independent  of  all  theory.  The 
fbUowiog  Uble  of  Plucker,  which,  with  the 
poe^n  I  preliminary  obeerratfons,  we  copy  fixxn  the 


sical  work  of  De  la  Rive,  represents  at  preaent 
the  condition  of  this  inquiry : — ^  Lading  down 
as  a  principle  that  the  proper  magnetism  or  din- 
magnetism  of  each  substance  Is  propeitioBal 
to  its  mass, — a  principle  that  H.  PlSdur  cb- 
deavovred  to  verify  directly  by  mixing,  in  greater 
or  less  quantity,  fine  iron  filings  with  wax,  m  m 
that  the  total  volume  was  alwa^-a  the  same, — tl» 
magnetism  or  diam^;netism  of  the  bodies  was 
obtained  by  dividing  by  tlieir  we^ku,  the  Ibrve, 
also  expressed  in  wei^t  with  which  an  equal 
volume  of  each  of  tliem  is  attracted  or  repelled. 
We  thus  obtain  the  element  sought,  for  oqmal 
weights.  Solid  substances  in  these  expcrimcnta 
are  reduced  into  as  impa^ble  a  powder  aa  poa- 
stble. — It  was  found  by  this  method  that,  ex- 
pressing the  intensity  of  the  magnetism  of  insi 
by  100,000,  this  intensity  for  kukdatone  is  40,277. 
for  mfcaceons  iron  ore  633,  and  for  the  Inown 
peroxide  71.  Of  all  the  solid  or  Kqnid  com- 
pounds into  which  iron  enters,  this  latter  is  the 
one  that  has  given  the  moet  fertile  result  The 
following,  however,  is  the  detailed  table  ef  the 
results,  upon  which  we  shall  confine  ourselves  to 
remarking,  that  the  combination  of  adds  with 
oxides,  in  order  to  form  salts,  does  not  enfeeble 
the  ori^al  magnetism  of  the  latter, — ^that  tiM 
water  of  hydratfon  sometimes  adds  foree  to  the 
magnetism,  as  is  the  case  with  the  hydrate  of 
protoxide  of  nickel,  which  is  three  times  man 
magnetic  than  the  protoxide  itseU^ — that  finaUy, 
all  Uie  awnpounds  of  manganese,  wliidi  were  sub- 
mitted to  expeiimeQt,  were  found  to  be  magnetic 
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31  Ozldtt oftron.  No.  I 

4.    do.        do.    Na» 

6.  Red  ochre 

C  MIcMeoas  iron  ore 

7.  Hydmted  peroxide  of  iron 

K  Brown  peroxide  of  iron 

Artiilelal  hofmatite 

Dryalpbateofoxideoftrcm.... 

Gnen  Titriol 

Setarmtcd  eolation  of  nitrate  of  oxide  of  Iron 

da  da         hydrodilonite 

da  da         sulphate  of  iron 

da       hydrodilormte  of  potass 

Green  Tltnol  in  iolutlon 

17.  Sulphate  of  protoxide  dissolved  In  vitriol.... 

la.  Nitrate  of  oxide  in  solution 

m  Hjdrodilorate  of  oxide  of  iron 

SQL  Snlnhate  of  oxide  of  iron 

SL  Bjdrochknrate  of  protoxide  of  iron  

tt  Sulphate  of  protoxide  of  Iron 

St.  PentoefahnMe  of  iron  in  solution 

M>  Prolochlotidie  .•■■ .....*....... 

3^  IroDpyritea 

S^  Frotoxideofiron  in  hydrochloric  solution., 
f*.  da  da     sulphuric  solution ...... 

%&  reroxideoflron  in  the  hydrate 

St.  Peroxide  of  iron  in  haematite 

M.  da  do.    nitric  sohitlon 

3f.  da  da    hydrochloric  solution... 

9i.  da  da    sulphuric  solution 

S3l  bun  In  the  loadstone 

U.    da    da    oxldcNal 

da    Na« 

red  ochro 

micaceous  iron  oro  

hydrated  oxide 

hsroatite 

pyrites 

sulphate  of  oxide 

KTpen  vitriol 

iotutlon  of  nitrate  of  oxide 

da      hydrodilorate 

da      sulphate 

hydrodilorate  of  protoxide 

sulphate  of  protoxide 

«.  Protoxide  ofolckel. 

4Sl  HTdrate  of  protoxide  of  nickel 

SO.  Nitrate  of  pirotoxlde  of  nickel  in  solution. . . 

6L  Sulphate.. 

•2.  Chlortde  of  nickd  in  the  proc^ing  solution 

M.  Protoxide  of  nickel  in  hydrate 

da  da       nitric  solution  

do.  da      hydrochloric 

Nkkel  in  oxidnle  

da      hvdrate  of  protoxide 

da      nitric sidntton 

da       hydrochloric  solutlmk 

Hydrate  of  manganic  oxide  

Manipuioiis  oxide 

ii.  Manganic  oxiJe  in  hydrate 

d  Manganoos  In  hydrate  of  oxide   

Si.  da  da  oxidnle 
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409 
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2fle 
2-10 
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849 
386 
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737 
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290 
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86 
106 

66 
100 
111 
142 
164 
171 

46 
IHO 
206 
217 

70 
167 

78 
112 
828 

—Theories  regarding  the  relations  between  the 
ptfamagnetic  and  diamagnetie  forces  we  shall 
briefly  discuss  below.  Bnt  two  facts  much  founded 
on  by  tbe  ttpholdere  of  the  ▼arions  views  taken  of 
these  relatioDs,  must  be  mentioned  here.  In  the 
^rsf  place,  the  phenomenon  noticed  by  Poggendorf 
and  Reich.  The  former  philosopher  found  that  if 
the  extremity  of  an  extremely  feebly  magnetised 
needle  be  brought  near  a  bar  of  bismath  or  other 
strong  diamagnetie  in  its  equatorial  position,  this 
extremity  attracts  the  bar  on  the  same  side  that 
it  would  have  repelled  it  had  it  been  of  iron  :— 
as  if  the  electro-magnet  had  determined  in  dia- 
magnecic  sabstances  polet  of  the  »ame  name  a$ 
lAose  Kkick  wdt  uf(m  ihtu^   Beich,  again,  noticed 


86.  da  da 
8C  da  da 

87.  da  da 
8^  da  da 
8a.  da  da 

40  da  do^ 
41.  da  da 

41  da  da 
48k  da  da 
44.  da  da 
4«w  da  da 
4C  da  da 
47.  da  da 
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that  when  the  opponU  poles  of  two  magnets  act 
simultaneously  upon  the  same  face  of  a  bar  of 
bismath  the  repulsion  engendered  is  equal  to  the 
difference^  not  to  the  mm  of  the  forces  of  each 
pole  acting  alone.  Secondly^  the  remarkable  class 
of  facts  discovered  by  Weber.  On  placing  a  bar 
of  diamagnetie  metal,  instead  of  one  of  soft  iron, 
within  a  bobbin  or  con,  Weber  thought  he  had 
found  proof  that  this  metal,  under  the  influence 
of  a  strong  electro-magnet,  acquires  poles  of  a 
contrary  nature  to  thosO  acquired  by  soft  iron 
imder  the  same  cireomstances.  Weber  hence  con- 
cluded that  the  diamagnetie  had  really  acquired 
a  polarifyt  directly  the  opponU  to  that  manifested 
by  the  soft  iron.  But  after  long  and  careftd 
study,  Faraday  came  to  the  conclusion,  that  the 
efiects  in  question  are  not  due  to  diamagnetism, 
but  to  the  greater  or  less  degree  of  oonductibility 
of  the  metals  when,  within  the  bobbin,  inductive 
currents  are  established.— It  would  be  veiy  wrong 
to  oondnde  this  notice  of  phenomena,  without 
especially  referring  the  student  to  the  pains- 
taking, manifold,  and  most  satisfactory  researches 
of  Professor  Tyndall.  1'hey  are  recorded  in  the 
TrtmsacHonM  of  the  Royal  Soeiefjf,  and  in  the 
PhUosophiatl  Magazine, 

III.  Magnetic  Affections  of  CRYfrrAUS,  on 
TRBMAONETo-CRTCTALLiirB  FoRCB. — The  fore- 
going exposition  of  facts  indicates  two  important 
tr*ii\ai—finty  that  the  magnetic  energy  influences 
all  bodies  and  modifications  of  matter;  and 
MOon<%,  that  its  action  or  efliciency  varies  with  the 
constitution  of  the  body.  It  remained  to  be  seen 
whether  those  bodies  whose  internal  constitution 
varies  aUmg  eertam  axety  manifest  difi'erent  re- 
lations to  the  magnetic  force,  according  to  the 
position  of  these  axes  in  reference  to  tibe  mag- 
netic poles  or  origine  of  that  force.  We  speak  of 
course,  of  cryetalt.  The  problem  as  now  stated 
appeara  to  have  first  occurred  to  Pliicker,  and 
his  investigations  have  been  followed  up  by 
many  able  men<— especially  Faraday,  Tyndall, 
and  Knoblauch.  The  opHe  axes  of  crystals,  de- 
pending on  the  internal  arrangement  of  the  par- 
ticles, Plncker  first  inquired  whether  the  position 
of  these  axes  in  the  ciystalline  substance  sub- 
jected to  the  magnetic  force,  had  any  influence 
on  the  positbn  assumed  by  the  ciyst^,  whether 
paramagnetic  or  diamagnetie  In  iiaelf.  And  he 
arrived  at  the  following  remarkable  conclu- 
sion:— eliminating  the  mere  paramagnetic  or 
diamagnetie  efiTects  due  to  the  stibstance  of  the 
crystal,  the  optical  axis  of  imiaxial  crystals 
has  a  tendency  to  assume  an  equatorial  position, 
or  a  position  athwart  the  lines  joining  the  two 
poles.  He  oonsulered  it  easy  to  eliminate  the 
ordinary  paramagnetic  or  diamagnetie  agency 
from  such  experiments,  because  the  force  pro- 
ducing the  repnlskm  of  the  optical  axis  seemed  to 
diminish  m  a  proporium  leu  rtq>klm  reference  to 
dietance  than  the  force  acting  on  the  mass  of  the 
substance.  It  appeared  simply  necessary  there> 
fore— tc  test  this  special  force— that  the  poles  or 
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toaroes  of  mAgnedc  energy  be  iFithdrawn  to  a 
greaitr  diatanc^^  In  the  case  of  crystals  with 
two  magnetic  oxtM^  the  two  ases  were  equally 
afTectcd  by  both  magnetic  poles,  so  that  their 
tnetm  bne  took  on  the  equatorial  position.  In  so 
far  as  PIiicker*8  original  researches  went,  their 
results  or  laws  appeared  simple  enough ;  but  fresh 
investigations  by  Faraday,  confirmed  subse- 
quently by  M.  Plucker,  manirest  a  characteristic 
difference  between  different  cr^'stalline  substances. 
In  the  course  of  these  researches,  Faraday  found 
it  right  to  institute  two  definitions,  viz^  the 
^faffneto-CrJttaBme  Force  is  the  peculiar  modi- 
fication of  the  magnetic  foroe  manifested  during 
its  action  on  crystals ;  the  magne-crystaliine  line 
is  on  the  oontraiy  tlie  line  accorduig  to  which 
the  dirtctwe  force  is  exercised.  The  earliest 
results  of  Faraday*s  inquiries  appeared  wholly  to 
contradict  those  of  Pliicker,  inasmuch  as  the 
optical  axis  was  found  in  very  many  ca.ses  to 
take  on  an  axial  and  not  an  equatorial  direction, 
and  to  follow  the  magnetic  power  as  if  it  were  a 
paruimagnH,  But  the  resolution  of  the  difficulty 
was  speedily  effected  by  the  discovery  of  a  higher 
law ; — viz.,  in  the  case  of  tipoiitive  ctystal  there 
exists  between  the  optic  axis  and  the  poles  of 
the  magnet,  an  attractive,  or  in  so  far,  an  ordinary 
magnetic  affection;  in  crystals,  where  the  optic 
axb  is  negative^  Hkoae  on  whidi  Pliicker  at  first 
experimented — his  law  hdds,  viz.: — There  is 
repulsion,  and  the  optical  axis  places  itself  equa- 
tonally.  In  the  same  way,  in  regard  to  crystals 
of  two  axes,  the  mean  line  b  attracted  or  repelled 
according  as  the  crystals  themselves  are  pontioe 
or  negaHve.  It  is  not  difficult  to  conceive  the 
interest  created  by  these  identifications  of  the 
magne-cr>'stalline  lines  with  the  hues  of  elasti- 
city in  the  crj'StaL  But  anomalies,  or  apparent 
anomalies  presented  themselves,  for  the  experi- 
mental clearing  up  of  which  we  are  indebted 
mainly  to  the  investigations  of  Tyndall  and 
KnobLauch.  These  enogetic  and  most  reliable 
Inquirers  have  laid  down  as  a  general  result  of 
varied  and  judicious  experiments,  the  Laws  that 
when  the  molecular  constitution  of  a  body  is 
such  that  the  particles  of  which  it  is  formed  are 
in  greater  proximity  in  one  direction  than  they 
are  in  other  directions,  that  direction  is  the  one 
in  which  the  magnetic  or  any  other  force  exerts 
itself  with  the  greatest  energy ;  so  that  the  line 
representing  this  direction  is  the  one  which  places 
itself  axialfy  or  equatorially^  aooording  as  the 
body  is  paramagnttic  or  cUamagneUc,  There  are 
still  mtdtitudes  of  apparent  exceptions  to  this 
law,  but  when  analyzed  they  are  found  to  ori- 
ginate in  special  circumstances,  or  in  the  coun- 
teraction of  separate  and  distinguishable  finres. 
^'  In  this  mode  of  explainii  g  these  phenomena," 
says  De  la  Rive,  **  the  action  of  the  magnet  is 
always  exercised  vpou  the  partidee;  and  it  is 
aoconling  to  their  magnetic  and  attractive,  or 
their  diamagnetic  and  repulsive  nature.  The 
only  difference  between  crystals  and  other  bodies 
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is,  that  by  the  fact  of  their  Don-homngeaeuas 
structure,  crystals  present  certain  difcctiooe,  ac- 
cording to  which  the  action,  whether  magnetic 
or  diamagnetic,  is  more  energetic  than  it  is  akqg 
other  directions,  on  account  of  the  greater  ap- 
proximation of  the  particles  that  oconrs  in  thest 
same  directions ;  a  phenomenon  altogether  analo- 
gous to  that  of  dilatation  by  heat,  which,  in  a 
cr^'stal  of  calcareous  spar,  for  example^  opestttes 
more  powerfully,  acoording  to  Mitscberikfa,  ia 
the  direction  of  the  optiod  axis,  because  the 
particles  being  more  closely  padted  akMi^  tiui 
direction  than  along  the  othen,  repel  eadi  other 
with  more  energy,  for  the  sanne  efevation  ol 
temperature."  If  the  special  properties  eriaoed 
by  magneto- crystalline  action,  be  thos  re|K«- 
sented,  it  is  clear  that  they  form  no  exoepdoa  to 
the  genanl  laws  of  magnetiani,  but  orighnte  m 
a  special  grouping  of  the  partides  of  the  eryatak. 
And  this  view  has  since  been  conflrmed  in  a  re- 
markable manner  tiy  Profensor  Tyndall  lilnisrif, 
and  also  by  MatteoocL  Professor  Tvndall  has 
snoceeded  in  obtaining  from  solids,  to  whicb  be 
had  applied  strong  pressure,  a  magnetic  direciiim 
deiM>ndiiig  on  the  pressure,  precisdy  dmilar  to 
that  exhibited  by  tiie  crystalline  condttkm ;  and 
his  results  have  largely  been  oonfirmed  by  Mat- 
teuccL  ^  This  inquirer,"  to  nse  the  words  of  D* 
la  Rive,  "obtained  the  same  effects  ftmn  com- 
pression both  upon  sulphur  and  stearic  acid,  as 
upon  bismuth.  The  pieces  subjected  to  com- 
pression were  placed  between  two  cheeks  in  a 
vice,  so  that  all  the  points  of  their  two  sorfiue* 
were  equally  compressed ;  they  were  then  wasiw«t 
in  hydrodiloric  acid,  to  fne  them  of  impuri^ ;  tlte 
form  of  cubes  had  been  given  to  them,  and  these 
cubes  bdng  suspended  so  that  the  line  of  com- 
pression was  horizontal,  constantly  took  a  dfaee- 
tion  between  the  poles  of  the  eledtiD-magnet,  po 
that  this  line  was  perpendicular  to  the  polar  fin^ 
On  taking  a  cube  of  0  89  inches,  and  cutting 
from  the  side  that  had  been  strongly  compres^^d 
prismatic  needles  in  diffisrent  directkNM,  they 
directed  themselves  equatariaUg  or  axiaUgy  ac- 
cording as  the  line  of  compression  was  pamDel 
or  perpendicular  to  their  axis,  which  depended 
on  the  manner  in  which  they  have  been  cot.  H. 
Matteucd  succeeded  in  imitating  all  the  effects 
of  crystallized  bismuth,  by  prodnoing  cnbm  and 
needles  by  means  of  smdl  very  tiiin  platm  of 
bismuth,  obtahied  by  dropping  liquid  bismuth  ia 
small  drops  finom  a  certain  height  upon  a  marble 
pbine;  one  more  proof  that  the  ckkvage  frfaaea 
act  as  separated  plates.**  In  the  comae  of  his 
experiments,  Matteucd  oonoeiTed  that  he  had 
disoovered  facts  inconsistent  with  tlie  coadnskms 
of  Tyndall  and  £[noblauch.  We  bdieve  he  has 
renounced  this  opinion,  and  rsoogniaed  that  the 
irregularities  are  mainly  attribataUe  to  the  im- 
portant part  played  bytadbicCiba  in  every  pheno- 
menon in  which  magnetic  action  takes  a  part.  It 
is  not  improbable,  m  De  la  Rive  lemarfca,  that 
in  many  cases  a  molecolar  induction  ia  Uooghl 
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•boot  in  the  pttrttdei,  giving  rise  to  a  molecular 
amcBt  wImo  Um  parade  is  isolated,  and  to  a 
finite  indooed  cnrmit  when  aeveral  particles  are 
aggimiierated  so  as  to  form  a  continnons  mass. 
—It  is  inpoasible  to  oooclnde  this  portion  of  our 
artide  witbont  advertiog  to  the  conflations  of 
tbe  manifeetations  of  tlie  magneto-crystalline 
tbras  now  dcscrilwd,  witli  man.tr  others  that  hare 
iKcn  noticed,  and  become  a  recognized  foun- 
dntkn  of  pbjsieal  theories.  It  b  not  necessary 
to  ravcit  to  tbe  connection  of  the  optic  axes  of 
crystals,  so  fimily  establuibed  by  Sir  David 
Brewster,  (one  indeed  of  the  greatest  and  moet 
fisrtile  dbooveries  of  oar  time.)  with  the  molecular 
or  physical  axes.  This  connection  stretches  much 
Csitber.  For  instance,  Savart,  during  his  exten- 
alw  and  moat  interesting  studies  regarding 
vibrating  plates  determined  a  distinct  relation 
between  the  acoustic  figures  produced  by  the 
▼ibntkns  of  each  plates  and  the  crystallization  of 
tbe  anbstances  of  which  these  plates  were  formed. 
Tbe  duection  of  the  optical  axis  is  invariably 
connected  with  tbe  axis  of  the  forms  of  such 
ncoostk  figures.  So  minute  is  the  correspou- 
denos^  that  by  these  aoooatic  forms  it  may  be 
aft  once  determined  whether  a  crystal  is  positive 
or  negative^  or  which  of  the  axes  is  tiio  line  of 
Ike  greatest  and  which  of  the  lesat  dasUdtr. 
On  this  discovery  by  Savart  followed  those  of 
Mitscherlicb,  regarding  the  uneven  expansion  of 
dyetala  by  Heat — an  inequality  also  depend- 
ing on  tbe  poiiition  of  the  optical  axes;  and 
Senamont  still  more  recently  observed  (see 
AcoirsTics),  tiiat  conductibility  for  heat,  in  all 
•ystcma  of  crystals  in  which  the  axes  are  not 
eiqaal,  has  a  maximum  and  minimum  value, 
aooording  to  directiona  parallel  to  the  crystal- 
lograpbie  axes.  There  is  a  most  close  analogy 
fadeed,  bstween  calorific  aud  luminous  propa- 
gftkm  within  snch  media;  altbou^  than  are 
■neb  disenpandes  as  one  woold  expect  from  the 
diflennt  rates  of  propagation  of  tlie  diflerent  rays 
or  portions  of  the  spectrum.  The  question  has 
been  still  more  recently  taken  up  by  M.  Wied- 
in  reteenoe  to  electro-cooductibllity.  His 
condnsion  i«,  ^*that  crystals  which 
I  better  conductibility  in  the  direction 
of  tbe  principal  axis,  all  belong  to  the  dam  of 
negative  crystals;  whilst  these  that  have  a 
better  conductibility  in  the  direction  perpendi- 
cular to  the  axis  ars  potUive ;  which  indicates 
that  the  best  eondoctibility  for  dastidty  is  also 
Cmt  akog  which  light  is  propagated  with  the 
gieatesft  vdodty.  Is  it  not  dear,  then,  that  the 
■^"'^'■it*'  axes  of  crystals  is  truly  the  root  of  all 
phemHnf*^  bdonging  to  their  rdations  to  Light, 
Heat,  Electiidty,  and  Magnetbm  ? 

IV.  AcnoH  ow  Haoxbtism  on  FukMsa. — 
Tbb  netioo  ia  very  striking ;  but  theoretically  it 
is  nenly  the  manifestations  of  magnetic  actk>a  on 
fiMtetf  ^osas.  The  phenomena  are  exceedingly 
evioas  in  tlieir  manifeetations,  and  meUiods  are 
by  them  for  determining  whether  a 


liquid  b  diamagnetic  or  otherwise.    We  must 
refer  for  detaib  to  the  daasical  and  almost  ex- 
haustive work  by  De  la  Rive, 
y.  Effect  op  Maonbtisii  in  Deviclopx:co 

OR  CnANOINO  THE  OPTICAL   ProPRRTIES   OP 

Transparent  Bodiea. — The  dase  of  facts  now 
to  be  described,  although  dearly  mixed  up  with 
the  action  of  the  magnetic  force  on  the  internal 
or  molecular  constitution  of  bodies,  b  yet  so  dis- 
tinct from  anything  hitherto  adverted  to,  that  we 
must  contemplate  it  apart  The  general  features 
of  these  facts  have  been  already  noticed  under 
Circular  Maonrtio  Polarization  (9.  v.y 
neverthdess  we  shall  agein  rapidly  describe 
them.  The  phenomena  of  Polttrization  need  no 
further  notice  here;  neither  what  b  termed  the 
piane  of  polaritcUhn,  Suppose  a  ray  of  light 
polarized  by  one  Nicol's  prism  or  by  a  tour- 
maline, and  viewed  through  another  prism  or 
tourmaline  suitebly  placed,  we  know  that  the 
light  of  the  ray  (if  that  ray  be  homogeneous)  b 
wholly  extingubhed.  If  between  the  poUrizer, 
and  the  analyzer  thus  placed,  a  prism,  say  of 
heavy  glass,  b  laid,  so  that  the  ray  pass  through 
the  giasB,  no  change  b  obeervable;  but  should 
the  opposite  poles  of  a  strong  magnet  be  also 
placed  at  the  ends  of  that  glass  prism,  the  ana- 
lyzing plate  or  prism  immediately  shows  a  degree 
of  light,  and  it  most  be  turned  round  or  rvUUed 
by  a  certain  angle  until  the  ray  is  again  ex- 
tinguished. It  follows  from  thb  fact,  that  the 
plane  of  polarization  has  been  rotated  or  turned 
through  a  certain  angle  (measured  by  the  rototion 
of  the  analyzer)  by  the  effect  of  magnetism  on  tbe 
glass  prism.  The  phenomenon  b  of  predady  the 
same  nature  as  that  of  ordinary  Rotetory  Polar- 
ization, described  under  Polarization  ;  so  that 
the  magnetic  influence  has  sufficed  to  bestow  on 
the  glass  prism  that  peculiar  power  to  rotate  or 
change  the  plane  of  polarization,  which  b  in- 
herent in  the  atomic  structure  of  certain  bodies. 
Thb  memorable  influence  was  first  noticed  by 
Faraday:  indeed  ito  discovery  was  the  prdnde  of 
hb  researches  in  Diamagnedsm.  It  has  since 
occuioed  much  attention  on  the  part  of  thb  most 
eminent  physlcbt,  and  of  MM.  Bertin,  Yerdet, 
&0.  It  may  Just  be  added  as  a  prelimhiaiy  re- 
mark, that  Wartmann  has  shown  that  polarized 
calorific  rays  are  acted  on  in  a  way  altogether 
similar.  For  instance,  a  piece  of  rock  salt,  in  the 
way  of  polarized  rays  of  heat,  determines  a  rota- 
tion in  the  pUne  of  ite  polarisation,  if  a  powerful 
electro-magnet  b  made  to  act  upon  it  Thb 
result  of  Wartmann  baa  been  confirmed  by 
Provostsa^-e  and  Desains,  who,  by  aid  of  veiy 
delicate  processes  and  apparatuis  have  succeeded 
m  the  extremdy  difficult  task  of  measuring  the 
deviation  produced  in  that  plane.  An  apparatus 
needful  to  determine  this  dement  in  case  of  the 
rays  of  light  b  much  more  easily  obtained;  ite 
h&i  and  most  convenient  form  b  that  prepared 
by  M.  BhumkorC— Without  referring  to  tbe 
possible  ultimate  causes  of  tiib  atiange  set  of 
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rmiilts — for  the  scratiniziof;  cf  which  the  time 
has  not  yet  come — let  us  state  as  briefly  as  we 
can,  such  general  Uws  regarding  them  as,  with 
any  clearness,  have  been  ascertained.  (1.)  And 
in  the  first  place,  Faraday  soon  established  a 
noticeable  diflerence  between  the  action  of  mag- 
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same  result  holds  in  the  case  of  etheR*!  and  alco- 
holic solutions  of  alkaline  or  metaUie  ndts;  90 
that  it  may  be  concluded  generally,  that  the  salta 
of  iron  submitted  to  the  action  of  magoetiaiB 
exert  an  action  opposite  to  that  of  the  geoerality 
of  transparent  substances  upon  polarized  UgfaL 


netized  transparent  bodies  in  rotating  the  plane  ^  Nevertheless,  Becquerel*s  law  does  not  hold.  On 
of  polarization,  and  those  bodies,  such  as  quartz 
and  liquid  solutions,  which  produce,  of  themselves, 
a  similar  effect  In  the  latter  set  of  cases  the 
amount  or  angle  of  rotation  increases  with  the 
thickness  of  the  substance  through  which  the  ray 
passes :  in  the  former,  that  thickness  has  not  of 
itself  aoiy  influence  whatever — the  deviation  being 
the  same  whether  the  prism  of  glass  be  long  or 
short,  in  so  far  as  that  element  is  concerned. 
This  latter  indeed  has  one  influence,  but  one 
owing  wholly  to  the  fact  that  the  longer  the  prism 
the  farther  apart  must  be  the  poles  of  the  in- 
fluencing magnet;  whence  a  lai^  modifica- 
tion of  the  purely  magnetic  eflect — (2.)  But  if 
the  mass  or  length  of  the  transparent  substance 
has  no  separate  effect,  it  is  otherwise  with  the 
nature  of  the  aitbstance.  Diflerent  transparent 
substances  give  very  diflerent  deviations  or  rota- 
tions. At  first,  as  apparently  ascertained  by 
certain  experiments  of  M.  Bertin,  it  was  supposed 
that  the  rotation  varies  directly  with  the  refrac- 
tive index.  But  M.  Verdet  has  recently  shown 
that  there  is  no  relation  whatever  between  these 
two  quantities.  For  instance,  notice  the  follow- 
ing table : — 


avteUoeet. 

Uffr«(tlv« 

luJtfX. 

ItdCatloa. 

DHtlUed  water. 

1-384 
1-8.59 
1-364 
1871 
1-372 
1-894 
1448 

4»00' 

4  45 

5  27 
4  21 

4  55 

5  57 
8  44 

Solntion  of  muriate  of  ammonia, 

Protochloride  of  tin,  , 

Carbonate  of  potash,  

Chloride  of  calcium, 

Chloride  of  zinc    

Nicnite  of  amnionic 

Other  substances  yield  the  same  results,  com- 
pletely negativing  any  dependence  of  the  one  ele- 
ment or  corutarU  on  the  other.  Bertin  further 
showed  that  such  substances  as  nitrate  of  ammonia 
and  protosulphate  of  iron  dissolved  in  water, 
diminish  the  rotatory  power  <^  the  liquid ;  and 
upon  the  ground  of  this  and  other  facts  of  like 
nature,  Beoquerel  concluded  that  it  may  be  said 
in  a  general  way,  that  the  rotation  of  the  plane 
of  polarization  due  to  the  influence  of  magnetism 
varies  tn  an  opposite  ratio  to  the  magnetic  power 
of  the  bodies,  M.  Yerdet  has  renewed  the  inquiry 
in  a  recent  elaborate  memoir  (^AnsuUes  de  Chimie 
et  de  Physique^  third  series,  voL  xxiiL),  and 
appears  to  have  traced  the  source  of  the  peculiar 
mode  of  action  of  all  ferruginous  compounds.  If 
proto-salts  and  per-salts  of  iron  are  dissolved  in 
water,  the  rotatory  power  of  the  solution  is  always 
less  than  that  of  water:  in  fact  things  take  place 
as  if  the  dissolved  iron  salt  has  a  rotatory  power 
in  the  opposite  ditection  to  thai  qf  water.    The 


the  contrary,  salts  of  nickel  and  manganeae  1 
to  possess  a  direct  rotatory  power,  inasmnch  as 
their  solutions  have  a  larger  rotatoiy  power  thaa 
that  of  their  transparent  solvent.    It  nraat  there- 
fore be  said  that,  on  this  very  important  featuTB 
of  these  phenomena,  no  law  or  gentfal  trath  b 
at  present  established.— (8.)    Thirdfy,  in  what 
manner,  or  according  to  what  laws,  do  then  rotaf- 
tions  dqpend  on  the  distance  and  on  the  fares  ^ 
the  magnetic  centres^  acting  on  the  tranapanBi 
bodies?  This  inquiry  has  also  been  wdleUfaorated 
by  M.  Verdet,  in  a  memoir  reprodnced  in  roL  ix^ 
fourth  series,  of  Philosophical  Magazime. 
begins  by  detailing  the  experimental  contrii 
by  which  he  insured  that  the  transparent 
on  which  he  operated  shonld  be  placxd  as  neariy 
as  possible  within  what  Faraday  has  called  a 
magnetic  jidd  of  equal  intensity;  in  other 
that  it  should  not  at  different  times,  or  at 
parts  of  it,  be  exposed  to  the  action  of 
forces  acting  in  diffierent  directions  or  along  dif- 
ferent curves.    The  vital  importance  of  such  aa 
arrangement  in  the  conduct  of  all  such  inquiries 
will  appear  more  fiilly  in  the  next  general  sectioa 
of  this  article:    for  the  devices  bv  which  M. 
Verdet  assured  the  essential  effect  in  his  own 
researches,  we  must  refer  to  the  memoire  alrttdy 
quoted.      Further,   by  ingenious  treatment   be 
freed  himself  firom  the  ambiguity  arising  from  the 
use  of  pure  solar  light,  as  well  as  fhmi  that  compa- 
rative darkness  and  the  doubtftilness  beloogiog  to 
the  measurement  of  the  diflvrences  of  small  angles 
which  is  interwoven  with  the  employment  of  the 
least  refrangible  rays.     The  substances  experi- 
mented on  were  only  three,  viz.,  Faraday's  haury 
glass,  common  flinty  and  hisu^ihide  ofearion ;  bot, 
as  Verdet  remarks,  these  three  substances  difler  ao 
much  from  one  another,  that  a  law  whidi  suits  them 
equally,  may  be  regarded  as  general   Therotatonr 
power  of  these  different  substances  is  of  coarse 
different,  but  in  all  cases  the  law  holds,  that  the 
rotation  qfihe  plane  of  pdarization  is  propor- 
tional to  the  magnetic  action.     This  proportioQ- 
ality  holds  with  tlie  same  exactitade  whether  the 
distance  of  the  magnetic  centres  from  the  tnn»- 
(Nu-ent  substances  is  changed,  or  whether  tha 
quantity  of  free  magnetism  accumulated  in  these 
various  centres  undergoes  a  variation.     The  for- 
mula indeed  may  be  expressed  universally,  and 
for  all  circumstances,  in  the  following  terns :  — 
"  The  rotatory  power  developed  by  the  action  qfa 
magnetic  centre  in  an  inflnitdy  tkin  plate  of  a 
non-refracting  substance  varies  prcportiomatehf  to 
the  magnetic  action^  I  e.,  direetfy  as  the  gmantity 
0/ magnetism  accumtdated  in  this  centre^  and  m- 
tersely  as  the  square  qfthe  dutoaoe.^— (4.)  Aa- 
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ocber  point  of  oormpouding  importance  baa  al«o 
ban  examined  by  Verde.    In  pabliahing  bia  dia- 
eoreij  of  the  roUUion  of  tbe  plane  of  polarizadoo, 
Karadar  atated  that  tbe  pbeoomenon  manifested 
itself  with  tbe  greatest  inteoaity  when  the  direc- 
tioB  of  tlie  xmy  of  light  waa  parallel  to  the  direc- 
tion of  the  magnetic  foroea,  and  that  it  distappeared 
when  theae  two  directions  were  perpendicular  to 
eadi  other.     But  it  remained  to  explain  the  law 
of  tlie  dependence  of  that  rotation  on  intermediate 
ikdutatumt  of  tbe»e  two  directions, — a  law,  tbe 
knowledge  of  which  is  clearly  essential  towards 
I  be  Ibmiatlon  or  the  verification  of  any  just  general 
tbeoT}*.      It  is  indeed  needless  to  insist  on  the 
bherent  intemt  of  such  a  lesearcb.    Verdet  has 
sought  to  determine  in  the  most  careful  manner 
what  takes  place  where  tlie  angle  formed  by  the 
direction  of  the  rays  of  light  nith  the  magnetic 
directbm  varies  from  0°  to  90^     Neither  in  this 
caae  can  we  do  justice  to  his  methods : — tbe  reader 
is  again  leferrad  to  his  own  memoir.     But  tbe 
important  and  apparently  established  resnlt  is 
embodied  in  the  following  theorem : — 7%e  rota- 
tiom  of  the  plane  t*f  polanzation  i$  proportional 
to  Ike  cotine  of  the  angle  eucloeed  belteeen  the 
dinctiom  of  the  luminous  rays  and  that  of  mag- 
netic iMCtion,    Verdet  adds  the  following  pregnant 
remark : — "  If  we  adopt  the  theoretical  views  of 
Kresnel,  with  respect  to  the  rotation  of  tbe  plane 
of  polaiization,  we  most  imagine  the  polarized  ray 
(idling   perpendicolarly   upon    the   transparent 
•ubstanoe  which  is  snbmitted  to  the  influence  of 
magnetism,  transferred  into  two  nya  dreolarly 
liolarized,  and  to  opposite  directions,  and  propa- 
pued  with  nnequsil  vdodties.     If  the  vdocities 
of  propagation  be  repreaented  by  v  and  v',  it 
follows  from  the  law  above  enumerated  that  tbe 
eapreosion 
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Taries  propottionaUy  to  the  cosine  of  the  angle 
cnckiaed  between  the  direction  of  tbe  lunii*iwiiH 
rays  and  that  of  magnetic  action.** — It  is  clear 
at  lesst  that  the  subject  now  treated,  is  one  more 
aiid  very  momeotoua  oontribntion  towards  the 
practicability  of  the  inquiry  as  to  the  correlation 
of  Phyrical  Phenomena  and  Molecular  Forces. 
Vl'  Throkii^  as  to  tub  relations  bb- 

TWESX  THCSB  VARlOUa  MoDKS  OF  MAONKTIC 

Acnuji The  subject  on  which  we  now  ofler  a 

few  remarks  is  one  of  the  nioht  delicate  in  mo- 
dern physica.  The  forces  in  play,  howe\'er  real, 
are  imfortnoately,  for  the  most  part,  so  slight — 
in  naov  cases  nearlv  evanescent — that  sati^fac- 
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tarj  experiments  regarding  disputed  points  be- 
eooe  arduous,  uncertain,  and  frequently  imprao- 
ticable:  Henoe  the  extreme  difficulty  of  deter- 
ayning  between  conflicting  views  by  anything 
like  an  eapertateafaai  cnicu. — Thegeneral  facts  as 
explained  in  the  previoos  part  of  this  article,  and 
in  otben  preceding  it,  may  be  summed  up  as  fol- 
kiws  :->(l.)  Tbe  action  of  tbe  magnet  on  mag- 
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netic  bodies  naoally  so  called,  accompanied  by  a 
directive  axial  force,  and  a  decided  development 
of  magnetic  polarity. — (2.)  Action  upon  dia- 
magnetic  bodies,  indicated  by  a  directive  force 
producing  tbe  athwart  or  equatorial  position. — 
(8.)  Action  upon  transparent  bodies,  solid  and 
liquid,  endowing  them  with  the  power  of  rotat- 
ing the  plane  of  polarization. — (4.)  Action  upon 
all  good  conducting  bodies, — developing  in  them 
instantaneous  currents,  called  currents  of  inthtc- 
tion. — (5.)  Magneto- crystalline  action. — Now, 
between  tliese  various  modes  of  action,  there 
are  certain  apparent  (external)  relations,  which 
suffice  to  indicate  that  some  central  or  all-com- 
prehending law  mo0t  probably  exists.  For  !n> 
stance,  diamagnetic  bodiea  and  magnetic  bodies 
may  almost  \»  cla<>4ed,  on  h  priori  grounds,  and 
separated  from  each  other,  so  soon  as  we  know 
their  atomic  weights,  and  their  power  to  conduct 
electricity.  According  to  De  la  Rive,  diamag- 
netic bodies  are  those  which,  volume  for  volume, 
contain  the  smallest  number  of  atoms,  or  which, 
if  they  contain  more,  are  very  good  conductore  of 
electricity.  Atomic  weiglits  along  diflerent  axea, 
appeare  likewise  to  be  the  main  influence  in 
determining  the  magne-aystalline  lines.  And 
between  the  two  classes  of  phenomena  in  the 
foregoing  list  which  seem  the  moat  diverse — 
viz.,  the  diamagnetism  of  bodies,  and  their 
rotatory  power  when  under  magnetism,  there 
are  likewise  striking  relations,  thus  enumerated 
also  by  De  la  Rive.  Fit-et^  the  position  as- 
sumed by  the  diamagnetic  body  so  that  it  escape 
the  action  of  the  magnet,  is  that  in  which 
the  body  ceases  to  possess  rotatory  magnetic 
power,— 'Supposing  that  the  polarized  ray  con- 
tinuea  to  traverse  it  in  tbe  direction  of  its  length. 
Secondljf,  all  the  circumstances  that  increase  the 
rotating  magnetic  power  or  a  body  also  increase 
its  diamagnetism,  for  instance; — (1.)  The  ro- 
tation of  Uie  plane  of  polarization  is  propo«tional 
to  the  intensity  of  the  current  or  of  the  magnet 
acting  on  the  substance  snbmitted  to  it;  now 
the  diamagnetic  force  of  the  substance  is  ab«o 
proportional  to  that  intensity.^2.)  Crystalii 
have  a  very  feeble  rotating  power;  and  their 
diamagnetism  is  also  feeble;  sometimes  they 
are  directed  axialfy^  sometimes  equatorialfy. — 
(3.)  Substances,  which  by  their  nature  chow 
the  largest  amount  of  diamagnetism,  are  alao 
those  which  exereise  the  moat  powerful  rota- 
tory action  upon  the  plane  of  polarization ;  and, 
reciprocally,  the  more  a  substance  is  magnetic, 
the  less  decided  is  this  action.  On  classifying 
a  large  number  of  bodies  according  to  thdr 
power  as  manifested  in  these  two  ways,  it  win 
be  seen  that  the  order  of  their  diamagnetic  power 
is  tbe  same  as  the  order  of  thefar  rotating  power. 
The  numbere  which  express  tbe  eneig}'  of  these 
influences  are  not  proportional,  but,  aa  De  la 
Rive  remarita,  **Thi8  is  not  to  be  wondered 
at,  inasmuch  as  considering  tlie  very  different 
form  of  the  phenomena  manifested  by  the  aama 
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sobstaiMe  under  influence  of  the  magnet,  we 
coald  not  exfiect  the  two  results  to  be  the 
mtme  fimdtion  of  the  forces  in  play." — These 
relations,  although  emphatic  in  so  far,  we  have 
ret  seen  it  proper  to  term  external^  they  connect 
tb^Jorms  of  the  different  phenomena,  hut  do 
not  indicate  whence  their  relationship  springs. 
The  prominent  question  in  this  ulterior  inquiry 
ift,  evidently  the  question,  wliat  is  the  relation 
between  Magndigm  commonly  so  called,  and 
lAamagnetitmt  Are  they  the  sums  influence  < 
manifested  under  different  drcumstaneea,  or  d^- 
ferent  influences  ?  Two  tlieories  have  been  ad- 
vanced fkvouring  those  opposite  views ;  and 
there  is  besides  a  purely  dynamical  theory,  all 
of  whidi  we  sliall  endeavour  briefly  to  expose. 
But  as  we  desire  to  explain  as  fully  as  we  can 
the  dynamical  theory,  our  reference  to  the  two 
former  must  be  summary* 

(I.)  h  Diamagnetwn  an  antagfrnittic  Mag- 
netism t — The  answer  in  the  affirmative  amounts 
to  this : — **  There  are  two  magnetic  influences  or 
forces,  or  magnetic  polarities,  not  only  distinct 
but  anta^|onistic;  and,  our  greater  knowledge  of 
the  one,  and  consequent  leaning  to  consider  its 
manifestation  as  the  chief  source  of  information 
regarding  the  magnetic  force,  depend  soldy  upon 
its  superior  energy,  and  the  fact  that  it  therefore 
pressed  itself  more  forcibly  on  attention.  Had  we 
known  only  the  delicate  phenomena  manifested  by 
hwmah  and  its  cognates,  we  should  have  fivmed 
a  theory  of  Magnetism  having  as  its  basts  dif- 
ferent and  antagonistic  polarities."  This  view  was 
recommended  to  some  experimentalists  by  the 
circumstance  that  they  supposed  they  had  de- 
tected in  diamagmlUy  pokt  (f  th€  tame  name 
as  the  mafffuHe  poles  nearest  them.  Tlie  ear- 
liest experiments  of  PoggendorC|  Beich,  and 
Weber,  whfeh  seemed  to  point  in  this  direction, 
received  another  interpretation — ^their  eflbcts,  as 
already  remarked,  being  essentially  due  to  the 
produ^on  of  inductive  currents  over  the  sur- 
ihoe  of  the  metals  subjected  to  the  influence  of 
dectnMuagnets,  or  merely  to  that  of  dosed 
currents.  Tiie  sntgect  has  been  resumed  by 
Weber,  and  a  distingubhed  Inquirer  in  our  own 
country.  I1ie  experiments  of  Professor  TyndaH 
are  above  question  as  to  their  ingenuity,  or  the 
mode  in  which  he  has  conducted  them ;  ndther 
are  their  positive  resuUs  to  be  doubted  for  a 
momenta  The  question  remains,  however,  are 
these  results  not  explicable  without  the  interpo- 
dtion  of  a  new  physical  Jhree-^iJit  a  really  new 
polarity — of  an  nntagonistie  Magnetism  t  Criti- 
cal disoussioD  in  this  place  is  wholly  beyond 
our  power.  But  we  may  be  allowed  to  suggest 
two  considerationa,  whidi  in  the  present  nude- 
termined  condition  of  this  moat  ddicate  and 
diiBcnlt  inquiry,  appear  worthy  of  attention. — 
Setting  adde  the  objections  of  Matteucd,  it  does 
appear  remaricable,  and  certainly  is  deserving  of 
wdght,  that— except  in  one  moment  perhaps  of 
apparent  wavering— our  fM*'"'***»^*»  Faraday  at 


MAO 


the  dose  of  the  finest  serieB  of  Inducttre 
seardies  whidi  this  quarter  of  a  centniy 
dnced,  does  not  hA  it  necessary  to  introduce  the 
hypothesis  of  any  new  foree:  imd  BecoBdly,  that 
philosophy  baa  seldom  benefited  by  the  aoiu»- 
timra  rapid  acceptance  of  new  canaas.  Its  soc^ 
oessful  career  is  rather  marked  by  the  almpH- 
fication  and  assimflation  of  theories  as  to  canw. 
And  assuredly  a  critical  review  of  the  recent  his- 
tory of  a  oognate  phydcalsol^ect  does  noC  daspotm 
one  to  recdve,  unless  on  sheoest  oonipniAOQ,  the 
conception  of  novd  polariliee, — The  qncstioB 
really  is,  can  the  efifects  be  explained  willioBt  the 
introduction  of  any  new  polarity? 

(2.)  Is  there  a  Spee^ie  Magnetism  in  Ike  smme 
sense  as  there  is  a  8pec^  Beat  m  rdaiicn  I9 
AkKss  f— The  afllrmatkm  Is  advanced  by  M.  IL 
Becquerel — than  whom  there  are  isw  more  de- 
serving writers  or  Inquirers.  It  ii 
that  all  bodies  are  magnetized  by  magnetic 
tree,  precisely  as  soft  iron  is,  only  in  a  gi  cater  or 
less  degree— the  direction  they  assame  dffifiMtlug 
on  the  diiferenee  existing  betweoi  the  aotkn  that 
Is  exerdaed  upon  them  and  the  aeCioD  exevdeed 
upon  the  medium  by  which  they  are  aniwiaided. 
Just  as  in  the  case  of  lieavy  bodies  of  dilftrant 
qwdfic  gravities,  a  substance  nnder  tbia  view 
would  be  attracted  by  a  magnetic  centre  with 
the  difirenee  of  the  action  exerdaed  apon  af  aad 
the  mediMm  by  which  it  is  surroonded:  it  woold 
be  attracted  on  the  same  prindple  as  a  pieoe  of 
metal  fislling  through  the  air,  and  repelled  Ibr  « 
reaaon  analogous  to  that  wiiidi  canaas 
bubble  filled  with  hydrogen  gas  to  ascend, 
is  value  in  M.  M.  Beoquieral*s  view.  It  does  not 
assume  two  different  dasses  of  forces,  and  it  Indi- 
cates that  **  magnetism'*  and  "diamagnetism* 
must  follow  the  same  laws,  and  vaiy  pnpoatioB* 
ately  to  the  square  of  the  magnetic  inteonty. 
But  there  are  serious  physical  ob^ections^  For 
instance,  it  would  follow  fttxn  BecqaereTa  ex- 
preedons,  that  all  bodies  ought  to  be  attomied  by 
magnets  ta  eoeiio,  since  the  modmm  Is,  in  that 
case,  removed,  on  wliose  presence  depends  the 
result  of  attraction  or  repolaloo.  Now,  oiany 
diamagnetks  are  more  repdled  sa  wstno  than  aa 
etir;  and  H.  Becqnerd  has  thus  been  driven  to 
the  phydcal  hypothesia,  that  apparent  vacmim 
has  a  specific  magnetism,  or  that  there  is  a  posi- 
tive magnetks  fluid  permeating  all  spaosL  Wa 
confess  as  great  a  repugnance  to  an  augmenta- 
tion of  the  list  of  hnpidpable  [Ayaieai  flalda,  as 
we  have  toadditiona  to  tlie  list  of  our  iwilaiitiBBL 

(8.)  The  Dgmamaal  rAsoty^Tlie  viewtakon 
by  Faraday  fiom  the  first,  aad  so  finely  and 
lugdy  extended  by  Professor  William  Thomson, 
is  totally  diflbrent  in  its  diaracter  and  fooada* 
tiona.  That  view,  Indeed,  rests  on  no  phyaieal 
hypotheds  whatew,  but  on  the  feet  that  Jhr^em 
emanate  fimn  tlie  poles  of  magneta  in  osrtafei 
directions  wfaldi  are  called  Unes  <^  firee,  and 
ooea^n  magnetic  JtM.  If  any  body  iaptaqgad 
witUn  this  magnetks  fidd,  it  distoriM  or 
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ften  BnM  of  fbraa,  accordiiig  to  Its  nttttre^  If 
tnagiMitic,  It  conceirtrttes  the  Hdcs,  or  draws  tlieni 
toWatdi  itadf;  if  diamagnetie,  H  makes  them 
ditei|je  thus  origioatiiig  attivctiTV  moreDMnts 
tar  nrngnetle  bodim,  and  lepoUTe  for  diamag> 
iwti&  The  several  expressive  diagrams  of  lines 
of  force  uoder  various  drcomstanoes,  given  in 
page  458,  will  enaUs  the  reader,  to  a  large  ex- 
tent, to  realize  this  by  a  mere  glance  of  the  eye. 
For  Instance,  if  a  magnetic  field  ia  eompoeed  of 
equal  forces  equally  distribated — such  a  field  as 
may  be  obtained  with  a  hone-shoe  magnet — we 
have  merely  to  place  a  sphere  of  iron  or  nickel  in 
this  lidd  to  cause  an  immediate  disturbance  in 
the  direction  of  these  Hues  of  force,  which  in  this 
case  expcHHioe  a  oonvetgence  upon  the  opposite 
ftees  of  a  maj^netic  sphere ;  and  there  would  be 
a  sfanflar  di%-ergence  at  the  opposite  sides  of  a 
<Hamagnetic  sphere.  Profcesor  Faraday  has  like- 
wise shown  in  what  manner  temperature  di- 
mfaWwa  the  power  possessed  by  bodies  to  influ- 
encing the  direction  of  the  lines  of  fbrce--even 
causing  them  to  disappear  at  certain  points. — 
These  remarkable  views  deariy  suggested  Ae 
ftwndatlon  of  a  purely  dynamical  theory  of  the 
entire  solgect ;  and  they  were  taken  up  and  car- 
ried to  their  nunutest  consequences  by  Professor 
Winiam  Thomson,  in  whom  are  happfly  united 
great  skill  In  analysis,  rsrest  power  of  abstract 
tiun,  and  tiie  ability  to  realize  and  grasp  firmly 
the  esfeafiolia  of  inidivkinal  physical  phenomena. 
Mr.  Thomson's  earliest  published  researches, 
dating  at  1847,  appeared  In  the  Cambridge  and 
IhUm  Mathematioal  Jcmftal,  in  a  memoir  **  On 
Ae/cnet  experienced  iy  tmalispherei  under  mag- 
weiie  inibienee^  and  on  $ome  qftke  phenowtena  pre- 
seated  bjf  diamagneAc  enbitancet,  **  Starting  tnm 
the  leccgntzed  and  flmdamental  truth,  that  no 
mutual  attraction  or  repulsion  between  two  bodies 
eia  result  ftom  magnetism  in  one,  unless  the  other 
be  also  magnetized,  or — what  is  the  same  thing — 
that  the  fbroes  observed  are  the  consequences  of  a 
temponuy  magnetic  state  induced  in  the  neutral 
body  by  the  ndghbourfaood  of  a  magnet,  he  pro- 
ceeds to  deduce  analytically  the  resultant  direo- 
tive  energy  of  a  magnetic  field  on  a  sphere  of 
ifailto  dimensions  placed  anywhere  in  It ;  and  it 
Mlows  readily  from  his  formulsB  that  while  a 
sphere  of  soft  iron  is  always  urged  in  the  direc- 
tion in  which  the  magnetizii^  force  increases 
BBOSi  rapidly*,  there  en  cases  (cases  in  which  his 
quantity  i  u  negative)  In  which  the  sphere  may 
be  urged  aeroee  the  direction  of  the  mognetiging 
Jbree^ — ^in  iisct,  that  this  must  take  place  with  all 
substances  (diamagnetlcs)  in  which  t  (a  proper 
fraction  depending  on  the  capacity  of  the  sub- 
stance for  magnetic  induction,  and  determinable 
by  experiment)  is  negative.  The  student  will 
obtain  a  briefer  and  periiaps  dearer  Idea  of  the 
nature  of  these  roost  interesting  reseaidies  from 
a  paper  in  Philoeopkieal  Magamne  for  October, 
1860,  In  which,  indeed,  they  are  not  only 
•ammed  iq»  baft  illnstrated  by  expedmenti    The 
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experimaiti  described  veiy  fully  hi  that  paper 
are  extremdy  simple,  and  show  how,  through 
modifyiiHi:  the  dirsctun  and  the  intendty  of  the 
forees  in  the  magnetic  field  by  various  positiont 
given  to  the  magnet's  motknu  may  be  Impressed 
on  magnetie  bodies— such  as  a  ball  of  soft  iron — 
exactly  analogous  to  those  presented  by  diamag- 
netie  biodtes  under  the  same  drcurostances.  For 
instance,  a  bell  of  soft  iron  of  very  small  volume 
and  very  delicately  suspended  from  a  long  hori- 
zontal lever,  under  the  influence  of  two  contrary 
poke  of  unequal  force  placed  on  the  same  side  in 
respect  to  it,  but  at  difibrent  distances,  may  be 
hdd  in  equilibrium  at  a  certain  distance  from 
both.  So  also,  the  same  ball  when  submitted  to 
the  action  of  two  poles,  equal  in  force,  but  of 
the  same  name,  will  have  not  only  a  position  of 
unstable  equilibrium  in  the  middle  of  the  Hues 
Joining  these  poles,  but  also  two  podtions  of 
stable  equilibrium,  at  the  two  extremities  of  a 
right  Une  drawn  perpendicularly  to  the  middle  of 
the  former,  and  of  a  length  depending  upon  the 
force  of  the  magnetic  poles.  All  these  eflects, 
and  others  of  the  same  kind,  may  be  obtained 
In  a  dmilar  manner,  by  supplying  the  place  of 
the  soft  Iron  by  bodies  thist  are  wy  slightly 
magnetic,  and  even  by  diamagnetic  bodies.  Pro- 
fessor Thomson  has  frequently  resumed  this  line 
of  investigation.  Another  memoir  (read  to  the 
British  Assodatfon  in  1860)  is  reprinted  in  PhiL 
Magaxine  Ibr  Mardi,  1861,  entitled,  '^On  tke 
Tkeorg  qf  Magnetie  Indndian  m  CrytttUHne  and 
non-CrgetaBine  J9nbetanoee,'*  In  this  paper  he 
dears  the  foundation  of  the  mathematical  theory 
of  Magnetism  of  all  physical  hypotheses  as  to 
»<  magnetic  fluds,"  and  unfolds  this  extension  of 
Poisson'fe  formuls  (thus  cleared)  to  problems  in 
which  it  is  a  condition  that  the  magnetic  dements 
are  not  spherical,  or  not  symmetrically  arranged 
within  a  substance  in  the  neighbourhood  of  a 
magnet, — thus  enabling  himsdf  to  grasp  all  the 
phmomena  of  what  has  been  termei  the  mag- 
neto^systalllne  force.  It  were  vain  to  attempt 
within  our  space  more  than  the  foregoing  brief 
narrative  and  bald  outline  of  the  researches  of 
this  Physicist;  suflke  It  that  he  oonsiderB  that 
not  one  of  the  most  striking  of  recent  experimen- 
tal results — not  e\'en  Webtf's  remarkable  results 
-»mav  not  be  dedaoed  as  coroUarles  from  a 
purely  dynamic  theory  of  Magnetism.  The 
scientific  world  assuredly  expects  ftom  him  a 
full  and  methodiod  woric  on  the  entire  subject- 
worthy  of  the  theme  itsdf,  and  of  his  own  wdl- 
won  distmGtion&— We  refer  the  student  for  many 
details  respecting  aU  portions  of  Magnetism  to 
De  la  Bive*s  excellent  and  copious  TVwrfifS,  and 
to  the  recent  workln  three  volumes  by  M .  M. 
Becquerd. — ProfessorThomson*s  chief  theoretical 
paper  is  in  the  Philoeaphioal  IVaneactione  for 
1861,  Part  I.  On  the  most  recent  condition  of 
this  and  all  cognate  physicd  subjects,  every  in- 
formation may  be  obtained  in  the  new  and  most 
ehoioe  DiseeriaiUm,  by  Plofessor  J.  D.  FortMS. 
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IWagMtlm,  €«rff«l»ftoB  •£— S«e  next 
mrticle. 

Rtasactlaait  DfMLMli^al  Bebiltoas  •£ — 

I.     McCHAlflCAL    TALUKS    OF    DUTBIBUTIONS 

OF  Elbotbicitt  aud  Maqmbtibm. — 1.  Ekty 
(rieify  at  reaL — To  electrify  an  insalated  ood- 
duetor  (a  Lej-den  phial,  for  instance,  or  any 
mass  of  metal  resting  on  snpports  of  glass) 
in  tlie  ordinary  way,  by  means  of  an  dectrical 
msdiine,  requires  tlie  «zpeDditore  of  woik  in 
turning  the  machine.  Bot  inasmuch  as  part, 
obviously  by  far  the  greater  part,  of  the  work 
done  in  this  operation  goes  to  generate  heat  by 
means  of  friction,  and  of  the  small  residue  some, 
it  may  be  a  considerable  proportion,  is  wasted  in 
generating  heat  (electrical  light  being  included 
in  the  term)  by  the  flashes,  iilnminated  points, 
and  sparks,  which  accompany  the  transmission 
of  the  electricity  from  the  glass  of  the  machine 
where  it  is  flnt  excited,  to  the  conductor  which 
receives  it,  the  mechanical  value  of  the  electri- 
fication effected  would  be  enormously  over- 
estimated if  it  were  regarded  as  equivalent  to  the 
work  that  has  been  spent.  The  portion  of  this 
work  which  produces  the  actual  electrification 
of  a  conductor  in  stated  circumstances  is,  how- 
ever, perfectly  definite  and  determinate.  The 
mechanical  value  of  any  electrification  of  a  con- 
ductor has  a  perfectly  definite  character,  and  it 
may  be  calculated  with  ease  in  any  particular 
case,  by  means  of  formula  demonstrated  by  Pro- 
fessor Thomson  (Glasgow  Philosophical  Society', 
January  2fi,  1868,  and  PhUotopkical  Magaainty 
March,  18&4).  The  simplest  case  is  that  of  a 
rin^e  conductor  insulated  at  a  distance  ftvm 
other  conductors,  or  with  only  uninsulated  con- 
dncting  matter  in  its  neighbourtiood.  In  this 
case  the  mechanical  value  of  the  el<^:trification  is 
equal  to  half'ihe  square  of  the  quanHty  qfeledricity, 
divided  hy  the  eapadhf  of  the  oonductor.^ 

In  any  case  wbate\'er,  the  total  medianical 
value  of  all  the  distributions  of  electricity  on  any 
nnmber  of  separate  insulated  conductors  electrified 
with  any  quantities  of  electricity,  is  equal  to  half 
the  sum  of  the  products  obtained  by  multiplying 
the  "  potent  ial  "f  in  each  conductor  by  the  quantity 
of  electricity  with  which  it  is  charged.  Each  term  of 
tills  expression  does  not  represent  the  independent 
valueof  the  actual  distribution  on  the  conductor  to 
which  it  corresponds,  inasmuch  as  the  "  potential  ** 
in  each  depends  on  the  presence  of  the  others, 
Hhcn  they  are  near  enough  to  exert  any  sensible 

*  The  term,  **  electro-static  capacity,**  has  been  intra- 
duceii  by  Proftaor  Thonison  to  algnUy  the  proportion 
of  tlie  qosntity  of  etoetridty  thst  the  conduotor  would 
reciiiu  to  that  which  it  would  communicate  to  a  con- 
ducting ball  of  unit  radius,  insalated  at  a  great  distance 
trwa  otiier  conducting  matter,  if  eonnectied  with  it  by 
means  of  a  fine  wire.  In  other  worda,  the  electrcMitatlc 
capacity  of  a  condactor  is  the  quantity  of  ulectriclcy 
wnich  U  holds  when  charged  to  unit  potential. 

t  A  term  first  introdnced  by  ttreen,  which  may  be. 
defined  as  the  quantity  of  mecnanical  worlc  that  wou  d 
have  to  be  q>ent  to  Ijrtug  a  unit  of  electricity  from  a 
great  distance  up  to  the  turfdce  of  the  condactor,  sup- 
posed to  reuln  its  dlstrlhutlon  unaltered. 


VAO 

mntnal  Inilneaoe;  bat  indepeodaDt 
of  these  independent  values  are  readily 
although  not  in  a  HormoonveDient  kit  sUtaBiem 
hero ;  and  their  sum  la  equal  to  the  total  vsIm, 
aa  calculated  by  the  preceding  expceBsioB.  ¥^1mi 
a  conductor  ia  discharged  without  other  ne* 
cbanically  valuable  efifecta  being  develaped,^M 
for  tntftima,  whou  the  knob  oi  a  Leydcn  phial  ii 
pat  in  oommnnication  with  the  oatrida  eoatiag^ 
or  when  a  fiask  of  lightning  takea  place— the  hart 
is  equal  in  mechanical  value  to  the  distributioa 
of  electricity  lost  Hence,  by  what  precedB^ 
the  amount  of  heat  is  proportional  to  the  jjmn 
of  the  quantities  diischarged,  as  was  paitiAOy 
discovered  by  various  experiroeoten  U  last  and 
of  the  present  centuries*  bot  first  demonstrated  <n 
dynamical  principles  by  J  oule,  in  a  oommnninstiM 
to  the  Royal  Society  in  1840.  Mr.  Jonle's  nanlt 
haa  been  verified  by  independent  experimenten  is 
France,  Italy,  and  Germany.  Professor  Thomsn 
haa  pointed  out  other  applications  of  his  iaveiti- 
gation,  some  of  a  practical  kind,  and  otbeis  in  tbt 
Mathematical  Theory  of  £lectridty,|  and  Itss 
stated  that  although  he  had  first  arrived  at  the 
results  in  1846,  and  used  them  in  ptpen  pub* 
lished  in  that  year,  the  first  explicit  pnblicatioD 
of  the  theorem  regarding  the  meduuical  valss 
of  the  electrification  of  a  conductor  appeals  to  be 
in  1847,  in  a  paper  entitled  "  Ueber  die  Eihalmag 
der  Kraft,"  by  Helmholz,  who  had  udepeodeotly 
arrived  at  the  saine  theorem. 

The  excellent  terms — ^potential  eneijty  asd 
actual  energy — which  have  been  introduoed  by 
Professor  Bankme  to  designate  the  staticsl  swt 
the  dynamical  forms  of  mechanical  eneigy,  an 
well  illustrated  by  their  application  to  thissaq)(ct 
Thus  what  has  been  d^ned  above  as  the  ne- 
chanical  value  of  an  electric  charge  is  ifei  "  potss- 
tial  energy.**  When  two  electrified  bodiai  re|icl 
one  another,  and  cxperioioe  no  sensible  resistaBOK 
tu  their  motiona,  a  portion  of  the  potential  enosy 
of  the  electrical  system  is  converted  into  artaal 
energy  of  motion.  If  a  liody  is  lepdied  or 
attracted  upwards  by  electric  foro^  thsra  it  s 
conversion  of  potential  enag^*  of  electricity  ista 
potential  energy  of  gravitation.  If  an  ele(^id 
conductor  is  disdiarged  withoat  being  allowed 
to  produce  electrolytic,  or  ordinary  mechanical 
efivcts,  its  potential  energy  ia,  as  lias  been  re- 
marked above,  wholly  converted  into  actaal 
energy  of  heat  and  light  in  the  flaah.  If  in 
its  diacbaiige  it  breaks  a  body  into  finignMiti 
thrown  \'ioleatly  asunder,  and  some  of  thin 
raised  against  gravity  by  the  electrie  fene^  sad 
at  the  same  time  deoomposes  water  i  its  poMBtii) 
enefgy  is  converted  partly  into  actual  energy  ei 
motion,   partly  potential  energy  of  cbenicit 

X  Among  the  latter,  aa  analytical  faiveitiRatimioirtb' 
muiual  attraction  or  repulston  between  two  ek^nv 
spherical  conductors  mur  l)e  referred  ta  BenKn  or  tbn 
inTcstigatloD  were  published  as  early  as  I8«i»  altlMOKb 
It  was  not  till  some  years  later  that  the  satbor  wc- 
ceeded  In  flnding  a  synthettcal  verlfieatiOB,  woica. 
aloii;;  with  itiv  niiglnal  analytical  sdhitloa.  Is  poUiiBfti 
hi  the  tkitMopMeaU  MagoMine,  for  April,  IMS. 
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Ubttj^moA  pavtlyinlopolMUalciMigyof  gmviU- 
tfan:  and  the  nnaiDdar  into  actual  «gtMigy  of  heat 

2.  Mt^Hiwm U  a  piaoe  of  ioft  iron  be 

albiPid  to  appfoadi  a  imigiiat  voy  ilowlj  tnm 
a  dtatant  poaitjon,  and  be  afterwards  dmwn 
avaj  80  lapidlj  thai  at  tlie  instant  wben  it 
leaciiaa  ita  primitive  position,  where  it  is  left  at 
nst,  it  TOtains  as  yet  sensibly  unimpaired  the 
aagnstiiation  it  liad  acquired  at  the  nearest  po- 
sitfon,  a  eertain  amoont  of  work  must  have  been 
fliiaUy  ergpendud  oo  the  motioo  of  the  iron. 
For  dnrlttfT  the  approach,  the  iron  has  only  the 
■lagnstiration  due  to  the  action  of  the  magnet 
on  it  In  its  actual  position  at  each  instant,  but  at 
each  Instant  of  the  time  hi  which  the  iron  is 
bsfaig  dmwn  away,  it  has  the  whole  mag- 
nafiration  due  to  the  action  of  the  magnet 
on  It  whm  it  was  the  nearest  Henos  it  is 
drawn  away  against  more  powerful  fincas  of 
altiartiun  than  those  with  which  the  magnet 
attnela  It  during  its  appnMch;  ftom  which  it 
iiDDwe  that  more  work  Is  spent  in  drawing  the 
ben  away  than  had  iMsn  gained  in  letthig  it 
appnash  the  magnet  Theeoleeflbctduetothis 
excess  of  week  b  tlie  magnedzataon  which  the 
Iran  carries  away  with  it;  and  oonsetpiently,  the 
■sehsnical  Talue  of  this  magnetisation  most  be 
pradsely  equal  to  tlie  mechanical  value  of  the 
balance  of  woik  spent  in  producing  It. 

After  a  very  ehort  tiuM  has  elspsed  with  the 
pieee  of  adt  lion  at  a  great  distance  ftom  the 
magnet,  it  wUl  have  loat,  ae  is  well  known,  all, 
or  nsniy  all,  the  magnetization  which  it  had 
acquired  temponrfly  in  the  neighbourhood  of 
the  magnet;  and  in  thie  ehort  time  eome  energy, 
equivalent  to  that  of  the  magnetiaatfcin  lost, 
mMt  have  besn  produced.  Kr.  Joule's  ex- 
perimanls  diow  that  thie  eneigy  oonaists  of  heat, 
which  is  generated  in  the  iron  during  demag- 
neiieaHun ;  and  we  inftr  the  ramarkable  con- 
dusion,  that  at  the  end  of  the  process  whkh  has 
bean  described,  or  of  any  motion  cf  a  piece  of  soft 
Iran  in  the  iiei§^ilKNnrfaood  of  a  magnet,  ftom  a 
certain  position  and  back  to  the  same,  the  iron 
wHl  be  as  much  wanncrthan  it  was  at  the  begin- 
B&ig,  as  it  wooM  have  been  without  any  magnetic 
actkn,  if  it  had  received  the  beat  that  would 
be  generated  by  the  expenditure  of  the  same 
smcunt  cf  woifc  on  mere  friction. 

A  curious  experiment  ilhistrating  tbeee  prin- 
ciples  ia  easily  made  by  sumecting  a  piece  of  soft 
iron  at  vest  to  alternate  magnetizatkms  snd 
dii^iieliialiiim,  or  revene  magnetisations, 
tfaraagh  the  action  of  an  electro-magnet,  and 
nbni  ting  the  changee  of  temperstun  which  it  ex- 
pvieaees,  care  being  taken  to  prevent  any  eensible 
cflbet  of  oonductkm  of  heat  from  the  coils  cf  the 
magnet.  In  a  varied  of  wave  it  is  ea^  to  ehow 
bjr  this  actico  an  elevation  of  temperature 
amountmg  to  aeversl  degreee  centigrade,  in  a 
piece  of  unmoved  eoft  iron.  Surely  when  this 
•ebtle  magnetic  influence,  producing  heat  at  a 
dirtaacs  Uuroogh  bodlee  eeemingly  insensible  to  its 
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efibcts,  is  known,  even  as  we  may  now  Imagine 
** knowing"  It,  we  shall  know  that  it  is  a 
dynamicsl  quality — a  modification  of  the  consti- 
tutional motions, — of  all  the  matter  oocupyiog 
space  in  which  it  rests. 

For  theoretical  indicatkms  regarding  leverM 
thermal  eflhcts  which  it  is  anticipated  muet  be 
experienced  by  a  body  according  ae  it  is  moved 
towards    or   horn   a   magnet,    see    Thjuimo- 

MAONEHSX. 

Tlie  same  oonrideratioas  are  applicable  to  the 
magnetisation  of  a  piece  of  steel,  with  this  dif- 
fern6e,  that  according  to  the  hardnese  of  the 
etad,  the  magnetizatfen  which  it  receivee  in  the 
nearest  poeition  will  be  more  or  lese  permanent, 
and  if  there  be  any  demagneUzatlon  after  re- 
moval ftom  the  magnet,  it  will  be  much  leee 
complete  than  in  the  case  of  eoft  iron,  and  tliat 
heat  will  be  neceeearfly  generated  both  In  the 
magnetisation  which  takee  place  during  the  gra- 
dual approach,  and  ia  the  eubeequent  demagne- 
dzation.  Further,  by  putting  together  a  nnmber 
of  pieces  of  steel,  eadi  eepantely  magnetiaed,  a 
complete  magnet  will  be  formed,  of  which  the 
mechanical  value  will  be  equal  to  the  sum  of  the 
mechanical  valnei  of  ite  parts,  increased  or  dimhi- 
ished  by  the  amount  of  work  spent  or  gained  in 
bringhigthem  together. 

8.  ElMtrieilif  m  ifoCfoa.— If  an  electrie  cur- 
rent be  excited  in  a  conductor,  and  then  left 
without  dectio-motive  force,  it  retains  enaigy  to 
produce  heat,  light,  and  other  kinds  of  mecha- 
nksl  eflbet,  and  it  gradually  fiUls  in  strength 
unto  it  becomes  insensible,  as  is  amply  de- 
monetrated  by  the  faiitisl  experiments  of 
Faraday  and  Henry,  on  the  eperk  which  takes 
place  when  a  galvMdc  droult  Is  opened  at  any 
point,  and  by  those  of  Weber,  Helmbolz,  and 
others  on  the  dectro-magnetlc  efiboto  of  vaiying 
currents.  Professor  Thomson  has  shown  how 
the  mechanical  value  of  all  the  efibcCs  that  a 
cumnt  in  a  doe^d  circuit  can  produce  after  the 
electro-motive  force  ceases,  may  be  ascertained 
by  a  determination,  fiHinded  on  the  known  laws 
of  dectrodynamic  induction,  of  the  mechanical 
value  of  the  energy  of  a  current  cf  given  strength, 
circulating  in  a  linear  conductor  (a  bent  wire^  ibr 
inetanoe)  of  any  form.  To  do  this,  it  may  be 
remarked,  hi  the  firet  place,  that  a  current,  once 
instituted  fai  a  conductor,  and  circulating  In  it 
after  the  deotro-motive  lone  ceaeee,  doee  eo  just 
ss  if  the  deetridty  had  inertia,  and  will 
diminish  in  strength  aeoordhig  to  the  eame,  or 
neariy  the  eame,  laws  as  a  current  ot  water  or 
other  fluid,  once  eet  in  motkm  and  left  without 
moving  force,  In  a  pipe  forming  a  doeed  circuit. 
But  according  to  Faraday,  who  found  that  an 
dectiic  drouit  consisting  of  a  win  doubled  on 
itself,  with  the  two  psrts  dose  together,  gives  no 
sendble  spark  when  suddenly  opened.  In  oom- 
parison  with  that  given  by  an  equal  length  of 
wiro  bent  Into  a  coil,  It  appean  that  the  efltets 
of  ordfaiaiy  iner^  either  ia  not  exist  for  deotri- 


646 


2N 


r 


MAO 

dty  in  motion,  or  an  Iml  mall  CBuipiuid  witli 
those  which,  in  a  suitabk  arrangement,  are  pro- 
duced by  the  "induction  ol  the  enrrent  upon 
itaelC"  In  the  present  etate  of  adenoe  it  is  coilj 
these  effects  that  oan  he  detennined  hy  a  mathe- 
matical investigation;  but  the  eflects  of  electrical 
inertia,  slxmld  it  be  found  to  exist,  will  h9  taken 
into  account  bj  adding  a  term  of  determinate 
ibrm  to  the  fhllj  determiDed  result  of  the  present 
investigation  which  expresses  the  meclianieal 
value  of  a  current  in  a  Ihiear  conductor  as  fiff  as 
It  depends  on  the  induction  of  thecnrrent  on  itselt 
Tlie  general  principle  of  the  investigation  is 
this — that  if  two  conduetofs,  with  a  current  sua- 
tained  in  each  by  a  constant  dectio-motivB  foree, 
he  alowlv  moved  towards  one  another,  and  there 
be  a  certain  gam  qf  work  on  the  whole,  bv  electro- 
d>'namic  force,  operating  during  the  roodon,  there 
win  be  twice  as  much  as  this  of  work  spent  by 
the  electro^motive  foross  (for  instance,  twios  the 
equivalent  of  chenucsl  action  in  ths  batteries, 
should  the  electro-motive  forces  be  chemical) 
o\'er  and  above  that  which  they  would  have  had 
to  spend  in  the  same  time,  merdy  to  keep  up  the 
currents,  if  the  conductors  had  been  at  rest, 
because  the  electro-dynamic  induction  prodneed 
by  the  motion  will  augment  the  currents;  while, 
on  the  other  hand,  if  the  motion  be  such  as  to 
reqmre  the  expenditure  of  work  against  electro- 
dynamic  forces  to  prodnoe  it,  there  will  bo  twice 
as  mudi  work  saved  off  the  action  of  the  electro- 
motive forces  by  currents  lieingdimhiished  during 
ths  motion.  Hence  tin  Aggregate  medianical 
value  of  the  cnrtsnts  inthe  two  conductors,  when 
brought  to  rest,  will  be  increased  in  the  one  case 
1^  an  amount  equal  to  the  work  done  by  mntual 
eleotKh  dynamic  forces  in  the  motion,  and  will 
be  dimbished  by  the  corresponding  amount  in 
the  other  case.  The  same  considerations  are 
applicable  to  relative  motions  of  two  portions  of 
the  same  linear  conductor  (supposed  perfectly 
fleidble)^  Hence  it  is  concluded  Uiat  the  mecha- 
nical value  of  a  current  of  given  strength  in  a 
linear  conductor  of  any  form,  b  determined  by 
calculating  the  amount  of  work  agahist  electro- 
dynamic  forces,  required  to  double  it  npon  itself, 
while  a  current  of  constant  strength  Is  sus- 
tained in  it  The  mathematical  problem  thus 
presented  leads  to  an  expression  for  the  re- 
quired mechanical  value  eonsbtbg  of  two 
ftctors,  of  which  one  is  determined  according 
to  the  form  and  dimensions  of  the  line  of  the 
conductor  in  any  case^  irrespectively  of  its  section, 
and  the  other  is  the  square  of  the  strength  of 
the  current  The  mechanical  value  of  a  current 
in  a  cloeed  drcuit,  determined  on  these  prindples, 
may  be  calculated  by  means  of  the  following 
simple  formula, -not  hitherto  published:^ 

where  R  denotes  the  resultant  electro-magnetic 
force  at  any  pomt  (o^  jr,  s)b     This  expression  Is 
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vary  asafhl  hi  the  dynaniicd  theory 
dectrie  macfafaws  and  dectro-Dagn 
As  an  example^  let  the  circuit  consist  of  n  length 
I  of  wlre^  wrapped  bi  a  helix  approximating  ts  a 
succession  of  drcles  on  a  cylinder  of  bnglh  a. 
The  mechanical  value  of  a  current  oCstreBglh  y 
fbwing  through  It  b  approxiaaatdy 
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whatever  be  the  fiameter  of  the  cylinder,  pro- 
vided it  be  very  small  In  proportion  to  ths 
length.  For  Instanoe,  let  100  foot  cf  wfae  bs 
wrapped  on  a  cylinder  an  Inch  or  two  in  diamster, 
and  one  foot  long.  The  mechanical  valoe  cf  a 
current  of  unit  strength  (or  n  current  whieb 
would  decompose  about  -^  of  a  grain  ef  water 
per  second)  flowing  thros^  it  b  60,000  djaa- 
ndcd  units. 

We  must  divide  fhb  by  82-3  to  reduce  i» 
**  foot  grains,**  and  we  And  therefore  diat  the 


i« 
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or 


Vis  viva,"  or  **  actual  eneiigT,* 
value"  of  the  enireat  fai  that  caae  (wfaidi  bjmt 
sueh  as  a  veiy  ordhiafy  experimental  fflaitntion 
might  be)  b  1660  timea  as  much  as  b  prodneed 
try  gravity  npon  a  gndn  of  water  desoodiag 
through  one  foot  If  we  divide  again  Ckis 
number  by  1390,  to  reduce  to  thensd  udii, 
we  find  1*12 ;  and  condude  that  about  a  gmb 
and  a  tenth  of  water  would  be  niaed  m  temposp 
tnre  one  degree  cent,  by  the  spuk  on  biealdsg 
circuit,  or  that  1,600  such  sparks  would  gbe  the 
same  devalion  of  temperature  to  a  quart*  «f  a 
pound  of  water.  It  b  well  known  that  tbsn 
eflbcts  are  immensdy  Increased  by  loMrtiag  soft 
iron  into  the  i^lindrical  apace  anrrounded  by  ths 
cdl.  The  same  theory  gives  eomplets  indifstinBt 
for  finding  how  much,  when  experimeatd  deter- 
minations of  the  law  and  amount  of  magMtb- 
ation  are  complete  enough  to  supply  the  leqsiaie 
numerical  data. 

The  foltowing  definition  b  of  hiipmtance  ta 
applications  cf  the  theory  of  the  energy  of  ebo* 
tridtv  in  motion :— - 

The  electro-dynamic  capad^  of  a  linesr  eoa- 
dttctor  of  any  fonn  b  the  mechanical  vdoe  of  a 
current  of  unit  strength  circulating  in  it 

II.  TsAxsiKNT  Electric  CuitnE3nn»*— 
Professor  Thomson  has  determined  the  motiflo 
of  dectridty  at  any  instant  after  an  dectiified 
conductor  of  given  capadty  b  put  in  connectiflB 
with  the  earth  by  means  of  a  wire  or  other  BiiBsr 
conductor  of  gh'en  form  and  given  renstiBg 
power.  The  solution  b  founded  on  ths  efaatiM 
qf  energy  (corresponding  precisely  to  ^*the  sqsa* 
tion  of  vi»-viva**  In  oidinary  dynamies),  whkh 
b  suffident  for  the  solution  of  every  medisniesl 
probtem,  involving  only  one  variable  demeot  to 
be  determmed  in  terms  of  the  timsk  That  then 
b  only  one  such  variable  in  the  present  esse 

•  The  ns^thematieel  inTettScstions  ftom  which  flMS 
remits  are  deduced  is  piiMishert  In  ths 
MagatiMt  Juasb  188& 
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implknt  wbleh  an  made 
W9g^u€bag  the  data,  namely — 

(1.)  nat  the  etectrieal  eapadty  of  tlia  first 
■wirtwifd,  or  principal  oondactor,  as  it  will  be 
ealiad,  la  ao  great  in  eonparisoo  with  that  of  the 
sseeod  or  disdiuger,  as  to  allow  no  appreciable 
prcjiortkn  of  its  original  chaige  to  be  contained 
in  the  diachaigw  at  any  instant  of  the  discfaaige^ 
wUeb  wOl  imply  thai  tlie  strength  of  the  conent 
at  eadk  instant  must  be  sensibly  nnifonn  throogh 
the  whole  length  of  the  disduiger. 

(t.)  That  there  is  no  sensible  leeittance  to 
eoodwlioii  over  the  principal  oondnctor,  so  that 
the  aaMNDt  of  charge  left  in  it  at  any  instant  of 
tlM  disdiarge  will  be  distiibated  on  it  in  sensibly 
way  as  if  there  was  complete  dectiical 


The  leaolts  of  the  inrestigation  hidode 
cspnseioiie  far  the  mechanical  yalnes  of  the 
chivge  left  in  theprindpal  oondnetor,  and  ibr  the 
eloeorienl  motloo  hi  the  disehaiger,  at  any 
inslanti  hi  terns  of  the  amomit  of  that  diargei 
the  rate  at  which  it  is  diminishbg.  The 
Bi  of  tlMse  twoqoantltiesi  eonstitBtes  the  whole 
ctio  atatleal  nd  elsctro-dynamleal  energy 
^  apparatoB,  and  the  dimination  whidi  it 
in  any  tlme^  most  be  medianically 
by  heat  gCMnted  in  the  same  time. 
We  hare  tins  an  equation  between  the  diminu- 
tion of  the  else  tried  energy  in  any  infinitely 
aesall  thas^  and  the  expreesion  according  to 
JonisRs  law  far  the  heat  generated  In  the  same 
tiase  in  the  disdiarger  nraltipUed  by  the  mecha- 
tfkaleqiniTalent  of  the  thermal  unit  Theeqoa- 
tion  80  obtained  is  hi  the  farm  of  a  well  known 
dUbRtttial  eqaatioo,  cf  which  the  integral  gives 
tiM  qnantity  of  decbidty  left  at  any  instant  in 
the  piind|»al  conductor,  and  consequently  ex- 
nesses  the  complete  solution  of  the  pr^)leni. 
rmisJy  the  same  equation  and  solution  are 
•imlieable  to  the  drcnmstanoes  of  a  pendnlum, 
drawn  tlnoogh  a  small  angle  Atom  the  vertical, 
and  let  go  in  a  viscous  fluid,  which  exercises  a 
resistance  simply  proportional  to  the  velocity  of 
the  body  moving  through  it. 

Tbo  faiterpretation  of  the  solution  Indicates  two 
kiada  ef  discharge,  pressntiog  very  remarlLable 
dMnguishhHS  characteristics;  a  continued  die- 
dinge,  and  an  eecillatory  disdiaige,  one  or  other 
of  wliicfa  will  take  place  in  any  psjrticolar  case. 
In  the  continoed  discharge  the  quantity  of  ekc- 
trid^  on  the  prfaidpal  conductor  diminishes 
ly,  and  the  discharging  corrent  first 
to  a  maximum,  and  then  diminishes 
ly  until  afker  an  infinite  time  cquOl- 
briam  is  established.  In  the  osdUatory  discharge, 
the  principal  conductor  first  loses  its  charge,  be- 
eomea  charged  vrith  a  less  amount  of  the  contrary 
kind  of  eie^ridty,  becomes  sgain  discharged,  and 
charged  with  a  still  smaller  amount  of 
/f  bat  of  the  same  kind  as  the  initial 
and  BO  on  for  an  infinite  number  of  tunea^ 
until  equilibrinaiia established;  the  stieogth  of 
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the  current  and  Its  direction,  hi  the  diseharger, 
has  oorresponduig  yariattons;  and  the  instants 
when  the  charge  of  either  kind  of  electricity  on 
the  principal  conductor  is  at  the  greatest,  being 
also  those  where  the  current  in  the  discharger  Is 
on  the  turn,  follow  one  another  at  eqod  intervals 
of  time.  Tlie  continued  or  the  oscQlatory  dia- 
chaige  takes  place  in  any  particular  case,  accord- 
ing to  the  **electro-staticcapacity  **  of  the  principal 
conductor,  the  '* electro-dynamical  capacity"  of 
the  discharger,  and  the  neiBtance  of  the  disefaaiiKer 
to  the  conduction  of  electricity.  Thus,  If  the 
discharger  be  given.  It  will  efieet  a  conthiued  or 
an  oscOlatoiy  discharge,  according  as  the  capacity 
of  the  principal  conductor  exceeds  or  falls  short 
of  a  certain  limit  If  the  principal  conductor, 
and  the  length  and  substance  of  the  disehaiger, 
be  given,  the  discharge  will  be  continoed  or 
ossQlatory  accordbg  as  the  electro-dynamie 
capacity  of  the  hitter,  depending  as  it  does  on  the 
fivm  into  which  it  is  bent»  ialls  short  of,  or 
exceeds  a  certain  limit  Lastly,  if  the  principal 
conductor,  and  the  length  and  form  of  the  die- 
chaiger  be  given,  the  discbarge  will  be  continoed 
or  oscillatory,  according  as  the  resistance  of  the 
dlsdiaiger  to  condnctton  exceeds  or  fsUs  short  of 
a  certain  limit 

It  ought  to  be  remarked,  that  although  the 
deetrical  equilibrium  is  not  rigorooidy  attafaied, 
whatever  kind  of  discfaaige  it  may  be,  in  any  finite 
thne;  yet  practically,  in  all  onUnary  experimental 
cases  the  discharge  is  finished  almost  histan- 
taneously  as  regards  all  apprsdable  efliBctB;  and 
the  great  obstacle  in  the  war  of  experimenting 
at  all  on  the  subject  arises  dim  the  difficulty  of 
arranging  the  drcumatances,  so  that  the  periods 
of  time  hidkated  by  the  theory  for  the  snocesskm 
of  various  phenomena  (as,  for  instance,  the  alter- 
nations of  the  chaigee  of  the  contrary  decCridty 
on  the  prindpal  conductor)  may  not  be  inap- 
predably  smalL 

It  is  not  improbable  that  double^  triple^  and 
quadruple  fiashee  of  lightning  which  are  fie- 
quently  seen  on  the  continent  of  Europe^  and 
aometfanes,  though  not  so  frequently,  hi  this 
country,  lasting  generally  long  enough  to  aUow 
an  obsenrer,  after  his  attention  i»  drawn  by  the 
first  light  of  the  flash,  to  turn  hb  head  round  and 
see  distinctly  the  course  of  the  lightning  in  the 
sky,  result  from  the  discharge  posBceshig  the 
osdUatory  character.  A  corresponding  pheno- 
menon might  probably  be  produced  artifldally  on 
a  small  scnle,  by  discbaiglng  a  Leyden  phid  or 
other  conductor  across  a  very  small  space  of  air, 
and  through  a  linear  conductor  of  latge  electro- 
dynamic  cspadty  and  small  redstance.  Should 
it  be  impoedble  on  account  of  the  too  great 
rapidity  of  the  succesdve  flashes,  for  the  unaided 
eye  to  distinguish  them,  Wheatstooe*s  method  of 
a  revolving  mirror  might  be  emjdoyed,  and 
ndght  show  the  spark  as  aevoral  points  or  short 
Hues  of  light  separated  by  dark  intervals,  faistcad 
of  a  dngle  pomt  of  light,  or  of  an  unbroken  Una 
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of  Ue^tiM  It  would  be  if  the  disdunge  wen 
ioBiuUtaytoQB,  or  won  oonCinnoiie  and  of  sppte- 
eUble  dnralioo. 

The  ezperimeots  by  Bkw  and  othcn  on  the 
megneUBatkni  of  fine  steel  needles  by  the  dis- 
cherge  of  eleetrified  oondiioton,  iUustrate*  in  a 
yeiy  remarkable  mamMr  the  oeoiUatory  character 
of  the  discdiarge  in  certain  droumstanoes;  notonlj 
when,  as  in  the  case  with  which  we  are  at  pneent 
occupied,  the  whole  mechanical  efibct  of  the  dia- 
chargeis produced  within  a  single  lineareondnotor, 
bat  idien  induced  conents  in  secondary  oonductors 
generate  a  portton  of  the  final  thermal  equivalent 

The  decomposition  of  water  1^  deotridty  firom 
an  ordinary  electrical  machine^  in  whidi,  as  has 
been  shown  by  Faraday,  mcNne  than  the  electro- 
chemical equivalent  of  the  whole  electricity  that 
passes  appeals  in  oxygen  and  hydrogen  rismg 
mixed  flpom  each  pole,  is  probably  due  to  electrical 
osdHationa  hi  the  discfaaiger  eonsequattt  on  the 
euooeesiTe  spario.*  Thas,  if  the  genersl  law  of 
electro-chemical  decompodtion  be  anplieable  to 
ennnents  of  such  veiy  short  diiratioB  as  that  of 
each  altanation  m  such  an  oscillatory  disehaige 
as  may  take  place  in  these  dicomstances,  thers 
will  be  decompoeed  altogether  aB  much  water  m 
is  eleotro>chemicaUy  equivalent  to  the  sum  of 
the  quantitiee  of  eleotrldty  that  pass  in  aU  the 
successive  currents  in  the  two  directiona,  while 
the  quantitiee  of  oxygen  and  hydrogen  which 
appear  at  the  two  ele^rodes  will  difo  by  the 
quantities  aiiring  from  the  decomposition  of  a 
quantity  of  water  electro-chemically  equivalent  to 
only  the  quantity  of  electridty  initially  oontauied 
by  the  prindpsl  conductor.  The  mathematical 
results  lead  to  an  egression  ibr  the  quantity  of 
water  decomposed  by  an  oadUatory  dlachaige 
in  any  case  to  which  they  are  applicable,  and 
show  that  the  greater  the  electro*  dynamic 
capadty  of  the  dunger,  the  leas  Us  resistaoce, 
and  the  less  the  dectro-statical  capadty  of  the 
priodpal  conductor,  the  greater  will  be  the 
quantity  of  water  decompoeed.  Probably  the 
best  arrangement  in  pnuBtice  would  be  one 
in  which,  fan  pUoe  of  a  priodpal  conductor 
ftilAIling  the  conditions  preeczibed  above,  merely 
a  smaU  ball  or  knob  is  substituted,  but 
thoee  coDditioas  not  being  fhlfllled,  the  dream- 
stances  would  not  be  exactly  expressed  by 
the  formnls  of  the  present  investigation. 
The  resistanos  would  be  much  diminished,  and 
consequently  the  whole  quantity  of  water  de- 
composed much  increaeed,  by  substituting  large 
platinum  dectrodes  for  the  mere  pohits  used  by 
Wollaston;  but  then  the  oxygen  and  hydrogen 
separated  during  the  first  direct  current,  would 
adhere  to  the  platinam  plates  and  would  be  in  part 
neutralized  by  combination  with  the  hydrogen 
and  oxygen  brought  to  the  same  plates  respeiy 

*  This  coqjectiire  was  Itast,  it  ie  beUeved,  fflTen  tqr 
Helmholz,  the  existence  of  eleotrical  oadllations  in 
many  cues  of  diachance  havins  been  Indicated  by  litm 
as  a  probable  eondtulon  from  toe  ezperimenti  of  Bieia, 
aUodedtointheteat 
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tively  by  the  aneoeeding  levewe  ewieot; 
on  throo^  all  the  alternations  of  tlm 
In  Uttf  if  the  electrodes  be  too  laige^  aU  the 
equivalent  q[nsntities  of  tiie  two  gaaea  bnvgfat 
Buooesdvely  to  the  same  electrode  will  vsoonhinei, 
and  at  the  end  of  the  disehaige  there  will  ha  only 
oxygen  at  tlie  one  electrode  and  oiriy  fa jdrsgen 
at  the  other,  in  quantitiss  deetio-ohamlcally 
equivalent  to  the  initial  ohaige  of  the  prindpnl 
conductor.  Hence  we  see  the  neosssity  of  using 
very  minute  electrodes,  and  of  making  s  i 
able  qnantityof  eleotricby  pass  in  < 
so  that  each  snooesdve  alternation  ef  the 
may  aetnally  Ubemte  from  tiie  eUscAiuilsa 
of  the  gaass  wUdi  it  draws  from  the  wmsEi 

The  above  results  may  be  applied  to 
mine  the  laws,  according  to  which  a 
varies  at  the  commencsment  and  eod  of 
period,  daring  which  a  constant 
ioroB,  sttoh  aa  that  cf  a  galvanie  batteny, 
a  conductor  of  given  dectro-dyaamio  capneity 
and  resistanca,  and  to  diow  how  the  lalarifa 
between  the  daetro-staticsl  and  electro-dyBamie 
units  of  eleetrioal  quantity  and  deotn^noliva 
itaroe  may  be  experimentally  determined. 

IndueUon  CbO.— In  the  afaigle  coil  apporatoi^ 
the  recipient  are  completes  n  dreuit  with  tiie  §■• 
duction  cdl.  A  battery  eends  its  eomni  divided 
through  the  ''cdl"  and  the  '^ recipient  ar^"  in 
quantities  inversdy  proportional  to  tlM  nsistanees 
of  these  two  channels.  At  the  instant  wtei  tlia 
battery  drcnit  is  broken,  the  eniraot  in  the  coH, 
withitsgrsatiiioaisntiin,overtaalan6ss  theooapaf»» 
tivdy  small  wosigii^laHi  of  the  cnixemt  prsvionly 
exdtod  in  the  redpient  are  by  the  direct  action  oip 
the  battery,  andgtvesriseteithe  '^indueed  eRsant*' 

In  the  doi&le  apparatus — ^with  primary  and 
secondary  coils — the  impulse  induced  in  the 
secondary  coil  ie  equal  in  abrohitB  meaaoretot  ha 
strsngth  of  the  currsnt  stq>ped  in  tlie  primary, 
multiplied  by  a  co-effidsnt  of  induction.  The  whole 
quantity  of  the  cuirsnt  which  it  prodacaa  isaqinal 
to  its  own  measure  divided  by  tlieresistanoe  in  the 
whole  dreuit  of  secondary  coil  and  wriiiisat  nreu 
The  mora  sudden  the  stoppage  of  the  primary  eu^ 
rSDt,  the  more  intense  and  ^shortsria dvatioo 
is  the  shock  in  the  aseondaiy,  and  henoe  alone 
the  improved  effect  prodnoed  by  fiseaa'a  addi- 
tion of  the  condenasr. 

Befersnoee:  Jcole,  PkOoitpkteai  ilfi^jpasi'as, 
iTOCtdduifft  Roffol  Soci&l^  and  Aveesflu^^  Mwt^ 
eketUr  PhUoeopkical  /fibcu^r;  various  aitiiliM 
from  1840  to  recent  datss^espeda%  (IX 
''Generation  of  Heat  by  Electridty;"  (2),  ■*Ob 
the  Heat  of  Electrolysis;''  (8),  "On  the  Cala- 
lifio  efibcts  of  Kagneto-eleetridty  and  thalisoha- 
rical  value  of  Heat"  Hefanhols,  "ErUtv^ 
der  Knit,"  Berifai,  1847.  Greve^  "GonrshtioB 
of  the  Physical  Foroos"  Thomson,  Papsn  la- 
ferred  to  above;  also,  "BiedianiBal  TWory  of 
Electrdyds,"  and  "Applicationa  ef  the  Prin- 
ciples of  Mechanical  £ibct»  fo";  J^ikmfkkni 
Magaam^  Dec,  1851* 
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TcncaiHal.  Ithasloogbin 
ihtt  the  Globe  as  a  whole  ezerta  oartain 
Bagoilfeinftneone,  aMibliiigU,ibri]MtaiMM,toMt 


VM7ii«<ivitliiae0rtrinliiiiiti)irith  the  locality 
when  the  needle  fa  iJaoed.  Alleffteteof  Terree- 
trial  MaipietfaBB,  hoirever  Taiied  they  appear,  am 
Indeed  nltfanatdy  nferable  to  aonie  one  of  the 
ckangeefaidlcatedhx  the  Needle;  whieh  dumgee 
mmj  tbaeibfebe  taken  ae  the  cardhial  phenooM- 
DOB  of  the  aafefjeeL  Kow,  thb  pheoomeDco,  al- 
tfaoogh  In  Iteelf  rimple  and  hidivislble,  beoome^ 
non  palpable,  if  at  lint  we  ngud  It  nnder  three 
aepaete-^L  Let  a  iteel  ber  orneedle  be magnet- 
iaed  bj  the  evdinaiy  proeeaw,  and  its  oentre  of 
gisritf  dien  detected.  If  it  be  freely  snepended 
bj  that  ontre,  or  placed  ae  below  on  the  top  of 
A  pointed  anpfMrt,  eo  that  it  ma j  ewing  freely 
and  aaenme  anj  dheetion,  it  will  be  ftnmd  that, 
Ib  everf  localltjy  tlie  needle  chooeea  a  oertaio 


I  it  Ant  oedDatee  rand  that  direction 
the  poidnlnni  doee  from  eide  to  dde  of  the 
direction,  ef  gmvilj-^and,  fina&y,  wturue  and 
flpeddng  ranghly,  thfa  mrtoral 
of  the  needle  fa  flmn  Sooth  to  North: 
It  doee  not  In  genenU  coineide  with 
tlm  Gc^pnphieal  ICnrUfan,  bat  deriatm  ftmn  it 
by  an  ai^  tenned  the  Mt^mttie  jPeciBeglfow.  The 
fine  ahrng  which  the  needle  rmlly  doee  point,  may 
ba  callad  the  MagntOe  MtrMkm.^lL  Take  next 
an  anai^^Mfnei  rteel  needle,  and  paae  through 
ha  ontre  of  gimritj  a  horiaontal  axto :  If  &e 
oidi  of  that  a^  be  placed  on  hoiixontal  appoffiB, 
the  needle  wOl  neceseaiily  aemnne  a  horiaontal 
yeairion  whateter  be  ite  direction  rdatlTe  to  geo- 
gnaphied  or  magnetic  meridiana.  Letthenrndle 
ba  now  magnetiaed,  and  replaced  on  its  enpports: 
phenomenon  qoite  of  a  new  deecriptioii  im- 
ears.  The  dmple  act  of  magnet- 
Irfaig  Am  bar,  cannet,  of  oouM^  have  changed  the 
alwdiita  s/rtnUg  or  wdght  of  either  of  its  arms; 
naiyerthdam,  it  no  ko^  ntahia  the  horiaontal 
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podtkm;  one  end  of  it  seeeis  to  hare  been  made 
heavier  than  the  other,  fixr  that  end  difo. 
This  phenomenon  fa  represented  in  fig.  2. 
The  needle  thne  snepended  fa  called  the  d^ipmg 
mtik;  and  the  appamtna  now  exhibited  fa 
planned  to  meeenre  thfa  twcftiodon  or  dip— in 
other  words,  the  angte  eeparating  tin  lower  end 
of  the  needle  from  the  horizontal  point  Thein- 
stnment  delineated  below  (fig.  2),  has  a  motion  in 
aslmnth  roond  a  vertical  a^  l;  and  the  pod* 
tion  of  the  needle  in  asimvth,  or  rdative  to  the 
geofpRsphical  meridian,  fa  noted  on  tlie  gradoated 
drde  o,  o,  o,  by  a  vernier  or  microsot^  at  k. 
If  the  needle  itsdf  were  firee  to  move  in  admnth 
(which  the  mode  of  its  sospenaion  absdatdy  pro- 
hibitsX  it  woold  imdoabtedly,  beddes  dippiiig, 
assume  the  direction  of  the  dedination  needle. 
Tom  roond  the  instmment  on  the  azfa  l,  until 
the  needfa  be  In  the  declination  plane,  and  we 
shall  then  have  it,  in  all  respects,  fredy  nnder 
the  inflaence  of  the  Terrestrial  Magnetic  Foroe. 
The  deviation  of  the  lower  end  of  the  needle 
from  the  horizontal  point,  imder  theee  dream- 
stances,  fa  the  trae  or  abednto  <%  or  mdmotfion, 
characteristic  of  the  locality  and  time  at  whidi 
the  obeervaticn  fa  made.  If  the  fautrnmcnt  fa 
tamed  in  azinrath,  so  that  the  plane  of  the  needle 
Ifa  at  right  an(^  to  the  magnetfe  meridian,  the 
DedSnaUom  /bree  will  manifestly  be  nallifled,  and 
we  shall  find  the  needle  pointing  terdealfy  in 
abednto  obedience  to  the  IneUntUum  Force  f — 
between  which  podtion  and  that  of  the  denHnation 
plane,  the  depmtnre  of  the  needle  frtxn  the  hori- 
zontd  neceesarily  varies  according  to  the  azimoth 
of  the  plane  to  whidi  it  fa  conrtrdned.  Tiieee 
ars  the  two  demente  or  manifestations  by  whidi 
the  dirseCHm  of  the  Temstrid  Magnetic  Foroe  fa 
determinable ;  bat,  as  has  been  droady  indicated, 
they  are  not  mparate  elements;  on  the  contraiy, 
their  apparent  eeparation  fa  the  mere  resalt  of 
convenience  as  to  the  beet  means  of  determining 
tliem.  The  fiiee  poeilion  of  the  dipping  needle^ 
when  ite  plane  has  the  soitabk  admoUi,  repr^ 
scnts  by  itsdf  the  totu  directive  eflhct  of  the 
Terrestrid  Magnetic  Force. — IIL  There  most, 
however,  be  a  tkird  dement  connecbed  with  this 
Force,  which  It  fa  meet  needftil  to  know.  Hie 
fengoing  dements  merdy  inform  ns  of  the  line 
along  which  that  Foroe  acts  in  diflbrent  localities; 
they  throw  no  light  whatever  on  its  saa^nthMb  or 
mfeniji^.  Let  its  power  be  small  or  great,  the 
needle  woold  deflect  and  dip  predsdy  in  the 
dMcrved  dirBetions,'Jast  as  a  stone  woold  fall 
along  the  vertlcd  to  the  snrfeoe  of  the  earth, 
whatever  the  siae  of  oar  planet  or  the  amoont  of 
graTi^  bdooghig  to  it  The  third  essentid  de- 
ment of  oor  gonad  Tdlnric  phenomenon,  there- 
fore, fa  thfa /ntoid^.  And  it  fa  dear  that  when 
the  Dedination,  Inclinatloo,  and  Intendty,  are 
determined  for  any  given  place^  the  eflfective 
action  of  Teneetrid  Magnetinn  at  that  place  hae 

been  experimentally  vdned  and  defined. ^An 

inqoiiy  whoee  condltiona  and  alma  are  thus 
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BsmtoOi  nnglit  bmoi  b  siinpls  sod  aramiMfflMd 
ooo.  Bnt  the  sabject  of  Terrestrial  Magnetism 
ianowoneof  the  widest  in  Physics;  ithasaome- 
times  ooenpied  immense  enterprises;  and  it  is 
iBpldlj  leading  ns  into  fvesenoe  of  prolband 
eosmieal  relations  of  oar  Globe.  In  tlw  sequel 
of  this  paper  we  shall  examine  the  ehaneter  of 
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the  nseaRhes  which  this  inqidrjr  has  it^^utbtik  \ 
describe  the  aooeseible  modes  of  condnctiQ^  tlMM 
researches ;  narrate  the  eflfocts  already  «zpeoded 
in  this  direction  alilM  by  individuals,  asanriaflf— , 
and  goremments;  and  leooid  the  genaal  Latis 
whi(£  have  been  establiriied,  as  wdl  a 
of  othfli*  to  which  our  prasmr  ytt 
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knowledge,  tppean  to  point  Onr  esfay  shall 
terminate  with  a  brief  notioe  of  Theories  of 
Tenreetrial  Magnetism. 

L 

U0DE8  OF  DKTBBMINCrO  THK  EuOCEim  OF 

TBB  Telluric  BfAOXEno  Forcb  at  amy  oitb 

PLACB,  A8  WELL  A8  THBIB  DiSTUBBANCtS  OB 

Yabiatxons. — ^An  endeavour  to  give  satisfactory 
aooounts  of  the  various  instruments  employed 
at  different  times,  in  determining  the  essential 
dements  of  the  earth's  Magnetic  Force,  would 
lead  us  quite  beyond  present  limita.    Suffice  it, 


that  although  many  of  these  older 
were  admirable  as  to  oonstructioo — iasoing  fWrn 
the  woriuhops  of  Troughton  d  T^ondoB,  Qbbh 
bey  of  Paris,  &c,  they  were  in  nowise  miilbni 
either  as  to  plan  or  ddicacy,  and  were  also  fcr 
the  most  part  unsuited  to  (day  an  equal  part,  la 
determining  the  absolute  values  of  t^  ElomcBts 
and  the  Variations  to  which  eveiy  one  of  thasn  ii 
subject  An  entire  change  in  our  instruonental 
means,  and,  indeed,  in  our  general  mettiod  of  in- 
quiry, was  proposed  by  the  mustrlooa  Gi 
between  the  years  of  1832  and  18S6»— « 1 
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ipMt  Iron  wDictt  or  mM  oquuly  cAcSw  pi^ 
pMil,  tiw  nodem  and  gvMtMt  cm  in  the  hialory 
«f  Tamrtiial  Magnedsn,  eovld  not  luv«  bwa 
iatiigamed.  IMiening  that  it  was  not  necw- 
fuy  iatfiMb  nkjjBct  of  aQOoeei  tliat  tlM  three  ibro- 
Kifag  f—wntiil  domeBts  eboaUl  be  dotermined 
oepanrtdjr  aad  diioctly,  proTided  thojr  could  bo 
dotennimd  indirectly  or  iwofmre^  with  greator 
aoearaej  and  oonvcnienoe,  Gams  wholly  abaa- 
donadpaitoftheoldmothodorinqairr.  Although 
the  olBBMPt  of  the  IneUnation  or  *Dip  for  in- 
iCaaoBi  nay  bo  aioertained  by  direet  ohHrration 
with  eomo  fhdlUy,  tho  onud  or  evon  any  poasilslo 
Com  of  Inclination  Needloa  doee  not  render  them 
aaitable  for  girfaig  oSoe  udieatione  of  tho  passing 
▼ariatiaDs  of  that  doownt  Bat  tho  oleinent  of 
the  Immaiii  may  be  remlvod  into  two  rectaa- 
galaroompononta — ^vis.,  the  Ebriwomtai  Intmnty, 
aad  the  Vtriioal  Inttmkig^ — components,  for- 
Canaldy,  capable  of  twbg  asoertainodi  with  com- 
pamtfTo  minatenesB  end  ease:  and  It  is  evident 
that  if  these  aie  flzed,  their  retiiftaaf  or  the  total 
lahisity  isfcnow,  as  well  as  its  dirmUm;  which 
latter  la  ideotieal  with  the  direetiooof  the  Dip- 
ping Needle,  or  with  the  angle  of  the  IncUnation 
iiadt  Wo  shall  briefly  describe  the  three  primary 
iastivmenlB,  eoostnioledhyOaoss,  in  accordance 
whh  the  foR^oing  views,  and  also  hidicate  the 
■ode  of  using  then. 

I.  Th€  DedtMOtrnter,  or  DeeRimtiimrMfmff' 
nifBmsiii\ — ^Tliis  dne  Instrnmsnt  oonaltts  essen- 
cisHy  in  a  Magnetic  Bar  of  high  directive  force, 
aBSpended  at  Us  centra  of  gnvity  by  n  %«eiy 
kag  thnad,  and  protected  earefaliy  from  all  di»- 
tnrfaanoe  originating  in  aerial  ennents,  by  being 
Jodidoasly  enclosed  The  posithm  ef  sndi  a  bar 
can  be  tlie  resaltant  of  only  two  directive  forces, 
— vis^  tliat  acting  in  the  Magnetic  raeridhm  of 
Che  pUee,  and  tbo^orsjon  of  the  suspending  thread. 
For  the  eliminatian  of  all  the  ikoe  of  torsion  that 
ooald  be  elioHnated,  and  the  measorement  of  what 
iaovitably  rwnsiwd,  the  Inventor  provided  simple 
and  eObctive  expedienU;  so  that  the  position  of 
the  bar  might  be  inally  held  to  hidicate  simply 
and  parely  the  dgrfiiioAw  of  the  free  needle.  Bat 
the  amst  valoable  and  original  portion  of  this 
appaiafaa  ss  in  ftct  of  all  the  instnunents  in- 
aagarsled  by  Gauss  hi  relation  to  saeh  paiposts 
in  its  peculiar  adaptatfoa  lo  tdee$t 
ff^pomtmno/ikemagHeiiehar 
MMol  ^Ume,  This  measurement 
ii  iftxied,  la  the  following  way,  by  a  theodolite 
plaesd  at  a  ^considerable  distance  from  the  bar  :— 
The  bar  itself  carries  a  sauUl  mirror^  nicely  ad- 
jusled  on  its  extrsmity  nearest  the  cdesoope; 
and  at  the  object  ead  of  the  telescope  a  scale  of 
eqaal  parts  is  placed  borlsmtally,  in  such  a  man- 
ner, that  its  image,  reflected  back  from  the  mirror, 
csa  be  nad  through  the  telescope  It  is  scarcely 
aoeemary  to  say  that  the  division  of  the  reflected 
snie,  coinciding  with  the  optical  axis  of  the  tele- 
ssope,  must,  if  the  latter  be  rightly  a<ynsted,  in- 
dacats  at  aiiy  time  the  axinuith  of  the  mimetic 
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bar;  hot  It  ought  to  be  added,  that  the  eflbet  of 
the  arrangements  now  Indicated,  is  such,  that  tho 
asimuth  in  qoestiQa  naqr  be  determined  to  tenths 
of  seconds  of  ipaoe.  Referring  for  fiuther  details 
as  to  construction,  Ac,  to  Gauss's  own  memoir, 
reported  in  tho  second  volume  cf  Tojfl&r^M  Sekn' 
(ifie  Memoimt  wo  proceed  to  indicate  the  mode  in 
which  the  admirable  instrument  now  described 
fulfils  its  three  grsnd  purposss. — L  Theasimuth 
of  the  Needle,  or  the  momentary  direction  of  the 
Magnetic  meridian,  can  thus,  as  we  have  just 
indicated,  bo  at  any  instant  precisely  flxed. 
The  method  proposed  by  Gauss,  and  universally 
adopted,  la  as  ibilows:— The  Magnetic  bar,  d- 
though  constantly  In  motion,  must  yet  at  any 
given  moment  oaBHlate  rq^ulariy  on  either  sido 
of  tin  magnetie  meridian  at  that  moment  Now, 
as  the  time  occupied  by  these  oodllstions  (sup- 
posing the  horizontal  intenrity  invariable  for  the 
moment).  Is  as  uniform  as  that  of  theoscillatioas 
of  a  pendulum,  it  is  dsar  that-  the  sMaa  of  any 
two  poritlons  of  the  needle  corresponding  to  two 
instants  sepaiated  by  an  interval  of  time  exactly 
equal  to  the  tinw  of  aa  oscillation,  must  coincide 
with  the  magnetic  meridian  at  that  moment.  Or, 
to  make  the  determination  tm  accurate  as  it  csn 
be  made,  suppose  It  were  required  to  ix  the 
magnetic  noidfam  from  any  given  moment  i; 
and  supposs  ( the  asosrtaiaed  time  of  an  oscHla- 
tion,  then  if  the  degree  on  the  scale  corresponding 
with  the  optical  axis  of  tlie  telescope  be  marked 
for  such  snooessive  firoes  as 

*  +  }<.»+«*»»  +  ♦«. 
the  mean  of  those  will  give  the  time  T  aad  tfai 

corresponding  marie  on  the  scale  as  required.  la 
this  rimplemanncr— simplor  in  practice,  even  thaa 
la  description — the  absdute  position  of  the  Mag^ 
netie  merldum  can  be  asoertainod  by  Gaun's 
instrnmsnt  ibr  aay  moment;  sod  through  its 
rsmarkaldo  eflldency,  ihcts  have  been  already 
aoeumnlated  in  distant  regions  of  the  globe,  quite 
as  worthy  to  serve  as  foundations  in  our  research 
of  the  laws  of  Honiy,  Seasonal,  and  Secular  Va- 
riations in  the  Magnetie  Dedinatbn,  as  any  that 
have  been  accnmnlated  reepeeting  the  diurnal  or 
annual  piogrsee  of  Terrestrial  Temperaturs. — S. 
But  awrtherolijoetis  required  to !»  accomplished 
by  any  Dedlnoroeter,  than  that  it  should  indicaio 
momentary  or  horaiy  variations.  It  is  needful  to 
asoertain  the  mean  or  abaolute  Declination  of  tho 
Needle  at  the  place.  This  aim  was,  of  course^ 
readily,  although  roughly,  fulfilled  by  the  con- 
nection of  the  theodolite  with  a  well  ascertained 
9i6rid!ifm-sianb,*  but  the  more  delicate  qnestioa 
still  remained  as  to  the  mode  of  diminaUag  tho 
minuter  horary  and  seasonal  variations.  It  is 
imposdUe  to  do  this  absdutdy.  We  cannot 
determine,  otherwin  than  approximately,  the 
mean  temperature  of  a  day  or  a  month  or  a 
year,  on  the  bads  of  observations  at  fixed  inter* 
val&  Btttaeericaofexcdlentdisonsdons  enabled 
Canss  to  conclude  that  the  mean  of  the  msgnetia 
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riMrfdbni  takm  at  eight  to  the  momiiigand  at  on^ 
in  the  aAernoon,  migfat  be  awmnert  as  the  abso- 
lute Magnetic  Declination  of  the  year.    Ratlier 
nofortnnately,  in  some  important  respects,  the 
time  by  which  observers  reclumed  in  all  tlie  da- 
borate  system  of  Observations  soon  to  be  noticed, 
was  Gottingen  mean  time; — ^It  oogfat  to  have 
been  Apparent  Solar  Time,    Nevertheless,  the 
mean  Magnetic  Dedinatkm  has  now  been  deter- 
mined abaolvtelj  for  varions  and  distant  phces; 
and  we  have  obtained  data  from  which  to  start 
In  an  fatare  speeolation  as  to  eeadar  variaiioiu, 
— 8.  The  Dedmometer  s  also  the  be»t  instro- 
ment  lor  detennintng,  in  absolute  measure^  the 
Horisontal  component  of  the  earth*s  Rla^^ietic 
IntflBsitjr.    Exactly  as  the  periods  of  the  oscil- 
lations of  an  Invariable  Pendulum  eaable  us  to 
compare  the  force  of  Gravity  at  diifereot  places 
on  our  globe's  sniikoe,  the  periods  of  the  osdlla- 
tioos  of  a  ftedy  suspended  invariable  Magnet 
would  yidd  similar  oondasions  as  to  the  Hon- 
aontal  Magnetic  Forces    But  although  this  easy 
method  has  still  to  be  mamlyRlied  on,  as  to  the 
magnetic  inihience  manifosted  at  plaoea  not  easOy 
acoenible,  it  is  evident  that  it  cannot  answer  the 
purpoees  of  perfectly  accurate  Science,  beeanae  no 
practical  means  exist  of  ensuring  the  faiTaii- 
abitity  of  the  proper  Magnetism  of  the  osdlhiting 
har.  The  attention  ofinquirersacoordhigly  turned 
to  the  research  whether  a  method  codd  be  do- 
vised  of  readily  determining  for  each  separate 
locality,  the  o&so&rfe  instead  of  the  cunponUive 
vahie  of  the  dement  in  question;  and  Gauss 
iinally  originated  a  process  whidi  with  some 
modifleation  has  since  been  untversally  adopted. 
The  process  in  prindple  Is  tUs : — Firtt,  observe 
the  tkne  of  vibration  of  a  ftedy  suspended  hori- 
sontal magnet  under  the  influence  of  the  Earth 
alone^ — ^this  will  give  the  produet  of  the  bori- 
zontd  component  of  the  Earth's  magnetic  Ibne, 
into  the  moment  of  the  free  magnetism  of  the  bar. 
Seeondfyt  employ  this  same  magnet  to  act  upon 
another  ahofredy  suspended,  and  note  the  effbcts 
of  its  action  combined  with  that  of  the  Earth,^ 
this  win  give  the  rvrfioof  the  same  quantities  whose 
product  had  just  been  discovered :— whence  by 
eai^  calculation,  the  vdue  in  abedute  measure  of 
the  Horizontd  Intensity.    Gauss  placed  the  de- 
fleeting  magnet,  with  its  axis  in  a  right  Hne 
passhig  thiottgfa  the  centre  of  the  suspended  bar 
of  the  magnetometer  and  perpendicidar  to  the 
magnetic  meridian, — in  which  case  the  tangent 
of  the  angle  of  deflection  is  equal  to  the  ratio  of 
two  forces ;  and  it  merdy  remained  to  deduce 
from  that  ratio,  the  ratio  of  the  magnetic  moment 
nf  the  deflecting  bar  to  the  earth's  force.    For 
detdls  the  student  is  referred  to  Gauss's  own 
efway,   ^^Inienritas  vie  moffnelicce  terrettrie  ad 
Mensuras*  oAsoftitom  revDOota,"  or  to  other  admir- 
able memoirs  by  Professors  Lloyd  of  Dublin,  and 
Lament  of  Munich.    The  valuable  odlections  of 
Mr.  Richard  Taylor,  are  also  quite  a  repertory  on 
this  important  subJeoL 
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f .  The  Bifiar  Mogttetamtier. — ^The 
ment  thus  dengnated  has^  for  itscxdudreol^eel, 
to  detennine  the  vonofMiis  of  the  horisoalal  ooea- 
pooent  of  the  Terrestarid  Magnetic  Foree  ^that 
component  whose  absolute  amount  may,  as  vpb 
have  just  seen,  be  found  at  any  time  ^  aid  of 
the  DetMnometer.    It  is  dmple  in  piindple^  eosr 
of  management,  and  in  aecuncy  aD  that  can  bis 
desired.    It  sprindple  is  as  foUmrs:— -Sapposa  a 
strongly  magnetized  bar,  constrained  into  a  posi- 
tion at  right  angles  to  the  magnatie  meridiaii,  it 
is  plain  that  the  horiaootal  Magnetic  Foree  wifl 
act  with  aU  its  energy,  and  under  the  most  ad- 
vantageoQS  drcumstances,  to  drag  the  bar  ont  of 
this  transverse  position  and  towards  its 
one^  whidi  of  course  is  oofaiddent  with  the 
nstie  meridian  of  the  place.  Now,  the  oasttastiQg 
or  constrainiog  force,  is  the  foree  of  lorasoa^  ap- 
plied in  a  way,  the  merit  of  snggcsta^  whidb  Is 
unquestionably  doe  to  Sir  Wlliam  Snow  Hanla. 
Hie  magnet  bar  is  suspended  by  twe  equi-distaat 
wires,  two  ends  of  whidi  are  attached  to  ha 
at  its  centre  (the  bar  lying  ./faO,  and  the 
ends,  to  the  opposite  sides  of  a  drde  whoei 
meter  is  equal  to  the  breadth  of  the  baiv  and 
which  can  be  turned  rennd  its  csntre.    The 
amount  of  constraining  foree  that  eon  Ans  be 
exerdaed  on  the  positian  of  the  magnetie  bai^  fe 
evidently  veiy  great;  and  no  large  quaBtHyof 
tonion  cosummicated  by  turning  the  upper  did^ 
suffices  to  place  that  bar  at  rjglit  an^ea  Id  the 
magnetic  meridian.   It  ia  deariy  witfaia  naoh  of 
computation  to  determine  exactly  thfo  fovea  of 
toisfon,  whatever  be  the  position  of  the  bar;  and 
as  the  intensity  of  the  earth's  hwinuutalm^eatie 
fecoa,  is  the  only  power  opposed  to  it,  or  which 
can  make  the  bar  shift,  it  is  easy  to 
these  eUfthigs  of  the  bar,  aocnratdy 
must  direetly  fedicate  the  sonialMiis  ef  that  foia& 
To  eflbct  the  requisite  messnromeats,  Gaaea  a|^ 
pKed  the  same  methods  wlndi  had  been  feoad  en 
eflbcdve  in  the  case  of  the  Dedinemeter;  hot  wa 
must  refer  to  the  memdn  of  this  dhdi^pdshad 
geometar  and  of  Iris  cnmpanioo  Weber    ta  tfaa 
cootributions  of  Dr.  lioyd— and  v«y  eipeeidly 
to  the  unrivaUed  Uboureef  the  Obaei  t  atoiy  of 
Gieenwidi,  ibr  details  aa  to  the  i*— "i^tt 
required,  and  the  eomcltoai^  essential  to  the 
reduction  of  the  piimaiy  observations.    Sofiea 
it,  that  through  aid  of  adenee  and  penoMl  ahm, 
the  observer  b  now  ooinipotent  here.  Not  a  vea- 
tige  of  dionge^  impreesed  by  any  cause,  en  tha 
horiaontd  component  of  the  Earth'a 
Force,  can  at  present  escape  him* 

a.  The  Bakmee  MagnHomeUr^ — The  ^ux 
of  this  Mi^pMtometer,  is  conelative  with  that  ^ 
the  Bifilar  Instrument  It  proposss  lo  note  and 
estimate  the  momentary  variationa  ef  the  Yertical 
component  of  the  totd  Magnetic  Foroa  It  hoa 
been  already  indicated  that»  placed  in  a  plsan  oft 
right  angles  to  the  plane  of  the  Msgnetic  Mori- 
dlan,  the  podtion  of  the  needle  must  alan^ys  ha 
I  the  vorlicaJ  000,  unless  at  tha  Magmtk 
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the  laws  of  gimvity  alone  are  obeyed  by  it 
Tain,  thoB,  an  energetio  Inclination  Keedle  into 
this  plane,  and  load  one  arm  of  it  until  tbe  needle 
■■■lime  the  horiaontal  position.  The  bar  will 
oearij  divoige,  npwards  or  downwards,  from  the 
boriaontal  line,  just  as  the  vertical  component 
fbcve  changes;  and  by  aid  of  a  mirror  placed  on 
its  axis  capable  of  reflecting  acales,  the  moei  evar 
Descent  of  theee  variations  may  be  obeerved  as 
aocaratdy  as  has  been  shown  to  be  practicable 
with  the  other  elements  we  have  diacoaeed. — See 
^gain  the  Memoirs  of  Profeanr  Lloyd. 

The  scheme  of  obeerving^  as  detaOed  above, 
■nd  a>  ioangnrated  by  Ganas,  evidently  requires 
bat  one  snpplementing,  so  that  it  be  complete. 
Ko  provieion  is  made  for  determining  the  aftto&ito 
ver^ad/orcem  "But  with  a  dear  determination 
of  tbe  horixontal  component  in  absolute  measure, 
this  latter  may  be  inferred  from  abaolute  deter- 
laJnarions  of  the  Ineimaiion.  And  although 
•orMfioM  of  Indination  cannot  be  correctly  or 
conveniently  found  by  ordinary  Inclination  in- 
atmnMnti,  this  absolute  determination  is  not 
diiflmlt.  The  whole  phenomena  therefore  are 
BOW  within  reach  of  science. 

IL 

Ths  Bakob  of  Obsbbtatioh  how  aooom- 
ruBHSD.— It  is  impossible  to  narrate  here^ 
how  much  the  sdeoee  of  Terrestrial  Magnetism 
owes  to  the  earlier  observers;  in  which  daas 
wa  indude  aU  who  wrought  previous  to  the 
pariod  of  the  Befoim  by  Gauss.  Many  able 
mcsi  from  HaDey's  time  downwards,  using  well 
their  opportunities,  have  combined  to  establish 
iMta  of  paramount  importance  towards  the  dis- 
covaiy  of  the  Laws  of  this  lemsilcable  influ- 
cnoa.  lei  us  name  espedally  Wilcke,  Hansteen, 
Roasal,  Dupemy,  Ennan,  Barlow,  Sir  James 
Claris  Boas,  and  Cdond  Edward  Sabfaie.  Bat 
that  invention  of  uniform,  competent,  and  aooes- 
aible  instruments,  which  has  just  been  commem- 
ocatod,  opened  a  fidd  much  too  extensive  for  cul- 
ton  by  separate  efibrts;  inasmuch  as  it  rendered 
it  psacticable  to  pnisue  continuoua,  systematic, 
and  relaled  obeervations  in  very  different  and  re- 
mote pboes  on  the  Earth.  A  society  of  private 
ehameiB,  headed  and  urged  on  by  Gauss,  early 
cooftented  the  arduous  enterprise.  This  society 
H^*^  tbe  system  pursued  at  Gottingen  as  their 
Dornalone;  and  its  members  wrought  efiiectivdy 
and  in  harmony.  Many  important  oondnslons 
ware  soon  arrived  at  Certain  general  laws  ap- 
peared to  dawn;  the  simultaneity  of  magnetic 
pertnrbationB  within  considerable  districts,  was 
cusilhmed,  as  wdl  sa  the  influence  of  distant 
Anrorss.  But  no  eameatnees  of  private  en- 
deavour, no  energy  of  personal  enthusiasm,  was 
•dequals  to  oope  with  a  problem  essentially  so 
vast.  Tbe  Add  of  that,  inquiry  is  not  limited 
to  one  continent,  but  embraces  the  entire  globe; 
and  the  satisfiMtaiy  cultivation  of  it,  could  issue 
onlj  tltfon^  the  wilUng  and  efibctive  aid  of  the 
noat  powerful  governments  of  the  world.    In 
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1819,  the  ffinstrious  Humboldt,  under  a  sense 
of  this  necessity,  applied  for  the  interftrence  of 
the  Emperor  of  Eussia;  and,  with  such  socoesa, 
that  magnetic  establishments  were  immediatdy 
formed  in  difiereet  parts  of  the  Eussian  £m|nra 
— ^as  far  as  China.  Assisted  by  the  B<^al 
Sodety  of  London  and  the  British  Assodatioa 
ibr  the  Advancement  of  Sdenoe,  the  same  ode- 
brated  and  persevering  individual  afterwards  laid 
the  case  and  its  daims  before  the  British  Govern- 
ment ;  and  the  memorial  was  responded  to  with 
alacrity,  promptness,  and  liberality.  Two  com- 
plete magnetic  Observatories  were  established  at 
Dublin  and  Greenwich ;  and  for  distant  stations, 
thoee  places  were  chosen  that  seemed  likdy  to  be 
the  theatres  of  the  more  critical  variations  of 
magnetio  action,— pUoes  in  opposite  positions  in 
respect  to  the  magnetic  Pdes  and  to  the  magnetic 
and  geographical  Equators.  One  observatory 
thoroughly  appouited  was  established  at  Tbronio 
in  Canada;  another  at  Van  Diemm'M  Omd} 
places  almost  antipodal,  and  therefore  influenced 
by  oppodte  seasons,  and  in  the  ne^ghbourtiood 
besides  of  the  two  points  of  maximum  magnetic 
Energy.  A  third  station  was  the  Cope  ^  Good 
Hope"^  point  long  recognised  as  remarkable  for 
the  wdl-prononnoed  sec^ar  diange  of  the  mag- 
netic dements  there :  and  the  fomrth  observatory 
was  established  at  JSU.  HdMo,  an  idand  ia  im- 
mediate proximity  with  the  magnetio  and  geo- 
graphical Equators,  and  near  ^  line  of  mini- 
mum force.  The  instruments  supplied  to  these 
Observatories  were  of  the  best  dimensions,  as 
that  question  was  understood  at  the  time;  and 
no  available  contrivance  or  expense  was  qfiared, 
to  endow  them  with  the  highest  predsion.  A 
oonsiderable  militsiT  service,  under  the  general 
direction  of  Colond  Sabine^  was  orgaaiaed  at  each 
station ;  and  the  observen  succeeded  each  other, 
so  that  there  was  no  interruption  of  work  by  day 
or  night  The  action  at  all  the  places  waa 
simultaneous — ^bemg  regalated  by  Gottingen  tima 
At  first,  obeervations  were  made  onee  every  two 
houn ;  afterwards  at  vrtrj  Gottingen  hour;  and 
when  extraordinary  pertnrbationB  were  notioBd  in 
the  nee^  its  podtiDns  were  msiked,  ai  leatt, 
every  five  minutes.  Begular  woik  was  sustained 
in  aU  theae  observatories  for  several  yesre  in  no 
csae  for  leaa  than  five  years.  Not  lessimportsnt 
were  the  efforts  of  the  Bussian  Government 
The  results  of  the  labonn  of  the  commission 
placed  under  direction  of  M.  KupflSar,  and  con- 
ducted in  exact  agreement  with  the  forcing 
system,  fill  up  many  volumes — besides  the  special 
one  published  in  1852,  containing  the  pure  or 
reduced  observatkms  made  at  Petenbui^,  Cat- 
terinenburg,  Bamaonl,  Kertdifaidc,  and  Sitka. 
Add  to  these,  the  stores  accumulated  in  Italy;  in 
Germany,  especially  by  Gauss,  Weber,  and  Lam- 
ent; in  Holland,  Sweden,  and  the  United  States 
of  America;  in  Brussels  by  the  indefotiifl^le 
Qnetdet ;  and  the  long  eeries  made  at  Paris  by 
the  iUustrioos  Ango.    Nor  in  enumerating  the 
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fnnfC6i|  irOiii  which  gmenl  Iawb  imy  now  bo 
dedoood,  can  we  omit  to  refer  to  private  obsenrers, 
— foremost  among  whom  stands  the  yenerable 
Sir  Thomas  Makdougall  Brisbane,  to  whose  erer 
MrakeAil  munificence  we  owe  the  valaable  vol- 
umes from  Makerstonn.  Much  more  had  to  be 
accomplished,  however,  than  the  simple  collec- 
tion of  rode  facts.  As  in  the  case  of  Astronomy 
every  one  of  these  facts  had  to  bo  reduced  or 
purified,  before  its  effective  significance  oould  ap- 
pear; and  the  reduced  Ikcts  themselves  required 
tlien  to  be  classified,  compared,  and  discussed. 
Many  Physicists  in  the  various  countries  named, 
have  laboured  with  high  success  in  this  depart- 
ment; but  it  were  wrong  not  to  signalize  the 
very  great  debt  under  which  the  whole  sutject 
of  Terrestrial  Magnetism  lies  to  Colonel  Edward 
SabinOb  Under  his  able  directions,  the  vast  con- 
tributions of  all  the  British  obsenratories,  have 
been  brought  into  a  manageable  shape, — their 
bulk,  when  reduced,  filling  many  quarto  volumes. 
To  these  volumes  Colonel  Sabine  has  prefixed 
valuable  introductions,  as  well  as  graphical  re- 
presentationa  of  the  variations  at  each  place. 
These  variations  he  has  compared  also  with  those 
recorded  in  other  parts  of  the  worid ;  and,  the 
whole  task  has  beoi  accomplished  not  only  with 
remarluible  sagacity,  but  also  with  a  freedom 
from  theoretical  bias  of  rarest  occurrence,  al- 
though most  necessary  when  one  undertakes  to 
lay  foundations  for  ihefirgt  or  empirical  Laws  of 
any  Science.  This  extensive,  complex,  and 
powerAil  oiganization  has  in  the  meantime  sus- 
pended its  labours.  The  reason  for  temporary 
suspension,  is  thoroughly  satisfactory.  At  the 
oommenoement  of  this  great  work,  no  exact  laws 
or  even  outlines  or  foreriiadowingB  of  exact  Laws 
in  Terrestrial  Magnetism,  could  safely  be  said  to 
have  been  ascertained.  The  best  mode  of  ob- 
serving therefore,  so  that  the  highest  or  absolute 
laws  be  reached,  was  likewise  •necessarily  un- 
known. Now  the  ground  is  cleared,  or  at  least 
in  the  act  of  being  so ;  and  no  long  time  can 
elapse,  ere  those  special  points  shall  come  out, 
towards  the  definition  of  which,  future  observa- 
tion ought  to  be  directed.  Doubtless  our  In- 
quiren  will  then  start  afresh,  if  with  restricted, 
certainly  with  more  direct  and  definite  aims,  and 
with  means  adjusted  to  the  new  and  special  task. 
Meanwhile  Greenwich  and  a  few  cardinal 
stations  continue  their  activity  ~  having  bestowed 
on  thdr  former  instrumental  resources,  the  in- 
estimable advantage  of  self-registry  by  photo- 
graphy.— In  the  following  sections  of  this  article 
we  shall  describe  those  general  Laws,  whose  dis- 
eovery  has  been  the  first  fruits  of  all  these  da^ 
borate  and  meritorious  investigations.  The  seed 
sown  so  carefully  has  certainly  not  remained 
barren  in  the  ground. 

lU. 

QlKBBAI*  RbSULTS  OF  ObSBRTATIOXS  0021- 

ckhkixo  thb  Maoxktio  Fobcb  or  thb 
IUbib. — ^Tbe  important  sulject  now  to  occupy 
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us,  admhs  of  dlviaon  into  two  &tinet  parts;^ 
the^rsl  taking  account  of  all  infiirmadoii  hithorto 
obtained  regarding  the  Mean  Yalnfls  of  thoTlires 
Magnetic  Elements,  viz.,  the  De^tatim,  tbe  Dip, 
and  the  IntauUy^  and  of 'their  apparent  sceubr 
variations ; — ^the  teetmd  recording  the  Lswv  in- 
dicated or  ascertained,  which  seem  to  gorem  their 
diurnal  and  annual  variations,  and  othen  of  oon- 
paratively  short  periods.  The  former  portka  of 
the  subject  may  be  designated  as  that  of  Mam 
Fo/aef;  the  latter  as  that  of  VariatmmMi — ^to 
which  we  must  add  a  third  section,  vis.,  Irrtgwhr 
Ckanges. 

I.  Mean  Values,  and  their  apparmi  Anfar 
VariaUofu, — ^The  honour  unquestionably  bdoqgt 
to  Dr.  Halley  of  first  attempting  to  eoHeot  and 
co-ordinate  all  accessible  facta  with  regard  to  As 
Telluric  Magnetic  Force,  and  to  present  thess 
graphically  on  maps,  by  that  inestimable  expe- 
dient which,  as  carried  out  by  Humboldt  in  the 
case  of  Isothermal  Lines,  has  acted  so  poweffUly 
in  advancing  the  study  of  the  distribution  of  teaa- 
perature  over  our  globe.    It  cannot  be  alleged, 
any  more  than  in  maps  of  the  Isothermala,  that 
every  portion  of  these  lines  may  equally  vin^ealB 
the  claim  of  being  authoritadvdy  dMennincd; 
neither  are  the  maps  of  the  different  eVsnmIs 
entitled  to  equal  credit :  nevertheless,  a  vast  oma 
of  reliable  information  has  without  doubt  been 
accumulated  and  represented,  wfaidi  must  taeit 
a  powerful  influence  on  the  progress  of  know- 
ledge as  to  the  absolute  nature  of  this  remarkaUs 
Force.    It  is  not  within  our  present  reach  to  it- 
produce  all  the  valuable  maps  that  are  now  part 
and  parcel  of  our  best  treatises  on  Magnetism,  and 
which  enter  into  every  adequate  Physical  At]a& 
To  manifest  something  of  the  direction  ef  ths 
Earth's  Magnetic  Force,  the  accompanying  sketch 
of  our  globe*s  Magnttk  MerMau  will  soflke. 
The  term  Magnetic  Meridian  has  been  employed 
variously :  the  signification  now  atfacfced  to  h  is 
the  following; — suppose  one  seta  oat  from  any 
locality  whatever,  and  follows,  first  towards  ths 
North  and  next  towards  the  South,  the  direetiea 
of  a  compass  or  Free  Magnetic  Needle,  ths  eorve 
he  would  trace  is  the  Magnetic  MerkOan  ef  aH 
those  places.    These  curves  or  meridiaHB  seem, 
according  to  present  observations,  to  ounnigs 
towards,  and  apparently  terminate  in  two  poteiB 
in  each  hemisphere,  hence  generally  called  the 
four  Magnetic  Poles,  or  the  corresponding  pahs 
of  Magnetic  Poles.    The  well  defined  craas  Iim^ 
at  right  angles  to  all  these  Magnetic  YhnSaut^ 
may,   after  the  analogy  of  the   Geographical 
Equator,  be  named  the  Magnetic  EqmStat:  bat 
of  this  there  is  another  definition,    vim.,   tlis 
line  across  the  surface  of  the  globe,  where  the 
Dipping  Needle  remoms  Aorison/aiL    This  latftv 
groat  circle  or  curve  b  represented  by  tiie  dotted 
fine  in  the  map.    This  curve  does  not  diller 
much  from  that  of  the  Magnetfe  Equator  as  at 
first  defined.    And  it  is  further  most  worthy  ef 
remark  that  the  Americaa  PoK  ••  iadieated 
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bf  (ha  ttwmgma  at  tbcM  nMridUm,  b  tmj 
■nrij  (ha  ipM  at  which  Sir  Juns  CUrkg  Ron 
taDd  riwangltaf  Iadlntttni(obe90°,  orntba' 
nP  AS".  It  would  t.fptti,  indMd,  llut  lbs  critical 
palnta  on  tka  am&ca  <d  tba  wtfa,  ml^C  at  pra- 
mt  Im  delernlD«d  bj  dlber  donat  tndilkc- 
«%.  KM  an,  Inwanr,  with  ngard  to  ttaa 
htmtilf.  Thk  (•  tha  damant  tba  mat  difficult 
araUUtilamidDa,  It  wato  dilll  in  ijpirimml, 
flMaanOHialafavaMfiaii,-  aadftwnaoteor 
b«M  DBTigtfn  ban,  nntil  qnita  itcant  tlmta, 
had  tliat  inlbainuj  acqnalntanca  wiib  pfajiica, 
•put  from  nbkji  Dg  nan  can,  In  nhnoca  to  ao 
riM  a  pobt.  delcRniH  vdL  Tb«  «ilj  rdiable 
Ifrnp,  or  nths  Iba  donaiti  of  tha  only  rdiabk 
■wp  j«t  in  our  poneidan,  wa  owe  to  Colonei 
Uwnd  SaUna.  Hii  eicriloit  mnnolr  in  (ba 
TVoBaortMW  pArta  ftifuA  Astoeiaiicii,  has  baoi 
imiaJ  aad  addid  to  011I7  by  himKlf;  In  Ctaoaa 
Tilnahki  Maaya  pndiad  to  tiN  Ttdumaa  contain- 
!■(  tha  ndaccd  cbaKTBtiooa  cf  tha  Ua^Mlle 
iNaUidnMMa  b  ou  Colodea.  Wa  eannat  at 
paaaatdlKMalbgaamapaof  Intnrityi  anffica  It 
ikc  tba  IntaoAy  pah  la  Ddtbai  tba  DecUnatiao 
■or  Oa  ladDattoB  pola.— Tba  law  o(  tba  iDcraaae 
<f  iBtMd^,  aa  ««  paaa  (Ma  Eqoator  to  Pola  It, 
•■dv  Mttin  lUMiaaa^  appnzimaldj  i^ra- 
iMIad  1)7  Iba  famala  of  BfaiL 


Ita  V  l  +  8lln»», 
Tbi)  fbmnila,  Indcad,  woold  ba  a  perllwt  axpna- 
doo  of  tba  law  of  UagDelic  Inlendty  if  Iha  Eaith 
van  parftetly  bontoganaoui,  or  If  the  inagiMinn 
of  a  placa  depanded  aolaly  on  Its  ladtnda.— Tba 
lalauilj  Pbm$,  an  manilMly  tha  tnie  Uagatik 
Ptht  tbaaa  poinia  or  ngiica*,  wbosa  daCannkw- 
tloD  la  of  grealait  Importance  towaid*  a  conplata 
tbaory  of  TamMrial  Uignetimn ;  and  Jot  Diapa 
of  laodynanik:  Linea,  in,  ihinToie,  of  all  olbva 
aa  dtudtraiida.  Bnt  the  earUfit  itepa  bare  bara 
efltativdy  taken.— The  maps  of  tba  Hagnetle 
Ehmeiite  now  mads,  an,  of  coDna,  itaDd-polDla, 
ftom  which  the  futato  |div>icut  moit  coDtam- 
pUte  the  comapondlng  phmomena  of  bla  ago. 
No  lati^etofy  knowledge  ■>  to  the  gemnl  laws 
of  tha  eecnlar  chaDgta  of  thoaa  elemeota  oii|fal  to 

of  accnrata  Ohatrvatlon  1  bat  tba  profnuid  IntvM 
of  NaTigatloa  and  Coaniroe  In  tba  atala  ef  tba 
Needla  baa  given  rise  nerotbdcai,  to  tba  m- 
•aration  of  itooid*  of  sraataat  Talna  In  tbdr 
baariog  on  Ibe  problam  of  tha  aacidar  diangea  ol 
tba  DicUnatlaD.  In  tba  cot  aatJolDad,  Iha  Una 
of  no  oorfntioii,  at  dUlennt  apocba,  k  diriln- 
gidebad: — atthoae  apocha,  tba  dacIlnatiaB  naadla 
diparted  (torn  tba  tnia  Mctb-aaabtl/ ar  wmM^, 
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•8  Indicated  br  the  line  of  no  variation.  Tliemoat 
careory  gUaoe  at  this  cat,  will  show  that  gnnd 
changes  hare  been  proceeding,  and  that  the 
magMtism  of  oor  globs  is  in  nowise  pennanent. 
Between  1600  and  1700,  for  instance,  the  line  of 
no-dedination  seems  to  have  undergone  a  ver]r 
oomplez  alteration—the  double  curve  of  the 
former  date  having  assumed  an  apparently  simple 
curve  throug^umt  all  the  space  of  the  Atlantio; 
but  after  the  year  1700,  these  changn,  although 
thorcMi^y  pionounoed,  manifest  a  certain  order 
or  regdarity — the  line  m  question  grsdually  pro- 
ceeding towards  the  west  On  the  supposition  of 
the  existence  ai/bm'  poka  or  points  on  the  earth*s 
surface  towards  which  the  Magnetic  Needle  is 
efiectivdy  directed,  Hansteen  has  attempted  to 
co-ordmate  and  aoooont  for  the  foregoing  as  well 
tA  their  cognate  changes.  In  earliest  times,  it  was 
fancied  tl^t  the  eaith  was  one  magnet,  or  that 
its  magnetic  effects  might  be  explained  by  the 
supposition  that  a  strong  magnet  passes  thzougfa 
its  centre,  not  along  the  line  of  its  polar  asds. 
Halley  first  alleged  that  on  tk^  ground  of  ikta 
mode  of  vinomg  phemommai  we  must  imagine 
two  great  intense  magnets  or  magnetic  axes;  and 
Hansteen  superadded  the  idea,  that  the  poke 
of  these  magnetic  axes  are  not  fixed,  but  perform 
a  motion  of  rsvolntioa  around  the  geographical 
poles  of  the  g^b&  To  the  Northern  Poles,  for 
iustance,  he  gave  a  period  of  revolution  of  1,740 
and  860  years  respectively;  and  to  the  corre- 
sponding southern  poles,  periods  of  4,609  and 
1,804  years.  Coupled  with  hypotheses  concern- 
ing the  relative  intensity  of  theee  various  supposed 
poles,  the  theorff  or  rather  tvppoiUion  now  offered, 
went  in  so  far  to  comprehend  the  variations  in- 
dicated on  such  maps  as  the  foregoing:  never- 
theless it  is  sufikiently  dear  that,  as  a  phgricail 
hypothesis*  there  is  no  basis  for  it  whatsoever. 
As  we  shidl  see  below,  all  noUons  having  the 
conception  of  four  poles  as  their  basis,  have  been 
utteriy  discredited  by  the  physical  investigations 
of  the  illustrious  Gauss ;  nor  did  Hansteen  him- 
self imagine  that  the  arduous  question,  as  to  the 
nature  of  Terrestrial  Magnetism,  could  be  resolved 
by  any  scheme  so  artifidaL 

U.  The  roHo^MNis.— It  is  clear  that  the 
phase  of  the  Telluric  phenomenon  now  specified, 
is  that  one  regarding  which  the  greatest  amount 
of  information  shoidd  be  expect  firom  recent 
penonal  and  governmental  activity.  Secular 
changes  cspedally  their  laws — cannot  be  de- 
tected in  one  generation.  But  co-ordinated  ob- 
servations during  even  a  few  years  at  frequent 
diumal  intervals  may  suffice  to  detect  the  laws 
cf  the  variations,  and  to  point  through  these,  to 
the  proximate,  if  not  the  ultimate  external  cause 
of  the  magnetic  phenomena  of  our  globe.  It 
cannot  be  alleged  even  now  however,  that  the 
Laws  of  sodi  Variations  are  abeolutdy  deter- 
mined. But  already  it  is  in  our  power  to  ofier 
an  approximation ;  and  this  we  shall  do  by  re- 
printing the  Memoirs  of  Proiessor  Seochi  of  the 
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CoHogio  Bomano,  to  iriiom,  periMqM^  m 
any  other  modsoi  inquirer,  we  axe  Jndebted  fbr 
feitile  suggestions  on  this  reouokable  ankjJeoL 
Professor  Seochi*s  papeta  have  appeared  in  the 
London  and  £dinbnigh  FkUoeopkioal  Mt^mme, 
(1.)  Oh  Ihe  Diurnal  and  Amtmal  VwritiHome/ 
the  Z)0c/iAatftpf».— The  fiiilowing  is  WKfm  Lam. 
— **  The  diumal  variations  of  themagnetie  nesdls 
follow  local  time." — The  first  dtacovcscfs  ef 
the  diumal  variations  of  the  m 
tion  suspected  that  the  needle  fdUpwed  the 
of  the  sun,  and  tiMnfi>rB  the  tme  (or  appasert) 
time  of  the  place  of  obeervation;  botwlieiiit 
afterwards  found,  by  comparative 
that  there  were  ootemponneoni 
many  diflerent  places,  it  was  easpecfeed  that  line 
n^ght  be  simultaneity  of  pertmlMtian  thrm^iial 
the  globe.    Wlien  however  places  ef  < 
sufficiently  distant  were  multiplied,  it 
that  the  ordinaiy,  or  diumal  variationa,  fbUoifed 
in  thehr  march  the  boors  of  local  time^  and  that 
even  the  extnu>rdinaiy  vaiiatians,  aa  we  shall  a« 
in  the  appropriate  places  were  not  immplntriy 
exduded  fh>m  the  opention  of  tUa  law.    To 
avoid  speaking  equivocally,  however,  the  tsiB 
**  distance"  moat  beanderstood  in  relalioii  totte 
sulgect  of  which  we  are  tnativg.    Hm 
even  of  the  whole  of  Europe^  and  atill 
tanees  of  six  or  seven  hundred  mUes, 
small  compared  to  the  entire  dreomfiBRooe  of  ths 
globe.    In  the  same  manner  that  inaBy 
ological  vidssitndes  may  be  simultsaeoiis 
extents,  so  may  also  the  magnetic 
which  might  be  produced  by  them;  bat  as  it  ( 
rarely  happen  tluit  meteorological 
the  whole  sm&oe  of  the  eartii,  « 
perturbations  produced  by  them  and 
over  the  whole  gbbe  would  be  eqoaDy  meu    In 
£ut,  if  we  hispect  the  magnetic  corvea,  traesd  in 
Gottingen  time,  for  GOttingen  and  Prague  in 
Europe,  and  for  places  situ«bed  in  Canada  and 
the  United  States  of  America,  we  shall  find  that 
the  places  in  each  continent  commonly  agree' 
well  with  each  other;  but  that  agreegnentbel 
the  continents  is  seldom  fi>nnd,  although 
distance  apart  is  not  great  compared  to  the  vrliole 
globe.    It  is  necessary,  however,  to  disoioiiiiata 
accurately  between  two  kinds  of  periodical  vada- 
tions;  those  which  strictly  follow  local  time^  and 
those  which  in  their  periods  occur  at  the 
moment  of  absolute  time  at  diflerent 
We  ahall  speak  of  the  latter  Sobsequently ;  bat 
in  respect  to  the  former,  let  it  be  r^arded  as 
fixed  that  local  time  is  to  be  alone  eoosideved; 
and  that  if  Qottfaigen  time  was  at  fint  adopted 
for  all  the  observatorfeB  in  common,  it  wm  for 
the  sake  of  making  out  the  law  of  the  extiaur- 
dinary  movements  and  **«^'^^H'^  thdr  calcola- 
tion,  rather  than  for  the  purpose  of  reeogniziQg 
the  law  of  the  diuraal  variations  of  wUdi  we  ore 
now  speaking.    It  would  indeed  have  been  de- 


sirsUe  to  have  adopted  trm  or  ajjpareiU  local 
solar  time^  instead  of  mean  time^  in  the 
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tioM»  or  M  kMt  in  the  radoctioiiib    The  me  of 
■MHi  GottiDgen  tinac^  beridee  the  faioonvwience 
«C  nqairing  the  eqnetion  of  time  to  be  applied, 
hw  abo  another,  which  is,  that  It  does  not  often 
that  at  iivo  distant  olMrvatoriss  the  ob- 
fidlatevenhoonof  kctltime^    This 
of  the  points  (and  we  shall  see  others  pre- 
ssDil j)  in  iriiich  the  diecnssion  of  past  obsenra- 
tione  tluows  Ught  on  the  system  to  be  adopted  in 
fiitiini.  It  is  to  be  hoped  that  ftitiiie  observations 
will  be  mads  at  even  honn  of  qipaient  loeal  time^ 
and  that  thoee  which  have  been  made  wiU  be 
ledaosd  to  each  boon.  We  have  however  foond, 
iemonstrats  in  the  seqnd,  tliat  ths 
ef  tlie  diomal  oscillations  depends  mors  on 
te  position  of  the  son  rdativdj  to  the  magnetie 
■sridian  ef  a  given  plaos  (i,  «^  rebdvelf  to  the 
aiimnrii  of  the  plane  of  the  magnetie  meridian) 
on  tlie  relation  to  the  geognphie  meridian. 
k — **Thepoleof  the  needle  which  is 
distant  from  the  son  makes  a  doable  diomal 
in  the  ftiOowhig  manner: — It  is  at  its 
of  westen  excoision  lonr  or  five  lionn 
betes  the  son  passes  the  meridian  of  the  plaos; 
it  tibsn  tofiis  sastwaid  with  increasing  o^eritj, 
ef  wUeh  the  mazimnm  oocnrs  near  the  passage 
of  tbs  snn  throon^  the  magnetic  meridian,  and 
it  nacbes  its  Bosit  of  easteni  ezconion  one  or 
two  hems  after  the  said  pessagOi    As  the  son 
the  needle  letoms;  and  as  the  son 
the  inlMor  meridian,  then  is  repeated  in 
the  night  the  same  variation  as  that  which  took 
plaee  dniqg  the  day,  bnt  restricted  within  nar- 
rower limits.  Ths  Hmitfaig  honrs  of  tfaess  changes 
vary  with  the  ■sasani,  and  are  gensrall j  eei&r 
in  esnmer  and  later  in  winter;  and  the  magni- 
cades  of  the  ezomslone  are  in  the  proportion  of 
the  ^^^TfTwl  to  the  ni'^miitf  arc*** 


nT 


^\ 


o 


Is" 

1. 


3 


0 


It 


/ 


i4 


i 


.^    ^^    -   /     ^v 


The  woodent  will  make  this  law  better  ondsr- 
4Qod.  Lst  B  w  be  the  equator  or  the  parsllel 
described  by  theson,  and  THtwo  places  ritoatsd 
hi  opposits  hemispheres  as  respects  the  sui;  be- 
tween the  hoars  of  \9i^  and  21>>  (7  and  9  ▲.!!.) 
ths  two  nsedbs  will  be  in  the  positions  shown  on 
te  fine  s  » ;  from  1  to  2  F.if.,  in  the  positkm 
abown  on  ths  line  e'  x' ;  between  9  and  10  p.]l, 
as  shown  on  the  Une  W*  K";  and,  finally,  bstween 
14^  and  \h^  (2  and  S  a^.),  as  on  the  line  ft"  v'^ 
— ^The  case  here  represented  is  exactly  that  of 
Toconto  (t),  and  UobartoQ  (a>  CoknelSaUne 
describes  the  diunial  osdllation  at  Toronto  as 
fcOows:— .«*The  mean  dhvnal  variation  of  the 
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decHnatioD  at  Toronto^  as  derived  firom  the  tw(v 
hooriy  observations  in  1841  and  1842,  consists 
in  an  easterly  movement  of  the  north  end  of  tbe 
magnet  from  two  to  ten  horns  Indosive ;  a  small 
rstom  movement  towards  the  west  then  takee 
place  till  fonrteen  hoars,  when  the  easteriy  pro- 
greerion  is  rssumed,  and  continoes  until  twenty 
iMmrs,  at  which  time  the  north  end  of  the  magnet 
reaches  its  eastern  limit   IVom  twenty  hours  the 
movement  is  contfaraons  towards  the  west  until 
two  hoars,  wfafeh  is  the  period  of  the  extreme 
western  limit.'*  (J'wanao  ObssroofiKms,  toL  !., 
pw  14.)    And  at  Hobarton  as  follows: — '*The 
north  end  of  the  magnet  has  two  eastern  and  two 
western  elongatloas  or  toming-pofaits,  at  both 
periods  of  the  year ;  from  October  till  February 
the  principal  easteni  dongatfon  is  at  2^  and  the 
minor  one  at  15^;  fIrom  April  to  August  the 
hours  of  these  tandng-points  become  respectively 
8^  and  16** ;  from  October  to  Februair  the  prin- 
cipal western  elongation  is  between  2CP  and  21^ 
and  the  minor  one  at  11^ ;  whilst  from  April  to 
August  tbe  cofiespouding  phenomena  occur  at  22^ 
and  ll^**    Then,  oompsving  the  figures  which 
represent  thess  movements  with  those  of  Toronto, 
he  condodes  that  they  are  M— itfay]^  only  having 
opposite  signs,  eamp<  fkiA  ikt  tmnnmtf-poinU  or 
pa-iodi  ore  earUer  ai  ToraUo  than  at  ffobartm. 
The  opporitkm  of  these  movements  is  shown  in 
oar  figare  in  a  manner  easily  to  be  remembered. 
The  two  stations  may  be  regarded  as  [within 
limits,  Ed.]  the  type  of  all  that  happens  out  of 
the  torrid  aone.    Within  or  near  the  tropics  the 
kw  holds  good,  providing  we  have  regard  to  the 
hemisphere  in  which  the  sun  is,  the  places  being 
considered  as  in  the  southern  hemiBphere  when 
the  son  is  in  the  northern  hemisphere,  and  in  the 
northern  hemispherewhenbelsin  the  southern.  If 
there  should  sometimes  appear  to  be  an  exception, 
it  woold  be  only  an  apparent  one,  as  we  shall  soon 
demonstrate.  In  the  meantime,  to  frcUitate  com- 
parisons, we  may  estaUiih  the  following: — 
CoroUaiy  I. — ^Afl  the  Tariatlons  are  the  same  in 
both  hemispheres,  providing  we  diange  the  name 
of  the  pole  influenced ;  and  if  we  take  as  the  type 
the  north  pole  and  northern  hemisphere,  we  shall 
have  identical  variations  for  the  south  pole  in  the 
sooihem  hemisphere;  and  the  rariations  of  the 
north  pole  fai  the  southern  hemisphere  will  be 
opposita  to  those  in  the  norUiem  hemiq)here. 
Rtmark — Perhaps,  to  avoid  any  misunderstand- 
ing, and  the  confusion  of  poles  with  hemispheres, 
and  for  greater  oonvenience  In  the  indication  of 
the  antagonistic  fbroes  of  pdes  in  which  the  pole 
oci/falfMnA  is  the  Cmesmeft  pole  of  the  needle,  it 
might  be  better  to  retain  the  name  of  marked 
pole,  formeriy  used  by  some,  and  especially  by 
English  writers,  to  designate  the  fimdamental 
pole,  to  which  all  is  referred,  and  which  m  our 
part  of  the  world  looks  to  the  north.     CoroUary 
II. — ^As  the  points  of  inflexion  of  the  diurnal 
curve  depend  on  the  sun's  passage  of  the  mag- 
netic meridian,  it  follows  that  if  two  pbuxs  hi  the 
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portlwm  btmkplMn  have  qypotito  mignetio  de- 
cimation, ii  e.,  the  one  east  and  the  other  wert 
declination,  the  second  will  he  In  its  phases  biter 
[(2nl  eariier,  £o.]  than  the  other.  If  the  two 
plaoes  which  we  are  oonridering  are  in  opposite 
hemispherss,  this  new  opposition  will  hare  to  be 
taiBsn  into  account,  that  is  to  sav,  we  shall  have 
to  make  the  prodoct  of  the  algebraical  signs  rela- 
tively to  their  positions  and  to  their  names.  This 
role  will  be  nsefnl  to  as  presently.  It  is  a  con- 
seqaenoe  of  the  complete  antagonism  which  exists 
in  the  two  hemispheres  relatively  to  magnetic 
phenomena.  Corollary  III. — A.  oonseqnenoe  of 
the  dependence  on  the  magnetic  meridian  is  the 
advancement  or  retardation  of  the  phsses  with 
the  seasons,  as  in  the  course  of  the  year  the  sun 
arrives  at  the  same  adronth  from  the  geographical 
meridian  by  describing  a  difllorent  horary  an^^ 
greater  in  winter  and  losinsammer.— The  needle, 
in  its  nocturnal  oedllation,  and  especially  in 
winter,  makes  an  excursion  which  sometimes 
exceeds  the  diurnal  oneu  This  has  sometimes 
eansed  It  to  be  believed,  that  the  maximum  of 
deviation,  especially  of  western  deviation,  was 
subject  to  great  diq>laoement  But  the  case  is 
otherwise.  The  proper  maxima  of  the  semi- 
dlnmal  excursions  always  remain  at  nearly  the 
same  hours;  but  if  it  should  happen  that  the 
nocturnal  should  exceed  the  dinnuU,  we  are  not 
therefore  to  say,  without  qualification,  that  the 
maximum  occurs  in  the  evening;  the  times  and 
the  periods  are  to  be  distinguished,  and  all  will 
be  clear;  for  if  the  absolute  maximum  may 
happen  at  night,  the  relative  maxima  however 
(eUminating  the  perturbations)  follow  constantly 
Uie  period  above  enounced;  and  It  Is  these  rela- 
tive maxima  and  minima  which  constitute  the 
characteristic  properties  of  the  variations  of  the 
magnetic  as  distinguished  from  the  meteondo- 
gicsl  period.  Remark. — The  two  laws  hitherto 
enounced  are  themselves  no  other  than  corollaries 
of  another  more  general  law,  which  we  will  now 
proceed  to  expose ;  bat  I  have  thought  it  well  to 
premise  them,  and  to  enunciate  them  separately, 
in  order  to  proceed  afterwards  with  greater 
deamess.  The  following  is  this  third  Law, 
— **  The  diurnal  excursion  of  the  needls  is  the 
sum  of  two  distinct  excursions,  of  which  the 
first  depends  solely  on  the  horary  angle,  and 
the  second  depends  besides  on  the  snn*s  de- 
clination. These  two  fluctuations  being  vari- 
ously superimposed  upon  each  other,  produce 
by  their  Interferences  all  the  phenomena  of  the 
ordinary  diurnal  and  annual  variations." — ^No- 
thing is  in  appearance  more  bizarre  than  the 
curve  traced  by  the  magnetic  needle  in  a 
single  day ;  but  as  there  is  no  real  irregularity 
in  nature,  it  is  natural  to  presume  that  the  ap- 
pearance of  irregularity  only  arises  from  our  being 
ignorant  of  the  fixed  periods,  as  well  as  of  the 
Mcidental  causes  which  influence  the  needle. 
Desiring  to  treat  this  subject  with  systematic 
order,  it  is  neooesaiy  to  restrict  ourselvei  to  tlie 
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Tegular  variatfons  only.    Is  older  to  give  an 
idea  of  the  annual  variatkms  of  the  dfrBnaffam 
without  too  modi  multiplying  woida,  we  wfll 
refer  to  Sabine*s  work  (TVronlo,  voL  ii.,  p.  20)  ftir 
the  curves  traced  by  him,  representing  the  posi- 
tion of  the  needle  In  the  two  six-mootlily  periods 
when  the  sun  is  on  either  side  of  the  equator,  at 
the  four  observatories  of  Toronto,  St  Hckoa,  Qufm 
of  Good  Hope,  and  Hobaitoo.    In  these  llgnes 
the  red  line  indicates  the  exonnfcjoa  of  the  DSedlB 
in  the  months  when  the  sun  Is  in  the  noriheia 
signs,  or  in  the  tropic  of  Cancer;  and  the  bins 
line  the  same  In  the  months  when  the  eon  Is  la 
the  southern  signs,  or  in  the  tropic  of  Caprieon. 
These  corves  ^ude  only  the  haun  of  die  day, 
as  being  the  most  marked.    The  north  pole  ef 
the  needle  deviates  to  the  east  when  the  carve  ii 
above  the  axis  of  riie  absciwai,  and  to  tiie  w«i 
when  It  is  bdow  tt.    F^om  a  dmpk 
of  these  corves,  we  may  draw  the  Mkmiog 
dnsions: — ^At  Toronto,  the  needle  at  8  in  the 
morning  Is  throughout  the  year  to  the  coot  ef  te 
mean  position;  wad  in  the  afteroooit,  tuwaids  t 
P.1C.,  it  is  always  to  the  west;  2d,  tlw  ezeaniaa 
is  greater  in  summer  than  in  winter,  and  ths 
annual  difi^rencs  In  this  respect  is  rfiaesMilrf 
by  the  distance  between  the  two  cnrras;  Sd,  In 
the  Intermediate  months  the  needle  la  between 
the  two  limiting  cnrvea.    Eor  Hbbortoo  we  git 
the  same  laws,  hut  with  oontrary  denonsiaatioos, 
as  we  liave  alreadysaid  (under  Law  If.,  OoreHaiy 
IL).   For  St.  Helena  there  Is  thenotabieeiitnDs- 
stance^  that  tlie  curves  are  seen  to  bond  dienalibr 
sooth  and  iwrth  of  the  equator,  moving  win 
the  son;  yet  it  Is  not  to  be  ovetloolied,  tfiaithe 
curve  of  the  months  of  the  June  eolstfoe  waati 
the  second  inflexion,  which  It  woaU  require  In 
order  to  be  symmetrical  with  the  carv«  of  tte 
opposite  six  months^    At  the  Cape  of  Good  Hope 
the  phases  are  transitional  between  those  of  SL 
Hdena  and  Hobarton.    These  currcs  an  tlie 
graphfeal  result  of  the  dbservatioos,  and  we  faacve 
now  only  to  see  whetlier  it  Is  poseible  that  thej 
may  have  originated  fiom  more  simple  pmik^ 
which,  being  separated  from  eadi  other,  nay 
throw  light  on  the  physical  cause  of  the  piicBD- 
menon.    These  curves  are  traced  by  talElng  tlia 
mean  of  the  six  months,  and  henoe  they  ApfMar 
more  regular  than  If  taken  from  the  <BA9cnl 
months  singly ;  fiir  If  we  examine  eadi  of  tha 
constituent  monthly  corves  separatdy,  we  siiaD 
find  some  peculiarities  and  notable  diflbrenee^ 
which  tend  further  to  confirm  the  belief  tiiat  a& 
these  curves  conceal  dmple  periods,  whidi  heii^ 
superimposed  give  complicated    resnlta.    That 
such  periods  b^g  superimposed  upon  eadi  other 
may  produce  curves  of  irregular  appearance,  wiH 
not  hs  doubted  by  any  one  who  may  hav«  oooa 
seen  the  moltifsrions  curves,  obtained  by  tbm 
snperimposition  of  one  or  two  waves,  in  the  little 
madiine  invented  by  Wheatstone  for  re^iresentfaig 
the  Inteiforences  of  lomioons  undulations;  and  It 
is  Just  the  appBcatloa  of  these  priocipleB  to  the 
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fteaiy  of  taRVrtxial  magMtiMa  whidi  vadooes 
th«8  fMti,  In  thfloiaelYQi  highly  intricate,  to  a 
•vpriaiQg  degnt  of  aimplidty.  In  order  to 
nodv  more  intdligihio  what  ire  an  about  to 
•aj,  it  will  not  he  without  its  uae  if  we  oonoeiTe 
a  wave  of  which  the  elemcntaiy  curve  is  the 
vdhiarjr  oaa  of  simple  sbesi  having  for  its 


y=r£8in(«-|-a>, 
wave  of  double  period,  and  of  the 


jr  =  i8in(2«-(-a). 
If  we  snpcrinipose  these  two  forma,  we  shall 
have  a  4gm  distinct  fkomdther.   We  here  sup- 
pose the  two  components  to  have  ejuaiexcvrnom} 
but  by  giving  different  values  to  the  constants 
which  enter  into  the  curve,  we  may  get  the  share 
'*«LrTr*!g  to  the  minor  diurnal  inflexions  to  be 
alaKMt  sensibly  rectilinear;   and  vice  vena  we 
rasy  have  more  exaggerated  inflexions.    In  the 
sqaatlona  of  these  curves  we  shall  distinguish  the 
constants  by  special  names  for  the  salie  of  brevity 
and  dennesB,  calling  k  the  modulus,  the  arc  « 
the  argument,  and  a  the  parameter.    This  bemg 
pemissd,  we  oome  to  the  demonstration  of  the 
law  whidi  has  besn  enounced,  which  will  be  no 
ether  than  a  oorollary  of  the  observed  fiicts. 
Aad  first,  from  an  extended  and  comparative 
aaalyris  of  all  the  magnetic  observations,  the 
sen  is  seen  to  be  the  principal  cause,  not  only  of 
the  dismal,  but  also  of  the  annual  variations; 
and  we  have  only  to  fimn  to  ourselves  a  dear 
idea  of  the  manner  in  wliich  it  operates.  Colonel 
SsUnst  hi  voL  iL  of  the  TormUo  Oba&rvatiau^  p. 
SO,  briefly  suns  up  the  fundamental  points,  com- 
paring the  curves  which  we  have  cited,  and  calls 
attaitk»  to  two  things, — Ist,  the  opposition  of 
ths  movements  of  the  needle  in  the  two  obser- 
vatories atnated  be^-ond  the  tropics  in  the  two 
opposita  hemispheres  (ie.,  at  Toronto  and  at 
Hoborton);  and  2d,  the  opposite  direction  in- 
dnesd  \gj  the  sun*s  passage  of  the  equator  in  the 
dsdination  of  the  needle  at  St  Hdena  and  at  the 
Gape  of  Good  Hope,  which  phases  place  beyond 
dnibt  the  influence  of  the  snn*s  dedination.    He 
does  not,  however,  proceed  fiuther  with  the  ana* 
^"sk    Now  It  seemed  to  me  that  this  germ  might 
be  considerably  more  devdoped,  and  might  be* 
coose  Ibrtile  In  very  important  consequences.    It 
seemed  to  me  strange  that  the  sun  should  act 
thus  cppodtdy  by  his  change  of  dedmation  in 
tiiase  two  places  and  not  in  the  others,  limiting 
itself  In  these  last  to  only  dimiuishiog  the  flue- 
taatlans.    It  was  added,  that  the  changes  at  St 
Hdsna  and  at  the  Cape  not  having  reference  to 
the  san*s  aenith-distances,  his  influenoe  ought  to 
be  due  to  an  astronomical  rather  than  to  a  geo- 
paphical  and  local  cause.    It  may,  however, 
aatarslly  be  expected  that  such  a  period  is  marked 
Ijj  the  many  coovdutions  and  superimpoaitions 
ef  diflierent  causes  acting  on  the  needle ;  to  ex- 
tricate it  was  not  easy,  and  would  have  been 
actually  Impoasihin  without  the  pnviont  labouis 
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of  Golood  Sabine,  which  I  have  hapi^y  found 
sttflkient  for  the  purpose. 

(2.)  On  ik6  Variaiuma  of  Hut'  o&er  MagmHo 
EhmmU, —  As  already  explained,  the  other 
magnetic  dements,  where  variations  have  been 
directly  observed,  are  the  horizcntal  and  vertical 
components  of  the  intensity,  and  the  dip  Itself 
abeolutdy.  We  shall  discuss  these  variationa 
in  tbdr  order. 

a.  Horizontal  Force, — The  component  whidi 
we  are  now  considering  is  that  which  is  obtained 
from  the  bifllar  magnetometer,  arranged  at 
right  angles  to  the  magnetic  meridian.  The 
variations  may  be  exprosed  in  the  following 
manner.  General  Laws. — ^The  bifllar  magnet- 
ometer is  subject  to  a  horary  variation  of  a 
double  period,  diurnal  and  semi-diurnal;  in  the 
semi-diurnal  period  the  magnitude  of  the  varia- 
tion depends  on  the  geographical  latitude,  and  is 
sero  at  the  equator;  die  phase  depends  on  the 
angle  which  the  sun  makes  with  the  magnetie 
mvidian.  We  wiD  demoostrate  this  by  steps. 
Beginning  with  the  stations  of  middle  latitude, 
there  is  this  simple  law  ;  the  curve  of  the  bifllar 
magnetometer  is  dmilar  to  that  of  the  declinom- 
eter, but  with  a  retardation  of  three  hours.  £r- 
filanaJtioiL — A  glance  at  Colonel  Sabfaie^s  flgnrea 
in  the  second  illume  of  the  HoborUm  OftserMH 
fions,  plate  1,  p.  6,  for  the  dedination,  and  at 
plate  4,  p.  48,  for  the  component  of  the  bifllar 
magnetometer,  wlU  be  suffident  to  show,  thai 
whUe  the  minimum  of  the  dedfaiation  occurs  be- 
tween 20**  and  tl\  and  the  maximum  at  about 
2^  the  minimum  of  the  bifllar  magnetometer 
occurs  about  28^,  and  the  maximum  between  4^ 
and  5<>.  See  also  the  flgures  in  whidi  this  cde- 
brated  author  makes  the  comparison  between 
Hobarton  and  Toronto  in  the  flrst  volume  of  the 
Hobarlon  ObtervatioM,  At  p.  84,  plate  1,  the 
curves  of  the  dedmation  are  shown ;  and  at  pb 
54,  pUte  2,  figs.  1  and  2,  that  of  the  horiaontal 
force ;  the  perfect  agreement  of  the  curves  will  be 
seen  (though  the  s(»des  of  the  abscissss  are  diflbr- 
ent),  and  the  same  retardation  between  Hobarton 
and  Toronto  whkh  has  been  already  remarked  in 
the  declinations.  Next  let  us  consider  tha  peculi- 
arities of  the  equatorial  observatories.  At  St 
Hdena  a  singular  law  holds  in  the  horisontal 
force.  It  has  a  single  simple  period,  and  the  only 
indicaUon  of  a  secondary  period  is  that  the  axis 
of  the  absdssiB  is  not  divided  by  the  curve  Into 
equal  parts,  but  the  diurnal  part  is  leas  extended 
than  the  nocturnal  See  the  iSK.  Eebna  Obeet" 
vatioiUj  p.  80,  plate  4,  fig.  8.  .  Here^  then,  the 
semi-diurnal  period  vanislics  entirdy  or  nearly 
so^  and  cannot  be  compared  with  that  of  the  de- 
dination. But  we  dudl  presently  see^  in  the 
theoretical  law,  the  true  explanation  of  this 
singular  fact,  and  it  will  be  one  of  the  prindpal 
proofii  of  the  theory  which  we  are  about  to  ex- 
pound. In  the  variation  of  this  component  two 
very  dedded  periods  are  evident,  the  dlomal  and 
the  aanaaL    The  dinmal  ma»imnm  oecua  be- 
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tween  28**  and  0^,  and  the  minimum  at  9^  or 
10^ ;  bat  in  May  and  Jane  (the  winter  months), 
it  oooors  later,  viz.,  at  11'*.  The  form  of  the 
carve  shows  a  rapid  increase  and  an  equally 
rapid  decrease.  The  annoal  variation  is  lilm- 
wiw  remarkable  fbr  its  simplicity,  bebig  a  perfect 
carve  of  sines.  See  p.  28,  plate  2,  fig.  2.  We 
shall  see  fktther  on,  that  at  Bombay  (lat  18° 
58'  N.),  the  phases  approximate  to  those  of  St 
Helena,  esnsept  that  the  seoondaiy  periods  are 
mora  SQDsible,  though  not  moch  more  sOt  Ftom 
tiie  two  extreme  eases  which  we  have  hen  con- 
sidered, we  may  infer  what  woald  happen  at  an 
intermediate  station,  like  the  Cape  of  Good 
Hope ;  that  there  wonld  be  a  diarnal  and  semi- 
diainal  period,  bat  tlie  latter  considerably  leas 
devdoped  than  at  Hoborton  and  Toronto^  Ob- 
servation Qonflims  this;  and  fig.  1,  p.  40,  of  the 
Capeof  Good  Hope  vdame  shows  it  at  a  glance. 
The  period,  then,  of  the  horizontal  force  is  the 
lesoltant  of  two  periods,  the  one  diarnal,  the 
other  semi-diamal ;  and  the  value  of  the  semi- 
dinmal  period  is  a  minimum  at  the  equator,  and 
increases  with  the  geographical  latitude.  Tlie 
epodis  of  the  changes  dq)end  in  this  case,  too,  on 
the  houn  at  which  the  sun  passes  the  magnetic 
meridian,  and  are  somewhat  advanced  in  the 
summer  of  the  hemisphere  and  retarded  in  the 
winter.  If  fkom  die  middle  latitudes  we  ascend 
to  the  pol^  we  shall  find  that  the  curve  of  the 
Ufllar  appears  to  be  in  advance  of  that  of  the 
declinometer:  this  pecnliaritjr;  which  seems  to 
complicate  the  law  which  we  have  enunciated, 
depends  entirely  on  the  oo-efficients  with  which 
the  diurnal  and  aeml-dinnial  period  are  alter- 
nately affected  according  to  the  latitude.  The 
following  are  the  laws  relative  to  the  annual 
variation  of  the  diurnal  means.  So  for  as  re- 
gards the  monthly  means,  we  have  already  re- 
marked that  at  St.  Helena  there  is  evidently  an 
annual  period  depending  on  the  sun's  declination ; 
and  in  order  to  display  the  efitets  of  the  solar 
declination  in  the  other  observatories,  it  would 
be  neoessaiy  to  repeat  the  analysis  made  for  the 
magnetic  declination.  But  unfortunatdy,  really 
perfect  obierrations  are  as  yet  few,  and  hardly 
sufficient  for  the  seasons.  As  far  as  regards 
Hobarton,  the  march  appears  to  be  nut  very  un- 
like that  of  the  declination.  Thus  during  the 
summer,  the  diurnal  variation  has  its  greatest  ex- 
tension, and  becomes  suooessively  less  in  spring 
and  autumn,  and  is  at  its  minimum  in  the  whiter. 
So  far  as  regards  the  absolute  value  of  this  com- 
ponent, it  is  greater  than  the  annual  mean  in 
summer,  less  in  spring  and  autumn,  and  a  mini- 
mum in  the  winter.  It  would  not  be  difficult  to 
show,  from  the  nature  of  this  curve,  that  here, 
too,  is  to  bq  found  the  sopoposition  of  the  two 
periods  dependingon  the  solar  declination  and  on 
the  horary  angle,  which  are  added  together  in 
summer,  and  of  which  one  is  subtracted  from  the 
other  in  winter.  At  Toronto  the  eflfects  are 
similar  in  the  itespsctive  seasons.    At  St  Helena 
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the  absolute  nuodmum  of  the  horizontal  fene 
occurs  in  the  months  of  Fdnaiy,  Msrch,  nd 
April,  and  the  minimum  in  August  and  Sep- 
tember, In  these  variations  it  is  not  essjr  to 
separate  that  which  is  caused  by  tiie  tempeia- 
ture  ihmi  that  which  is  strictiy  the  DagMtie 
period, — ^partiy  because  the  tempenktore  exer- 
cises an  influence  on  the  bars,  and  if  the  varia- 
tions are  not  aocuratdy  ooiTBCted  there  h  a 
danger  of  error,— 4md  partiy,  because  ss  fl» 
temperatare  afifects  the  force  of  all  magnetic  it 
may  afiect  that  of  the  earth  also.  Beiim,  as 
the  vaxiati<»  of  this  oompooent  depends  both  ca 
that  of  the  hidmation  and  on  that  of  the  total 
force,  it  is  not  easy  by  means  of  the  horinntal 
observations  alone  to  determine  to  wUeh  csax 
eaeh  phase  must  be  attributed.  A  few  obnro- 
tions.  and  those  solject  to  8omeancntainty,tBd 
to  show  that  at  St  Helena  the  annual  varislin 
of  the  inclination  is  small,  80  that  we  nraetooe- 
sider  the  variations  of  the  horizontsl  fens  ai 
dependhg  enthely  on  those  of  the  total  ferae. 
At  Makerstoun  the  values  of  tfaehoriaontal  ooid- 
ponont  have  their  maxima  at  the  solsdeM,  and 
thefar  mfaiima  a  little  after  the  eqafawxeii  Is 
general  in  this,  as  in  the  declination,  the  noafei 
<oi  April  and  August  are  marked  by  the  gniM 
diuinal  excursions;  this  is  attribiited  b^  Hr. 
Broun  to  the  extraordinary  pertuibationa,  bat  k 
probably  depends  on  some  other  cause:  Bat  lir 
the  principal  details  on  the  epochs  of  the  mszina 
and  minima,  we  most  refer  to  the  oiigisal  works, 
this  memoir  being  already  too  kng. 
&.  FerfJoatCoH^miefit^ThisisgiTeabytbi 

balance  magnetometer  arranged  at  rfght  sngk> 
to  the  magnetic  meridian.  It  follows  kp> 
analogous  to  those  of  the  horixantsl  tna  At 
St  Helena  the  curve  has  a  simple  period,  bat 
with  this  difiionence  from  the  curve  dim  brths 
bifilar,  that  the  curve  of  the  horisoatal  fcne  ll 
nearly  a  curve  of  cosines  (ledmnfaig  fhsB  DOOB), 

and  that  of  the  vertical  force  a  carve  of  listt. 
But  the  rudiments  of  a  seoondaiy  period  srs  mm 
in  a  slight  undulation,  which  it  makes  at  ateot 
10»,  as  also  in  the  btervals  of  tiie  faitmectioB  ^ 
the  curve  with  the  axis  being  greater  fhm  nid- 
nigfat  to  noon  than  from  noon  to  midmgbt  Tbe 
maximum  occurs  between  6^  and  6^  and  tbe 
minimum  at  20^.  Its  amount  is  smsDerikom 
October  to  Blardi,  during  whidi  poiod  it  ia  v»- 
tarded,  and  greater  from  April  to  Septfobv, 
when  it  is  in  advance.  At  the  Cape  of  Good 
Hope  the  march  of  the  vertical  force  is  aosiBiikr 
to  that  of  tiie  declination,  that  it  b  aosocpliblaof 
the  same  analyses  and  gives  the  same  reaohs.  b 
these  curves  the  diumid  period  always  ptedoni- 
nates,  though  somewhat  modified  in  parts.  Sc* 
Sabhie,  Obs,  Ctgte,  p.  40,  pL  6.  tg*  2.  ^' 
Toronto  and  at  Hobarton  the  usnsl  antagoni^ 
dlspU^s  itself  hi  this  component  The  doobis 
period  is  developed  as  mndi  as  in  the  deefiostioB, 
and  the  hours  of  minima  and  maxima  are  ahBO>t 

dedhiatun.  Tbsdoaliie 
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period  displays  itnlf  at  Hobarton  In  a  somewhat 
singular  manner,  producing  a  maximum  towards 
seven  in  the  evening.  But  to  follow  out  all  these 
inegdaritieswonld  be  very  tedious;  we  shall  ther^ 
fore  abstain,  referring  the  reader  to  the  works 
already  quoted.  We  shall  only  add,  that  the  ex- 
planation of  many  anomalies  is  to  be  found  in  the 
following  remarkfl,  vis.,  that  as  the  origin  of  the 
periods  which  are  superposed  depends  on  the  dif- 
foent  hours  at  which  the  sun  passes  the  magnetic 
meridian,  the  semi-diurnal  period  has  necessarily 
vsrioos  positions  with  regard  to  the  diurnal ;  and 
in  this  manner  various  inflections  occur  which  it 
would  be  difficult  to  account  for  in  any  other  way. 
For  Instance^  the  variations  of  the  indination 
given  at  the  Cape  of  Good  Hope,  p.  44,  pL  6, 
csn  easily  be  decomposed  by  an  experienced  eye 
into  the  usual  prindpal  periods,  diurnal  and  semi- 
diurnal, which  gain  alternately  on  each  other 
with  varying  parameters  in  the  different  months. 
We  may  therefore  finish  this  discussion  with  the 
fblbwing  general  conclusion :  that  **  the  horizontal 
oonponent,  as  wdl  as  the  vertical,  may  be  de- 
eompoeed  into  a  diurnal  and  seroi-diumd  period, 
which  depend  on  the  declination  of  the  sun  and 
OB  the  geographical  latitude." 

c  IneliHation  and  Total  Force — Given  the 
laws  of  the  raiiation  of  the  two  preceding  com- 
ponents, that  of  the  resultant  or  total  force  may 
essily  be  deduced;  and  the  absolute  magnetic 
indination  being  known,  the  variation  of  the  in- 
clination may  also  be  deduced  from  the  variations 
of  the  horizontal  and  vertical  force.  General 
Law. — "  The  phases  of  the  inclination  are  ana- 
logous to  those  of  the  declination,  but  three  hours 
eariier."  Exfdaaathn. — If  the  maximum  of  the 
declination  is  at  2",  the  maximum  of  the  indina- 
tion would  be  at  23^  or  thereabouts.  This  may 
be  seen  in  the  Makerstoun  curves,  &c ,  and  also 
in  the  Hobarton  curves,  the  explanation  of  which 
we  will  give  presently.  As  for  the  other  pecu- 
liaiitiea,  it  will  be  saffident  to  remaric,  without 
analysing  each  case  in  detail,  that  in  general  the 
maxima  of  the  horizontal  force  coincide  with  the 
minima  of  the  inclination.  Colond  Sabine  calls 
attention  to  the  analogy  that  exists  between  the 
vaiiaiioa  of  the  indination  at  Hobarton  and 
Toronto,  places  which  are  alrooet  antipodal  In 
than  loodities  the  variation  of  the  uidination  in 
both  its  poiods  is  the  same  at  almost  precisely 
the  aame  hours,  with  this  diflfbrence  only,  that  at 
Hobsrtoii  the  south  pole  (the  lower)  is  to  be  con- 
sidered, and  at  Toronto  the  north  (the  lower). 
The  total  force  at  Toronto  is  subject  to  two 
periods,  via.,  the  following : — 

PrinHpal  m^xlmam  st..............   ftk 

Prtndp*!  mliiiroam  from l-^btol6H 

Berondikry  maximum  from l^^  to  .'O^ 

Seoondaiy  mlniiuttin  from   ......>..  32>'  to  23 

Aoeoiding  to  this  distinguished  writer,  an  ana- 
kigutts  double  period  is  wanting  at  Hobarton, 
and  the  total  force  has  a  simple  progresiiiou  with 
the  minimMm  at  '20^  Of  21'',  and  the  maxiumm 
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between**  and  6^,  the  intermediate  march  being 
continued  without  interruption.  But  on  carefully 
examining  the  curves  themselves,  given  by  him 
at  p.  58,  pL  8,  it  will  be  seen  that  the  simple 
period  exists  only  in  appearance,  and  that  in 
certain  months  the  secondary  period  a  very  ob« 
vious,  and  rudiments  of  it  exist  in  all,  though  to 
a  very  small  extent  This  difference  is  oertainly 
owing  to  the  great  diffierence  of  latitude  and  mag- 
netic force  between  the  two  places.  There  are 
not  yet  a  sufficiency  of  published  observations  at 
St  Helena  to  determine  this  law ;  but  a  copious 
series  of  observations  at  the  Cape  show  a  period 
in  the  variations  of  the  total  force  almost  com* 
plementary  to  that  of  the  declination.  The  simi- 
larity of  the  two  kinds  of  curves,  which  generally 
differ  about  three  hours  in  their  phases,  renders  a 
more  complete  analysis  unnecessary. 

d.  Complex  Period  o/  the  NeeaU* — ^The  pro- 
cess which  we  have  described  for  determining 
the  motions  of  the  needle  consbts  in  a  series  of 
decompositions  of  the  forces,  rendered  necessary 
from  die  mode  in  which  the  magnetic  bars  are 
supported.  The  laws  of  the  variations  of  the 
components  bdng' determined,  we  may  deduce 
fh)m  them  what  would  be  the  motion  of  a  needle, 
not  on  an  axis,  but  suspended  by  a  tingle  pointy 
which  would  b«  its  centre  of  gravity,  and  free  to 
obey  every  magnetic  variation  in  whatever  direc- 
tion it  took  place.  To  give  an  idea  of  the  com- 
bined motions  which  the  needle  makes  in  a 
complete  oecillation,  we  may  refer  to  two  figures 
in  particular  in  Sabine*s  plate,  Hobarton  Obser- 
vations, voL  t,  pL  8,  the  first  of  which  bdongs 
to  December  at  Hobarton,  the  other  to  June  at 
the  same  place.  The  prindple  upon  which  these 
figures  are  traced  is  the  following : — The  point 
where  the  two  axes  intersect  represents  the  mean 
diurnal  position  of  the  needle  in  declination  as 
wdl  as  in  indination.  Along  the  horizontal  axis 
a  distance  is  taken  representing  the  variation  of 
the  declination  for  a  gi\*en  hour,  and  from  the  point 
so  obtaln«d,  an  ordinate  is  erected  representing  on 
the  same  scale  the  variation  of  the  indination 
for  that  hour.  Thus  are  obtained  the  figures  to 
which  we  have  referred.  In  Colond  Sabine*s 
plates,  he  ha^  given  the  curves  for  each  month  of 
the  year,  and  they  are  all  extremdy  instructive, 
but  the  two  to  which  we  have  particularly  re- 
ferred, the  march  of  the  curve  in  the  two  extreme 
months  of  the  year,  is  well  shown.  It  may  be 
seen  from  these,  and  still  better  from  the  whole 
series,  that  the  oscillation  of  the  ncodle  has  always 
a  double  period,  diurnal  and  nocturnal,  but  thdr 
respective  lengths  vary  with  the  season.  The 
diurnal  period,  considerable  in  summer,  is  con- 
tracted in  winter,  and  the  nocturnal  period,  short 
and  hardly  didcemible  in  summer,  is  greatly  de- 
vdoped  in  winter ;  in  this  will  be  seen  the  fact, 
elsewhere  noticed,  that  the  absolute  nocturnal 
rauiimum  is  greater  than  the  diurnal  minimum, 
and  hence  we  see  the  cause  of  the  error  of  those 
who  consider  that  there  is  asingle  period  in  wintei; 
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Bat  two  thiogs  an  particularly  to  be  obsenred  in 
these  carves.  1  st,  The  noctamal  loop  is  always  in 
diametrical  opposition  to  the  point  of  noon ;  from 
this  it  appears  that  the  phases  succeed  each  other 
near  the  lower  meridian  with  the  same  march  as 
near  the  upper.  2d,  That  the  magnitude  of  each 
loop  in  the  opposite  seasons,  diurnal  as  well  as 
nocturnal,  is  in  a  constant  proportion  to  the  one 
diametrically  opposed  to  it,  viz.,  between  ^th  and 
^th ;  thus,  for  example,  the  loop  of  the  diurnal 
curve  for  December  becoming  the  nocturnal  loop 
in  June,  is  diminished  to  about  )th.  In  like 
manner  the  diurnal  loop  of  June,  when  it  becomes 
the  nocturnal  loop  in  December,  is  diminished  to 
about  ^th.  This  constant  proportion,  which  is 
observ^  in  all  the  months,  must  not  be  over- 
looked ;  and  physically  considered,  it  mnst  depend 
on  the  manner  in  which  the  influence  of  the  solar 
magnetism  operates  across  tl^e  earth.  8d,  The 
appearance  of  these  curves  is  that  which  would 
arise  finom  the  superposition  of  two  circular 
spirals  with  different  moduli,  the  one  having  a 
simple,  the  other  a  double  period.  The  curves 
which  are  seen  in  Wheat8tone*s  undulation  ma- 
chine, when  two  spirals  are  superposed,  the  one 
half  the  length  of  the  other  Qn  which  case  the 
projection  of  the  resultant  at  right  angles  to  the 
axis  of  the  spirab  forms  a  kind  of'  c),  are  evi- 
dently of  the  same  kind  as  the  present  Mr. 
Broun  has  given  analogous  curves  for  Maker- 
Btoun,  and  a  glance  at  these,  as  in  the  case  of 
Hobaiton,  will  show  the  same  law,  though  some- 
what more  complicated  from  having  grouped  too 
many  months  together,  and  from  the  higher  lati- 
tude and  more  frequent  disturbances.  Among 
the  points  to  be  remarked  in  these  curves  is  the 
following '. — "  Tracing  in  them  the  direction  of 
the  magnetic  meridian  (that  is  to  say,  noting  the 
hoar  at  which  the  sun  passes  it),  it  is  seen  that 
the  greatest  velocity  of  the  needle  occurs  when 
the  sun  passes  through  this  plane,  and  that  the 
centre  of  the  noctoinal  loop  is  to  be  found  in  the 
same  line,  or  very  near  to  it,  and  that  the  move- 
ments of  the  needle  in  inclination  are  comple- 
mentary (but  with  a  distance  of  8**)  to  those  of 
the  declination."  From  these  facts  we  conclude 
that  "  a  perfectly  free  needle  would  describe  dur- 
ing the  day  a  species  of  double  spiral  produced 
by  a  compound  circular  motion  having  two  periods, 
the  one  diurnal,  and  the  other  semi-diurnal ;  or 
of  two  periods,  the  one  while  the  sun  is  above 
the  horizon,  and  the  other  while  it  is  below ;  the 
excursions  of  which  are  in  the  proportion  that  the 
diurnal  arcs  bear  to  the  noctumad,  and  have  for 
principal  axis  the  local  magnetic  meridian." 
Lastly,  there  is  a  fundamental  characteristic  of 
all  the  prindpal  dementary  periods,  which  con- 
sists in  the  maximum  and  minimum  beiiiff  about 
9ix  hours  ditlant/rom  one  another. 

e.  Total  Force. — Colonel  Sabine  has  inves- 
tijj^ated  whether  the  maxima  and  minima  of  the 
total  force  vaiy  during  the  year ;  from  the  dis- 
cusdon  of  the  observatioDS  at  Hobarton  and 
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Toronto  he  has  arrived  at  the  condaakQ  thai 
the  total  force  has  its  maximum  in  the  OMDtIn 
of  December  and  January  in  both  hemisphere^ 
althou^  these  owrespond  to  opposite  seaaoiM. 
Such  a  law  corresponds  too  nnrty  with  the 
change  of  the  distance  of  the  earth  from  the  son 
to  admit  of  oar  douliting  that  it  depoids  upon  it. 
We  have  then  (hat  **ihe  dieturbiiig  fonx  of  the 
aun  increatee  a$  its  dietanee  from  u»  dtmmAat, 
and  does  noi  depend  on  the  iemperature  of  ih 
Mosofu.**  The  exact  determmations  of  this  force 
hitherto  obtained  are  too  few  to  enable  as  to  get 
out  the  rigorous  expression  of  this  law,  that  is, 
whether  it  is  inversdy  as  the  square  of  the  dis- 
tance; but  the  fact  appears  to  be  estaUidied, 
and  will  perhaps  be  brought  out  by  the  discumn 
of  other  observations,  particulariy  if  care  be  tska 
to  eliminate  from  them  the  periodkal  duogta 
which  depend  on  the  seAsons,  and  the  seealii 
changes. 

IlL  Irregular  ChangeB  and  General  R/fiee- 
iioju. — We  shall  now  briefly  discuss  the  diffennt 
hypotheses  which  have  been  proposed  to  aecomt 
for  the  diurnal  magnetic  period;  taking  ibs 
opportunity  of  referring  to  the  extraordifunf 
variations.  Justice  must  be  done  to  the  cn- 
ligfatenai  spirit  of  modem  physicists,  who,  intent 
on  the  study  of  facts  and  their  laws,  care  littk 
to  construct  hypotheses;  from  this  it  arises,  that 
whatever  has  been  proposed  has  been  nther 
by  way  of  conjecturo  than  with  anv  real  es- 
deavour  to  establish  a  theory.  We,  too,  is  tbe 
same  spirit,  and  merely  for  the  purpose  if  posatie 
of  combining  facts,  have  supposed  the  ion  to  act 
as  a  great  magnet  The  explanations  hitherto 
proposed  may  be  reduced  either  to  thermo-^ectrie 
currents  induced  by  the  son  in  the  difihHit  itnrta 
of  the  earth,  or  to  the  electricity  developed  in  the 
meteorological  changes  of  which  the  smi  is  tbe 
principal  cause.  A  nngle  reflection  seems  to  ex- 
clude these  from  being  principal  causes  of  the 
magnetic  diurnal  period.  The  diaracteristic  frcU 
as  we  have  already  noticed,  is  that  the  msgDetie 
dements  have  a  double  period,  diuraal  and  doc- 
tumaL  Now  temperature  and  the  other  causes 
suggested  have  a  simple  period,  with  giester  or 
less  modifications  it  is  true,  but  not  so  eoostaBtlj 
repeated  when  the  snn  is  bdow  the  borian  as 
the  magnetic  period  is  in  all  climates  and  in 
all  seasons.  This  appears  to  ua  a  law  pecdiaiiy 
characteristic  of  magnetism,  which  shows  it  to  be 
essentially  distinct  in  cause,  and  to  have  a  sepa- 
rate origin  fixHn  meteorological  phenomena;  in 
the  same  way  that  the  semi-diunud  lunar  period 
in  the  tides  is  a  proof  of  a  special  action  of  oar 
satellite  on  the  waters  of  the  ocean,  which  is 
universal  gravitation.  And  just  as  the  fiict  that 
the  tide  is  more  or  less  retarded  after  the  moon 
passes  the  meridian,  is  not  a  sufficient  ofcjjeetion 
to  destroy  belief  in  this  cause,  so  some  irregularity 
of  a  like  nature  observed  in  the  magnetie  period 
will  not  be  sufficient  to  disprove  the  reality  rf 
the  magnetic  action,  if  we  believe  the  pn»& 
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addaced  to  be  otberwbe  snflScient  What  has 
lad  flooM  to  oooflidor  the  magnetic  period  as 
a  ample  one,  has  been,  seeing  that  In  certain  sea- 
iOQs  the  extreme  minima  occur  at  night  The 
cnor  arises  from  not  distinguisliing  the  absolnte 
tfom  the  relattye  maxima;  bat  these  are  the 
tne  characteristics  of  the  phenomenon,  and  onght 
to  be  looked  vpon  as  decisive  in  the  matter.  To 
this  proof  in  sapport  of  the  solar  magnetic  theory, 
may  be  added  another,  already  noticed  by  GoL 
8abioe,  and  worked  oat  by  as  in .  a  former  part 
of  Uiis  Memoir,  tIs.,  the  opposite  action  of  the 
san  aoooiding  to  its  declinatbn,  the  inrersion 
oocorring  exactly  at  the  epoch  of  the  eq[ninoxes ; 
sad  hero  another  diAronce  will  be  seen  between 
the  efleets  of  thermical  and  meteorological  caoses, 
sod  the  magnetic  effect  of  the  san.  The  former 
do-  not  rrach  their  extremes  for  a  conridecable 
time  alter  the  corresponding  astronomical  phases, 
whila  the  latter  have  an  ateiost  exast  coincidence 
with  them.  We  do  not  pretend,  however,  that 
thero  are  not  consklerable  difficulties  in  the  way 
of  tlda  hypothesis;  and  althoo^  ft  explains  veiy 
wdl  certain  very  singular  Cwts, — as,  for  example, 
the  interval  of  six  hours  bcitween  the  dianal 
maxima  and  minima,  a  fret  the  explanation  of 
whieh  has  never,  as  far  as  I  am  aware,  been  even 
attempted  cm  any  other  hypothesis,  and  which 
rat  is  so  marked  in  all  the  magnetic  variations 
ia  the  mean  latitodes;  also  the  singular  exception 
which  it  sailera  at  the  equator,  booming  simple 
fcr  lbs  horiaontal  and  for  the  vertical  components, 
sad  various  other  points, — ^yet  we  most  confess 
that  there  are  some  irregularities  which  our 
fivmula  do  not  explain.  Of  this  nature  is  the 
ftct,  that  at  St  Helena,  and  generslly  under 
the  eqoator,  the  period  for  the  dMlfaiatioo  of  the 
oeedle  appears  to  be  rather  eight  hoars  than 
twelve,  so  that  it  presents  sometimes  three 
msTima,  Withoat  repeating  here  what  we  have 
ssid  dsewhere  in  general  terms,  vis.,  that  these 
periodi  nay  find  their  explanation  in  thoee  terms 
of  the  fermulsB  which  we  have  neglected,  we  may 
MS  tiiat  this  laet  may  simply  depend  on  the  con- 
Ugantion  and  natnrs  of  the  ground  near  to  the 
pisoBS  of  obeervatioQ.  Thus,  for  example,  at  St. 
Helena,  an  island  situated  in  the  midst  of  the 
Atlsatie,  and  entirely  volcanic,  the  distribation 
flfmegnfriwm  most  be  very  diifierent  fhmi  what 
it  is  at  a  place  in  the  interior  of  a  continent; 
aad  we  know,  in  ihet,  that  the  isQgonal  lines 
npidly  change  theb  direction  in  passing  fipom 
sees  to  eontinenta,  and  this  explanatioamay  also 
apply  to  equatorial  stations  near  the  coast  We 
know,  too,  bow  much  the  vicinity  of  magnetic 
bo&s  may  tnflaence  the  diurnal  variation  of  the 
nsedle.  This  explanation  seems  to  be  confirmed 
bj  the  fiKt  that  the  diurnal  carves  derived  lh>m 
the  declination  at  St  Helena  resemble  much  more 
doKly  those  of  other  countries  than  the  annual 
diomal  mean.  In  fact,  the  latter  b  exclusively 
dae  to  the  horary  angle,  and  therefore  more  strictly 
dapandant  on  the  distribution  of  the  earth's  mag- 
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netism  roond  the  place  of  observation.  It  may 
also  be  said  that  the  small  maxima  in  the  morn- 
ing and  evening,  which  are  in  tnith  for  the  most 
part  only  indicated,  are  only  a  portion  of  the 
regular  period  cut  short  midway  by  the  diMon- 
tinnity  introduced  by  the  passage  of  the  sun  fVom 
above  to  below  the  horizon,  as  we  have  elsewhere 
remarked  in  regard  to  the  periods  obmrved  to- 
wards evening  in  high  latitudes.  For  these 
reasons  we  have  urged  that  a  complete  explana- 
tion of  the  phenomenon  depends  on  the  law  of 
the  distribution  of  magnetism  on  the  globe.  It 
may  not  be  useless  to  state  here  what  is  habitually 
observed  at  Bombay,  that  being  a  place  situated 
to  the  north  of  the  equator,  and  in  a  latitude  not 
very  dissindlar  in  amount  to  St  Helena,  the  lat 
being  18^  68'  80"  N.  From  the  observations 
made  at  this  place  and  reduced  by  Mr.  Montriou, 
an  oscillation  results  analogous  to  that  of  other 
countries;  having  an  eastern  maximum  a  little 
before  8*^,  and  a  minimum  between  noon  and  1 
P.U.  Besides  which,  there  are  two  other  snail 
oscillations,  one  near  sunrise,  the  other  near  auu- 
set;  it  is  evident  that  this  is  the  nocturnal  period 
interrupted  by  the  interposition  of  the  earth. 
Daring  the  night  the  needle  has  a  very  small 
oscillation.  The  horizontal  force  has  a  shnple 
period,  but  ¥rith  disturbances  which  indicate  the 
commencement  of  a  secondary  period ;  the  vertical 
force  shows  a  tendency  to  a  like  period.  When 
the  observations  have  been  continued  for  a  g^reater 
number  of  years,  more  certain  results  will  be  ob- 
tained. See  Ob$.  Magn,  and  Meteor.^  at  the  Obs. 
of  Bombay  for  the  year  1847,  part  1,  p.  498, 
and  plate  1.  The  editor  cf  the  Bombay  Obterva- 
tiotti  then  concludes : — "  The  prewnce  of  the  sun 
seems  to  produce  great  magnetic  variations  in  the 
day-time,  and  it  b  otherwise  manifest  that  it  b 
not  on  account  of  the  heat  only  of  that  body ; 
for  if  thb  was  the  case,  the  curves  of  the  tem- 
perature would  be  similar  to  tiie  magnetic  curves. 
Besides,  the  presence  of  the  sun  begins  to  be  felt 
two  hours  before  sunrise,  and  laste  almost  as  long 
ailer  sunset,  so  that  the  solar  magnetic  influence 
appears  to  be  quite  independent  of  the  temperature 
of  the  place."  But  we  are  very  for  ^m  deny- 
faig  that  meteorological  caosss  may  often  afitet 
the  needle;  we  know  that  every  meteorologfeal 
change  b  accompanied  by  a  diange  more  or  less 
marked  in  the  vapoor  of  the  atmosphere,  and 
therefore  by  a  development  of  electricity.  But 
when  the  needle  b  usually  seen  to  complete  its 
regular  oscillation  tranquilly  in  the  midst  of  the 
most  violent  storms,  and  during  tempeets  loaded 
with  electricity,  with  tremendous  thunder  and 
lightning,  it  may  well  be  asked,  What  are  the 
oondUiom  under  which  eleetncitjf  nuut  devehp 
iud/inordertoaffecitheneedkf  That  such  an 
actkm  does  exist,  however,  appears  to  be  proved 
by  the  fact,  that  in  our  climates  the  needle  per- 
forms its  oscillation  with  the  greatest  regularity 
during  calm  and  serene  days,  and  that  on  change 
of  weather  thb  regularity  b  invariably  disturbed. 
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We  have,  in  pnxtf  of  this,  a  great's  obaervationB 
at  Rome:  and  it  would  be  well  to  diBcoss  mag- 
netic obflervations  more  from  the  meteorological 
point  of  view  than  has  hitherto  been  done.  From 
the  few  obaenrations  which  we  have  made,  it 
Appears  that  light  and  passing  overdondiogs 
have  more  effect  on  the  needle  than  tempests 
themselves.  At  Rome  the  perturbations  exhibit 
themselves  in  that  particular  state  of  the  atmo- 
sphere in  which  there  are  slightly  phosphorescent 
clouds  ha\nQg  at  night  the  appearance  of  the 
rudiments  of  the  aurora  borealis.  This  fact  was 
obser\'ed  by  us  a  second  time  on  the  evening  of 
the  27tb  of  July.  We  were  making  some  obser- 
vations on  stars  in  the  meridian,  when  towards 
half-past  nine  we  were  interrupted  by  a  slight 
overclouding  coming  from  the  north;  a  veiy rare 
occurrence,  since  generally  with  us  the  sky  be- 
gins to  be  overc&st  in  the  south-west  While  we 
were  waiting  for  it  to  clear,  the  cloud  appeared 
slightly  luminous  at  the  edges,  so  that  there 
teemed  to  be  a  diffusion  of  the  milkv  wav  in 
unwonted  parts  of  the  heavens.  Soon  after  this 
it  cleared,  and  the  observations  were  continued ; 
but  almost  immediately  the  same  overclouding 
recommenced  with  the  same  luminous  appearance. 
I  then  remembered  the  fact  observed  tiefore,  that 
a  similar  state  of  the  atmosphere  had  been  accom- 
panied by  magnetic  perturbations,  and  on  going 
to  look  at  the  magnetometer  I  ibund  it  more  than 
20  divisions  (about  7^0  out  of  its  usual  position, 
and  the  regular  observation  made  at  9*35  had 
been  marked  by  the  observer  as  being  an  extra- 
ordinary one  for  that  hour.  This  was  the  more 
striking  from  the  needle  having  performed  its 
diurnal  oscillation  with  the  greatest  regularity 
during  the  whole  of  the  preceding  season.  This 
was,  without  doubt,  a  phenomenon  of  the  kind 
which  accompanies  the  aurora  borealis.  ^  But  it 
may  be  asked,  was  the  condensation  of  vapours 
the  cause,  or  the  effect,  of  the  perturbation  r  It 
is  generally  considered  to  be  most  probable  that 
the  perturbation  is  the  effect ;  but  is  this  certain  ? 
M.  De  la  Rive  has  propoeed,  in  his  Memoir  on 
the  Aurora  Borealis,  a  theory  which  accounts 
with  some  felicity  for  the  ejects  of  atmospheric 
electricity  o!i  the  needle;  but  it  may  be  doubted 
nvhether  this  cause  is  sufficient  to  explain  all  the 
facts  to  which  the  author  would  apply  it,  An 
accurate  study  of  the  laws  to  which  the  extra- 
ordinary perturbations  of  the  needle  are  subject, 
combined  with  the  study  of  the  aurora  borealis, 
can  alone  throw  light  on  this  question.  All  that 
we  know  with  certainty  on  this  subject  is,  like 
so  much  b&^ides,  due  to  Colonel  Sabines.  He  has 
collcc  ed  the  principal  results  at  which  he  has 
arrived  fix>m  the  discussion  of  the  Hoharton  and 
Toronto  Obiervaivms  in  a  memoir  inserted  in  the 
FhiUnopkical  TrnnsacUons  (March,  1852),  from 
which  we  will  give  a  short  extract,  as  well  to 
complete  the  exposition  of  the  laws  of  the  mag- 
netic cIiangetK,  as  to  obtain  some  light  for  guid- 
ance in  future  xeeearchea.    A  comparison  of  the 
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Toronto  and  Hobarton  obaervatioos  eataUisbe^ 
that  even  the  extraordinary  pertoriiatioiis^  though 
occurring  at  all  hours  of  the  day,  yet  when  taken 
in  a  mass,  have  a  regular  period,  which  depends 
on  the  local  time,  and  have  opposite  direotiona 
in  the  opposite  hemispheres;  so  that  the  pertur- 
bations which  cause  an  easterly  deviatioa  at 
Toronto,  cause  a  westerly  deviation  at  Hobarton, 
in  conformity  with  the  complete  magnetic  anta- 
gonism at  the  two  stations.  This  (act  is  dicited 
without  difficulty  from  the  ooinddenoe  ctf  the 
perturbations  observed  at  the  two  places  in  tlie 
same  day,  with  a  difference  in  local  time  oorre- 
spending  to  their  difference  in  longitndeu  The 
general  result  is,  that  easterly  pertaiiuitions  at 
Toronto  and  westerly  perturfoatiooa  at  Hobarton, 
have  their  minimum  in  number  and  magnitDde 
during  the  day  and  their  maximum  during  tba 
night  This  maximum  occurs  at  Hobarton  be* 
tween  10>>  and  llS  and  at  Toronto  at  9^  This 
difierenoe  in  time,  as  we  have  already  remarked, 
occurs  in  all  the  other  magnetic  changes.  The 
minimum  occurs  at  Hobarton  between  5  and  6 
A.M.,  and  at  Tcnnonto  between  2  and  3  P-ic.  The 
easterly  perturbations  at  Hobarton  and  the' 
erly  at  Toronto,  hav^  a  distinct  period, 
maximum  at  Tormito  is  at  5  A.M.,  and  at  Ho- 
barton at  6  A.M.;  the  minimum  at  Toronto  ia 
between  9  and  10  p.m.,  and  at  Hobarton  at  10 
P.M.  Taking  the  perturbations  in  mass,  end 
laying  down  the  curve  representing  their  moan 
effect  on  the  curve  of  the  diurnal  oedDation  of 
the  needle,  the  following  law  is  elicited: — '^Tha 
morning  perturbations  trad  to  diminish  the  or* 
diuaiy  excursion  of  the  local  period,  and  the 
evening  ones  to  augment  it**  This  law  may  be 
enundated  in  another  way.  "  The  pole  which  la 
turned  to  the  sun  is  by  the  mean  eflfect  of  the 
perturbations  moved  towards  the  east  finom  5 
to  5  P.M.  About  6  A.M.  and  6  p.m.  it 
zero,  and  the  rest  of  the  day  is  moved  to  tha 
west.  The  maximum  movonent  in  the  morning 
is  at  about  7,  and  in  the  evening  at  about  9.  In 
both  places  a  secondary  minimum  towards  tha 
west  is  obeerved  at  noon.**  In  other  respects  tha 
curves  are  tolerably  regular  and  of  the  nsnal 
form ;  but  at  Hobarton  the  prindpal  maximum 
and  minimum  are  less  marked  than  at  Toraoto; 
the  march  of  the  two  curves  is  in  direct  oppo- 
sition at  the  two  stations.  These  oondiutoos 
agree  with  thoee  of  Mr.  Bnmn  at-Makerstoun.  as 
may  be  seen  in  the  results  for  1846,  p.  87,  plsta 
1.  The  following  are  the  results  vkith  respect  to 
the  iVequency  and  magnitude  of  the  perturbations 
in  the  different  months  of  the  year: — **Tha 
mean  value  of  a  perturbation  is  a  maximum  in 
the  equinoctial  months,  less  in  the  winter  months, 
and  a  minimum  in  the  summer  months."  At 
Hobarton  the  difference  between  the  summer  and 
the  equinoctial  months  is  scarcely  peroqstiUeL 
The  proportions  of  the  frequency  and  of  the  uiag^ 
nitude  of  the  perturbations  in  each  month, 
relatively  to  th^  Qom  of  thoee  observed  in  •  jtn% 
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(MM  out  «  minimum  in  the  winter  months,  a  | 
BAzimnm  in  the  equinoctial  months,  and  inter- 
mediate in  the  rammo*  months.  These  conclu- 
iions  however,  may  be  somewhat  varied  by  the 
use  of  different  systems  of  reduction,  deponing 
diiefly  on  the  definition  of  an  extraordinary  pei^ 
turbatioo.  This  is  not  the  case  in  the  laws  of 
the  pertmbations  taken  with  reference  to  the  day, 
because  in  that  case  all  the  methods  of  reduction 
bring  out  the  same  result  Thus  the  same  result 
is  seen  ia  the  curves  given  by  Mr.  Broun,  whose 
method  of  reduction  is  different  from  that  used 
by  Colonel  Sabine.  But  a  most  singular  &ct, 
which  has  been  discovered  in  these  researches,  is 
tht  start  which  the  mean  annual  values  of  the 
perturbationa  take  between  the  years  1845  and 
1846,  when  they  are  almost  doubled.  This 
bdng  a  fuct  of  the  greatest  importance,  Colonel 
Sabine  has  endeavoured  to  place  it  beyond  doubt 
by  the  best  possible  proofik  The  following  is  the 
table  given  by  him  (p.  116): — 


Ba(VMof«h«ninDlwr   Ratios  of  th« 

TcM. 

erpOTturiwOon 

la.   •ggragatoTUB 

184S 

0-80 

0-5S 

1844 

078 

078 

ISU 

0T» 

06B 

1816 

i-so 

llff 

1«47 

1-38 

149 

1848 

1^ 

1-53 

The  drcumstanoe  of  the  last  three  years  having 
latiot  almost  double  of  the  first  three,  appears  not 
to  be  aoeidenta],  particularly  when  we  observe 
that  in  the  two  observatories,  which  are  almost 
antipodal,  the  same  fact  appears,  and  that  during 
all  the  six  years  the  same  instruments  were  em- 
ployed. Besides,  in  the  same  years  the  observed 
diurnal  excnrsioos  of  the  declination,  of  the  incli- 
nation, and  of  the  total  force,  have  sensibly  in- 
creased beyond  the  limit  of  any  probable  error. 
Ijtttly,  the  same  fact,  in  regard  to  the  diurnal 
ezcnnrion  of  the  declination,  results  from  the 
observations  of  Dr.  Lamout  at  Munich  in  Ba- 
varia. Further  observations  may  throw  much 
light  on  this  subject  For  the  present  we  can 
only  say  with  Colond  Sabine,  that  so  general  a 
change  in  the  march  of  all  the  magnetic  dements 
demands  a  proportionate  cause ;  and  that  as  these 
do  not  arise  flnom  the  ordinary  effects  of  the 
climate,  which  in  these  years  have  exhibited  no 
extraordinary  change,  it  is  necessary  to  seek 
■one  other  cause.  Colonel  Sabine  slso  points 
oat  the  singnlar  coincidenoe  between  the  years  of 
the  maximum  and  minimum  of  these  magnetic 
changes  and  those  of  the  maximum  and  mini- 
mum number  of  the  solar  spots,  observed  by 
Schwabe  in  these  years.  This  number  was  a 
minimum  in  1833  and  1843,  and  a  maximum  in 
1828,  1837,  and  1848.  From  these  and  from 
other  observations.  Wolf  has  deduced  a  decennial 
period  in  the  changes  of  these  spots ;  and  it  re- 
mains to  investigate  whether  a  like  march  can  be 
traced  in  the  older  magnetic  observations.  The 
pobfioation  of  Arago's  observations  has  come  op- 
portsD^  lor  this  comparison.   From  the  table  at 
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p.  600-601,  vol.  L  of  his  Scientific  Works,  the  de- 
clination needle  appears  to  have  had  a  minimum 
excursion  in  1823  and  1 824.    Before  that  it  was 
greater,  and  having  reached  this  minimum,  it  in- 
creased continuoudy  until  it  arrived  at  a  maxi- 
mum in  1 829.  These  epochs  correspond  with  those 
derived  from  the  period  obser^^ed  in  the  solar  spots, 
which  was  a  maximum  in  1828  and  a  minimum 
in  1828.    From  the  Gottingen  observations,  we 
find  a  maximum  in  the  excursions  of  the  decli- 
nation needle  in  1836-87.    This  maximum  also 
coincides  with  a  maximum  of  the  solar  spots  in 
Schwabe's  table.    Hence  Colonel  Sabine  thinks 
it  not  impossible  that  changes  in  the  solar  atmo- 
sphere may  extend  their  influence  to  the  earth 
in  the  form  of  msgnetic  action.    The  truth  is, 
that  to  consider  the  whole  complexity  of  magnetic 
perturbations  as  a  mere  meteorological  efltict, 
appears  to  be  assigning  to  them  a  cause  not  ade- 
quate to  the  effect     The  fact  mentioned  above, 
that  the  maxima  of  the  perturbations  at  Ho- 
barton  succeed  each  other  with  the  same  retarda- 
tion as  the  other  magnetic  phases,  is  one  which 
cannot  be  explained  either  by  the  retardation  of 
the  effect  of  temperatures,  or  by  the  condensation 
of  vapour.    We  cannot  conceive  how  these  should 
account  for  the  general  retardation  of  one  hour. 
It  is  then  a  purely  magnetic  fact,  the  explanation 
of  which  depends  on  that  of  the  physical  cause  of 
solar  and  terrestrial  magnetism.    The  same  may 
be  said  of  the  greater  perturbations  at  the  epochs 
of  the  equinoxes,  whidi  certainly  bear  no  relation 
to  the  state  of  the  atmosphere  or  to  the  solar 
heat    Colonel  Sabine  makes  the  acute  observa- 
tion, that  the  coincidence  of  the  solar  spots  with 
the  maximum  of  the  perturbations  demands  a 
cosmical  cause,  depending  on  that  body.    We 
may  be  permitted  to  refer  here  to  the  hypothesis 
of  Mairan  on  the  solar  atmosphere,  and  on  its 
relation  to  the  zodiacal  light  and  the  aurora 
borealis,  and  therefore  to  the  magnetic  pertmba- 
tions.     We  are  far  from  admitting  the  theory 
as  proved,  since  it  appears  impoesible  to  admit 
that  the  solar  atmosphere  extends  so  far  as  half 
the  radios  of  the  orbit  of  Mercury,  whence  it  is 
rather  to  be  inferred  that  the  zodiacal  light  de- 
pends on  a  nebulous  ring  circulating  round  the 
sun  between  Yenua  and  the  Earth.    But  what- 
ever hypothesis  be  adopted,  there  are  various  co- 
incidences which  may  be  deserving  of  regard. 
Mairan  had,  even  in  his  day,  remarked  the 
greater  frequency  of  the  aurora  borealis  at  the 
equinoxes,  the  epochs  at  which  the  codiacal  light 
is  most  visible.    Ndther  had  the  relation  be- 
tween the  greater  frequency  of  the  aurora  borealis 
and  the  epodis  of  the  greater  solar  spots  escaped 
him,  a  relation  already  remarked  by  CassinL 
The  paudty  of  observations  at  that  time  per- 
mitted suggestions  to  be  made  which  have  been 
since  proved  to  be  groundless;  but  in  general 
such  coinddences  are  worthy  of  consideration. 
Modem  observationa  of  the  edipses  of  the  sun,  of 
the  protoherancea  and  of  the  oorona,  as  also  of  tiM 
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•pots,  of  the  temperatare  of  variom  parte  of  the 
disc,  as  well  as  photographic  Impressioiia,  have 
placed  b^ond  doubt  the  existence  of  the  solar 
atmosphere  even  beyond  the  zodiacal  light.  In 
reading  Mairan,  one  cannot  help  seeing  the 
serious  difficulty  which  he  finds  in  expkdning 
why  the  auroras  have  their  maximum  at  the 
equinoxes,  and  not  at  the  epochs  at  which  the 
earth  pasees  through  the  nodes  of  the  K.>Iar  atmo- 
sphere ;  'but  do  we  truly  know  the  place  of  the 
nodes  of  the  zodiacal  light?  He  assumes  that 
they  are  the  same  as  those  of  the  solar  equator, 
but  this  is  not  proved ;  and  if  the  zodiacal  light 
constitutes  a  ring,  it  might  well  be  otherwise. 
On  the  magnetic  hypothesis,  the  greater  ftnquency 
of  the  aurora  at  the  epochs  of  the  equmoxes 
would  have  relation  to  the  position  of  the  poles  of 
the  iun  with  r^erence  to  the  earth,  these  poles 
being  in  fact  more  directed  towards  the  earth  at 
the  equinoxes,  and  being  more  or  less  oblique  to 
it  at  other  times.  Those  who  hold  the  theory  of 
the  production  of  electricity  by  vapours,  may 
say  Uiat  these  become  rarefied  in  the  morning 
and  condensed  in  the  evening ;  and  hence  may 
arise  opposite  electric  states,  the  fluid  passing  in 
the  morning  from  the  earth  to  the  atmosphere, 
and  in  the  evening  from  the  abnosphere  to  the 
earth.  This  may  be  true ;  but  why  should  this 
condensation  always  take  place  at  nine  in  the 
evening?  The  hygrometric  curves  of  the  dif- 
ferent months  show  at  all  events  a  %*ariation  in 
the  hour  of  maximum  according  to  the  seasons. 
A  hypothesis,  however,  can  be  found  which 
would  conciliate  the  various  facte,  viz.,  that  atmo- 
spheric changes  may  generate  electricity,  but 
that  the  direction  of  the  current,  which  of  itself 
would  be  indeterminate,  may  be  determined  by 
the  magnetic  action  of  the  sun.  But  to  expand 
this  further  into  a  hypothesis  would  be  at  present 
premature.  We  shaU  only  say  that  it  is  not  im- 
probable that  the  earth  is  subject  to  the  magnetic 
action  of  the  sun  in  a  manner  unknown  to  us ; 
but  now  thai  magnetic  phenomena  are  develop- 
ing themselves  under  so  many  aspects,  we  may 
hope  that  the  explanation  of  these  mysterious 
actions  will  not  be  withheld.  Kot  only  magnetism, 
but  diamagneiism  also  may  co-operate,  and  still 
more  the  induced  currente  which  exist  in  bodies 
of  every  kind.  Two  things  only  I  wish  to 
notice.  First,  the  value  assigned  by  Gauss  to 
the  magnetism  of  a  cubic  metre  of  the  earth, 
Is  such  as  to  make  one  believe  that  the  whole 
mass  of  the  earth  is  really  magnetic,  and  that 
this  force  reeulte  not  only  from  ferruginous  suh- 
stances,  but  from  the  whole  globe  itself.  He 
proves,  in  fact,  that  the  eighth  part  of  a  cubic 
metre  of  the  earth  has  a  magnetic  moment  equal 
to  that  which  is  possessed  by  a  bar  of  steel  I  lb. 
in  weight  and  80  centims.  in  length,  magnetized 
to  saturation.  He  ju»tly  observes,  that  such  a 
result  must  surprise  physicists,  and  that  it  would 
require  8,464  trillions  of  such  bars  to  represent 
in  space  the  magnetio  force  of  the  earth  1    The 
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other  is,  that  magnetism  may  act  upon  bodies  in 
a  manner  quite  surprising,  and  of  whidi  we  are 
very  far  firom  forming  an  idea  before  seeing  ite 
eflfecta.  The  marvellous  experiment  pecfonned 
wit^  Ruhmkorff*8  apparatus,  in  wfaldi  «  cube  of 
brass,  two  centims.  in  the  side,  rotadog  with  the 
greatest  rapidity,  is  struck  motionless,  if  I  may 
use  the  expression,  by  an  invisible  fbroe  at  the 
moment  of  the  completion  of  the  drcnit  of  the 
great  electrical  magnet  between  the  poles  of 
which  it  is  situated,  and  without  being  drawn  to 
one  side  or  the  other,  remains  there  fixed,  in  spite 
of  the  powerful  torsion  of  the  wire  which  teod« 
to  cause  it  to  rotate,— and  resomes  ite  rapid 
modon  when  the  current  ceases, — proves  that 
non-magnetic  bodies  in  motion  may,  nnder  the 
influence  of  a  magnet,  give  rise  to  phenomeDa  of 
the  most  mysterious  nature.  An  action  of  tfab 
kind  must  take  place  between  the  earth  and  the 
sun,  and  thus  perhaps  may  be  explained  some  of 
those  anomalies  which  still  present  no  soiiill 
difiiculties  to  every  theory  which  is  proposed. 
— ^The  matters  now  discussed  at  length  may  be 
summed  up  as  follows : — 1.  The  action  of  the  son 
upon  the  needle  is  opposite,  according  as  the  sun 
is  north  or  south  of  the  equator. — 2.  The  aetkm  ot 
the  sun  on  the  dedination  needle  has  a  period,  in 
part  but  not  entirely,  analogous  to  that  of  the 
temperature  and  of  the  annual  and  diurnal 
meteorolc^cal  changes. — 3.  The  periods  of  the 
horizontal  and  vertical  components,  fiJlowing  the 
law  of  the  geographical  latitude,  and  occuiring 
at  hours  wholly  different  trom  the  variatkms  of 
temperature,  show  a  dififermt  origin  from  these. 
Tho^fore,  if  the  coincidence  in  time,  in  the  varia- 
tbns  of  the  temperature  and  declinatloii,  have 
contributed  to  the  belief  of  the  existence  between 
these  two  of  a  mutual  relation  of  cause  and 
efibct,  the  study  of  the  other  componento  makes 
this  coincidence  di»appesr,  and  therefore  destroys 
every  foundation  of  the  hypothesis — 4.  All  the 
phenomena  hitherto  known  of  the  diurnal  mag- 
netic variations  may  be  explained  by  snpposins 
that  the  sun  tute  upon  the  earth  as  a  verypowtr^ 

Gexeral  Theory  of  Terrestbxal  Hag- 
KmsBL — The  mass  of  results  presented  abov« 
sufficiently  manifesto  how  wide  and  ImpoitaDt 
the  subject  of  Terrestrial  Magnetism  haa  nofw 
become.  Nor  can  the  inference  be  missed,  tint 
with  all  we  have  learnt,  the  time  has  not  arrived 
for  final  conclusions  as  to  the  seate  and  modes  of 
those  actiona,  which  are  expressed  by  the  habi- 
tudes of  the  Free  Needle.  Those  are  evidently 
cosmieal.  It  appears  almost  established  by  Bcm^ 
(see  Comets),  Uiat  the  forms  of  cometio  bodies 
are  due  largely  if  not  entirely  to  the  energy  of  a 
Polar  Force  originating  in  the  Sun ;  and  it  can- 
not be  doubted  that  to  the  magnetic  pow«r  of  thij 
great  ori),  the  phenomena  of  Terrestrial  Magnet- 
ism are  mainly  owing.  It  has  been  rendered 
probable,  too^  especidly  by   the   MakeratouB 
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ohnenratkms,  that  oor  utellite  plays  a  certain  part 
In  refereooe  to  the  oscQlatbns  of  the  Needle ;  so 
tiiat  for  aoy  complete  theory  we  muAt  be  satis- 
fied to  wait — But  there  is  another  and  simpler 
view  that  may  be  talcen  of  the  theoretical  part  of 
the  problem  oif  Terrestrial  Magnetism.  It  is  one 
thing  to  speculate  regarding  Phj'sical  Caoses; 
but  Qsoanyf  it  is  Air  more  within  oar  reach  to 
detennine  the  abstrect  laws  of  a  phenomenon, 
irrespective  of  hypotheses  regarding  its  Physical 
CaoseL  The  method  of  procedure  in  science  is  a 
mixed  one,  and  determined  in  each  case  by  cir- 
cumstances. Without  the  substitution  of  the 
physical  h^'pothesis  of  undulations,  we  should 
have  nuide  but  poor  way  in  Optics :  on  the  other 
band,  Newton*s  discovery  of  the  Law  of  Universal 
Gravitation,  had  not,  even  in  his  mind,  any  rela- 
tion whatsoever  to  those  ph^-^cal  speculations  as 
to  the  origin  of  gravitation,  in  which  it  ap- 
pears that  he  was  fain  at  times  to  indulge.  The 
Kewton  of  Terrestrial  Magnetism,  is  unquestion- 
ably Gaoss;— not  that  he  has  definitively  lighted 
on  oltimate  laws,  but  that  he  has  used  Newton's 
parest  method,  and  evidently  come  very  near 
thoee  Laws:  nor  can  it  be  questioned  that  during 
the  later  years  of  his  life  he  hod  no  rival,  nor 
siooe  his  death  any  adequate  successor, — (esoep- 
tkm  taken  of  our  own  Sir  W.  R.  Hamilton) — in 
the  power  to  pierce,  by  analytic  energy  and  skill, 
to  the  root  of  a  class  of  cognate  but  ap])arently 
direne  phenomena.  Much  as  Gauss  has  ac- 
compUshed,  his  greatness  will  not  be  known,  until 
we  obtain  Uioee  posthumous  fragments  promised 
by  Lej^une  Dirichlet.  France  has  recently  col- 
lected and  republished  all  the  works  of  her  La- 
place :  why  should  not  Hanover  simiUirly  honour 
hendf  by  offering  to  the  scientific  world  an  acces- 
sible oollectson  of  the  equally  remarkable  efforts 
of  Gauss?  Previous  to  the  writings  of  the  illus- 
trioos  mathematician  of  Gottingen,  all  ph^'sicists 
had  proceeded  to  explain  the  more  general  pheno- 
mena of  Terrestrial  Magnetism — ^and  these  only 
<— by  aid  of  a  ph^-sical  sub-sumption.  Gilbert 
fcncied  the  earth  a  magnetic  bar  with  specific 
poles;  H alley  claimed  two  magnets  with  four 
corresponding  pole^;  Euler  reclaimed  for  Gilbert  j 
Haasteen  reverted  to  Halley, — correcting  his 
specific  views,  by  aid  of  mora  abundant  facts ; 
Bariow  and  others  have  taken  as  their  foundation 
the  idea  of  Tkermo- Electric  Currmtt,  and  with  a 
sufficient  to  manifest  that  the  physical 
or  groond-work  on  which  they  buUd  is  by 
a  hollow  or  fantastic  one. — But  all 
these  speculations  were  extremely  general.  Some- 
times, as  in  the  case  of  Hansteen's  rotating  poles, 
it  was  an  tgnotum  per  ignotins :  in  other  cases 
the  annaifacB  were  not  explained,  and  we  were 
thrown  bade  on  theories  and  hypotheses  quite 
as  puzzling  in  themselves  as  the  phenomena  of 
Terre^rial  Magnetbm.  Gauss  freed  himself, 
a6  tMMo,  fmm  all  speculation.  "  Certain  definite 
facts  regarding  the  Mngnetic  Force  of  the  earth 
have  been  detennined  br  observation.     It  mat- 


MAG 

ten  not  whether  that  is  an  inherent  Force  or 
an  induced  Force;  the  law  of  the  decrease  of 
the  Energy  of  that  force  in  relation  to  distance, 
h  as  weU  known  as  the  Law  of  Gravita- 
tion:— how,  then,  can  we  represent  the  resvU' 
ant  of  the  magnetic  influences  of  all  the 
atoms  of  such  a  globe  as  the  earth,  whether 
these  influences  be  induced  or  innate?  In  en- 
countering such  a  problem.  Gauss  undertook — 
(wliat  had  never  been  laid  before)— to  show  an 
abstract  or  necessary  ground,  irrespective  of 
hypotheses,  for  the  mean  conditiont  of  all  the 
Magnetic  Elements,  viz.:  Declination^  fnclina- 
tion,  and  Intensity.  Of  the  memoir  of  the  dis- 
tinguished philosopher  of  Uottlngen  we  can  give 
but  the  briefest  sketch.  Recognizing  it  as  pos- 
sible, at  the  outset,  that  the  causes  of  the  irregular 
and  momentar}'  changes  of  the  Magnetic  Needle, 
may  be  either  external  or  internal,  Gauss  remarks 
that  they  and  the  energies  that  produce  them  are 
exceedingly  small  in  comparison  with  phenomena 
due  to  the  general  directive  Alaguetic  Force  of  the 
Earth;  and  that  this  directive  Force  itself  is  a  force 
essentially  represented  and  defined  by  the  Mean 
Values.  But  such  a  general  force,  or  the  Terres- 
trial Magnetic  force  as  thus  manifested,  must  be 
the  mere  resulfant  or  collective  action  of  all  the 
magnetized  particles  of  the  earth's  mass.  No 
matter  what  the  physical  cause  of  magnetism — 
whether  that  be  a  separation  of  magnetic  fluids, 
or  an  arrangement  of  Galvanic  Currents — it  is 
enough  that  it  is  a  polarity  characterized  by 
equivalent  repulsions  and  attractions  varying  ui- 
versely  as  the  square  of  the  distance.  Suppose, 
then,  that  tlie  whole  volume  of  the  earth  is 
divided  Into  infinitely  small  elements — and  that 
each  element  contains  a  quantity  of  free  magnet- 
ism, it  is  evident  that  the  total  force  of  the  earth 
must  be  expressible  by  some  definite  formula  or 
function.  Unfortunately  the  law  of  the  distri- 
bution of  magnetism  within  the  earth  is  utterly 
unknown ;  that  is,  we  cannot  connect  the  quan- 
tity of  magnetism  in  any  of  the  foregoing  infinitely 
small  elements,  with  the  position  of  that  element. 
The  form  of  the  Potential  Function  is  on  this 
account  quite  undetermined  and  indeterminable : 
but  Gauss,  by  an  exereise  of  extraordinary  saga- 
city and  skill,  demonstrated,  that  whatever  its 
form,  the  ftmction  in  question  must — because  of 
the  conditions  It  is  required  to  satisfy — enjoy 
certain  properties  that  in  themselves  are  proUdo 
in  positive  results.  For  instance,  after  restricting 
the  term  **  Magnetic  Pole**  to  those  places  of  the 
earth  where  the  horizontal  intensity  vanishes,  and 
where  the  dip  is  90*^,  he  shom's  that  there  cannot-^ 
undo*  any  consistency  with  actual  phenomena—, 
be  more  than  okb  North  Pole  and  onk  South 
Pole,  And  he  deduces,  further,  the  two  follow- 
ing remarlcable  theorems; — 1.  1/ we  know  the 
component  of  the  horizontal  mayrMic  force  r/t- 
rected  towards  the  north  for  the  whiAe  surface 
of  the  earthy  then  the  cmfMnent  tnicarde  the  trest 
fir  towards  the  east  foiUncs  of  iUself:  and,  2d. 
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Almost  B  ranvenOt  7/ toe  know  the  eomponmi  of 
Ike  horizontal  magnetic  force  m  the  direction 
towards  the  west  for  the  whole  of  the  earth's  sur- 
face^ and  the  component  towards  the  north  for 
all  points  of  some  one  line  extending  from  the 
north  pole  to  the  south  pole,  the  latter  component 
for  the  whole  of  the  earths  surface  follows  of 
itself.  Thin  same  knowledge  of  the  potentUl 
ftiuction  furnished  by  the  horizontal  component 
for  all  points  of  the  earth's  surface.  Gauss  like- 
wise showed  to  be  sofBdent  to  give  its  value  for 
all  points  of  external  space.  But  the  portion  of 
thb  remarkable  memoir  which  excited  the  most 
sangnine  hopes  as  to  the  ultimate  and  full  solution 
of  the  great  problem  of  terrestrial  magnetism,  was 
those  successive  theorems,  in  which  it  seemed  de- 
monstrated that  the  component  of  the  magnetic 
force  of  the  earth  for  ony  point  of  the  earth's  snr- 
&ce  may  be  obtained  Vf  combining  with  given 
ftanctioiis  of  the  latitude  and  longitude  of  that 
p  lint,  certain  constant  oo-effieieDts — ^not  probably 
exceeding  twenty-four  in  number — that  could  h% 
deduced  from  a  tufficient  number  of  the  observed 
values  of  those  components  in  different  and  a»- 
signed  hoodies.  The  calculations  that  require 
to  be  accomplished  (or  the  verification  cur  rather 
the  realization  of  Gauss's  formulas  are  exceed- 
ingly laborious,  but  with  t&e  aid  of  Weber,  and 
a  few  assistants,  he  undertook  them;  and  the 
actual  conclusions  are  embodied  in  his  well-known 
Atlas  des  Erdmagnetismus,  The  labour  mainly 
consists  in  the  calculatioil  of  the  co-effi  ients  (now 
tmiversally  named  the  Gaussian  co-efficients);  and 
this  was  again  undertaken  and  greatly  extended, 
by  Petersen  and  the  younger  Erman,  at  the  ex- 
pense of  the  British  Associatiun.  The  results 
are  not  at  present,  in  all  cases,  quite  accordant 
with  observation;  but  whether  such  discrepan- 
cies spring  from  defects  in  the  theory,  or  from 
the  limited  number  yet  existing  of  thoroughly 
accurate  experimenttd  determinations,  must  be 
regarded  an  misettled  point.  This  much,  how- 
ever, is  certain, — ^the  foundations  of  a  purely 
rational  theory  of  Terrestrial  Magnetism  have 
been  laid  by  Gauss.  No  other  mode  of  viewing 
the  great  question  can  be  made  possible,  unless 
signal  advances  in  knowledge  shall  enable  us  to 
adopt  as  our  point  of  departure,  definite  and 
established  Physical  Causes, 

lVIagneCiaai-Themi«.    SeeTiiEiaio-MAO- 
vsnsv. 

inagttctoiiietcr.  A  name  given  to  instru- 
ments intended  to  measure  any  of  Uie  magnetic 
elements.     See  forcing  article. 

miaifiiUyiiig  Power.    See  Dyitaheter. 

Rlainiltade  or  Sise*  An  attribute  of  bodies 
that  might  seem  the  simplest,  but  wliich  is  very 
far  from  bdng  so;  and  r^arding  which  it  ia  not 
easy  to  explain  the  origin  of  our  notions.  Our 
notion  of  the  magnitude  of  an  external  object 
is  not  a  primary  but  a  derived  one.  We  infer 
the  size  of  that  object  from  our  belief  as  to  its 
distance  from  us.    Our  primary  sensations  tell 
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OS  concerning  only  one  attribute  of  external  things 
— viz.,  their ybrm,  or  rather  their  prv^eded  Jcrm; 
for  ths  conception  of  solidity  ui  aJso  a  seooodonr 
one.  Metaphysicians  have  gone  quite  wroog  in 
this  matter,  through  oversigbt  of  the  essential 
physical  conditions  or  q)eratioos  involved  in  thosv 
sensations  that  lead  to  our  conceptioo  of  an  exter- 
nal object.    The  true  and  nmple  fact  is  this;— 
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A  certain  set  of  lemfnoiB  points  sends  nja  c» 
the  eye.  These  rays  make,  aa  meeting  at  the 
retina,  definite  angles,  wherd>y  the  form  «f  the 
body  bounded  by  these  points  becomes  apparent ; 
bnt  the  absolute  size  or  absolvte  distance  between 
the  bounding  points  is  evidently  indetcnninate — 
that  depending  on  the  distance  of  the  system  of 
points  from  the  eye;  The  hypothesis  of  distance 
therefore,  enters  as  an  essential  element  into  our 
conception  of  actual  magnitude;  nor  can  we 
compare  actual  magnitudes,  or  apparent  nugni- 
todes  at  all — we  simply  compare  rtetryrojedieny 
on  the  some  plane.  The  only  absohite  attribcrte 
of  external  bodies  is  tbur  roKX,  or  rather  the 
form  of  their  projections.  This  is  reveakd  abso- 
lutely by  the  simple  sensAtion  of  visiom  ;  evevy- 
thing  else  (excepting  colour^  is  inferential  and 
secondary.    See  Parallel  Likes. 

nnileablllty.  That  property' of  metals  whicli 
permits  them  to  be  beaten  out  nnder  the  baamcr 
or  extended  in  any  way  beneath  pressure.  The 
property  exists  in  some  metals  to  n  veiy  grest 
extent.  It  il)[)pears  to  bear  some  rdatlon,  thoi^ 
not  that  of  perfect  proportionality,  to  the  ductiUtT. 
Thus,  the  following  is  the  order  of  sevsral  mct^ 
at  ordinary  temperatures  (or  these  two  qualities: 

noctintr.  MaJnnMOsitf, 

Gold.  Gold. 

Bilvrr.  Stiver 

FIiitlniuiL  Ciiper. 

Iroii.  Tin 

Coppei:  PldiimniK 

Zinc.  LcMuL 

Tin.  Zinc 

Lead.  ftxMi. 

It  appears  that  the  malleabiTtty  and  doctilitT  am 
both  increased,  though  probably  not  proportion- 
ally, by  increase  of  temperature.  A  vety  strik- 
ing instance  of  malleability  is  to  be  ^ind  In 
gold,  which  is  beat  into  gold  leaf  so  thin  that 
less  than  five  grains  will  co\'«r  270  aqnare 
inches,  givrog   a  thickness  of  not  mote  than 

Ih  pstrt  ef  an  indi. 
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nanosneter.  An  instmrocnt  fbr 
the  density  or  rarity  of  gases.  As  long  as  die 
temperature  of  the  gas  remains  unchanged,  this  is 
proportional  to  the  elastic  ibroe,  so  that  the  men* 
sure  of  this  latter  is  sufficient  iadicatioa  of  the 
6G8 


MAK 

nine  of  the  former.  The  most  general  principle 
npon  which  manometers  are  constructed  appears 
to  be  to  imprison  air  or  gas  of  known  elasti- 
city, within  a  tabe  closed  by  a  fluid  with  which 
the  gas  does  not  combine  diemically  on  juxta- 
position, and  to  allow  the  gas  to  press  on  this 
fioid.  The  amount  of  the  motion  impressed  on 
this  fluid  will  manifestly  indicate  the  elasticity 
of  the  gas.  Thus,  we  can  suppose  an  upright 
tobe,  containing  air  of  known  temperature  and 
presBure — less  than  the  atmospheric — standing 
with  its  open  month  in  a  vessel  of  mercury,  and 
having  therefore  a  mercurial  column  of  some  height 
within  the  tuba.  The  slightest  change  in  the  elas- 
tidty  of  surrounding  air  will  make  the  mercury 
rise  or  lalL  Other  roanometexa,  more  accurate 
but  mach  more  complicated,  can  he  made,  when 
a  Tactmm  or  an  approximate  vacuum  is  obtained. 
3ltoiilatig*a  JL«w«  Sometimes  also  called 
Boyk*a  Law,  from  the  claim  preferred  in  behalf  of 
thu  celebrated  Enj^ish  physicist  to  the  dis- 
eoverjr.  This  law  is  the  foundation  of  the  whole 
theoiy  of  elastic  fluids.  It  is,  that  in  an  elastic 
fluid,  aabjected  to  compression,  and  kept  at  con- 
stant temperature,  the  product  of  the  pressure 
and  Tolame  is  a  constant  quantity,  or  the  volume 
is  inversely  proportional  to  the  pressure. — In 
detenniniDg,  therefore,  the  volumes  of  gases  for 
the  sake  of  comparison,  it  must  be  always  re^ 
membered  that  they  are  to  be  reduced  to  one 
standard  pressure— thirty  inches  of  mercury. — 
In  many  gases — like  air,  oxygen,  &c.  — this  rule 
Rems  to  hoM  exactly  ;  but  in  those  which 
become  liqoefled  under  severe  pressure,  departures 
from  its  strict  expression  are  noticeable,  and  that 
the  more,  the  more  closely  we  approach  the  point 
at  whidi  liquefaction  commences.  This  roust  be 
kept  in  mind  when  theoretical  results  are  brought 
into  practical  application.  Thus,  suppose  we  start 
with  1,000  volumes  of  air,  and  1,000  volumes  of 
sulphurous  add  gas  (the  latter  of  which  is 
liquefied  by  two  atmospheres  of  pressure),  we 
shall  And  by  applying  equal  pressures  the  follow* 
iug  rate  obaerx'ed : — 

Air.   1,000       8S3       hh9       n4 

Acid,   1,000       Wl       6M       SOI 

The  tame  discrepancy  holds  with  other  Uquefi- 
able  gases^  though  in  none  to  so  great  an  extent 
Mwuf,  The  fourth  planet  in  our  system  count- 
ing them  in  order  from  the  Sun.  It  lies,  of  course, 
immediately  outside  the  orbit  of  the  Earth.  The 
dfliaents  of  this  planet  having  been  already 
given  under  Elbmr2ct8,  they  need  not  be  re- 
printed here.  Mars  seems  to  be  a  globe  consider- 
ably smaller  than  the  earth,  its  diameter  being 
sli^tly  upwards  of  4,000  miles,  or  about  twice 
that  of  our  Moon.  It  tuma  on  its  axis  once  in 
twenty-lbar  hours,  thirty-seven  minutes,  and 
twenty-two  aeooods,  so  that  its  day  and  night  are 
fi>rty-ooe  minutes,  eighteen  seconds  longer  than 
oars ;  and  its  sidereal  period  or  its  year  is  com- 
pleted in  686-979  days.  The  equator  of  Mars  is 
•bUque  to  the  plane  of  its  orbit  like  that  of  the 
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Earth,  the  obliquity  being  28®  42^  from  which 
it  follows  that  the  surface  of  this  planet  must  be 
diveraifled  by  the  recurrence  of  seasons  quite  ana- 
logous to  those  which  affect  our  globe.  Wlien 
Mars  is  nearest  us,  or  wh^  in  opposition,  it  is 
distant  from  the  Earth  only  by  half  the  inter\-al 
that  separates  us  from  the  Sun ;  and  at  these 
periods,  we  can  examine  its  surface  with  much 
eff«ict  by  aid  of  our  telescopes.  Fortunately,  this 
inspection  is  favoured  also  by  the  fact  that  Mara 
has  only  a  small  atmosphere.  The  physical 
features  of  this  planet  are  better  known  accord* 
ingly  than  thoee  of  any  of  our  companion  orlki, 
excepting  in  the  case  of  the  Moon.  Se\'eral 
accurate  nuips  of  its  surface  have  been  drawn, 
and  all  concur  in  showing  the  clear  outline  of 
continents  and  oceans— as  well  aa  bright  ^lota 
around  the  poles,  corresponding  in  all  respects 
with  our  Arctic  and  Antarctic  llelds  of  ice.  A 
good  many  years  ago,  Sir  John  Herschel  gave  a 
drawbg  of  one  lace  of  Mara,  that  has  been  exten- 
sively copied  and  reproduced  in  popular  Astro- 
nomical works.  In  the  two  figs.,  1  and  2,  PUta 
II.,  are  pictures  of  two  faces  of  Mars,  differing 
by  about  90°  of  longitude,  represented  by  the 
pencil  of  Captain  Jacob  of  Madras.  Tha 
planet  ma.y  be  seen  in  that  latitude,  near  the 
Zenith,  and  of  course  under  the  most  ftivoorable 
chicumstanoes ;  and  Captain  Jacob's  accuraey  ia 
beyond  all  question.  These  two  plates,  therefore, 
may  oonfidiently  be  taken  as  correct  maps  of 
those  two  sides  of  Mars, — the  darker  spaces  are 
certainly  the  oceans  *,— in  the  second  figure  there 
seems  a  long  tapering  Mediterranean,  It  cannot 
be  doubted  that  the  difierenoe  of  gravity  on  the 
surface  of  Mars,  and  certain  other  circumstances 
forbid  us  to  view  it  as  an  exact  physical  counter- 
part of  our  own  globe.  Kevertheless,  the  differ- 
ences are  quite  too  small  to  constitute  it  in  any 
wise  improbable  that  the  general  functions  of  the 
two  orbs  are  closely  corresponding ;  and  an  in- 
habitant of  Mars  would  have  neither  more  nor 
less  difficulty  in  proving  the  Earth  uninhabited, 
than  we  should  find  were  we  disposed  to  sustain 
the  converse  thesis. — To  the  naked  eye,  Mavs 
ap)iears  a  dull  reddish  star.  It  is  the  only  one 
of  the  superior  planets,  the  sphericity  of  who«e 
disc  is  at  all  aff^ted  by  its  positive  relations  to  u9 
and  the  sun.  Of  course,  it  has  no  phases  like 
those  belonging  to  the  Moon,  or  to  Mercury,  and 
Venus,  but  it  sometimes  appears  gihbo^u.  The 
cause  of  this,  the  student  may  make  out  by  aid 
oftLYery  simple  construction. — Mars  enters  by 
the  perturbations  it  suffers,  and  the  corresponding 
actions  it  induces,  as  an  essential  element  of  tha 
solar  system.  One  of  its  most  interesting  rela- 
tions in  this  respect  haa  been  already  explained 
under  Astsroids. 

MsMs.  The  quantity  of  matter  which  a  body 
contains  is  called  its  mass.  The  only  measure 
we  have  of  this,  is  the  body*s  weight  We  know 
the  force  of  gravity,  and  we  suppose  that  it  acts 
equally  on  idl  kinds  of  matter,     llenoOi  when 
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two  bodies  are  equal  in  wciglit,  we  suppose  them 
to  have  eqnal  amounts  of  matter;  although  it 
would  evidently  happen,  if  this  supposition  were 
untrue,  that  there  might  be  unequal  weight**  and 
3*et  equal  quantities  of  matter.  There  is,  however, 
80  much  reason  to  belie\-^  all  matter  at  the  surface 
of  the  earth  to  be  equally  acted  on  by  gravity, 
that  we  do  not  hesitate  to  adopt  such  a  hypo- 
thesis. Upon  this  principle  then,  the  weight  of 
a  body  is  proportional  to  the  product  of  the  mass 
or  quantity  of  matter  by  the  value  of  gravity  at 
the  place.  Another  measure  of  mass  seeming  at 
first  to  depend  on  different  principles — is,  the  pro- 
duet  of  the  volume  by  the  drasity.  But  when  we 
remember  that  density  can  be  measured  through 
weight  alone,  we  find  it  in  reality  the  same  defi- 
nition, and  built  on  the  same  postulate. 

Iff suallla.    One  of  the  Asteroids.    For  Ele- 
ments, &c.,  see  Asteroids. 

HaterlaU,   Sirengtis  ofi— the  power  by 
which  a  substance  resists  any  efTor^  to  destroy 
the  cohesion  of  its  parts.     It  is  clear  that  the 
ultimate  cause  of  all  phenomena  belonging  to 
such  a  question  lies  in  the  nature  of  the  molecu- 
lar forces  constituting  the  body;  and,  further, 
that  the  powers  of  all  regfdar  bodies  to  resist 
external  violence  must  be  related  in  some  man- 
ner to  their  crystallngraphic  axes.     The  student 
!s  referred  to  article  Strain.      This  ultimate 
theory*  is  far  from  complete,  or  in  any  other  than 
an  initial  state ;  but  there  are  signs  of  its  speedy 
and  rapid  advance.     It  is  very  important  for 
architects  to  know  the  exact  forces  which  can 
be  safely  applied  to  the  substances  with  which 
they  work.     The  theory  of  the  points  where, 
and  the  directions  in  which  these  strains  and 
pressures  should  be  applied,  belongs  to  the  sub- 
ject of  practical  mechanics,  and  ma<tt  be  treated 
mathematicallv.      We  think  it  better  to  refer 
to  the  elaborate  works  of  Burlow,  Rennie,  Tred- 
gold,   Eaton    Hodgkinson   and    Fairbaim,    on 
this  subject,  than  to  attempt  to  give  a  notion 
of  their  results  in  our  limited  space.     Barlow 
shows  that  there  are  four  distinct  strains  to 
which  any  body  may  be  exposed —Ist,  It  may 
be  pulled  or  torn  asunder  by  a  stretching  force 
applied  in  the  direction  of  its  fibres,  as  ropes, 
stretchers,  tie-beams,  &c,  are  strained;  2d,  It 
may  be  broken  across  by  a  transverse  strain,  or 
by  a   force    acting   either   perpendicularly  or 
obliquely  to  its  length,  as  in  levers,  joists,  &c. ; 
8d,  It  may  be  crushed,  as  pillars,  door-posts,  and 
truss-beams  are,  by  a  force  in  the  direction  of  its 
length ;  4th.  It  may  be  twisted  or  wrenched  by  a 
force  acting  in  a  circular  direction,  as  in  the  case 
of  an  axle  of  a  wheel. — The  following  tables 
fh>m  these  experimental  works,  give  an  idea  of 
the  capacity  of  different  bodies  to  resist  some  of 
these  forces.     Ftnt^  the  power  which  the  follow- 
ing bodies   are  capable  of  opposing,   by  their 
cohesive  forces,  when   that  power  is  applied  in 
the  direction  of  their  Icnffth,  taking  a  lod  of 
each  body,  one  square  inch  ia  section  — 
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English  oak, 8,000  to  H,<W  Iba 

Fir, ...........^....-..  11,000  to  Ul,-lte  — 

Beech ll,»^M)a. 

Mahogany,  ..«...^.......  8.000  — 

Teak, la^OOO  — 

Cast  ftteeU  .....-.>..«• — ••  1S4.«&6  — 

Iron  wire,  ••••^••...••m.....  iw,«r'*4  ~— 

Swedish  barJron^ 74,06i  — 

Castiron, - — ....    18 MO  to  IJI,-«8 — 

Wrought  copper,  .........  8S.7d2  — 

Platlnam  wIpb,   ... — -..  52,!^7  — 

GolcLf  •••••••••>«•»•■••••••••••-•    30  cvV  *** 

zinc,    fce.561  - 

Xin,  ...........»•.•——••.      j,i*3> -» 

T.<cad,  .•.•■••.•....«• .......     S,i4o  ^ 

Rope,  one  Inch  drcamferenoe,  bore  at  the  sam 
as  that  one  of  one  aqiure  inch  section,  aaA  tte 
mme  materials  should  beta',  ...     l!2,Mt  Itc 
White  line,  hand  spun,  2-inch  round,  7  (0?  ~ 
Da       machinery,  .............  IUM-* 

Rope,  8-inch  round.  .................    4«8-'itf  —- 

Do.   4-lnch  round,  ........—....    iM*  — 

Cable,  l*J-lnch-ronnd, ..   4.*M  — 

Da    2&-lnch  round,    ..... .....   6,00  — 

Sewndbfi  the  strength  of  a  pillar  of  one-lncb 
section,  of  the  following  materiaK  or  the  max- 
imum force  it  will  bear  without  being  craslfeed  <ir 
broken  outward — 


Elm U9H  Iba. 

White  deal, J,«B  — 

Oak, »,«»  — 

Portland  stoue, . *,0l7  — 

'Lime»tonc,    ..-...— » ....     S^SW — 

Aberdeen  RranitCf 7//7<»  -^ 

Cast  iron,  ...........................0^1,410  — 

An  excellent  article  upon  the  subject  of  the 
strength  of  materials  is  contained  in  the  Ptrnttg 
Cyclopcadiau 

maihematlca.     As  with  all  trae  and  tho- 
roughly cultivated  branches  of  knowledge,  Matlie- 
maticsmay  be  separated  into  two  di^iaiona,  one  of 
which  expiscatea  principles  or  wuthodt,  and  the 
other  rules  or  appUcathns,    The  latter  compre- 
hends everything  we  include  under  the  term  Practi- 
cal Mathematics :  it  is  with  the  former  only  that  the 
few  lines  we  can  spare  in  this  plaoe  are  ooDoenied. 
The  sdenoe  of  Mathematics,  in  its  most  general 
form,  may  be  defined  as  follows; — ^all  the  parts 
or  constituent  quantities  of  any  phenomeDoo  being 
connected  by  definite  relationa,  general  mcthtids 
may  be  established  by  whose  aid  one  set  of  thert 
parts  or  quantities  may  be  deduced,  when  the  other 
parts  or  quantities  are  known:— «ach  geoersl 
methods  form  the  sum  of  all  poctsiUe  mathe- 
matics.    Viewed  in   this  light,  the  subject  in 
question  ought  to  be  the  basis  of  all  acseotific 
study :  although  it  were  wrong  to  allege  that  the 
culture  afforded  by  Mathematics  is  ueoesaarily 
complete,  or  even  by  it^f  a  very  satistactury 
culture.   By  far  the  most  important  portioa  of  oar 
present  knowledge  consists  in  a  oortain  iiuaght 
into  our  tn/caVtons,  or  into  the  nature  of  primary 
facts :  Mathematics,  in  its  best  sense,  siraply  in- 
structs us  how  to  deal  with  the  ascertained  and 
definite  relations  of  these  truths  or  facta.     It  de- 
mands an  eminent  logical  faculty ;  but  suooess  i& 
it,  need  not  involve  powers  of  profound  thought. 
I  This  latter  remark  applies,  however,  solely  to  the 
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flvUinaiy  UAthemaHdao ;  the  greatest  men  re- 
quire to  diacover,  in  the  coime  of  their  original 
xcseaiches,  the  naiure  qftke  retatiom  whoee  con- 
nqnenoes  thev  dedoce.  Let  it  not  be  alleged 
however,  that  the  oaual  stady  of  Euclid  can  bring 
more  than  a  certain  limited  discipline  to  the 
mind. — Mathematics  are  divisible  into  two  great 
brandiea — tlie  omcrefe  and  the  obstruct.  Con- 
octe  Matliefflatics  is  occupied  with  the  pccnliarity 
of  the  objects  whose  relations  are  being  deter- 
miDed :  for  instance,  we  never  forget  in  the  course 
of  purdj  geometrical  reasoning  the  nature  of 
the  ^>edal  magnitudes  or  quantities  regarding 
whidb  we  are  reasouing.  In  abstract  mathe- 
matics, on  the  other  hand,  we  deal  simpiv  with 
eeiablished  Dumerical  relations ;  and  through  the 
longest  process  of  deduction,  the  reasoner  never 
leqnires  to  recollect  whether  he  is  dealing  with 
apaem,  with  time*,  or  with  force*.  These  two 
dtTisioiis  are,  in  the  modem  analvM^  closely  in- 
termuigkd ;  bat  it  is  not  without  great  pleasure 
and  hope,  tliat  we  discern  the  recent  laige  exten- 
sion of  concrete  mathematics,  through  the  revival 
and  fiedi  discovery  of  general  methods  in  gvo- 
metiy. — The  diflerent  portions  of  mathematics 
are  treated  at  greater  or  less  length  under  various 
articles  in  this  Dictionary. 

JlaxloBit  mm4  muinia.  A  function  of  a 
single  variable  is  at  a  maximum  state,  when  it 
is  greater  than  both  the  state  which  immediately 
precedes  and  the  state  which  immediately  follows 
it;  and  it  is  at  minimum  state,  when  it  is  less 
than  both  the  state  which  immediately  precedesi 
aad  the  state  which  immediately  follows  it 


Thus  if  we  regard  the  ordinate  of  any  point  of 
the  curve  k  l  a»  a  function  of  the  corresponding 
abNciBn,  we  shall  have  b  6  a  maximum,  because 
Aa^B6^  He;  and  k  s  a  minimum,  because 
D</  ^  Ke  ^  r/.  In  speaking  of  preceding 
and  succeeding  states,  reference  is  had  to  the 
order  of  increase  of  tlie  variable,  so  that  one  state 
of  a  function  precedes  another,  when  it  corre- 
sponds to  a  less  value  of  the  independent  variable, 
aJnd  one  state  succeeds  or  follows  another 
wlien  it  corresponds  to  a  greater  value  of  the 
independent  variable.  A  function  of  one  variable 
may  have  any  number  of  maximum  and  mini- 
mum states;  but  if  the  function  is  continuous, 
there  must  be  a  maximum  state  betM-een  any  two 
nunimnm  states,  and  a  minimum  between  any 
two  maximum  states.  For  It  is  evident  that, 
after  a  maximum,  the  function  decreases  as  the 

and  since  before  it  readies  a 
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second  maximnm  state,  the  function  must  again 
increase,   it  follows  that  there  is  some  inter- 
mediate state  at  which  the  function  ceases  to 
decrease,  and  begins  to  increase  :  that  state  is  a 
minimum.     In  like  manner,  it  may  be  shown, 
that  between  each  two  minimum  states,  there 
must  be  a  maximnm  state.     Hence  the  numlM*r 
of  maximum  states  of  a  function  is  either  equal 
to  the  number  of  minimum  states,  or  at  most, 
differs  from  it  by  one.    Just  before  reaching  a 
maximum  state,  the  function  increases  as  the 
variable  increases,  hence  its  tint  differential  co» 
efficient  is  positive;  just  after  passing  the  maxi- 
mum state,  the  funcUon  decreases  as  the  variable 
increases,  and  consequently  its  differential  co- 
efficient is  negative;  this  shows  that  the  sign  of 
the  diffiirential  oo-efficieut  must  change   from 
plus  to  minus  in  passing  through  a  maximum 
state.    Just  before  reaching  a  minimum  state, 
the  function  diminishes  as  the  variable  increases 
and    therefore    its    differential    co-efficient    is 
negative ;  Just  after  passing  the  minimum  state, 
the  function  increases  as  the  variable  increases, 
and  consequently  its  differential  co-efficient  is 
positive;  this  shows  that  the  sign  of  the  differential 
co-efficient  must  change  from  minus  to  plus  in 
passing  through  a  minimum  state.     Here  we  see 
that  a  change  of  sign  of  the  first  differential  co- 
efficient is  the  anaMical  characteristic  of  either  a 
maximum  or  minimum  Rtate  of  a  function  of  one 
variable.      But  a  continuous   function   cannot 
change  its  sign  except  by  becoming  either  o  or 
or.    The!«e  principles  indicate  a  general  rule  for 
finding  all  those  values  of  the  variable,  which 
can  possibly  make  a  function  of  one  variable 
either  a  maxii^um  or  minimum.     Lifferentiate 
the  function,  and  find  its  first  differential  co- 
efficient, and  place  it  equal  to  o,  and  also  eqnal 
to  or.    Solve  the  resulting  equations,  and  find 
the  values  of  the  variable ;  these  values  will  be 
the  only  ones  that  can  possibly  make  the  gi^'en 
function  either  a  maximum  or  a  minimum ; 
there  may  be  amongst  them  some  values  that  do 
not  oorrcnpond  either  to  a  maximum  or  a  mini- 
mum.    It  therefore  becomes  necea^iaiy  to  intro- 
duce some  test  to  separate  thow  which  correspimd 
to  maxima,  fh>m  those  which  con^pond  to 
minima  states.    There  are  two  such  tests: — 
First,  substitute  one  of  the  roots  minus   an 
infinitely  small  quantity  for  the  variable  m  the 
gi\'en  function,  and  set  the  result  aside;  next 
substitute  the  root  it^elf^  and  then  the  root  plus 
an  infinitely  small  quantity,  and  set  the  results 
aside.     If  the  second  result  is  greater  than  bo:h 
the  first  and  third  reeulta,  this  b  a  maximum 
state,  and  the  root  is  the  corresponding  value  of 
the  variable ;  if  it  is  less  than  both  these  states,  it 
is  a  minimum,  and  the  root  is  the  corresponding 
value  of  the  variable ;  if  it  is  greater  than  one, 
and  less  than  the  other,  it  is  neither  a  maximum 
nor  a  minimum,  and  the  root  is  to  be  rejecred. 
Test  each  root  in  this  way  in  sncoession,  njecting 
nil  that  do  not  correspond  to  maxima  or  minima. 
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Second,  substitute  the  root  minus  an  infinitely 
small  quantity,  and  tlien  plus  an  infinitely 
small  quantity,  for  the  variable  in  the  expression 
for  the  first  differential  co-efficient,  and  note  the 
signs  of  the  result  If  the  first  is  positive  and  the 
Biicond  is  negative,  the  root  corresponds  to  a 
maximum,  if  the  first  is  negative  and  the  second 
positive,  the  root  corresponds  to  a  minimum,  if 
they  are  both  alike,  the  root  corresponds  neither 
to  a  maximum  nor  a  minimum,  and  is  to  be 
rejected.  The  maxima  and  minima  may  be  found 
by  substituting  the  corresponding  values  of  the 
variable  in  the  function^  The  second  test  will, 
in  general,  be  found  most  convenient.  To  illus- 
trate the  preceding  rule,  let  it  be  required  to 
find  the  maximum  and  minimum  values  of  the 
function, 

tt  =  a  —  Jay-j-x*. 

DifiTerentiating  we  find 

ax 
and  by  the  rule,  —  6  -|-  2  x  =  0 ; 

whence  x=—,  and  —  b -\- 2  x  =  a  ; 

which  gi\'es  no  finite  value  for  x, 

Appl^nng  the  first  test  to  the  root  xz=  ^    we 


MAX 


find  the  relations : 
lor 


»=j-*. 


we  have 


-.(i-.)+a-.)" 

6» 


=  a 


+  h^ 


for 


for 


a , 

4 


1st  result; 


we  have 


.2d  result; 


—  6-f  2  (— —  Aj  = — 2  ilf  a  negative  result; 


for 


—  6-f  2 


^=2  +  *. 


w«haTa 


we  have 


«-»(l  +  *)  +  (y  +  *)* 

=  a«  —  —  +  A  3d  result 

Whence 

a  — --|-A*>a  — -<a  — -  +  A; 

b 
which  shows  that  x=—  corresponds  to  a  mini- 


mum,  which  minimum  is  a  — 


6« 
4' 


Applying  the  second  test  we  find  the  following 
results  :-^ 

for  *='3' — "t  wc  have 


(^+")= 


2-^  A,  a  positive  imtlt. 


These  results  indicate  that  x  =  —  correspoBds  to 
a  minimum  which  may  be  found  by  makiik* 
X  =  —  in  the  given  fractioiL     It  is  found  cqtaU 

to  a  —  — I  as  before  indicated.    There  is  a  pnc- 
4 

tical  rule  which  corresponds  to  those  cases,  in 
which  the  firHt  differential  co-effkaent  is  equal  to 
o,  and  which  applies  to  a  great  majority  of  cases, 
founded  on  the  form  of  the  development  of  a 
function  of  one  variable  and  Its  increment,  ac- 
cording to  the  ascending  powers  of  the  increoMnt. 
It  is  as  follows: — Difflsrentiate  the  given  fime- 
tion,  find  its  first  difllerentlal  co-efficient,  and 
place  it  equal  to  o.  Solve  the  resulting  equation 
and  find  the  roots,  substitute  egx^  root  in  ancees- 
sion,  in  the  second,  thud,  foarth,  &c.,  differentia^ 
co-efficients,  tiU  one  is  found  whidi  does  not 
reduce  to o  or  oc.  If  the  first  one  which  does 
not  reduce  to  o  or  oc.  b  of  an  odd  ofder,  the 
root  does  not  correspond  to  either  maxfannm  or 
minimum ;  but  if  the  first  one  which  docs  not 
reduce  to  o  or  oc  is  of  an  even  order,  and  bo- 
comes  negative,  the  root  corresponds  to  a  maxi- 
mum; if  positive,  to  a  minimum:  all  the  reots 
which  do  not  correspond  to  maxima  or  minima 
are  to  be  rgected.  Those  which  cofrespond  to 
maxima  and  minima  are  to  be  subatitated  in 
succession  in  the  function,  and  the  oorreBpondipg 
results  will  be  the  maxima  and  minima  reqaved. 
It  will  not  in  general  be  found  necessary  to  canr 
the  substitution  farther  than  the  second  diffe- 
rential co-efficient  To  illustrate  the  rule,  kt  it 
be  required  to  find  the  maxima  and  "»«"»"-^ 
values  of  the  function 

tf  =  3  a*  a*  —  ^*  X  +  c». 
Differentiating  twice  we  find, 

---  =  9  a*x»  —  &*,  and  --5  =  18  a*x. 
a  X  axr 

From  the  equation  9  a*  x*  =  6\ 

we  find  X  =r      -r—  • 

The  plus  root  substituted  in  1 8  a*  x  gives  -f-  6 a£^, 

and  indicates  a  minimmn.     The  minus  root  ra^ 

stitutcd  in  18  a'  x  gives  -^  6  a  A',  and  indicates 

a  maximum.     The  roots  in  the  function  giva 

^       2  6* 

<r r—   for  the  minimom, 

and       c*  -I-  -r-—  lor  the  maximom. 
9a 


It  often  happens  that  an  important  simpJiScaHon 
can  be  made,  in  finding  the  value  of  the  seoond 
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dR(ftreiitial  oo-efRcient  corresponding  to  a  Toot 
which  is  to  be  tested.  This  happens  when  the 
fint  differential  co-efBcient  is  composed  of  two 
fiwtoffs,  one  of  which  placed  equal  to  o,  gives  the 
not  in  question.  The  simplification  is  this:  dlf- 
fefcntiate  the  fiictor  corresponding  to  the  root, 
■uiltiply  its  differential  co-efficient  by  the  other 
factor,  and  in  this  product  make  the  required 
sabstitntioii,  the  result  will  be  the  same  as  tlioogh 
the  snb!*tittttion  had  been  made  in  the  second 
diifierential  oo-efficient  itsrlf.  This  principle  maj 
be  extended  to  the  esse  wltere  it  is  necessary  to 
solMtitute  in  the  successive  diflbrential  co-effi- 
dents.  To  iUustrate  the  method  of  making  the 
rimpliflcatiop,  let  it  be  required  to  divide  a 
quantity  into  two  parts,  such  that  the  n^  power 
otoubot  them  multiplied  by  the  m^  power  of  the 
other  shall  be  a  maximum  or  minimum.  Denote 
tha  given  quantity  by  a,  and  one  of  the  parts  by 
X,  the  other  one  will  be  denoted  by  a  —  x,  and 
VB  iball  have  for  the  function, 

«  ^  jc™  (a  —  x)n, 


iu 

-—  =  »  x"  — '  (a  —  *)■  —  nx^  (a  —  x)"  — * 

=  (flia  —  mx  —  n x)  x" "•  *  (a  —  x)»  —  \ 

lad  by  placing  each  factor  separately  equal  to  o, 

we  have 

ma 
X  = ,  X  =  o  and  x  =  a* 

m-j-n 

The  differential  oo-efficient  of  the  first  factor 
multiplied  by  the  remaining  factors,  is 

—  (8i  +  «)x«->(a— x)«->;  forx=.-2!^ 

ni  —  n 

it  reduces  to 

a  negative  result;  lience,  this  value  corresponds 
to  a  maximum.  The  other  values  satisfy  the 
equation  of  the  prt>bl6m,  but  do  not  conform  to 
the  oondttiona  of  it,  and  need  not  be  considered. 
In  seeking  for  the  values  of  the  variable  which 
eonespond  to  maxima  and  minima,  any  positive 
constant  fiactor  of  the  ftinction  may  be  omitted, 
without  dianging  the  final  result  We  may  also 
throw  off  a  radical  sign,  and  be  sure  to  find  all 
the  values  of  the  variable ;  but  in  tiiis  case  we 
Buy  get  some  values  that  will  make  the  power 
a  maximum  or  minimum,  but  which  will  not 
make  the  root  a  maximum  or  minimum. — A, 
fimction  of  two  variabiu  is  at  a  maximum  state, 
when  it  is  greater  than  all  the  consecutive  states, 
and  it  is  at  a  minimum  when  it  is  less  than  all 
the  consecutive  states.  Every  function  of  two 
Tuiables  may  be  regarded  as  one  of  the  rect- 
angolar  co-ordinates  of  a  point  of  a  surface,  of 
whkh  the  two  variable!*  are  the  other  two  co-or- 
dinstes;  it  u  generally  taken  as  the  vertical  one. 
We  may  conceive  the  idea  of  a  maximum 
ordinate,  if  we  consider  a  sphere  lying  upon  a 
plsne.    Tha  ordioate  of  the  highest  point  is  a 
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maximum  and  that  of  the  lowest  point  a  mint- 
mum.  The  practical  rule  for  finding  the  maxi- 
mum and  minimum  states  of  such  a  function  is  as 
follows :— Differentiate  the  function,  and  find  the 
partial  differential  co-efficients  of  the  first  order, 
and  also  the  partial  differential  co-efficients  of  the 
second  order.  Place  the  partial  difierential  co- 
efficients of  the  first  order  separately  equal  to  o, 
combine  the  resulting  equations,  and  find  the 
values  of  the  variable*.  Substitute  these  in  each 
of  the  three  partial  differential  co-efficients  of  the 
second  order,  and  find  the  results.  Multiply  the 
first  and  thhil  results  together,  and  square  the 
second,  then  if  the  product  of  the  first  and  third  is 
greater  than,  or  equal  to,  the  square  of  the  second, 
there  will  be  either  a  maximum  or  minimum ;  a 
maximum  when  the  first  result  is  negative,  a  mini- 
mum when  it  is  positive.  For  example,  let  it  be 
required  to  find  the  maxima  and  minima  of  tlia 
function 

tt  =z=  x*  j^  (a  —  X  —  .y). 
DiUerentiating,  we  have 

^  =  x»y«(3a-3y-4x) 

and        -j^  =  x*y(2a  — 8y  — 2x> 
ay 

Placing  these  separately  equal  to  o 
8a  —  By^4LX=:o 
and  2a  —  Sy  —  2x  =  o 

whence^  by  combination, 

a  a 

We  have  also 

j^  =  2x/(8a  — 8y  — 6x), 


d*u 


=  x»y(6a  — 9y  — Sx), 


dxdy 
and     ^  =  x»(2a  — 6y  — 2x> 

Substituting  in  these  the  values  of  x  and  y  dd* 
duoed  above,  and  applying  the  rule,  we  get 

a* 

~9" 
« 

2d  result; 


Jot  nsulti 


a' 

12'*" 
a* 


.8d  result; 


and  since 


(-?)(-?)>K)-. 


or 


72  ^  144 


the  deduced  values  correspond  to  dther  a  maxi- 
mum or  a  minimum,  and  since  the  first  result  is 
n<>gative,  it  is  a  maximum.    Subetituting  these 
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value*  in  the  function,  the  maziinam  yalue  it 
fuuud  equal  to 

a* 

48? 


nicui*  The  established  modes  of  eliminating 
the  mean  or  most  correct  value  out  of  a  number 
of  observations  (of  course  slightly  discordant)  of 
the  tame  obfect  or  event,  have  been  discussed  under 
£rrob0,  and  Squares  the  Least.  It  is  of  im- 
portance, however,  to  ascertain  the  prindples  on 
which  physicists  generally  concur  that  the  mean 
value  of  a  variable— let  us  say  of  a  meteorolo- 
giod  element — ^for  any  day,  may  be  concluded  by 
taking  the  aritJitneiical  mean  of  any  number  of  ob- 
served values  obtamed  at  equal  intervals  through- 
out the  twenty-four  hours.  It  is  unnecessary  to 
remark  that  whatever  the  principle  of  this  method, 
the  degree  of  approximation  must  increase  with 
the  number  of  such  observations. — Now,  any 
periodical  function  «  of  the  variable  v,  may,  as  is 
well  known,  be  represented  as  below. 

If  =  do  -|-  ai  sin  (r  -f  «i) 

-(-ajsm(2»-|-«2)  +  ^ 

where  oo  is  the  true  mean,  and  of  course  it  may 

be  expressed 


9, 


But  if  til,  V|,  «8i  &C.1  denote  the  values  of  the 
function  n,  corresponding  to  those  of  the  variable 

V,  V  -+- .  ,    V  -f-  — —  ,....••  V  -+-     ■     ■ 

n  n  n 

it  mnv  be  shown  that  their  arithmetical  mean  is 
equal  to 

Oq  -f  Ob  sin  (nv-\-  nn 
-f-  Ojn  sin  (2  n  r  -|-  •2"  )  +  ^ 

whate\^er  be  the  value  of  v.  Hence,  as  the  ori- 
ginal series  is  always  convei^nt,  we  have,  when 
the  number  is  sufficiently  great, 

Oo  =  —(til  +  «s  +  tts  +  &c.»  +  «»ii) 
n 

nearly.  So  that  when  the  period  in  question  is 
a  day^  we  learn  that  the  daily  mean  value  of  the 
observed  element,  will  be  given  by  the  mean  of 
two  equi-diatant  obsen^ations  nearly,  when  a^  and 
the  higher  oo-effidents  are  negligible;  by  the  mean 
of  three,  when  03  and  tbe  higher  co-efficients  are 
negligible,  and  so  on. — In  tbe  case  of  temperature 
the  co-effident  a^  is  very  small, — the  curve  which 
represents  the  diurnal  changes  of  temperature 
being  nearly  the  curve  of  sines ;  hence  as  is  known 
to  meteorol(^ste  the  mean  of  the  temperatures  of 
any  two  homonymous  hours  is  nearly  the  mean 
temperatnreof  theday. — In  a// the  periodical  func- 
tions concerned  in  Magnetism  and  Meteorology 
tbe  co-efficient  a^  is  smalL  Therefore,  the  daily 
mean  values  of  these  functions  will  be  given  xerj 
nearly  by  tlie  mean  of  any  three  equi-distant 
observed  values. — In  adectiog  such  hours  for 
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a  continuous  system  of  observafioiis,  tre  ahoiild 
prefer  those  corresponding  most  nearly  with  tlie 
maxima  and  minima  of  the  observed  f^fl^^f<n^l^ 
so  as  to  obtain  also  the  daibf  range.  This  ooo- 
didon  is  fulfilled  in  the  case  of  mi^goetie  dedina- 
tion  very  neariy  by  the  honrs  6  A.11.,  2  P.1L, 
10  P.H.;  which  give,  moreover,  tbe  maximma 
and  minimum  of  temperature,  of  the  teoaioo  of 
vapour  nearly,  and  the  maximnm  jffeasore  of  ilis 
gaseous  atmosphere.  If  we  were  to  add  the  is- 
tennediate  hours  of  10  a.m.  and  €  p.]l,  we 
should  also  have  the  chief  maxiuMi  and  miu- 
ma  of  the  other  two  magnetical  eiementsi — 
These  five  hours,  therefore,  are,  beyond  aD  oUmb, 
preferable,  as  the  periods  of  such  obserratiai& 
if  the  oonne  of  the  dinmal  carve  has  already 
been  determined  by  a  more  extended  sysliD  of 
observations,  the  forcing  reoommeodatioBa  wifl 
not  apply.  The  mean  of  the  day  niaj  than  be 
inferred  from  observations  taken  at  asuf  ksmr; 
and  such  hours  should  be  chosen,  cfaisAy  if  aoi 
exclusivdy,  with  reference  to  the  dinmal  n^ge 
of  the  elements. — See  a  very  ample  inveailgation 
of  the  whole  of  this  important  8ul]||ect  by  Prolcssor 
Lloyd  of  Dublin. 

IHeaaBres.    See  Weights  and  HBiacaxs. 

fflechaiiica.  The  science  which  treats  of 
forces  and  their  applications.  The  tendency  of 
force  acting  upon  matter  is  to  prodooe  motkoi, 
but  two  sndi  tendencies  may  oppose  one  another, 
as  the  direction  of  the  motions  which  tfa^  seek 
to  produce,  may  differ.  When  two  do  not  com- 
pletely counteract  one  another,  it  is  possible  that 
three  or  four  or  any  number  of  forces — ao  many 
of  them  acting  in  general  direction  and  so  many 
in  another,  so  many  for  instance  trying  to  psodnoe 
motion  eastward,  and  so  many  OKition  westward 
— may  produce  no  motion  whatever.  From  the 
application  of  any  number  of  forces  there  may  be 
rest  produced,  and  it  is  quite  evident  that  tLcre 
may  be  motion.  The  science  of  mechanics  treats 
these  two  cases  under  distinct  heads,  the  one 
constituting  Statics,  or  the  doctrine  of  the 
equilibration  offerees, — and  the  other  Dtvaxics, 
or  the  doctrine  of  motion  produced  by  farces. 
See  those  artides  and  others  passim. 

Ill  echaBlc«I  Bfl'ect.  A  tenn  gireo  to  the 
measure  of  efitetive  power.  It  is  the  power  to 
raise  a  certain  weight  throngfa  a  fiiot  space  in  a 
definite  time. 

mechanical  Poweiw,  are  six  etandaid 
machines  which  enable  us  to  apply  large  forces 
to  produce  small  eflects  with  economy,  and  small 
forces  to  produce  great  effects  in  time,  and  which 
are  further  capable  of  transferring  forces  from 
thdr  natural  pokai  ct  action,  to  aaother  point  of 
application.  They  are  the  Lever,  the  Wheel  ami 
Axle,  the  Pulley,  iho  Inclined  Plane,  ihe  Wedge, 
and  the  Screw.  To  these  som^mes  aie  ad<kd 
the  Toothed  IF%ee/— None  ci  these  creates  new 
power,  though  several  of  them  store  up  the  sac- 
cessive  additions  of  power  which  successive  im- 
pulses give,  until  the  sum  total  comes  to   be 
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equal  to  the  demand. — All  of  them  con  be  reduced 
to  the  two  simpkBt,  the  l6\'er  and  the  inclined 
plane;  and  these  derive  their  chief  efficacy  from 
the  equivalence  which  they  produce  between  parts 
of  the  foroes  which  prevent  our  resultSi  and  resist- 
ances thai  we  can  call  into  action  in  almost 
onlimited  quantity.  Thus  the  lever  transfers  the 
excess  of  the  one  weight  over  the  other  or  the 
som  of  the  weights,  to  be  borne  by  the  fulcrum ; 
and  the  indhied  pUne  throws  part  of  the  gravitate 
ixig  fofoes,  upon  the  board  which  bears  the  weight. 
— We  shall  merely  enumerate  the  formulsa  for 
what  la  called  the  merhanical  advantage  in  each ; 

that  is,  tfaevaloe  of      ,  where  w  is  the  weight 

or  more  properly  resistance,  and  p  the  power 

applied  to  overcome  it 

_    ^.    -         the  arm  of  the  power    .  ,  . 

In  the  lever,  r- -,-r-  "-^ . :,  the  arm  being 

'  the  arm  of  the  weight 

dkcaaoe  (kom  fulcrum. 

.     ^      ^    ,       .      ,     the  radius  of  the  wheel 

In  the  iriieel  and  axle,  — r-r ,— . 

the  radius  of  the  axle 

In  the  pulley,  this  varies  with  the  peculiar  sya- 

tem  of  puUeys.    See  Pullet. 

,     ,.,.,,        the  length  of  the  plane 

In  the  incliiied plane,  . -r  .  .  ^  ^  ,,      ,      • 

'         the  height  of  the  plane 

«^  the  side  of  the  wedge 

In  the  wedge,  )^  th^  ^ack  of  the  wedge' 
In  the  screw, 

the  cireumference  described  by  the  power 

Uie  distance  between  two  oontiguons  threads* 
In  the  toothed  wheel, 

the  number  of  teeth  in  the  wheel  of  w 

the  number  of  teeth  in  the  wheel  of  p  * 
HcdtaM.  Any  liquid  or  gas  by  which  a 
body  is  surrounded,  and  through  which  mo- 
tion can  be  transmitted  according  to  the  laws 
of  hydrodynamics,  is  called  a  medium.  Thus 
the  atmosphere  is  a  medium,  and  water  is  a 
madinm,  through  each  of  whidi  there  can  be 
transmitted  light,  heat,  sound,  and  other  mo- 
tiona.  So  the  planets  are  supposed  to  move  in 
a  thin  medium ;  and  all  space  is  conceived  by 
nodera  physicists  to  be  filled  with  such.  The 
retardation  of  Encke*8  comet  is  one  cause  of 
thb  belief;  and  the  transmission  of  the  motions 
of  light  and  heat  across  the  spaces,  intervening 
between  us  and  the  heavenly  orbits,  appears  also 
to  require  it.  Tet  there  may  be  worlds  that  re- 
main invisible,  because  they  move  within  spaces 
where  no  such  medium  exists ;  and  the  retard- 
ation of  a  comet  may  be  due  to  its  passage 
tiirough  one  part  of  itts  orbit,  where  alone  such 
a  medium  is  to  be  found.    See  especially  Um- 

I>CLATOBT  ThEOBY. 

Mrlpanscae.  One  of  the  Asteroids.  For 
Elements,  &c,  see  Asteroids. 

JSraiftCwe.  Moon-shaped.  A  peculiar  fimn 
of  Lens.    See  Lews. 

JfcMMinitloa*  is  that  branch  of  mathema^ 
ticft  which  teaches  us,  from  data  of  lines  and 
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angles,  to  deduce  the  superficial  or  solid  content 
of  a  surface  or  a  solid ;  or  to  find  any  dimension  of 
a  figure  when  others  are  given  sufficient  to  fix  it 
According  to  this  definition,  mensuration  would 
seem  to  include  the  whole  of  mathematical  science. 
Special  rules  are  deduced  as  consequences  of 
special  principles  applicable  to  special  cases. 
Thus,  for  triangles,  trigonometry  is  sufficient,  and 
generally  so  for  all  reetilineal  figures.  For  cur- 
vilineal  figures  again,  such  as  drdes,  eUipsee, 
solids  of  revolution,  &c.,  we  require  the  consider- 
ations of  the  calculus,  and  the  introduction  of  the 
idea  of  limits.  For  the  more  important  and 
usual  cases,  as  the  case  of  a  circle  or  ellipse^ 
practical  rules  are  deducible  that  are  of  easy  ap- 
plication. Thus  the  area  of  a  circle  is  equal 
to  the  square  of  its  radius  multiplied  by  the 
number  w,  that  is  8*141592653,  or  as  it  is 
generally  taken  8*1416.  Its  circumference  is 
equal  to  the  product  of  its  diameter  by  this  num- 
ber.— ^The  ellipee  again  is  equal  in  area  to  the  pro- 
duct of  its  semi-axes,  multiplied  by  thb  same  num- 
ber.— Similarly,  the  spherical  stufaoeis  +  4  rr* 
or  the  product  of  the  square  of  the  diameter  by  w, 

4rr»  ^ 
and  the  spherical  content  =  — ^ — •  The  con- 
tent of  a  pyramid  or  cone  is  one-third  of  the  area 
of  the  base  multiplied  by  the  perpendicular  height 
firom  the  vertex. — Rules  such  as  these  may  be 
found  in  every  elementary  woik  on  mensuration : 
our  space  will  not  permit  as  to  exhibit  them 
further. 

BlercHry.  The  planet  Mercoiy  is,  of  all  the 
known  planets,  nearest  to  the  sun,  finom  which 
ita  mean  distance  is  86,890,600  miles.  Its 
diameter  is  8,099  miles,  and  it  is  denser  than 
the  earth  ui  the  proportion  1*12.  The  eccen- 
tricity of  ita  orbit  is  mndi  greater  than  that  of 
the  rest  of  the  planetary  orbits,  bemg  '206.  Its 
period  of  revolution  is  87  days,  28  hours,  15 
minutes,  46  seconds,  and  its  time  of  rotatbn  on 
its  axis  is  24  hours,  5  minutes.  It  is  one  of  the 
tn/enor  planets,  moving,  that  is,  in  an  orbit 
between  us  and  the  sun.  It  is  generally  so  near 
the  sun  as  to  appear  to  us  lost  in  his  beams  in 
our  northern  latitudes,  but  it  is  very  frequently 
seen  in  the  more  sontbem.  It  is  an  immediate 
consequence  of  tliis  position  also  that  there  should 
be  pha§e$f  perfectly  like  those  of  the  Moon,  and 
Cnmnto  like  that  of  VsHUS.  The  latter  being  of 
much  the  greater  importanoe,^ftom  the  too  great 
proximity  of  Mercury  to  the  Sun.  The  cycle  of 
years  after  which  they  happen  is  nearly  18,  13, 
18,  7,  &e.,  and  generally  in  November  and  May. 
One  occurred  in  1848,  and  the  next  will  be  in 

1861 It  is  easy  to  trace  the  actual  path  of 

Mercoiy  in  the  sl^.  Let  8  be  the  sun,  m  m"h' 
be  the  path  of  Mercury  round  it,  and  e  b'  part 
of  the  Earth's  path  round  the  Sun.  The  posi- 
tions M  M'  are  the  inferior  and  superior  con- 
junctions. If  the  plane  of  the  earth's  and  of  the 
planet's  orbit  were  the  aanifl^  at  these  timeS|  as 
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with  the  Moon,  there  would  alwars  he  eclipses 
But  the  plane  of  Mercur/s  orhit  is  inclined  at 
an  angle  of  about  7°  to  the  ecliptic,  so  that  an 
edipse  can  only  happen  when  the  planet  ia  at 


UET 
earth  traTersea  per  daj  and  HcremT   — . 

E  M 

OgQO 

But  their  rate  cf  eeparation  b >  tberefoi^ 


one  of  its  nodes  at  the  conjunction.  Suppose 
the  planet  at  m'  moving  on  in  the  direction  of 
the  arrow.  It  will  seem  to  the  spectator  at  E  to 
move  fh)m  vf  to  u"\  apparently,  it  is  clear, 
receding  from  the  sun  as  the  angle  made  by 
the  line  m'  e  with  that  from  e  to  the  planet 
increases.  At  u^'%  where  em'"  is  a  tangent 
to  the  orbit,  it  is  farthest  from  the  sun.  But 
since  the  direction  of  the  circle  at  m"'  is  nearly 
the  same  as  that  of  the  tangent,  near  h'",  the 
angle  spoken  of — the  angle  of  ehngationy  will 
be  nearly  stationary,  and  the  planet  will  appear 
at  rest.  Passing  from  "Mf"  on  to  M,  that  angle 
eontinnally  diminishes  —  that  is,  the  planet 
approaches  the  sun.  At  m  it  passes  the  sun, 
and  recedes  to  m",  where  the  planet,  for  the  same 
reasons,  again  seems  stationary.  From  m''  to  m' 
it  seems  again  to  approach  the  sun.  The  angle 
K  M  M%  or  E  M  M"  is  Called  the  angle  of  greatest 
elongation.  From  m"  down  to  vf"  the  motion 
is  dire<Ay  from  W.  to  K,  and  from  m'''  to  m'' 
rttrograde^  from  E.  to  W. — Consider,  howe\^ 
how  this  motion  must  appear  on  the  sky.  Let 
the  student  conceive  the  shape  of  an  elliptic — 
nearly  circular-  orbit,  a  little  inclined  out  of  the 
plane  in  which  its  centre  and  the  point  of  vision 
are  projected  on  a  distant  surface.  Evidently 
the  figure  will  be  a  very  elongated  hoop  or  ring. 
If,  however,  the  sun  apparently  moves  in  the 
ecliptic,  it  apparentiy  twists  this  ring,  jast  as 
it  were  broken  at  the  banning,  and  regularly 
twMted  out  80  much  in  a  uniform  direction. 
Clearly,  therefore,  the  path  would  be  a  sort  of 
twisted  line,  in  which  we  should  have  two  loop$ 
which  is  the  exact  appearance  of  the  planet's 
path. — To  find  the  periodic  time  clearly  if  the 
planet  moved  as  described  for  the  figure,  and  B 
were  stationary,  it  would  be  merely  necessary  to 
find  the  interval  of  an}'  two  conjunctions.  But 
B  moves  01  to  e',  so  tiiat  the  next  conjunction 
is  at  M.  Let  e  and  m  be  the  periodic  times  of 
the  two  planets  respectively,  and  t  the  observed 
interval  from  coiy  unction  to  coigunction,  then  the 
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— .  Now  E  is  perfectly  known. 
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and  T  is  observed.  Hence  m  can  be  foosd 
directly.  The  interval,  115-88  days;,  fiom  oos 
conjunction  to  the  next,  is  called  the  STKomc 

period  of  the  planet ^The  planet's  distance  fraa 

the  sun  can  be  found  by  means  of  the  greatest 
elongation.  There,  e  h"  a  ia  a  right  angled 
triangle,  and  if  e  s  and  8  e  m''  be  known,  m''  s  is 
known,  and  therefore  KB.  Or  it  may  be  finnd, 
as  with  other  planets,  by  means  of  the  Aorteoalof 
parallax.  Or,  again,  by  comparison  of  the 
greatest  and  least  angular  diametet&  These  are 
in  inverse  proportions  of  the  distances  b  m,  b  V, 
that  is,  if  we  call  m  8,  x. — 95  j  million  miles  4-  t: 
95^  million  miles  —  x  :  :  the  greatest  angalar 
diameter :  the  least  angular  diameter.  —  The 
actual  diameter  may  be  found  by  comparing  the 
greatest  diameter  of  the  planet  with  his  hori- 
zontal parallax  at  conjunction ;  thai  is,  in  CKt, 
by  comparing  the  angles  whidi  the  earth  and 
the  planet  respectively  subtend  at  the  aame  dia- 
tance,  taken  inversely. 

RletafWBtre.    See  Centre  op  Psbsstkb. 

Ulcleor  I  nieteoni  I««BsiB«Ba.  The  term 
Meteor,  as  generally  used  by  Physicuta,  has  a 
very  wide  and  very  vague  application.  It  is  em- 
ployed to  express  any  occurrence  in  the  dightes( 
d^ree  extraordinary  that  takes  place  within  tha 
limits  of  our  atmosphere.  Thus  we  have  tha 
great  classes  of  Aqueous  Meteors  or  Hydn>-Me> 
teors,  of  Optical  Meteors,  Electric  Meteors,  Ac, 
&c  These  various  subjects  being  fully  disonsed 
under  more  proper  headings,  we  confine  the  word 
at  present  to  two  great  classes  of  linmnons 
Meteors, — of  whicli,  the  latter  dass  la  by  Cur  tha 
most  important,  and  at  present  the  least  nndfir^ 
stood. 

(1.)  Lumuvmt  Metwn  dtpendmg  on  imfinm 
mahh  exhalations  from  the  surfaee  of  the  Earlk. 
— This  dass  of  meteors  consists  in  the  cnrioaa 
appearances  to  which  the  name  fyni*  FaiumM  has 
been  given.  The  appearance  is  that  of  a  ilamo 
floating  in  the  atmosphere  a  few  feet  abow  tha 
ground,  and  shifting  its  position.  It  gencrallT 
appears  over  morasses  or  graveyards,  or  any 
spot  where  there  is  much  decayed  vegetaUe  er 
animal  matter.  From  its  tendency  to  kad  the 
bewildered  traveller  towards  diKagreeabte  places, 
it  hss  obtained  its  name.  We  have  ^mons  and 
even  conflicting  accounts  of  the  Igms  fblmti,  and 
the  circumstances  in  which  it  has  ben  seen ;  hot 
much  variation  of  this  kind  was  to  be  expected 
from  the  flitting  nature  of  the  meteor,  and  tlia 
fact  that  it  always  must  have  appeared  unexpect- 
edly. The  most  reliable  hypothesia  at  presnt 
ia,  that  the  flame  is  caused  by  the  exhalation  of 
>  a  stream  or  streams  of  phosphorated  or  csrlior- 
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etted  hydn^g«n  gas,  taking  fire  on  rising  into  the 
atmospbere.  The  chenncal  groiind  of  thu  theory 
1%  we  believB,  unimpeachable ;  and  it  seems  to 
aooord  also  with  the  general  flitting  aspect  of  the 
meteor.  The  brigfatneas  of  the  flame  would,  of 
ooone,  change  with  the  varying  quantity  and 
parity  of  the  gas ;  and  the  flame  would  often 
<fiaan)ear  temporarily,  when  the  quantity  of 
the  exhalation  became  very  smalL  It  cannot  be 
doobted,  that  spontaneous  ignition  (as  it  is  called) 
often  occurs  during  the  deoompoflitian  of  vegetable 
and  animal  substaaoes. 

(2.)  iMmmom  Meieon  not  depending  on  ex- 
hrtlatinntf  bmt  occurrmg  in  the  higker  rtgiona  of 
ike  Aimoipkere, — This  large  and  most  inleraBt- 
ing  dass  of  Meteors  includce  the  whole  sul^ect 
of  ^BOUTES,  or  FdOing  8tone»  and  Meteoric 
Inm,  and  of  Falling  Stars  properly  so  called, 
whether  these  nn  the  ordinary  appearances  fro- 
qnently  seen  in  every  dear  evening  in  the  sky, 
or  show  themadves  in  the  recently  famous  so- 
eaUed  periodic  showers  of  August  and  November. 
It  is  impossible  to  do  otherwise  than  aver  at  the 
outset,  that  Sdenoe  has  here  a  vast  deal  to  learn 
from  prolonged  and  assiduous  observation ;  nor 
must  the  opportunity  be  omitted  of  offering  the 
tribute  so  justly  merited  by  Professor  Baden 
Powell,  whose  labours  in  annually  collecting 
fiMsts  and  publishing  them  under  the  auspices  of 
the  British  Association,  is  beyond  all  praise^  It 
is  no  dight  additian  to  the  merits  of  Mr.  Powdl, 
that,  as  his  recent  remarkable  works  so  dearly 
show,  his  proper  delight  is  in  the  higher  walks  of 
philosophical  q)eculation.  Kor  should  we  omit 
to  recognixe  the  value  of  the  long  labours  of  M. 
Conlvier-Gravier,  who,  as  it  appears  to  the  pre- 
sent writer,  only  required  a  dightly  diminished- 
inrlination  towards  one  special  view  of  the  origin 
or  influencing  causes  of  these  Meteors,  to  have 
deser%'ed  as  well  as  any  independent  obeerver 
ever  did.  But,  as  every  one  knows,  it  is  a  most 
difBcult  task  to  observe  independently  of  some 
hypothesis— quite  as  difBcult  as  to  observe  well 
in  snbeenienoe  to  one. — There  are  only  two  views 
possible  conoeming  this  dass  of  Meteors, — dther 
they  are  whoUy  of  atmospheric  origin,  or  the 
oosmical  fiKt  to  which  they  point  becomes  visible 
or  sensible  only  when  the  objects — themsdvea 
external — penetrate  within  the  bounds  of  our 
atmosphere.  At  present,  no  Atmospheric  theory 
can  be  supported,  nor  do  the  attempted  arrange- 
ments of  the  oocunenoe  of  such  Meteors  within 
certain  months  or  hours,  or  at  the  times  of  certain 
winds,  at  all  present  the  marked  character,  which 
•-considering  the  necessary  incertitude  attending 
obeervations  of  phenomena  of  thu  deecription — is 
ahsolutdy  necessary  to  oonstitnte  even  a  flnt 
probability  that  correspondences  of  such  a  kind 
are  cooneeied  with  physical  causes.  We  are 
driven,  therefore,  in  the  meantime,  to  relbge  in 
the  Coemioal  Tkeorg  of  these  Fallmg  Stars;  not, 
however,  definitdy,  but  as  our  only  reeouroe  in 
the  pRMot  coiKfition  of  observatidii  and  accurate 
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knowledge.  This  theory,  flrst  proposed  by 
Chladni,  may  be  best  put  in  the  fdlowing  gene- 
ral form: — Through  Ike  interpUmetary  epaoee, 
and  it  mag  fte,  through  die  interatellar  tpaoea  aleo^ 
vatt  mtmbera  oftmoM  mastes  of  eoUd  matter  mag 
be  moving  in  irregular  orbits;  and  these,  <u  theg 
approach  ang  planet  of  powerful  gravitation — 
such  as  the  Earth — vnll  be  dutmied,  and  mag 
fall  towards  its  snrfaoe,  Chladni^s  hypothesis 
certainly  explained  much ;  but  one  essenUal  part 
of  the  phenomenon  it  did  not  explain.  For  in- 
stance, it  was  quite  consistent  with  the  fiftct  that 
some  of  these  bodies  fall  to  the  Earth  as  iEao- 
LITB8  (9.  r.),  and  that  others  escape  as  mere 
Falling  Stars;  but  Chladni  could,  in  his  day, 
give  no  account  whatever  of  the  heat  of  the 
stones  that  do  fall,  and  the  apparent  inflamma- 
tion of  those  that  only  pass  through  our  atmo- 
sphere and  appear  as  falUng  stars.  The  deride- 
ratum,  however,  has  been  supplied  by  Modem 
Physios.  No  compression  of  the  Atmosphere 
certainly,  by  any  body  moving  through  it,  could 
evolve  heat  enough  to  evolve  such  results ;  but 
the  recent  and  apparently  established  conception 
regarding  Heat — via.,  that  it  must  be  evolved  as 
an  equivalent  for  ang  destroged  mechanical  effect^ 
wholly  removes  the  difficulty.  The  vdodty  of 
a  sufficient  number  of  these  falling  stars,  for  in- 
stance, has  been  ascertained  within  due  limits  by 
Brandos  and  others ;  and  M.  Joule  has  shown 
oondusivdy,  that  in  regard  of  the  greater  number 
of  these  bodies— the  heat,  equivalent  to  the 
mechanical  efiect  due  to  their  original  vu  viea^ 
and  destroyed  by  the  resistanoe  of  the  Atmo* 
sphere — ^is  such,  as  would  melt  the  body  and 
dissipate  it  into  firagments.  In  case  of  smaller 
vdodties,  nothing  beyond  inflammation  or  white 
heat  might  ensue ;  but  fsx  ofiener  than  we  ima- 
gine, these  fUling  stars  are  utterly  disdpated  by 
the  agency  now  spoken  o^  and  reach  the  Earth 
in  the  form  of  mere  ifeleor»c  ditft.  This  special 
difficulty  removed  from  Cbladni's  cosmical  the- 
ory, other  problems  remained.  First,  Have  these 
stones,  or  meteoric  planets,  a  special  or  assign- 
able origin  ?  The  Lunar  hypothesis  of  Laplace, 
has  frequently  found  favour.  But  it  ought  not  to 
be  Judged  by  the  form  in  which  it  was  proposed 
bv  its  founder.  The  idea  that  these  meteors  are 
directly  shot  towards  us  by  Lunar  Volcanoes  in 
present  action,  is  consistent  ndther  with  existing 
dieervatkm  of  the  condition  of  the  Moon,  nor 
with  the  dynamical  efsenOoHa  of  the  problem. 
But  it  does  not  follow  that  those  vast  Lunar 
Craters — such  as  ^^^tho— the  reeult  evidently 
of  enormous  catadysma,  have  not  contributed 
their  part  in  driving  among  the  interplanetary 
spaces,  masses  of  broken  ro(^  that  may  on 
occasion  come  within  the  range  of  the  special 
attractfon  of  our  g^be.  But  seoondtg,  is  it 
accessary  to  search  fbr  any  confined  or  special 
origin?  Is  it  not  maniJhst,  on  the  contrary,  that 
masses  of  sudi  bodies  are  most  widdy  dif- 
fused and  may  fonn  an  essential  part— 4iot  of  our 
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Solar  System  merely — ^bat  of  the  Material  Uni- 
rerse,  in  bo  far  as  Man  can  disoem  it?  What, 
for  instanoe,  are  these  Astbroids  between  Mars 
and  Jupiter,  unless — so  to  speak— JfeteoHc 
Planets  f  What  also  that  stnnge  amiulns — 
the  Zodiacal  Light — environing  out  Sun  ?  We 
diall  disoonrse  at  much  length  on  this  very  im- 
portant snhject  in  artides  Solab  Stotbm,  Suit, 
and  Satdbn  ;  it  is  siibply  needful  to  intimate  here, 
that  there  are  laxige  grounds  in  this  direction  for 
the  acceptance,  in  the  meantime  at  least,  of  the 
original  hypothesis  of  Chladni  The  curious 
alleged  fact  of  these  August  and  November  peri- 
odic displays,  cannot  be  passed  without  reference. 
Unless^  the  testimony  of  Men,  held  ummpeaobable 
in  every  other  department  of  Observation,  is  to 
be  rejected,  we  must  accept,  as  an  established 
fact,  extraordinary  recurrences  of  showen  of  such 
Meteors  or  Falling  Stars  in  the  months  of  August 
and  November,  ix  a  considerable  number  of  con- 
aecntive  years.  Nor  although  this  very  extra- 
ordinary shower  has  at  present  intermitted,  does 
it  appear  allowed  us  to  doubt,  that,  after  intervals 
of  rest,  it  frequently  appeared  before.  If  the 
periods  of  August  and  November  are  fixed  pe- 
riods then,  very  clearly,  the  phenomenon  is  an 
Astronomical  or  Coemical  one — being  connected 
with  the  position  oi  the  Earth  in  its  Orbit :  and 
if  the  theory  be  correct  that,  at  times  we  then 
come  into  contact  with  or  pass  through  Nebulous 
Streams  circulating  around  the  Sun,  it  is  fiur 
from  unlikely  that  the  Nodal  Motion  of  these 
streams  may  furnish  an  explanation  of  the 
equally  unquestionable  fact  of  the  apparent 
perio^c  intermission  of  the  phenomenon.  But 
thiB  is  a  subject  on  which  it  is  not  admissible, 
at  present,  for  any  one  to  dogmatize.  We  trust 
va^y  to  ftituie  Observation,  and  to  the  course 
BO  admirably  inaugurated  by  Professor  Baden 
PoweEL 

n.«te«M»l«gf .  That  most  extensive  and 
important  Science  which  takes  cognizance  of  aU 
Atmospheric  Changes  connected  with  the  Earth, 
— ^with  their  causes  and  influences.  It  has  been 
treated  at  great  length  under  headings  that 
apply  to  its  various  parts  in  other  places  in  tliis 
Dictionary:  so  that  it  only  requires  that  we 
here  refer  the  Student  to  these  difi^rent  and 
appropriate  articles.  On  the  subject  of  Meteoro- 
loffioal  Obtervaiion  generally — its  aims,  methods, 
and  appliances — we  have  largely  spoken  under 
articles  Obsbbyahov,  Babombtkb,  Thbb- 
MOMBTBB,  Htobometkr,  and  Ambmomktbb. 
The  general  Laws  ascertained  regarding  the 
condition  and  fluctuations  of  our  Terrestrial 
Atmosphere,  are  discussed  under  articles  Atmo- 

6PHBRB,   BaBOUETBB,  HtgBOMBTER,  HtDEO- 

MBTBOB8,  Clouds,  Foo,  Dbw,  Raik,  Teupbsa- 
TURE,  Winds,  and  many  smaller  subsidiary  ones. 
The  chief  Optieal  phenomena  axe  treated  under 
Twilight,  BbfbactiohAtiiosphebic,  Polar- 
ization Atmosphbhic,  Mibaob,  Cobok  jc,  Ha- 
LOJB8,  and  Rainbow.    For  others,  connected  with 
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Eketrie  and  MagnUk  influences,  seeLiOBiiriiio 
Thunder,  Hail,  Watebspoutb,  and  Aubobas, 
And  the  student  is  fiirther  referred  to  Xbothbb- 
MALS,  Mbtbors,  Stobio,  Svow,  &C.,  &C.  A 
singular  and  very  important  ^scnsion  reoently 
arose  witliinf  the /Venci  Aoadamf  of  8eimca^  as 
to  the  li^t  mode  of  oondncting  meteonilogica] 
researches,  so  that  results  of  a  dear  and  definite 
nature  he  dedudble.  The  aide  of  the  questioa 
hostile  to  present  methods  was  taken  by  M.  Bqr- 
nault — a  physicist  whose  opiniona  on  aocfa  ques- 
tions is  entitled  to  every  weight;  wluk  the 
propriety  of  existing  methods  was  Mj  f"*?^^'**^ 
by  Le  Yerrier  and  manv  others.  The  qnestkos 
mooted  during  tliis  debate  were  so  numeroQi^ 
novel,  and  pertinent,  that  we  shall  re-opeo 
the  subject  under  OniBBRVATOBT  Mbtbobou>- 
oiCAL. — ^There  are  many  great  works  on  aU 
parts  (^  meteorology  eminently  worthy-  of  being 
consulted  by  the  student  The  best  fgunaji 
manual  is  undoubtedly  that  of  KaeMCz,  tnns- 
latedmto  English  by  McGfaailes  Walker.  See 
also  an  instrnetiw  smaiD  Yt>lume  by  Mr.  Drew. 
But  the  easays  by  the  late  PrdeSBor  Danid  are 
espedally  worthy  of  attentive  study;  the  writings 
of  M.  Dov^,  as  wen  as  the  recent  moat  able 
memoirs  of  Mr.  GlaLdier.  As  to  mooographi, 
there  are  multitudes; — ^to  be  (Sstingnished  abore 
an  others  are  the  phyrical  portions  of  die  recent 
French  Voyage  to  Scandinavia,  Lapland,  and 
Greenland,  chiefly  in  this  respect  under  tiie  able 
direction  of  MM.  Bravids  and  Martins ;  and  the 
remaricably  interesting  memcnrs  by  the  late  J. 
Fletcher  Miller  on  the  phenomena  of  rain  in  oar 
Cumberiand  and  Westmoreland  districts.  Special 
memoirs  of  highest  value  on  the  climate  of  vari- 
ous regions  of  the  earth  are,  however,  so  abun- 
dant that  we  cannot  mdbtake  to  specify  them 
here.  The  student  is  referred  to  the  instractive 
reports  by  Professor  J.  D.  Forbes,  read  befere  tiie 
British  AssocUtion.  Nor  must  notice  be  omicted 
of  the  very  beautiful  Phyeicai  AUas^  edited  and 
published  by  Mr.  Keith  Johnston,  of  Edin- 
buigfa,  or  of  its  great  prototype  by  the  exoeUent 
Bergbaus. 

nictMilc  Cycle.    See  Cyclb. 

Metis.  One  of  the  Asteroids.  For  Elements, 
&C.,  see  AsTBBoms. 

IIIIer»gmpk7.  Name  given  to  the  deaerip- 
tion  of  olgects  which  are  examined  by  the  micro- 
soope  chiefly. 

nicrttiKccer.  Tiie  term  generally  appBed  to 
contrivances  for  measuring  amall  qtaces  or  aqgles 
with  great  accuracy  or  convenience.  1.  Wire 
Micrometer, — ^When  the  nya,  from  anj  bright 
object,  fell  upon  a  convex  line,  an  inverted  image 
of  the  object  is  formed,  whidi  may  be  viewed  br 
the  eye-piece  as  if  it  wen  a  material  body.  If  a 
fine  wire  or  spider's  web  be  stretched  maom  the 
telescope  tube  at  the  place  where  the  imege  is 
fenned,  this,  too,  wQl  be  seen  distinctl/  thros^ 
the  eye-piece.  Instead  of  fixing  tlie  wire  to  the 
telescope  tube,  it  is  stretched  acroas  m  ^du^ 
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pieoe,wliidi  ii  inov«d  by  a  screir  perpcoflDcolBrly 
to  the  kDgth  of  tho  tdesoope,  and  can  thna  be 
made  to  measure  tbe  image  in  tenna  of  the  rero- 
Intkne  and  parts  of  the  screw.  The  head  of  the 
screw  ia  divided,  and  then  is  an  index  by  which 
the  parti  are  read  off.  A  little  tongue  pasBing 
over  the  notcfaee  of  a  plate  notes  the  whole  nnm- 
bor  of  rerolntiona.  A  micrometer  of  this  kind 
ia  now  generaUy  applied  to  drdes,  tranaitB,  and 
tbeodolites,  in  addftion  to  the  fixed  wires,  which 
of  course  are  always  necessary.  There  an  two 
vcrificadons ; — ^first,  the  ascertaining  the  valneof 
a  nvolntion  of  the  screw ; — and  secondly,  deter- 
mming  the  reading  of  this  screw-head  when  the 
moveable  wire  ooixKides  with  the  fixed  wire.  In 
a  drde  or  theodolite  the  micrometer  wire  is  placed 
upon  a  sharp  distant  object,  and  the  divided  limb 
reed  off.  The  screw  is  tnmed  throngfa  several 
rerofaitioiUy  and  the  object  is  again  bisected  by 
moving  the  whole  instrament  by  its  tangent 
MTsw,  and  the  divided  limb  read  off  a  second 
time.  We  have  then  the  same  angle  measnred 
in  revolatioDS  of  the  screw  and  in  the  divirioos 
of  the  instrmnent,  and  by  a  simple  proportion 
have  tiie  valoe  of  a  revolution  and  of  a  part 
With  a  transit,  the  passage  of  Polaris  over  the 
mioometerwire,  is  observed  after  several  revoln- 
tiooa  of  the  screw.  The  angular  motion  of 
Polaris  for  the  intervals  ia  computed  from  the 
polar  distance;  and  thus  the  value  in  an  obtained 
Ifar  a  revolution  of  the  screw.  To  determine  the 
asn  position  of  the  micrometer  wire^  the  mov^* 
able  win  is  brouglit  to  toudi  the  fixed  wirB» — 
fsiA  OB  one  side,  and  then  on  the  other, — and 
the  screw-head  read  off  each  time.  Themeanof 
the  two  readings  will  be  that — ^when  the  two 
wires  an  exactly  superimposed.  2.  ThepoiAiofi 
win  VienmOmr  has  lately  come  veiy  much  into 
use  tar  observmtioQS  of  double  stars,  and  is  the 
win  micrometer  proper  for  equatMials.  Inthis 
oooatruction  there  an  two  wires  parallel  to  each 
other — each  moveable  by  its  own  screw.  The 
whole  apparatus  can  also  be  turned  round  in  the 
plane  of  tlie  wires,  so  as  to  place  the  wires  in  any 
dindiim, — the  ani^  round  which  it  is  turned, 
being  read  off  by  two  vemiere  upon  a  small 
drdc^  called  the  position  drde.  In  measuring 
a  doable  star,  the  wires  are  brought  near  each 
other,  and  the  apparatus  turned  round  until  the 
two  staa  an  either  threaded  on  one  of  the  wires, 
or,  being  placed  between  them,  an  Judged  to  lie 
in  the  same  direction.  The  division  of  the  ml- 
crpoMler  circle  is  then  read  off,  and  the  obser- 
Tatioa  in  position  is  made.  Now,  by  the  divided 
circle  of  the  micrometer,  turn  the  apparatus 
round  $K)°,  and  the  wires  will  be  at  right  angles 
to  the  line  Joining  the  two  stars.  By  moving 
tiM  equatorial,  place  one  wire  ▲  on  one  of  the 
atars,  and  place  the  other  win  b  by  its  screw  on 
the  seoQod  star.  Read  off  the  senw-head  of  b, 
and  then  place  a  on  the  second  star  by  moving 
the  equatorial,  and  b  on  the  first  by  moving  its 
screw;  and  read  off  the  revolations  and  parts  of 
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B.  The  difeence  of  the  two  readings  of  b  will 
give^in  revolutions  and  parts  oi  the  screw — 
twice  the  angle  between  the  two  stars.  The 
process  may  be  repeated— keeping  b  fixed  and 
moving  a.  Before  or  after  a  series  of  obser- 
vations, the  zero  or  index  win  of  the  position 
circle  should  be  asoertahied.  Place  the  instru- 
ment neariy  in  the  meridian,  and  make  a  star 
ran  along  one  of  the  wires  from  end  to  end. 
Read  and  note  the  poeition  circle,  which  should 
mark  90^  and  27^  and  the  diffarence  from  this  is 
the  correction  to  be  applied  to  all  the  angles  of 
position  observed  during  the  evening.  The  value 
of  a  revolution  of  the  screw  may  be  determined 
by  separating  the  two  wires  a  given  number 
of  revolutions ;  and  observing  a  series  of  transits 
of  known  stan  over  them.  The  micrometer,  or 
reaching  microscope,  for  reading  off  the  divi- 
sions of  graduated  oiides,  depends  upon  the  same 
principle  as  the  win  micrometer.  An  enlarged 
image  of  the  divisiona  of  the  limit  of  the  circle  is 
formed,  and  this  image  is  measured  by  the  revo- 
lutions and  parts  of  a  screw.  8.  'fba  divided 
dbj^d-^hu  ifioromder  and  HtHometer.  If  an 
ol^eot-^lass  be  cut  across  so  as  to  form  two  semi- 
drdesi  and  the  semilwMies  be  separated  by  slid- 
ing one  beyond  the  other,  each  portion  will  form 
its  proper  image,  and  these  will  retreat  from 
each  other  as  &  semilenses  an  moved.  The 
Hemilenses  an  mounted  on  sUdes,  and  the 
quanti^  of  separation  read  off  upon  a  scale. 
In  Bessel's  heliometer,  the  earliest  and  veiy  per- 
fect instrument  of  tliis  dass,  the  focal  length  of 
the  ol)r}ect-glasB  is  eight  French  feet,  and  the 
apertun  nearly  six  French  inches.  Suppose  a 
double  star  is  to  be  measured  with  the  heliometer : 
the  whole  of  the  object  end  is  turned  round, 
until  four  stan  appear  in  a  right  Une;  and  the 
semilenses  an  separated  until  the  stan  appear  to 
be  exactiy  the  same  distance  from  each  other, 
when  the  scale  is  read  off.  The  semilenses  are 
then  shifted  in  a  oontnry  direction,  sliding  the 
two  images  over  each  other,  until  they  again 
appear  to  be  at  equal  distances,  and  the  scale  is 
again  read  off.  The  separation  of  the  scale  is 
four  times  the  *«gnl#r  distance  between  the  stars. 
Then  is  a  position-circle  in  which  the  direction 
of  the  Stan  is  read  off.  Micrometen  of  this  kind 
requin  no  illumination.  4.  JRetiaUea  aad  ckreu- 
lar  mierometen.  The  micrometen  hitherto  de- 
scribed an  applied  to  the  accurate  measures  of 
small  angles;  the  present  dass,  though  very 
useful  in  certain  cases,  an  of  much  lower  pre- 
tensions. The  reticule,  or  diaphragm,  as  it  iff 
sometimes  called,  is  any  fixed  arrangement  of 
wires  or  ban  which  can  be  applied  to  a  telescope 
for  the  purpose  of  measurement  lliey  are 
chiefly  used  when  an  object  will  not  admit  of 
iOumuiation,  or  when  the  astronomer  has  no 
accuntely-divided  instrument  at  his  disposal: 
or,  as  in  the  case,  La  Caille,  at  the  Cape  of 
Good  Hope,  when  the  olject  is  to  fix  approxi- 
matdy  a  greater  number  of  stan  than  could  be 
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done  in  Che  sane  time  with  ordinaiyinstraments. 
SappoM  a  CRMs  like  an  x  or  y  to  be  cut  oat  of 
brass  plates  and  inserted  in  the  principal  focns  of  a 
telescope  wboee  optical  axis  is  in  the  meridian. 
A  star  in  passhig  throngfa  the  field  is  oocolted  at 
its  passage  behind  each  of  the  bars,  and  the  time 
noted.  The  interval  will  show,  by  an  easy  cal> 
culation,  how  far  it  passes  fhim  the  vertex,  and 
the  fttdttn  of  the  times,  the  moment  whoa  it  passes 
the  axis  of  the  diaphragm.  If  the  tme  position  of 
any  one  star  so  passing  is  Imown  from  any  other 
source,  all  the  other  stars  can  thus  be  determined 
difitBTontially  with  respect  to  it  The  method  is 
not  very  accurate,  but  may  often  be  applied  ad- 
vantageously and  with  very  small  instramental 
means.  If  a  fine  wire  be  drawn  perpendicular 
to  the  axis,  and  a  bright  star,  obeerved  with 
iUumination,  made  to  run  along  the  wire,  the 
axis  of  the  diaphragm  can  beset  in  the  meridian, 
and  that  is  the  only  verification  necessary.  The 
computation  in  declination  will  be  least,  if  the 
angle  between  the  stars  is  such  that  the  base 
of  the  triangle  is  equal  to  its  altitnda  This 
reticule  is  very  convenient  Ibr  mapping,  if  placed 
in  the  meridian ;  or  for  cometaiy  observation,  if 
the  telescope  is  mounted  as  an  equatorial,  how- 
evtr  rudely.  The  circular  micrometer  was  in- 
troduced, we  believe,  by  Olbers,  and  perfected 
by  Frauenhofer  (Astnm  Nachrickten,  22),  and 
is  much  less  Iluowu  and  used  in  this  country 
than  it  deserves.  A  metal  ring  is  set  in  the 
centre  of  a  perforated  glass  plate,  and  the  outer 
and  inner  edge  of  the  ring  is  turned  true.  The 
plato  is  fixed  in  the  ibcus  of  a  telescope,  and 
the  appearance  is  that  of  a  ring  suspended  in  the 
heavens.  The  telescope  is  pobted,  and  the  ob- 
server notes  the  time  when  a  star  disappears  at 
the  outer  ring,  re-appears  on  the  inner  ring; 
disappears  again,  and  finally  re-appears.  If  two 
stars  be  thus  observed,  it  is  dear  that  when  a 
mean  is  talcen  of  the  disappearances  and  re- 
appearances of  each,  the  difierenoe  between 
the  two  means  will  be  the  difi^srence  of  right 
ascension  between  the  two  stars;  and  therefore 
tliat  if  one  be  known,  the  other  is  determined. 
Again :  if  the  diameter  of  the  ring  has  been  de- 
termined, and  the  dediuation  of  the  stars  nearly 
known,  the  time  of  describing  the  chord  of  the 
ring  will  give,  by  an  easy  computation,  the  dis- 
tance of  the  chord  from  the  centre,  and  that  the 
more  aocuratelv  the  smaller  the  diord  described. 
The  sum  or  difierenoe  of  these  two  distances,  is 
the  difi^mice  of  the  stars  in  decUnation.  Frau- 
enhofer  afterwards  proposed  anotlier,  ring  and 
reticule  micrometer.  He  cut  a  series  of  rings  or 
lines  upon  a  piece  of  plane  glass,  which  he  [daoed 
in  the  prindpal  focus  of  the  object-glass,  and 
then  by  a  side  lamp  illuminated  the  rings,  leav- 
ing tlie  rest  of  the  fidd  daric  There  are  many 
other  micrometers,  but  they  are  not  in  such 
general  use  as  to  demand  any  notice  here.  The 
reader  will  find  them  very  fully  described  in  Pear- 
son's  A$troM)mgff  vol.  id,,  pp.  2126  to  72  indoidve. 
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Mlcr»ph#Me«  A  general  name  given  to  in- 
struments enabling  ua  to  aagmeDt  sound,  just  as 
the  microscope  augments  visual  anglea.  Thus, 
the  speaking  trumpet,  by  omfining  sonorous  vi- 
brations and  multiplying  them  by  concentntiooa 
is  a  microphone. 

Wic—a cape.  We  cannot  g^ve  anything  like 
a  history  of  microscopes,  or  attonpt  to  deacribe 
the  different  constructions ;  but  it  seems  necessaiy 
to  ofier  a  very  brief  account  of  the  chief  trans- 
formations they  have  undergone,  fVom  first  to  last 
The  ancients  made  use  of  glass  bladden  to  mag- 
nify writing,  and  undoubtedly  they  often  used 
them  for  the  execution  of  their  cameoe.  They  had 


Flg&  1,8. 

disoovered  that  theconvergeooe  of  laminous  rays 
makes  the  object  appear  magnified.     The  Itaat- 


Flg.8. 

teenth  oentuiy  witnessed  the  discovery  of  wravglit 
glaaMs;  theyalonewero  employed  aamicroaoopes 


Fig:  4. 

Figs.  1, 2,  and  S,  awd  by  dockmaken,  encravera.  tN>> 
tanUta,  mlnermlogliti,  Ac,  are  only  flbnite  Inn  may 
sometiaies  caUea  i^pto  mfcimniywg,  tlioa^  this 
name  i»  oaoal  when  ttie  simple  less  ta  moantsd 
on  any  foot— The  aizople  mkrotoope,  ikg,  4.  cook- 
•Mi  or  a  mirror  A,  reffectlsg  the  naht  on  a  ear- 
lylng  f last  f,  which  la  moveaUe  up  and  dovm  t j 
a  serewi  and  a  glaM  0. 
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lir  neatly  two  hundred  yein.  Originally,  these 
glanes  mn  pretty  hi'K'^  ^^^  ^^  more  perfect 
woikmanehip  became,  the  easier  it  was  to  con- 
stiiict  leDses  having  a  rery  short  radios  of  cor- 
ratore,  and  which  magnified  rery  greatly.  Of 
this  kind  are  magniiymg  glasses  of  aU  sorts; 
consisting  essentially  in  a  conreigent  glass  with 
ahoit  fbcns,  fixed  in  a  mounting  vaiying  aooord- 
ing  to  the  use  to  be  made  of  the  instrument 
For  moat  researches,  the  dii&cnlty  of  holding 
little  (passes  in  the  hand,  soon  required  the 
mounting  of  them  between  two  plates  of  copper, 
which,  by  narrowing  the  opening,  diminished  the 
abeiTation :  the  ncoeasity  of  nqjport  was  at  the 
sane  time  felt,  and  the  mdimentaiy  form  of 
our  present  simple  microscope  was  the  result — It 
was  with  such  aids  as  those  figured  above  that  all 
the  oeMvated  researches  of  Leenwenhoek,  Swam- 
roerdam,  and  Lyonnet  were  carried  tlirou^^.  To- 
wards the  mid<De  of  the  seventeenth  century,  vezy 
small  lenses  of  mdted^km  were  substituted,  tbefar 
local  distance  being  moch  smaller  than  that  of 
lenaes  made  by  band:  and  their  magnifying  power 
being  therefore  more  considereUe,  they  oocuioned 
a  crowd  of  discoveries.  The  true  inventor  of 
these  is  seaiodiy  known.  Some  say  Father  Ddla 
Torre,  and  otiien  Dr.  Hooke.  Several  years 
«ince  M.  Ganiyn  greatly  improved  these  lenses  by 
using  in  the  manufacture  of  them  rock  crystal,  free 
from  double  refraction.  By  an  extremely  ingeni- 
ous process  he  fbond  a  means  of  working  at  once 
the  smooth  smftce  of  more  than  100  lenses ; 
ao  that  their  plane  correspood  always  to  the 
most  legulaily  spherical  part  of  the  ghus.  Each' 
of  these  hemispheres,  fitted  in  a  very  simple 
and  convenieot  mounting,  is  an  exodOent  mi- 
croscope, and  besides  very  cheap.  It  has  but 
one  defect,  that  of  having  a  wy  narrow  field. 
The  researches  of  Sir  David  Brewster  and  Mr. 
Coring  oo  lenses  of  precious  stones  in  En^and, 


and  of  M.  BaspaO  in  Francs^  are  of  great  interest 
in  the  Ustoiy  of  attempta  to  perfect  the  sbnple 
micnaoope;  "^  The  ooaipowMi  9tteto§oop6  dates 
from  tlwaeventeeBth  century;  the  first  waa  doubt- 
km  formed  by  two  separate  glasses,  the  one  acting 
as  theol^leet-g^ass  and  the  other  as  the  ^ye-glass. 
Bamaden  grwtly  improved  it  by  the  appUntion 
of  his  ocular  system  to  two  glasses.    Tliemiero- 


itially  of  a  lens  of  sliort  focal 
distance,  which  is  directed  towards  the  ol:r)eet 
and  which  is  therefore  called  the  oft^-glaas 
or  lenSi  Plaoed  at  a  distance  from  the  object, 
a  nttle  above  its  ibcal  ^stance,  this  glass  forms 
an  image  of  tlw  ol^eot  magnified  within  the 
labe  supporting  it  BtSffting  bom  this  real  and 
nvened  image,  the  rays  which  have  originated 
it  by  theb  creasing,  continue  their  path,  so  that 
the  part  of  space  occupied  by  the  image  radiates 
thxoogh  a  small  space  like  a  true  o^ect;  this 
image  may  be  then  examined  in  space,  looked  at 
dosdy  thraoc^  the  glass,  as  if  it  were  a  real 
object  This  is  why  snother  kns  or  system  of 
knees  is  Bonnted  at  the  end  of  the  tube  oppo- 
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site  the  olject-glass ;  a  lens  or  system  usually 
of  pretty  long  focus,  and  called  the  eye-glau. 
Looking  through  it,  we  seethe  already  magnified 
image  of  the  olject;  thus  the  magnif3ring  power 
of  a  compound  mieroeoope  is  equal  to  the  magni- 
fying power  of  the  object-glass  multiplied  by  that 
of  the  eve-glass. — It  is  impossible  even  to  quote 
the  chief  fanprovements  which  the  mieroeoope 
underwent,  until  Euler,  in  1769,  indicated  the 
construction  of  achromatic  lenses; — that  hint 
itself;  will  it  be  believed,  not  having  been  verified 
in  practice  till  1816,  by  Franenhofer,  the  famous 
Munich  optician.  In  Fhmce,  the  first  achromatic 
microecope  was  presented  by  M.  Selligne  to  the 
Institute  in  1828.  The  opticians  who  have 
contributed  to  bring  it  to  its  present  condition 
are  principally — in  Italy,  Amid ;  in  Germany, 
Ploeesl,  Schiek,  and  Pistor;  in  France,  Chevalier, 
Oberiuiuser,  Tr^oourt,  and  Lerebours;  in  Kng- 
Und,  Tulley,  Pritchard,  Smith  and  Beck,  and 
Boss. — ^Micrographen  have  always  been  divided 
into  two  parties,  the  one  advocating  the  exclusive 
use  of  tlie  simple,  the  other  of  the  compound  mi- 
croscope. The  enormous  improvements  made  on 
the  latter  have  finally  settled  the  question; 
simple  microscopes  being  entirely  incapable  of 
competing  in  extent  of  field,  or  magnifying 
power,  with  oompound  microecopcs  with  adiro- 
matic  lenses.  Tliese  can  magnify  as  much  as 
1,600  diameters,  and  give  everything  with  perfect 
deamess,  up  to  500  or  600.  When  notking  the 
various  ibnns  of  compound  microscopes,  it  k  im- 
possibk  to  pass  over  the  last  improvements  of  Mr. 
Boss.  The  celebrity  of  thk  artkt  k  now  Euro- 
pean. He  has  approached  as  near  to  perfection 
as  any  one  in  this  oonstructfon  of  object-lenses; 
he  has  invented  an  acQustisg  oliiject-pieoe  of  much 
practical  value;  and  the  firmness  of  hk  supports 
— the  steadiness  and  fSMHity  of  every  motkn  re- 
quired ibr  ai^ustment,  leave  little  to  be  denired. 
If  we  do  not  add  here  more  special  notice  of  the 
woks  of  Smith  and  Beck,  it  k  only  because  of 
the  pressure  of  our  limited  space,  and  not  becaune 
we  undervalue  the  Instruments  of  these  eminent 
artists.  To  Mr.  Yarley,  also,  improvements  are 
due;  and  M.  Nachet,  ofParis,  has  recently  produced 
microscopeswith  two,  or  three,  orevenfourdiflferent 
eye  tubes,  so  that  a  number  of  persons  may  vkw 
the  same  cArjeet  at  thesame  time.— The  appIicationR 
of  the  microscope  are  y^ry  numerous;  it  supplier 
important  data  in  sdence,  the  arts,  Indnstn-, 
medidne,  Ac ;  it  would  be  too  long  to  exhibit 
them  in  detail ;  we  shall  notice  only  few.  There 
k  one  condition  without  whkh  the  microscope 
cannot  display  its  power,  e.  g^  transparency. 
Opaque  bodies  require  to  be  illuminated  ftmn 
above,  by  the  use  of  a  g^ass  or  convex  prism,  or 
a  mirror  of  very  short  focal  distance  screwed  on 
to  the  glasses,  whkh  LieberkQhn  (who  in  1788 
suggested  the  solar  microscope  also),  firrt  intro- 
duced ;  yet  they  can  be  but  imperfectly  studied 
in  that  way.  Still  as  with  them  it  k  of  most 
importance  to  get  the  rdiefr,  Ac,  the  ordinary 
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glass  or  the  Coddington  micnitoope  are  eofBcient 
— and  besidfls,  as  theae  otjects  are  often  natural 
ol^ecta  of  coosidflrabb  extent,  they  are  dhiaibie 
into  tliin  platei,  or  eteeped  in  certain  mixtmw 
90  as  to  increase  thdr  transparency.  In  chem- 
istry the  micTDBOope  is  used  to  deteiBt  the  form  of 
veiy  small  cryrtals  which  give  a^peazly  appear- 
ance to  liquids;  in  general,  continuous  and  dear 
liquids  escape  tlie  microscope,  but  the  slightest 
appearance  of  miUdnees  or  mnddiness  prores  tlie 
existence  of  numberless  light  bodies  held  in  sus- 
pension, spherical  or  angular,  dead  or  living. 
The  formation  of  cr3r8tals  may  be  observed  by 
placing  a  drop  of  the  ilnid  on  the  plate  for  hold- 
ing objects.  This  phenomenon,  ttom  ihd  deamess 
of  the  lines  and  thehr  oompleteness,  the  bxilllanqr 
of  odoufB,  and  the  activity  of  production,  is  one 
of  the  most  beantifbl  that  can  be  conceived :  the 
isolated  crystals  which  have  been  produced  by 
slow  evaporation  are  remarkable  for  the  deamess 
of  their  facets  and  the  beantifhl  transformationa 
they  undergo  when  submitted  to  pdarized  light. 
If  this  light  be  powerfhl  as  a  hdp  to  determine 
the  cryst^line  system  of  a  body,  it  is  still  more 
so  to  eSbct  the  most  brilliant  phenomena  of  color- 
ation which  can  be  conceived.  We  quote  espe- 
cially the  hydio-chlorate  of  ammonia,  tiie  dUorate 
of  potash  and  the  sulphate  of  copper.  There  are 
vital  liquids  also^  the  blood,  mflk,  lymph,  the 
urine,  the  sperm,  the  saliva,  which  are  in  tiie  pro- 
vince of  medidne.  There,  mlcroeoopic  examina- 
tbns  are  of  the  grsatest  value  in  cases  of  disease — 
perhaps  too  litUe  praotissd.  The  meet  fkequent 
and  aUoring  appUcation,  however,  is  to  the  aidmal 


and  vegetable  kingdom ;  livmg  natan  especially, 
astonishes  us  with  the  delicacy  of  the  organisms 
and  the  energy  of  movement  shown  in  its  small- 
est beings.  IVlth  the  microscope,  we  see  that 
woods,  barks,  the  coarsest  as  wdl  as  the  most 
ddicate  vegetable  and  animal  epidermis,  hidrs,  d^ 
amenta,  a^pae^  mosses,  poUen,  feanUe — are  fhrmod 
of  concentric  envdopes  witii  canals  and  pores 
i>f  a  very  delicate  texture.  Theoigans  of  insects 
are  more  curious  still,  their  wings,  their  suoken, 
their  antenna,  show  a  perftet  aptitude  and  har- 
mony to  thdr  various  fhnctions.  Iliere  is  anotii* 
very  interesting  use  of  the  microscope— to  detect 
foiigeries  and  fiilsiftfations.  It  appean  almost 
impossible  to  obtain  pure  products  in  the  case 
of  valuable  or  useftd  artides  sold  in  the  form  of 
powders,  paste,  or  filaments:  thus  salts,  meal, 
sillc,  linen,  wax,  diocolate,  coffise^  and  many 
drugs  are  fidsified.  The  microscope  is  indispen- 
aahto  for  the  detection  of  these;  it  is  more 
powerful,  because  tar  easier  of  application,  than 
chemical  analysis ;  and  the  latter  woold  iUl  in 
some  cases,  as  in  detecting  infirmities  in  doths. 
The  microsoopical  analyds  of  the  tiasues  shows 
the  dealer  whatever  small  quantity  of  cotton 
has  been  introduced  into  a  stuff  sold  as  not  oon- 
tainhig  any;  and  It  shows  besides  if  the  real 
material  is  so  fine  as  it  should  be.  In  flour, 
fraud  is  very  common ;  beans,  pease,  or  oatmeal, 
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may  be  added  so  easUy;  and  the 
alone  can  detect  the  adulteration.  Almoat  all 
chocolate  is  adnltented  with  potato; — »  frag- 
ment dissolved  in  a  drop  of  water  ia  cnoqgh  to 
detect  it — HicroeoopicBl  iDusiona  fasve  beat 
much  talked  of;  undoubtedly  they  are  poasible ; 
they  arise  usually  from  too  powerful  Qlnminft- 
tion ;  care  and  attentioo  easfly  however,  get  lid 
of  them.— Mention  should  be  made  of  the  Solar 
Mierotcqpe.  A  concourse  of  tiie  8on*a  rays  b 
indispensaUe  ibr  it  A  large  bundle  of  rsys  is 
reflected  horiaontally  by  a  plane  minvr  snitafaly 
inclined,  and  then  concentrated,  by  •  gi«at  cca- 
centrating  ^Ums,  on  the  ol^ect  M  a  amaD  dis- 
tance, a  series  of  glasses  is  placed,  cqMUe  of 
finming  a  real  and  considerably  TM|wi*<m  boMgb 
on  a  ^siiite  screen.  If  daifcnees  has 
viously  procnrsd  in  the  chamber,  the 
after  the  microscope  is  a^jnsted.  Is  brilliaiit 
well  defined,  and  may  be  seen  by  a  wlule  eom- 
pany.  The  oxyhydxogen  light  and  the  eketrie 
light  have  been  both  made  use  of  as  aubstitBtai 
for  the  solar  rays;  the  latter  espedal^  ia  capable 
of  prodndng  very  brilliant  results. 
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Some  crystals  viewed  by  transmitted  Ught 
sent  difoent  oobon  in  difiisreDt 
This  general  property  is  termed 
or  dSehroitm  when  the  cdoun  are<SUienBt 
two  directions  only.  The  diekro§cope 
trived  by  Haidioger  for  examining  this  peenil- 
arity.  An  oblong  ihombohedron  of  Icdaad  spar 
has,  cemented  to  eadi  extremity,  aglaas  prism  of 
18®.  It  is  placed  in  a  metallic  drcular  case 
having  a  convex  lens  at  one  end,  and  a  aqaare 
hole  at  the  other.  On  looking  threogh  K  ti» 
square  hole  eeems  donUe;  and— whan  a  plB»- 
cfaraie  crystal  ia  examined  with  it  by  tnosmltted 
U^f— on  revolving  it,  the  two  angles,  at 
vala,  in  the  revolution,  have  difftrsnt 
the  odoon  being  those  which  the  tmnsnitted 
li^  afibids.  Andabuiie,  TommtJma,  Cmmt- 
dim,  Tppaz,  Idoonue,  Etunm,  Miea^  show  well 
the  property,  and  any  coloured 
monometric  that  are  sniBcieotiy 
Dichroism  Is  tims  detected  by  beUng 
one  direction;  the  two  odoun  are  brought  iaio 
dirsct  contact,  and  made  thereby  obviooa  wImbi 
not  otherwise  percdved.    See  Plbochboisii. 

Bf  irraarape  Bwidltog*  The  general  natave 
and  importance  of  this  valuable  and  indeed  okoat 
eaeentid  instrument  has  already  been  desetlbad 
under  Migbombxkb.  It  only  requiies  to  add  a 
wordas  to  the  mods  of  placing  it  Theeassaftlal 
rsquidte  evideotiy  is  that  its  place  be  ahaniataiy 
fixed  in  rdatkm  to  the  drde  wliose  diviesooa  k 
examineB,  or  that  its  change  be  a  deflnits  and 
measurable  one.  In  tliis  country,  geneiatty,  the 
former  quality  is  sought  to  be  preserved,  and  the 
reading  microeoope  is  fixed  on  stone  piere: 
are  two  admirable  examples  of  so  fixing  it,< 
at  Armagli,  where  the  drde  waa  erected  under 
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Ifae  iwaywHna  of  Dr.  BoUoaoD,.— and  the  oCbor 
ia  Um  ciM  of  the  new  Transit  Circto  at  Green- 
widk  Periiaps  no  improvement  oonld  be  mg- 
gBtbed  on  «ith»  of  these.  In  oontineDtal  instru- 
mcnts  agaia  there  ia  no  effint  to  give  abeolnte 
etafaiUty  to  the  reading  mioroeoopes.  They  are 
uHNuited  on  tbecireamlereooeor  rimof  a  secoodaiy 
braes  drde  or  aKdbdg,  which,  ftom  its  position, 
nuMt  be  anlfjeet  alike  to  motions  of  transhrtion 
and  lotalion.  The  effect  of  motions  or  displace- 
menta  of  translation  is  equivalent  to  a  mere  ee- 
cemirki^  and  is  of  couise  oompensated  for,  by 
the  roartings  of  the  opposite  microscqpQS.  The 
edbot  of  motion  of  rotation  is  detected  by  an  ex- 
qoiate  leMl,  aad  oompensated  for  bv  a  OMrrection 
applied  to  the  mean  of  the  readings.  Farther 
iiftmuice  has  been  made  to  this  subject  under 


_   Hie  name  long  given  to  that 

mOI^  band  whioh  passes  throogh  the  midnight 
haavans  neariy  along  a  great  drale  of  the  sphere. 
It  is  aoBMtimes  applied  to  the  entire  duster  of 
Stan  to  which  we  belong.  The  whole  of  this 
ieeply  tnlsnsting  sal^ect  is  discussed  under 
Nkbolji  and  Stabs. 


With  tfaa  great  anlject  of  Minenlogy  in  iu 
htfgeat  sense  we  have  of  oouxse  nothing  to  do  in 
this  CjdopiBdia.  And  there  are  only  a  few  rda- 
tlooa  nnder  which  it  is  needful  that  we  look  at 
osw  part  of  it,—the  part  usually  named  CiytkU- 
hgrvpkjf.  Into  the  section  of  Mathematical 
CfystaUognphy  we  shall  not  at  all  enter,  further 
than  by  taking  ftom  it  a  few  definitiona.  It 
woold  have  bMn  possible  to  have  regarded  it 
as  beloaging  to  the  matten  within  our  spedal 
range;  bat  our  space  is  so  confined  that  this 
ooahl  not  have  been  done  without  considerable 
imprapiiely. — A  aytial  ia  an  morgamc  aoUd 
hamieid  bg  plam  m/jfoem  ap/mutnoai^  arranped 
ami  TtmUing/rom  tkafarou  of  the  oomttUumU 
■ofawfas.  Alter  this  deflnition  it  is  needless  to 
add  tliat  ayatallograpiiio  tbnns  are  our  first  and 
sarest  keys  to  the  diaractwr  of  molecular  forces^ 
and  that  every  physical  action  dependfaig  upon 
these  Itanes  or  capable  of  bdng  modified  by  them, 
will  be  lipand  oonneeted  by  ckMest  ties  with  the 
fonn  of  the  cnrstaL  In  artide  ELAsnciTY, 
fton  the  pen  of  Professor  Bankine,  certain  great 
laws  are  laid  down  illnstrativB  of  this  caidinal 
troth,  ssmI  the  same  veiy  able  inquirer  is  further 
deveJoping  his  views.  Under  Aooumos  we 
hare  givw  the  striking  results  of  Senarmont; 
nnder  MAGHunsM  we  have  treated  of  Magne- 
oystaUie  action  in  so  fer  as  that  is  yet  under- 
acood ;  ao  that  it  seems  to  rsmam  for  us  here  to 
offer  a  few  general  remarks  on  the  <ip<iotiZ  relations 
of  ciyatals — a  salject  treated  in  due  detail 
under  RsFBAcnoH  and  Polarizatiox.  It  is 
neoessaiy,  above  all,  that  the  student  who  would 
enter  on  this  snlgect  have  a  oomct  and  wdl- 
defined  notion  of  the  meanhig  of  the  term— the 
Xxm  (^  a  OnfttaL    This  term  has  abnple  refer- 
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enoe  to  the  fotm  of  the  crystal;  in  other  words, 
it  is  a  pure  mathematical  term.  An  axis  thus 
understood  is  a  line  connecting  points  diagonally 
opposite,  such  as  the  apices  of  opposite  solid 
angles,  the  centres  of  opposite  edges,  or  of  oppo- 
site faces.  Kow  if  the  three  axes  of  a  crystal 
(there  must  always  be  three  in  a  regular  solid) 
be  equal,  the  crystal  is  tanned  moaooialric;  if  the 
horizontal  diameters  are  equal  the  system  is  <ft- 
me^ic  or  hexagomU;  if  the  three  axes  are  un« 
equal  the  system  Is  trmetric  or  ohUque.  Befer- 
ence  to  the  forms  of  the  regular  solids  will  enable 
the  student  easOy  to  realize  these  purely  mathe- 
matical definitions.  The  main  point  of  physical 
impooEtance  now  to  be  referred  to  is  this— (and 
we  cannot  avoid  pballenging  its  discoveiy  as  one 
of  the  greatest  of  this  age,  and  one  of  the  chief 
claims  to  high  and  lasting  distinction  of  our 
countryman  Sir  David  Brewster) — the  whole  of 
the  remarhabU  pptktU  phenomena  bnown  at  Be- 
fraedoH,  Double  JU/ractumt  ^,  are  intimaUfy 
and  mdieKlubfy  connected  with  Uieee  mathemaii- 
oal  charaeterutict  qf  ciystalt.  It  has  already 
been  stated  as  the  law  of  ordinary  refraction,  or 
Snell's  law,  that  when  a  ray  passes  from  one 
medium  to  another  its  course  changes,  and  that 
the  sine  of  the  angle  qf  inddmce  boon  a  con- 
atani  ratio  to  the  tine  of  the  angle  of  refraction. 
This  new  ray  is  the  ordinary  refinicted  ray.  Kow, 
Brewster  first  discerned  that  in  monometric  crys- 
tals there  is  no  deviation  whatever  from  this 
law ;  one  refracted  ray  is  produced  with  a  direc- 
tion determined  as  above.  In  all  other  forms  of 
crystals,  on  the  other  hand,  the  incident  ray  is, 
mdeas  in  spedal  directions,  refracted  or  divided 
into  two  rays;  and  in  this  case  also  we  have 
two  classes  of  plienomena — ^viz.,  in  one  set  or  class 
of  crystals  one  ray  fdlows  thelaw  of  Snell,  and  in 
another  set  neither  ray  does  so.  Now,  Brewster 
showed  that  the  former  crystals  all  belong  to  the 
dimeiric  dass,  while  the  latter  are  trimetric  or 
obUque,  The  details  of  these  remarkable  pheno- 
mena are  discussed  elsewhere  (see  Bbfraction 
Doublb),  but  we  could  not  avoid  a  notice  of 
them  in  this  place,  as  the  first  incident  that  con- 
nested  internal  molecular  arrangement,  or  inter- 
nal elasticity,  with  these  singular  optical  pheno- 
mena. Sur  David  Brewster  was  not  arrested 
even  by  the  brilliancy  of  these  general  results ; 
nor  is  there  anything  finer  in  modern  experimen- 
tal inquiry  than  the  zeal,  acuteness,  and  success 
with  which  he  foUowed  out  this  range  of  in- 
quiry. We  shall  frequently  refer  to  his  researches 
-^eqiedally  under  the  articles  Just  named  and 
Polabizatiov. 

imrngg.  The  lunne  mirage^  has  been  given 
to  certain  singular  appearances  due  to  special 
atmospheric  conditions  oonoeming  the  different 
densitiesof  adjacent  layers  of  air,  and  the  pheno- 
menon consists  in  an  apparent  displacement  of 
the  ot^ects — an  apparent  depression  or  devation 
of  their  images,  which  are  sometimes  erect,  some- 
times reversed,  Just  as  a  distant  shore  is,  when 
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seen  by  refiecdoa  in  a  sheet  of  water— The 
mirage  must  hare  been  observed  hi  very  ancient 
times.  Perhaps  the  best  known  instance  of  it 
is  in  the  Fata  Moigana,  at  Reggio  in  Calabria, 
on  the  eastern  coast  of  the  strait  between  Sidljr 
and  Italy.  IVom  the  shore  of  Reggio  it  is  seen 
in  the  north  of  the  town,  that  is,  where  Sicily 
approaches  nearest  Calabria,  and  as  Messina  is 
not  far  from  the  direction,  it  used  to  be  commonly 
thought  that  the  phenomenon  was  a  representa- 
tion of  that  city  —  distant  from  Reggio  about 
three  miles — seen  in  the  air.— The  elder  physicists 
believed  that  reflection  was  the  canse  of  the 
phenomenon — the  more  recent  have  seen  that  it 
is  due  to  refiracHon.  Wollaston,  in  1800,  showed 
how  to  imitate  the  chief  efitets  by  superposing 
in  a  vessel  with  plane  faces,  two  liquids  of 
diifiBrent  densities,  and  capable  of  chemical 
aiiinitiesito  one  another, — such,  for  instance,  as 
water  and  alcohol,  water  and  syrup, — pure  water 
aud  gummed  water,  cold  and  warm  water,  &c 
By  gradual  interpenetration  a  liquid  would 
result  van'iug  in  oonstitntion,  and  therefore 
in  density  from  point  to  pohit,  so  that  the  refrac- 
tive indices  would  difier  with  the  height  Thus 
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in  the  figure  taken  from  his  memoir,  the  paths 
or  trajectories  of  the  rays  in  a  direction  sensibly 
horizontal,  give  a  direct  image,  little  if  at  aU 
erroneous,  of  the  object. — If  the  curve  mm^ 
ft'n  represent  the  law  of  decrease  of  density 
with  height — ^tfae  density  behog  proportional  at 
any  point  to  the  horizontid  distance  fh>m  a  certain 
vertical  a  b  (that  is  the  refractive  powers^* — 1, 
where  /*  is  the  index  of  refraction),  the  tr^ec- 
tories,  which  pass  from  the  otgect  and  traverse 
the  system  at  the  height  m'  p  where  the  densities 
are  rapidly  diminishing,  are  convex  towards  the 
sky,  and  the  tn^ectory  fix)m  the  upper  part  of 
the  object  i,  is  more  bent  than  that  ttom  the 
lower,  so  that  the  pencil  of  rays  o  tn^p  which 
reaches  the  eye  appears  to  C3me  from  an  object 
R,  in  the  direction  of  om^p,  but  reversed. 
Finally,  other  txi^ectories  may  traverse  the  vessel, 
passing,  for  faistance,  across  q  n',  and  seen  at  o 
as  if  coming  from  a  second  image  d  higher  up 
than  B  and  erect — If,  on  the  other  lumd,  the 
superposition  of  the  fluids  produced  an  increase 
of  the  refhictive  powers  with  the  height,  the 
curve  expressing  thdr  variation  would  be  hm 
(as  in  the  superposition  of  alcohol  on  water). 
Here,  also,  by  pluing  the  eye  above  the  upper 
liquid  we  shoidd  have  three  images^the  first, 
direct  and  straight,  through  the  fluid,  like  i ; 
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the  secood,  lower  and  revemd,  Iflce  b;  and  tlie 
third,  yet  lower  and  direct,  like  ix — WoDaston 
instituted  experiments  also  upon  the  vrnponrd 
ether  and  the  vapour  of  Water,  the  liquids  befaig 
poured  on  a  plate  and  allowed  or  fioiroed  to  eva> 
porate.  The  phenomena  were  exactly  those  of  the 
mirage.    An  examination  of  these  experaneDt!^ 
then,  and  of  the  oonditioos  under  whicfa  the  nsuhs 
appeared,  would  evidently  give  us  all  that  we 
could  de^  in  respect  to  the  actual  physical  casse 
of  the  mirage.     In  all  of  them  there  ii  the 
adjacenoe  olUyea  of  air  of  different  tempcntme^ 
and,  oooaequeatly,  of  different  refisctive  powas, 
or  if  not  of  air,  still  of  gases  of  dififerent  lefta^- 
tive  powers.  In  the  ordinary  case  of  nature,  tfHD, 
whoe  practically  we  have  only  air  to  eonaids', 
a  mirage,  sfaioe  it  does  not  always  or  Aeqwatlv 
happen,  will  occur  when  the  layeta  of  ahr,  nev 
the  level  surfoce  (of  e.^.,  water  or  sand),  have 
difl^erent  refractive  powers  to  any  imiiSBal  eztaBt 
A  difference  in  temperature  between  the  asr  and 
the  soil,  or  water,  will  produce  that  nsait,  if  it 
be  large  enough,  and  then  there  win  be  a  mirage. 
— The  mirage  shows  itself  chiefly  on  the  sea  mad 
lakes,  or  on  alaige  sandy  plain.    On  the  ssrfiKe 
of  water,  it  usually  comes  in  the  moninjg;  and 
either  in  summer  or  antonm.     At  the  latter 
season  the  water  long  keeps  its  own  heat,  and 
in  the  morning  espedaDy  after  a  dear  and  cafan 
night,  its  temperature  may  be  several  degrees 
higher  than  that  of  the  air ;  at  that  time  weave 
almost  sure  to  see  the  mirage.    Bnt  to  de  so^ 
we  must  place  the  eyes  very  near  the  level  cf 
the  water— a  3*ard  or  even  less  from  it,  in  order 
to  look  at  the  outlines  of  a  shore  or  at  oli^eela, 
about  three  quarters  of  a  mile  distant.    O^eds 
which  are  dght  or  ten  mUes  distant  we  nu^ 
observe  the  mirage  with  respect  to,  from  mneh 
higher  elevations.    Almost  always  at  the  aenaUe 
horizon  of  the  water  there  will  appear  a  lilde 
quivering  motion,  and  if  the  minge  he  diatinet 
it  win  be  bordered  by  a  sort  of  seriated  part,  Il» 
jags  of  whidi  shift  and  dance  up  and  down  eon- 
tinually.    If  we  observe  carefrilly  the  fixm  of 
the  objects  which  appear  above  the  horiaon — 
taking  spedaH  note  of  those  lines  whkfa  seem  to 
slope  oUiquely  towards  it,  it  will  be  seen  that 
eadi  of  them,  when  it  readies  a  certain  heiglit 
above  the  horizon,  changes  its  direction  abnqillT, 
nearly  as  if  reflected  at  the  point  of  diange  fiera 
a  vertical  mirror.    The  figure  will  exhifait  aome 
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of  these  appeanmceB.^The  change  of  direction  ia 
made  abruptly—- bat  not  nearly  so  mnch  ao  aa 
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tor  simple  reflection  at  a  mirror  up  to  idiich  the 
otifeet  reaches.    Soppoee,  for  instance,  a  hori- 
■ootal  mirror  tliroDgli  the  Iieel  of  the  ship  in  the 
llgnre.  The  oblique  line  would  in  reflection  from 
this  mirror  be  given  back  quite  straight  and 
Aadnct— in  tlie  actual  case  of  the  mirage,  it  is 
conflised  at  the  point  where  it  meets  the  mirror 
and  the  complete  visible  line— jointed  shaiplj, 
in  the  one  instance,  and  as  it  were  rounded  awaj 
in  the  other.    Thus,  for  instance,  a  cape  which 
■tretches  under  a  pretty  acute  angle  idto  the 
•ea,  wfll  appear  in  simple  reflection  quite  as 
shsfplj  given  bacic  beneath  the  water — in  the 
mirige,  on  the  other  hand,  it  appears  with  its 
point  smoothed  and  blunted. — ^The  points  of  this 
inflection,  or  doubling  back  of  the  direction  of 
obliqiie  lines  may  be  formed  fai  idea  by  a  line  going 
all  round  the  horizon,  in  the  whole  space  where  the 
phenomenon  appears.    This  Ime  we  may  call  the 
lineof  separatioa.    Above  and  below  this  line  the 
appeanmce  will  be  approximately  as  above  that 
of  an  ofej^t  reflected  in  a  plane  mirror  passing 
throagh  it  and  the  ejre.    But  this  is  not  quite 
the  case.    In  general  it  happens  that  the  image 
below  the  plane  is  suddenly  cut  off— as  in  the 
fignvB — ^in  Cict,  wherever  it  would  occupy  an 
angular  space  greater  than  that  between  this 
pliuie  and  the  sensible  horizon,  it  is  so.    Some- 
times again  a  yet  more  remarkable  efibct  results 
wiiieh  we  shall  see  Ikrther  on.     By  using  a 
telescope  we  can  often  recognize  this  character 
where  it  could  not  be  made  out  by  the  naked 
cyeu    The  distinction  between  the  optical  appear^ 
anoe  and  the  mirage  can  be  very  readily  made 
too  if  a  bieeae  happen  to  spring  up.    The  reflec- 
tion image  wavers  and  disappears,  while,  accord- 
ing to  Woltnuum's  observations,  a  little  breeze 
I  the  mirage  more  distinctly  visible.    The 
is  probably  tliat  it  preserves  more  perfectly 
tlia  dissimilar  states  of  the  layers  of  air  near  the 
sea  in  respect  to  temperature — giving  no  time  for 
ttieir  intermingling  and  permeatton. — ^A.  remark- 
able appearance  is  produced  where  we  see  under 
mirage  a  low  lying  shore ;  a  portion  of  the  air 
which  lies  quite  acQaoent  to  it  is  repeated  in  the 
Inferior  image  whi(i  will  not  itself  reach  quite  to 
the   sensible   horizon,  and  the  appearance   is 
absolutely  that  of  a  portion  of  earth  suspended 
in  the  air.    Bnsch  saw  this  phenomenon  at  the 
Idand  Sproe,  which  was  raised  about  8'  above 
the  sea  level    It  may  be  seen  also  very  finely 
at  the  mouth  of  the  Gironde,  and  it  occurs  even 
more  frequently  over  sandy,  plains  and  steppes 
than  over  sheets  of  water.    Sometimes  in  this 
way,  a  false  horizon,  upon  which  it  seems  to 
rest,  may  appear  to  the  eye.     Generally  the 
telescope  will  make  the  dbtinction  appear. — 
When  an  object  is  coming  to  the  obeeivier — for 
instance  a  ship  at  sea — it  at  one  point,  mathe- 
matieally  at  the  end  of  the  caustic,  which  is 
the  envdope  of  the  tn^ectories  of  refiracted  rays 
—it  appears  to  divide  itself  into  two  ships — an 
upper  tniage-^4he  ship  as  befbre,  and  slower  one, 
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which  keeps  increasing  in  amplitude,  as  in  fig.  2, 
until  it  qnite  reaches  the  sensible  horizon.  If 
the  ship  still  approaches — this  image  seems  to 
descend — part  after  part  of  the  masts,  safls,  &c., 
fail,  and  at  the  other  extremity  of  the  caustic, 
it  disappears.  Similarly  for  an  object  which 
rises  up  firom  the  level,  but  whose  distance  does 
not  vary — fer  example  the  rising  sun.  At  first 
there  is  seen  a  brilliant  double  segment — ^which 
grows  until  the  lower  segment  toud^es  the  horizon 
— ^then  gradually  the  upper  segment,  as  the  sun 
continues  to  rise,  enlarges  into  a  complete  cirde, 
and  when  the  rim  of  the  lower  detaches  itself 
from  the  caustic,  the  lower  image  disappears. 
At  the  setting  of  the  sun,  the  phenomenon  may 
be  repeated,  but  in  reverse  enter. — The  depres- 
sion of  the  apparent  horizon  in  times  favourable 
for  mirage  is  always  greater  than  it  is  under 
normal  atmospheric  conditions.  It  is  important 
both  as  a  practical  problem  to  navigators,  and 
as  connected  with  the  theory  of  the  mirage,  to 
determine  this  angle  of  depression.  Woltmann 
has  shown  that  when  the  diepression  passes  2''6" 
there  is  always  mirage;  and  for  8'*86''  (the 
measmements  an  French),  the  mirage  is  ver\' 
distinct  When  we  observe  the  angular  interval 
between  the  line  of  separation  and  the  horizon, 
it  is  noticed  that  the  nearer  the  objects  fh>m  which 
the  oboervation  is  made,  the  smaller  is  the 
angular  intervaL  Thus  M.  Bravais,  in  Lap- 
land, observed  at  a  distance  of  about  5  miles  the 
angular  interval  to  be  6'.  At  about  25  miles, 
it  was  7' — a  diiSBrence  sufficiently  evident  to  the 
telescope,  though  not  to  the  eye.  It  is  easy  to 
see  that  it  this  decrease  of  angular  intervals  goes 
on,  the  mirage  will  somewhere  stop.  It  is  found 
in  practice  to  do  so  at  distances  of  about  800 
yards — but  this  is  nearly  the  smallest  which  has 
yet  been  noticed.  To  see  it  at  shorter  distances 
the  eye  must  be  lowered  nearly  to  the  level  of 
the  water.  This  last  obeervation  is  very  impor- 
tant— the  higher  the  eye  rises  above  the  level 
the  mirage  becomes  the  less  senstUe.  Thus,  a 
distance  of  firom  7  to  8  ftot,  is  about  as  hig^  as 
one  can  generally  see  the  phenomena  well  under 
— ^while  for  lower  elevations  it  becomes  more 
distinct  Busch  has  seen  it  over  water  for  about 
8  yards'  height  H.  Bravais  has  made  accurate 
measurements  of  this  phenomenon  also.  He 
found  the  angular  intervals  for  the  heights  1*57, 
8*08,  and  18  metres  (40  indies  a  metre  neariy) 
to  be  6"1,  6"8,  and  2"7  respectively  for  a  mirage 
at  the  dktanoe  of  about  5  miles.  For  about  25 
miles'  distance,  the  elevations  being  1*9,  46*2 
metres,  the  angular  intervals  were  7'-0,  and  2*0. 
Probably,  therefore,  from  observation  then  is  a 
point  of  a  maximum  tat  ordinary  distances  and 
variations  of  temperature — a  maximum  which 
the  simple  geometrical  considerations  wUl  show 
to  vary  with  all  the  circumstances  of  the  pheno- 
menon, but  which  may  be  stated,  generally,  as 
that  for  heights  fhmi  1 J  to  2  yards,  the  phcoo- 
menoo  will  be  best  seen. — There  is  also  to  be 
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noted,  the  difSarenoe  of  magidtadeB  of  the  direct 
and  ravened  image.  This,  as  we  have  akeady 
seen  from  the  advancing  ship,  is  a  fStct;  finr 
bodies  at  different  distances  and  liaving  different 
amplitades,  will  necessarily  vary.  For  distances 
of  5  miles,  for  instance,  if  the  body  seen  by 
mirage  occapy  natorally  an  angnlar  space  of 
12',  since  the  space  between  the  horizon  and  the 
line  of  separation  is  only  6',  the  bwer  image 
will  represent  only  about  one-half  of  the  upper. 
This  asBumes  what  is  true,  that  the  lower  image 
is  very  nearly  the  same  as  what  would  be  pro- 
duced by  reflection  with  the  under  part  cut  off. 
— It  is  extremely  difficult  to  give  anything  like 
an  idea  of  the  mathematical  theoiy  of  the  mirage. 
In  a  general  way  it  will  be  evident  that  the  curve 
which  the  different  rays  in  fig.  1  form  in  their 
passage  through  the  atmospheric  layers  mnst  be 
determined.  But  there  are  an  infinite  number  of 
them.  If  one  limit  curve  which  win  just  encloee 
them  can  be  found,  we  may  best  confine  our 
attention  to  it  Upon  what  then  does  its  form 
depend?  Clearly  upon  the  character  of  the 
atmospheric  disarrangements  which  induce  de- 
fiectbn  from  the  straight  line.  But  these  it 
is  extremely  difficult  to  approach  by  experi- 
ments. Besides,  if  we  cannot  express  in  mathe- 
matical form  some  law  of  variation  clearly,  we 
should  have  tong  tentative  processes  after  alL 
Mathematidans  have,  therefore,  sought  for  some 
formula,  which  being  used  as  the  law  of  varia- 
tion, the  tnjectories  or  paths  of  rays  would  take 
snch  directions  as  in  nature  they  do  take.  Two 
laws  were  stated  at  first— one  that  the  densities 
varied  in  some  arithmetical  progresdon — the  other 
accoiding  to  some  simple  exponential  form,  a 
tliird  law  assuming  a  mixture  of  these  two. 
Many  phenomena  ol  the  nurage  show  the  former 
to  be  untrue.  It  is  easy  to  see  how — for,  given 
the  law,  if  our  processes  of  mathematical  calcu- 
lus be  sufficiently  powerftd,  we  can  determine 
what  mnst  be  the  path.  M.  Bravais  considers 
the  best  esq>res8ion  for  the  density  to  be  this: — 
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Where  K,  A,  are  constants, )  is  the  density,  z  the 
height  above  the  level,  and  /s  an  indeterminate 
quantity.  The  difierential  equation  fbr  the  curve 
is — 

^  dz 
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Which  when  m  is  small  may  be  written 

dx=z  ^^ 

V»n«  + -000689  (J— )o) 

and  which  aceonUng  to  the  law  for  ),  written 
above  becomes 
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It  is  useless  to  enter  more  minutdy  into  a 

thematical  theory,  which  itnlf  is  confissaedlj 
tentative, — in  which  the  fa»Mii>m«w^]  law  is 
hypothetical, — and  which  only  aims  aa  yet  at 
binding  together  the  actual  phenomena.  It  is  too 
probable,  besides,  that  the  resulta  of  pnctiee 
must  always  oonsiderahly  disagree  with  aar, 
even  true,  mathematiGal  theory  of  the  scri^eet.. 
We  may  note  that  the  value  1,  for  the  iodocer- 
minate  /t  is  found  mfflrfAnt  for  the  diief  diaiao- 
teristic  phenomena,  but  not  for  all;  and  that  it 
has  been  hitherto  found  difiknlt  to  detenmne  s 
value  of  ^  to  which  a  dear  preferanoe  oould  be 
given  over  that  It  is  only  needful  to  aay,  tliat 
a  quite  similar  mathematical  theoiy  dinodT 
applies  to  the  images  wlxich  appear  to  be  the 
direct  object — the  upper  imege.  Then  am 
certain  additional  and  collateral  phomn-ii^  gf 
the  Mbage  ^^ch  spaos  requfaes  ns  to  give  voy 
briefly.  Sometimes  we  see  above  tiie  object  a 
reversed  image,  and  above  that  again  a 
erect  image;  sometimes,  of  these  two 
images,  o^y  the  inverse  one  is  seen,  som 
only  the  direct  one — ^the  other,  in  either 
having  disappeared.  The  first  phaBoaMnoB  is 
that  observed  by  Vinoe,  which  haa  *A^^^ 
greatest  attenti(m,  and  of  whidi  the  ^^nfiit— t 
exphmatioa  is  possible.  The  ^'■T^eniitiffn,  m 
brie^  is  that  the  atmospheric  oonditioo  is  aoaw- 
thing  in  dose  analogy  to  the  diaracteriatic  cob- 
ditions  of  the  beautifhl  experiments  of  WoIIaatoo, 
to  which  fig.  1  refeta.    In  foet,  evidendy  tlMn 

we  have  the  first  image  of  tlie  object the  ooe 

immediately  above,  revened;  and  the  oaa  vet 
higher,  direct  WoUastoo  thmka  that  in  tfaa 
actual  case  of  the  almnephere  the  IriflMitiwaL* 
curve,  as  a  n'  et^  m,  will  neariy  ropwiaeai  tiie 
densities  which  the  explanation  requirea.  A  fidl 
account  of  similar  phenomena^  with  many  in- 
stances, win  be  found  m  Scorasb/a  Jc^mi  ^a 
Greenlcnd  Vojfoge;  with  illnstiations,  in  platea 
2,  8,  4.  Vlnoe  noticed  that  the  upper  im^e 
disappeared  when  the  ship,  for  tmtwn^^  ^. 
proached  within  a  certain  distances  In  geoaml 
the  expUmation  of  the  disappearance  fe  dna  to 
the  curvature  of  the  earth.  In  foct,  it  does  iwt 
disappear  completdy  in  general,  but  h*fffiws 
smaller  and  smaller. — The  Minige  may  also  be 
produced  between  two  layen  of  air,  separated  by 
a  vertical  plain ; — alaigewaI],forin8t«ioe,wiih 
a  southern  exposure,  when  heated  by  the  soil 
It  had  been  seen  by  Wo]]aston,m  his  experimenlBi, 
that  a  Mhage  could  be  produced  with  even  owe 
ftdlity  on  a  vertical  than  on  a  horizontal  aar- 
faoe.  The  result  he  attributed  to  the  diaanMar- 
ance  of  curvature,  which  rapidly,  in  die  ^^^J^^r 
case,  equalised  the  temperature  of  the  at^jaoaat 
layers.    But  along  the  wall,  the  air— if  in  aaty 
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yn^  ot  iliflfeiBut  fupMitBrB  from  Um  suinmud- 
iqg  aifB— iHps  np,  and  the  effect  rapidly  ftUs. 
To  aae  it,  it  b  neeenary  as  before  to  place  the 
eye  mauAy  in  the  plane  of  the  wall,  and  look 
along  it  at  olsfects  approaching  or  going  away. 
Wrede^a  accoont  in  Gflbert'a  Atmtdmj  zi,  421, 
of  tfaia  phenomenon,  ii  the  fhlleat  As  here 
there  is  not  the  intenrupting  sensible  horiz(», 
thwe  is  not  the  catting  off  <^  the  image  which 
holds  in  tiie  oidinary  case.  Sometimes  several 
imngn,  an  of  tlmn  reverse,  appear  above  the 
object.  A  desoription  of  snch  appearances  will 
bo  found  in  Sooresby's  Journal^  p.  168 ;  and 
their  general  theoiy,  which  is  evidently  a  mere 
nodiAiBatlon  of  the  theory  of  Mirages  above 
given,  will  be  Iband  in  Biot's  great  work  on  the 
Mirage.  One  aeoonnt  of  a  combination  of  the 
two  kinds  of  Mirages  we  transcribe  from  BravaJs: 
— *«lt  wM  hi  April,  1A89,  hi  latitode  69''  57'. 
Daring  the  obeervation,  my  eye  was  about 
twenty-eight  inches  above  the  sea'leveL  In  the 
cveniitg,  I  snwall  lomid  me  the  erdinaiy  Muage. 
OndnoUy  tiie  son  became  veiled,  as  we  went  on, 
then  eompletely  disappeared  behind  donds ;  bat 
the  intensity  of  the  appearance  was  little  aflbcted. 
The  temperatars  was  aboat  18^  Fahr. ;  the  wind 
alight  8.E.,  and  the  doads  diifttng  ftmc  N.W. 
•  •  .  .  Beftre  entering  the  bay  of  Kao- 
Aoffd,  we  leave  en  the  left  a  little  pcninsola, 
whidi  ahnost  fbrms  the  bay,  and  whidi  Jnts  oat 
Into  the  sea,  with  a  anilbnn  delation  of  aboat 
a  yard  and  a-half  above  the  water.  Beyond 
that,  and  within  the  bay,  a  sdiooner  was  lying 
at  andwr— the  hall  of  which  rose  oot  of  the 
water  oboot  two  yards.  The  land  lay  so  that 
the  deck  of  the  sefaooner  woold  natonHy  have 
been  qaite  hiddca  ftom  ns ;  yet  I  saw  from  onr 
distance^  not  merdy  the  whole  of  the  hnll  and 
its  fine  of  iioatatkin,  bat,  besides,  a  little  of  the 
Rvened  image,  all  of  them  above  the  little  pen- 
faisaU.  Below  the  rsvened  image,  I  saw  a 
brilliant  horinontal  line  of  white^  which  I  do  not 
donbt  woe  doe  to  tlie  borisontal  layer  of  snow 
on  the  peninsnla.  As  we  approadied  the  penin- 
sala,  the  schooner  appeared  to  rink  very  rapidly 
beUnd  it,  and  the  hnll  became  at  leqgth  qnite 
cnneealed  from  as,  Jnst  as  it  would  have  beoi  at 
any  distanff,  had  it  not  been  for  the  remarkable 
nfractiona  to  which  the  phenomenon  was  dne. 
The  distance  between  the  schooner  and  the  pen- 
faisala  wonld  be  about  a  mlH  and  aboat  as  moch 
between  that  and  oar  boat  The  temperatore  of 
the  eea  was  about  8S^  Fahr.'*  Several  frets, 
not  nodeed  here^  hav«  been  oonfoonded  with  the 
Mirage.  Some^  like  the  frmoas  Spectre  of  the 
Brodcen,  an  merdy  shadows  which  are  carried 
to  gnat  djstanfea.  Otlien  are  due  to  the  re- 
flection of  the  land  on  the  doods.  We  doee,  by 
leedUng  in  briel^  for  the  sake  of  observers,  some 
of  the  noiaada.  1.  The  Mirage  is  near  the 
boriwo,  and  espedoDy  visiUe  over  broad  sheets 
ef  water,  sandy  plains,  and  great  levd  lines  of 
lead.    2.  That  almost  always  there  is  an  ad- 
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vantage  in  approaching  the  eye  to  the  gioond. 
8.  That  the  greatest  attention  ought  tobe  paid 
to  the  images  of  the  oblique  lines.  4.  That 
many  phenomena  of  the  Mirage  which  will  escape 
or  be  indistinct  to  the  naked  eye,  fully  appear 
to  the  telescope.  5.  That  it  is  always  of  im- 
portanca  to  know  as  wdl  as  possible  the  atmo- 
spheric conditions  of  temperatore  on  whidi  the 
Mirage  depends.  It  fo  uMfiil  to  rotate  round  a 
vertical  axis,  any  little  ball  attached  to  our  ther- 
mometer at  the  points  for  which  we  wish  to  tests 
before  testing.  6.  Wherever  it  is  possible, 
quatOiiaiive  measurement  should  be  resorted  to. 
Thus,  the  depreerion  of  the  horizon — the  angular 
interval  between  that  and  the  line  of  separation, 
for  a  given  height  of  the  telescope  and  the  eye — 
should  be  detennined  by  the  theodolite.  A  mi- 
nute record  of  such  experiences  will  supply  the 
elements  which  the 'foregoing  expodtion  shows 
to  be  as  yet  indispensable  to  all  mere  definite 
theory  upon  the  sobject  of  the  Mirage.  The 
whole  sul^ect  is  admirably  treated  in  M.  Bro- 
vais'  artide  on  the  Mirage,  in  the  Ammaire 
Metaorohgique^  for  1862,  to  which  we  hen  ex- 
press oar  own  obUgationa. 

HiRwto.  Mirrors  ore  bodies  which  reflect 
light  falling  upon  their  surfroes.  All  bodies  are, 
so  for,  posseassd  of  this  property.  In  some,  how- 
ever, the  proportion  of  the  reflected  rays  to  the 
absorbed  or  transmitted  rays  is  very  small. — 
The  diief  optical  use  of  minors  is  to  enable  us  to 
change  the  apparent  direction  of  sndi  objects  as 
a  tree,  a  building,  from  us,  &c.;  and  for  snch 
uses  mirron  must  be  chosen  possessed  of  the 
higliest  reflecting  power,  ie.,  throwing  back  a 
ve^  large  proportion  of  die  indd^t  light 
Some  substances  are  more  and  some  less  power- 
fol  in  this  property  of  reflection.  Almost  all 
the  metals  have  it  to  some  extent  Silver  re- 
flects more  powerihlly  than  any  of  them.  Mer- 
caiy  and  giM  reflect  also  very  powerfully.  It 
is  needless  to  say  that  the  ordinary  house  mirrore 
are  almost  uniformly  made  of  glass,  with  a  layer 
of  quicksilver  at  tiie  back.  The  specula,  or 
minon  of  optical  instruments,  sgain,  are  gene- 
rally made  of  some  metallic  sobstance:  aperaliar 
alloy,  called  speculum  metal,  is  frequenUy  em- 
ployed for  this  purpose.— Suppoeing,  however, 
that  onr  miirors  parfoctiy  reflect  tiie  rays  of 
light  which  foil  upon  them,  we  now  undertake  to 
point  out  their  effects,  in  altering  the  apparent 
dnectkms  of  bodies,  and  also  their  effects,  if  any, 
in  altering  the  apparent  magnitude-^We  shall 
take  only  a  few  cases,  to  avoM  too  much  mathe- 
matical detail.  The  stttiject  win  be  again  discossed 
in  considering  various  optical  instruments ;  and 
the  prindples  on  which  it  rests  are  folly  detailed 
in  C  ATorauca. — ^There  are  three  kinds  of  mirrors 
commonly  employed.  Then  are  the  plane 
mirror,  the  q)herical  concave  mfarror,  and  the 
q>herical  convex  mirrar.  The  latter  two  are  of 
the  same  form,  bat  are  turned  so  as  to  catch  the 
light  dther  on  thdr  hdlow  or  thdr  rounded 
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Buifaces.  This  difi^rance  of  podtion  occasiooB 
80  decided  a  difi^renoe  in  properties,  that  it  is 
found  needful  to  treat  the  two  separately.  First, 
then,  of  the  plane  mirror. — tt  has  been  already 
shown  (Catoptrics),  that  rays  emerging  (h>m 
any  point,  and  falling  upon  a  plane  mirror,  will 
be  reflected  to  the  eye  as  if  they  had  come  finom 
a  point  on  the  other  side  of  the  mirror,  situate  in 
the  perpendicular  upon  it  from  the  given  point, 
and  at  a  distance  tram  the  plane  equal  to  that  of 
the  point  Imagine  any  object  placed  befbre  a 
mirror  reflecting  according  to  this  law.  Each 
point  of  the  object  will  appear  behind  the  mirror, 
at  an  apparent  distance  tram  it,  exactly  equal  to 
its  real  distance  from  the  mirror;  and  the  various 
points  wUl  appear,  as  the  continuations  of  lines 
parallel  to  one  another.  It  is  sufficiently  clear 
that  the  image  of  the  body  seen  in  the  mirror  will 
be  exactly  like  the  body  itseli^  and  will  appear 
at  an  equal  distance  from  the  mirror  but  behind 
it  This  is  the  chief  proposition  of  the  theory 
of  plane  nuzrora.  It  is  an  interesting  deduc- 
tion finom  this,  that  it  is  possible  fbr  an  eye 
situate  exactly  at  the  surface  of  a  plane  parallel 
to  a  mirror,  at  a  particular  tipoi  in  that  plane,  to 
6ee  an  object  whose  suziaoe  is  that  plane,  and 
whose  linear  dimenaons  are  all  twice  those  of 
the  mirror  itselfl    Suppose  a  straight  line,  a  b, 
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reflected  in  mirror  c  d,  one-half  of  its  size,  and 
having  a  plane  parallel  to  it  It  wiU  appear  as 
B  F  equal  to  A  b,  and  parallel  to  o  »  because 
A  B  is  so.  Let  B  D,  F  c  be  joined  and  pro- 
duced to  meet  Draw  a  i  h  perpendicular  to 
c  D  and  E  F  (o  not  being  supposed  to  be  in 
A  b).  Then  since  d  c  is  half  of  s  f,  o  i  is 
also  half  of  o  h,  and  therefore  equal  to  i  h. 
Hence  o  must  be  a  point  in  a  b,  seeing  that  i 
is  a  point  in  the  image  determined  by  the  equality 
of  I  H  to  a  line  in  its  continuation  terminating 
in  the  object  a  b.  The  rays  coming  jQrom  the 
apparent  luminous  body  e  f,  which  is  the  whole 
image  of  the  real  object,  will  therefore  really 
oome  to  G  firom  the  mirror,  since  b  o  and  o  f 
do  not  pass  above  or  below  it  An  eye  at  o 
will  therefore  see  the  whole  image. — The  same 
proof  will  hold  fbr  any  other  line  in  a  plane 
parallel  to  that  of  the  mirror,  because  evety  such 
line  is,  what  we  have  assumed  the  line  b  a  to 
be,  parallel  to  the  plane  of  the  mhror.  Hence 
such  a  plane  may  be  seen  completely  by  an  eye 
properly  situate  in  o,  in  a  mirror  all  whose 
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linear  dimensions  are  half  those  of  the'cbfoct,  and 
wfaoae  superficial  dimenaiona  are  therefora  finr 
times  as  huge. — If  an  ol^ect  be  reflected  at  two 
plane  mirrors,  there  will  be  generally,  in  each 
mirror,  two  distinct  images  of  it,  except  in  pecoliar 
drcumstanoes.    In  each  there  will  be  the  same 
reflection  which  would  have  been  had  tfaeoClMr 
not  been  there ;  but  there  will  also  be  anoCfaer 
image  which  win  be  formed  just  as  if  tJie  imi^ 
of  the  object  in  the  other  mirror  were  (cAeded 
In  this.    The  image,  in  fsct,  is  a  simple  fictiat, 
intended  to  represent  results  in  the  dmpleat  pos- 
sible way.     The  physical  fiact  in  eadi  case  h 
that  incident  rays  have  their  directioits  dumged, 
and  are  thrown  back  by  the  nurror.    Now  njt 
lose  no  ordinary  properties  of  reflectioD  by  bei^ 
once  reflected,  exoe^  generally  spealdng^  in  rp- 
gard  to  their  intensity.    Hence  the  rays  eoaergeBK 
from  an  otgect,  and  felling  on  one  of  the  miirofs, 
are  reflected  back  to  the  eye  directly,  and  give 
an  impression  of  the  object  as  nsoaL      Other 
rays  are  not  reflected  back  totheeye,  but  thrown 
back  on  the  other  mirror,  whence  they  are  agni 
reflected,  appearing  as  if  the  object  were  abo 
behind  the  second  mirror.      Bat  this  seeond 
mirror  has  also  given  a  direct  image,  and  thrown 
back  rays  to  the  first,  so  as  to  form  an  indirect 
image  on  it,  and  there  are  therefore  two  Images 
procured  m  each  case.   Fig.  2  will  serve  to  illtt»- 
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trate  this,  ab  being  the  object  whoee  imtges are 
represented,  and  the  lines  a'b',  a^bt,  a'b', 
A  b,  represent  the  positions  of  the  images  aoe> 

cessively  fonned If  we  have  more  numn,  to  all 

of  which  the  body  is  exposed,  we  will  have  mora 
numerous  images,  similariy  fonned.  Tliisi,  Uw 
most  striking,  periiape,  of  optical  pheBonma 
at  flnt  sight — the  indefinite  mnltiplication  of 
images — may  be  dbtauied  still  more  simply  hy 
an  anangement  of  two  parallel  mlnran.  An 
*'  endless  gallery,'*  as  it  is  called,  of  imagea,  is 
the  immediate  result,  when  an  ol^ect  is  plM¥Ml 
between  them.  The  images,  ibr  a  eiiort  tp^ 
parent  distance,  are  represented  in  fig.  ^ 
The  body  q,  is  shown  at  <)'  by  leOeotioo  from 
BA.  "So  rays,  in  fiust,  reach  q^,  bat  tlw  U^ht 
from  the  body  is  thrown  back  npoii  the  minor 
D  c     How  this  light  appean  to  ooom^ 
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dhnergv  as  if  H  did  eome  from  qf,  and  it  wOl 
bo  nfleoted  from  d  o  as  if  ooming 
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Irom  Q*".    The  rays,  then,  wbicb^have  not  passed 
beyond  n  c  are  thrown  back  upon  B  A,  and 
wm^  give  an  image  at  a  distance  from  it  eqoal 
to  (j^  o.     The  rays  are  again  thrown  back  on 
D  G,  giving  another  image— that  is,  appearing 
to  oome  from  another  place,  and  so  on  for  ever. 
The  same  aeries  of  processes  takes  place  with  the 
TBys  which  an  first  incident  on  the  other  mirror. 
— ^This  arrangement  is  called  the  endless  gallery. 
In  fmct  there  will,  however,  be  a  limit.     At 
every  re6ectaon  a  portion  of  the  light  is  not  re- 
flected bat  abeorl)ed,  besides  a  very  small  portion 
naaaDy,  which  is  very  slowly  transmitted.    As 
the  proportion  of  this  b  constantly  the  same,  this 
win  give  the  terms  of  a  decreasing  geometrical 
■««*«  (as  I,  f  X  H  X  i  X  f  &c),  for  the 
proportions  of  the  li^t  reflected  in  each  case,  to 
that  originally  incUent       These  proportions, 
tiioogh  every  time  growing  smaller  and  smaller, 
never  disappear;  and  hence,  mathematically,  the 
images  never  disappear.     It  is  clear,  neverthe- 
Icas,  that  after  a  few  reflections,  the  images, 
bring  originated  by  rays  less  and  lees  lominous, 
will  become  gradually  dimmed,  nntil  they  are 
ISnally  iroperoeptible  by  the  finest  eye. — We  shall 
Just  touch  on  the  sul^ect  of  concave  and  convex 
spherical  mirrors.     We  shall  simply  state  and 
iUostrate  one  proposition.    If  an  <^ject  before  a 
spherical  mirror  be  a  spherical  arc,  having  the 
aame  centre  as  the  mirror  itself,  the  image  of  the 
obfect  in  that  mirror  will  be  a  similar  arc,  if  the 
mbnr  be  not  very  large  in  the  angle  which  it 
represents  at  the  centre.     Let  q'  Q  q''  be  the 
object  (figs.  4,  6,  6X  and  ▲  a'  be  the  arc  of 
the  mirror.    Let  v  be  the  point  of  bisection  of 
any  radius  of  the  mirror,  and  therefore  (Catop- 
tbicb)  the  principal  focus  of  the  mirror  for  rays 
paiallei  to  or.     Then  the  image  of  any  point 
Q  of  the  object  will  be  obtained  (Catoftbics) 
aft  a  point  along  or  produced,  determined  by 
tlie  ezpreasion  w^Y^vq^^  ro*.    Now,  if  we 
dnw  any  radios,  the  point  p  in  it  would  be 
equridistant  from  o,  and  therefore  ro  have  the 
aame  value  as  for  the  line  o  q  g.    The  new  line 
OQ  also  (the  part  of  the  radius  mteroepted  be- 
tween the  centre  and  the  ot^ject)  would  be  of  the 
aame  length  as  here,  and  therefbre  r  q,  the  dif- 
lerenoe  of  o  r  and  o  q  wiU  be  the  same  for  this 
new  radius.     Hence,  iqpplying  the  equation  fq 
r  f  a  F  o^  to  both  cases,  we  will  have  F9  equal  in 
cadi,  and  therefore  oq.    It  follows  that  the 
lines  drawn  fkom  o  to  the  various  points  which 
oomspoad  in  the  image  to  the  points  of  the  ob- 
ject, win  be  equal,  and  the  image  wiU  therefore 
be  an  are  having  its  centre  at  o^  and  so  conoen- 
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trie  with  the  object  and  the  mirror.  In  fig.  4 
the  image  is  magnified  considerably,  although 
it  is  not  necessarily  much  so  with  this  portion  of 
the  ol^ject  and  of  the  mirror.  The  image  is 
always,  evidently,  in  the  ratio  of  9  o  to  q  o, 
to  the  ol^ect  which  it  represents  (since  the  lengths 
of  arcs  which  subtend  the  same  central  angle, 
vary  in  proportion  to  the  length  of  theh:  radii. 
If  Q'  Q  Q"  be  veiy  small,  and  therefore  very 


near  the  centre,  fq  becomes  nearly  equal  to 
w  o.  But  FQ,  V  q,o  =s  FO,  F0,F9  must 
therefore  also  be  nearly  equal  to  it;  but  a  little 
greater,  as  fq  is  a  little  less  than  fo,  and  as 
the  lines  fq,  f^  are  both  measured  off  on  the 
same  side,  q  will  be  nearly  as  much  on  the  one 
side,  as  9  on  the  other  side  of  o.  If  oq  be 
more  than  half  the  length  of  o  f,  the  image  will 
be  considerably  magnified.  Thus  let  o  q  s= 
}  o  F,  then  F  Q  ar  ^  o  f,  and  f  q  f  g  ~  o  f', 
tnereforo  f^  »»  4  o  F,  and  Of:==3oF=s4oQ. 
The  image  would  thus  be  magnified  four  times. 
It  is  evident,  however,  that  the  image  in  all 
cases  like  this  would  be  inverted.  Exactly  the 
same  proof  goes  to  show,  that  if  q'  Q  Q''  were 
an  object,  Q'  q  q"  would  be  an  inverted  image 
of  it;  and  a  diminished  one,  in  the  same  ntio 
have  just  found  the  image  of  q'  q  q" 
In  fig.  6  the  inuige  is  formed  always 


larger  than  the  oljject  (fq  being  always  le^s 
than  fa  or  fo),  and  erect  instead  of  inverted. 
The  nearer  the  object  approaches  a,  the  nearer 
win  the  image  do  so  also-— (f  g,  f  q  »=  fo*),  and 
the  less  wiU  be  the  increase  of  magnitude.  If 
Q'  Q  Q''  be  the  object,  the  inverse  results  will 
obtain.    This  is  exacUy  the  case  represented  in 
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fig.  6,  where  the  nrinor  is  convesi,  and  irbero 


Fig  8. 

the  nyi  from  the  object  fiill  upon  the  convex 
side  of  the  surface. — In  this  case,  then,  of  con- 
centric arcs  reflected  in  spherical  mirrorsi  we  are 
not  much  at  a  loss  to  discover  the  optical  efitets. 
In  the  more  usnal  case  of  straight  or  uregnlarij 
carved  lines,  or  even  Unes  areolar,  bat  not  con- 
centric  with  the  mirror,  we  find  somewhat  more 
trouble,  and  the  discussions  of  the  optical  efiects 
bv  the  old  geometry  would  become  tedious 
and  difficult  A  contortion  of  the  image  fimrn 
the  original  form  would  be  the  exident  result; 
but  with  a  given  small  central  angle,  the  pro- 
portion p  o,  F  ^  =:  F  o'  might  still  be  univer- 
sally applied.   See  SrscULUic 

Jlllat.    See  Foo  and  Dbw. 

BIoMUtf .  That  property  of  ho^ea  by  which 
they  are  capable  of  receiving  movement  firom 
impulsion. 

M^lecMle— BI*lec«lar  Tk«ortos.  An  in- 
definitely small  particle  of  matter.  Where  the 
matter  is  a  simple  body  the  molecules  are  called 
integrant  or  homogeneous  molecules,  and  where 
they  are  not  so^  constituent  or  heterogeneous. 
It  is  conceived  in  chemistry  that  bodies  can  be 
divided  hito  indivisible  atoms,  each  having  a  de- 
finite uniform  weight  and  general  chiuncter. 
These  ultimate  particles  are  in  this  countiy 
almost  always  called  oftmu,  while  those  are  called 
molecules  which  are  constituent  or  aggregated 
into  a  heterogeneous  wholc^It  is  very  evident 
that  if  we  knew  the  molecular  constitution  of 
bodies — t.e.,  the  specific  nature  of  these  mole- 
cules, and  the  laws  of  the  forces  that  retain  them 
in  connection,  whether  these  be  forces  of  attrao- 
tion  or  repulsion,  we  should  liave  the  true  key  to 
tell  the  changes  and  sequences  of  the  material 
universe.  Various  efforts  have  been  made  to  con- 
struct theories  on  this  ground,  sufficiently  general 
to  enable  the  inquirer  to  avoid  injuriously  restric- 
tive conditions,  and  at  the  same  time  special 
enough  to  afford  a  base  for  important  although 
wide  conclusions.  How  much  may  be  accom- 
plished as  to  speciflc  subjects  in  this  way,  we  have 
already  illustrated  on  referring  to  the  theory  of 
Terrestrial  Magnetism  by  the  lamented  Gauss. 
Undoubtedly  the  earliest  satisfactory  adventurer 
into  the  general  field  of  molecular  theories  was  the 
distinguished  Bosoovich  (see  appropriate  article); 
and  he  has  had  worthy  suoceesorBL    Mr.  Grove 
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of  London,  in  onr  own  times,  has  moat  iPortUr 
undertaken  the  quesCian  of  the  oorreUtioii  of  tbe 
physical  forces;  but  that  estimable  gaitknias 
will  jam  with  us  in  especially  oignaltztqg  Ihe 
efforts  of  the  recent  Dr.  Simoo  George  Oinn. 
Ohm's  grand  achievements  as  to  the  tbeoiyof 
the  voltaic  drcuit  are  now  well  known  and  faDy 
appreciated  in  this  country.     It  is  mndi  to  be 
regretted  tliat  no  translatkn  or  adequate  Eogfirii 
representation  has  lutberto  appeared  of  his  still 
more  remarkable  work,  OontribtOiomt  to  Mobcm- 
lar  Phjfnct.    In  this  most  novel  and  aingdar 
volume  he  merely  follows  out  those  views  whkh 
enabled  him  to  lav  down  laws  that  are  nov 
unquestioned,  as  to  certain  laige  spheres  of  dee- 
trie  action.    He  has  started  Sie  idea  that  ulti- 
mate molecules  have   both   simple  and  polar 
powers;  and  on  the  ground  of  this  hypothwaw 
one  in  oonsisteney  with  eveiy  known  pheiMirnHimi 
— ^he  has  attempted  to  eduoe  a  complete  sva- 
tem  firom  whidi  the  phenomena  of  hgiiy  faoi; 
and  ddctricUy  necessarily  and  haimonioaaly  taw 
forth.    The  acceptance  now  so  worthily  given  to 
the  speculations  of  Mr.  Grrove,  wiD,  we  ahodU 
hope,  induce  some  pobllsber  to  reproduce  aanng 
U9  the  researches  of  OhnL 

JHMBent*  A  technical  tenn  of  modi  impor- 
tance in  Rational  Mechanics ;  its  dffinifinn  being 
as  follows : — Tke  momeM  of  a  fores  loM  respect 
to  a  plane  is  (heprotkutof  Ikeforoemlo  Hsdis- 
ttmee/ivm  that  pkme, — Let  any  number  offerees, 
p,  p',  p'',  &C.,  act  upon  a  solid  body  at  varioos 
points  of  it;  let  x,  xf,  x",  &c. ;  y,  /,  jT,  ^ : 
Zy  sf^  7f%  &c.,  be  the  co-ordinates  A  tliese  foras; 
idso  let «,  /Si,  y,  be  the  angles  made  by  tiie  di- 
rection of  the  force  p,  with  the  rectangular  axes, 
«,  /3,  y\  the  corresponding  angles  oit  die  foree 
p',  &c,  &c ;  —then  it  is  known  (see  Skatios)  Utat 
these  forces  wiH  be  in  equilibriQ,  or  that  the  sofid 
body  will  be  at  rest,  if  the  follewing  six  eqvations 
are  satisfied ;  viz., — 


2  P  c^s  «  r=  o 
2PCU8/9=:0 
SPCOSy  r=0 

SP(ycoi«  —  afoos/5) 
2P(;coos7  —  aoos«) 
3P(yeoS9'  —  soos/S): 


:  o 

:  O 

O 


The  first  three  of  these  eqoationB,  intimate  that 
the  sums  of  the  components  of  the  forees  along 
each  of  the  three  axes,  must  be  o,  or  that  these 
three  sets  of  components  most  be  in  equHibiioL 
The  second  three  equations  intimate,  on  the  other 
hand,  that  the  sums  of  the  momenta  of  the  forees, 
with  regard  to  each. of  the  rectaognlar  piaoes, 
must  also  be  o.  The  true  Iheoiy  of  the  sabfcct 
of  Moments  can  scaroely  be  said  to  have  been 
understood  previous  to  the  writings  of  PoioBOt. 
by  whose  happy  introduction  of  .the  notion  of 
Cotpks  (g.  9.)  all  doubtfiil  speculation  has  bees 
removed  fipom  this  branch  of  Rational  Medianies. 
A  body  can  move  only  in  two  ways;  UoMjIune 
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•  moCkn  of  trtrnthtim,  or  a  moCkm  of  rotation, 
Xov,  aeoofding  to  Poinaot^s  aimple  intaiprato- 
tioo,  the  fint  three  of  the  tongAng  eqoatkms, 
iodieate  that  there  is  no  motkm  of  tnuulaiion; 
whfle  the  aeoond  three  indiGate»  as  clearly  and 
definitelj,  that  then  is  no  motion  of  rotation. 
The  tenn  momad  is  still  preBer?ed;  hat  th^old 
theoiy  has  quite  given  place  to  the  doctrine  of 


A  term  fiist  employed 
by  Elder.  It  signifies  the  sun  of  the  prodncts  of 
each  Bolecole  of  a  rotatbgmass  by  the  sqnanef 
its  distaaee  fhw  the  axis  of  rotatkn,  or 
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TUa  ftnetioii  k  a  ▼eiy  important  one;  it  indi- 
oatas  the  exact  energy  ofrotaiion  in  the  rotating 
body.  See  Macbinbs.  Euler  proceeded  to  de- 
tennine  those  axes  of  rotation,  in  rotating  bodies 
relative  to  which,  the  Mommi  of  Tnertia  most  be 
a  wiuiiwMHi  or  a  smrmiimi;  and  he  hence  deduced 
his  remariLable  theorems  regarding  the  principal 
ant.   See  Axn  Pbihcipal. 

■•■MMians.  A  term  emplojred  in  varioDS 
ssPMS  hi  natnral  Philosophy,  thoogh  chiefly 
as  equivalent  to  quantity  of  motion.  It  is 
fcond  that  the  same  effect  is  produced  when  a 
mass  of,  suppose  one  hundred  pounds,  strikes  a 
body  with  a  velocity  of  one  foot  per  second,  and 
whtt  a  mass  of  fifty  pounds  strikes  with  a 
vefedty  of  two  feet  per  second.  Thus  if  we 
strike  a  ballistic  pendulum  with  either  of  the 
two  balls,  we  shall  have  equal  amounts  of 
oscillation  resulting.  The  momentum  then  is 
the  product  of  the  mass  by  the  velocity,  or  some- 
thing which  bears  a  constant  relation  to  that 
|«odnct.  It  is  usual  simply  to  define  momentum 
as  the  product  of  the  mass  by  the  velocity.  Thus 
a  body  M  moving  with  a  velocity  v  has  a  mo- 
nentam  a  x  v.  The  peniliar  use  of  the  term, 
and  of  the  notioD  which  it  contains,  arises  flt>m 
the  fiiet  that  in  all  mechanical  eflbcts  produced 
by  matter  in  motkm,  a  loss  of  mass  is  compen- 
sated by  an  increase  of  velocity  in  the  same 
proportioo.    See  Vn  Tiva. 

M  asi  a  1  es' ea,  cr  the  Unicom.  One  of  Hevelius' 
rowtifllatkmB,  It  is  surrounded  by  Hydra,  Canis 
X^or,  Orkm,  and  Canis  Minor.  Its  laigest  star 
is  between  the  fourth  and  fiith  magnitu^s. 

Mewaeahir  Tdaac^pfs.  One  having  a 
sin^  e|}'e-pieoe,  and  so  serving  only  for  one  eye  at 


See  WiKM. 

M— ffc.  The  solar  month  is  the  time  that 
the  sun  takes  to  go  over  a  space  of  80^,  or  to 
pass  through  one  of  the  signs  of  the  zodiac. 
The  lunar  month— the  month  proper,  is  the  time 
that  the  moon  takes  to  traverse  tfaie  whole  of  the 
sodiac.    This  is  a  lunation, 

fli«Ms,  Tke.  Every  important  detail  regaid- 
hig  the  motions  of  the  earth's  satellite  being  ghien 
mder  Lchak  Tbsort,  Nodbs,  ORsrr,  and 
ECLIPSES)  it  now  fidb  to  us  to  discuss  that  most 
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interesting  perhaps  of  aH  cosmkal  snljects— the 
phfftical  constitution  of  our  nocturnal  luminary. 
The  subject  is  as  wide  as  it  is  interesting ;  and, 
after  a  hw  preliminary  remarks,  we  shall  divide 
it  into  several  heads. — The  general  tacts  regard- 
ing the  moon  in  rdation  to  the  earth  and  m  com- 
parison with  it,  are  stated  under  EusMBiiTa; 
nevertheless  it  may  conduce  to  distanekneas  if  we 
repeat  the  statements  here.     The  mean  distance 
of  the  moon  from  the  earth  is  59*96486  terres- 
trial tadS,  or  about  240,000  mQes— a  long  dia- 
taoee  assuredly,  but  how  small  compared  with 
the  interval  which  separates  us  from  any  other 
gk>be!     And  this  distance  can  be  eo  largely 
dimmished  by  the  power  of  the  telescope,  that  it 
ought  not  to  appear  wonderftd  that  we  know 
the  entire  selenography  of  the  side  of  the  moon 
turned  towards  us,  better  than  we  do  the  geogra- 
phy of  any  one  hemisphere  of  our  own  globe. 
The  diameter  of  our  satellito  is  only  2,168  miles, 
that  of  the  earth  behig  7,926,  so  that  the  hemi- 
sphere we  see  is  equivalent  in  aize  only  to  a 
Jburteenth  part  of  one  of  our  terrestrial  hemi- 
spheres.   The  surface  visible  is  not  more  than 
twice  the  size  of  Europe ;  nevertheless,  upon  that 
limited  surface  there  are  indications  of  the  action 
of  vast  coemical  forces  within  a  comparatively 
small  globe,  the  study  of  which  may,  if  rightly 
conducted,  go  far  to  guide  and  correct  us  in  our 
inquiries  respecting  the  progress  of  our  own 
world.    The  density  of  the  moon  is  little  more 
than  half  that  of  the  earth,  so  that,  taking  the 
mass  of  the  earth  as  unity,  that  of  the  moon  is 
only  0*011 899 :  gravity  at  its  surface  is  not  more 
than  one-sixth  of  our  terrestrial  gravity ;  there- 
fore if  internal  explosion  or  upheaving  forces  exist 
there  and  are  independent  pf  the  size  of  the 
globe,  we  should  expect  to  find  disruptkms  on 
its  surfiioe  much  exceeding  in  comparative  mag- 
nitude anything  that  is  manifested  even  hi  & 
meet  rugged  of  our  own  regions.    Lastly,  and  to 
conclude  these  preliminary  remarks,  the  moon 
turns  towards  us  always  the  same  face.    This  is 
equivalent  to  the  fret  of  her  rotation  in  spabe 
around  an  axis,  in  the  same  time  that  she  per- 
forms her  monthly  revolution.     Disputes  have 
arisen  whether  the  term  rotatkm  ought  to  be  ap- 
plied to  a  phenomenon  like  this.   They  are  merely 
verbal  ones.    But  as  we  shall  speedily  see,  tbu 
phenomenon  itself  has  most  important  physical 
consequences. — These  frets  premised,  we  proceed 
to  a  closer  inspection  of  the  character,  habitudes, 
and  probable  history  of  our  sateUitei 

I.  Thk  Hoon*8  Figure  axd  its  Physical 
CSovsiQUENCEs. — Like  all  theoelestial  bodies,  the 
shape  of  the  moon,  speaking  roughly,  is  spherical ; 
but  we  caniHJt  assume  this  to  be  absolutely  correct 
¥rithout  fuller  inquiry.  It  follows  theoretically 
from  the  consideration  of  moment*  of  inertia  ap» 
plied  to  the  peculiar  circumstances  distinguishing 
the  moon*s  motion  of  rotation,  that  this  orb  must 
either  be  an  ellipsoid  whose  greatest  axis  is 
neariy  paiallel  to  the  radius  vector,  or  that  its 
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Interior  k  heterogeoeoas,  and  that  its  centre  of 
gravity  does  not  coincide  with  its  centre  of  figure. 
The  first  hypothesifl  Is  negatived  by  observa- 
tion,  so  that  we  are  forced  upon  the  second ;  and 
the  question  beoomes->Can  we  detect  the  rela- 
tions of  position  of  these  two  points,  and  the 
length  of  the  interval  that  separates  them  ? — a 
problem  apparently  hopeless,  yet  now  folly  re- 
solved, throu^  study  of  tlie  hmar  tftequaliHea, 
Professor  Hsjoaen  has  recently  established  the 
foOowing  remarkable  propositions: — 1.  If  the 
centre  qf  gravity  of  the  moon  and  the  centre  qfits 
fyttre  do  not  coincide^  then  mutt  all  tJie  co-^ficients 
<^the  inequaUtiee  in  mean  longitude  be  nwk^pUed 
by  a  oonstant  factor  whuih  »  afvnction  qfthe  dit- 
tanoe  between  these  two  centres  projected  iqton  the 
radUte  vector.  And  i.  If  the  centre  qf  the  moon 
he  fartii/er  removed  from  va  than  the  centre  of 
gravity,  then  it  thu  factor  lees  than  unity;  but 
if  on  the  oontrary^  the  former  be  nearer  to  us 
than  the  laUer^  tfte  factor  wiU  be  greater  than 
unity.  Now,  on  comparing  the  theoretical  eval- 
uations of  the  lunar  inequalities  with  these 
inequalities  as  observed,  a  slight  ^screpancy 
appears;  and  the  Greenwich  observations  from 
1760  to  1830,  discufised  by  Mr.  Aiiy,  decisively 
show  that  theory  and  obeervation  will  not  exactly 
coincide  unless  all  the  principal  co-efficients  of 
these  perturbations  be  increased,  or  multiplied  by 
a  certain  number  greater  than  unity.  Hence  the 
immediate  inference,  that  the  centre  of  the  moon's 
figure  is  nearer  us  than  its  centre  of  gravity — a 
result  in  itself  of  the  last  importance.  But  it  is 
iUrther  dear  that  the  amount  by  which  these  co- 
efficients require  to  be  increased,  or  the  magnitude 
of  the  constant  multiplier  which  shall  suffice  to 
reconcOe  the  observed  with  the  theoretical  pertur- 
bations, must  also  indicate  the  exact  distance  be- 
tween these  two  centres.  The  constant  fiictor  de- 
duced by  Hansen  is 

1*0001544, 
fh>m  which  it  follows  that  the  interval  between 
the  two  centres  is 

176909  feet 
or  upwards  of  83^  English  miles  Let  us  dwell 
for  a  moment  on  Uie  momentous  consequences  of 
Ibis  singular  result.  Supposing  the  moon  spheri* 
cal,  which  that  orb  Is  very  nearly.  Its  peculiar 
condition  will  be  understood  by  aid  of  tiie  sub- 
joined diagram.    If  the  strongly  marked  cirde 


Flj?.  1. 
represent  the  lunar  orb,  c  will  be  its  centre  of 
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figure;  but,  at  an  interval  from  it,  belund  the  line 
luding  towards  the  eattli,  is  another  <9mtie  C, 
distant  from  the  ibnner  upwards  of  88^  mOe^ 
Now  this  last  centre  <f  is  that  one  towards  which 
heavy  bodies  on  the  lunar  sur&oe  wHl  fdl ;  it  is 
the  point  around  whidi,  therefore,  all  free  gravi- 
tating masses,  such  as  an  atmoephere  or  ocean, 
provided  there  are  any  snch,  would  endeavofor 
to  arrange  themselves ;  it  is  the  point,  likewise, 
around  which  the  moon  must  rotate,  and  whidi 
alone  must  be  taken  into  account  in  problems 
regarding  the  motions  of  that  body  In  its  ortiit. 
T%e  physical  meaning  of  the  separation  of 
the  two  centres  is  simply  this— the  hemiqrfieie 
towards  the  earth  is  lifter  than  the  hemisjibere 
turned  away  from  us.  May  this  inequality  hare 
arisen  from  the  action  of  great  upheaving  causes 
mainly  within  the  former  heml^here, — and  it 
this  Indicated  by  the  uptom  nature  of  the  snxiace 
of  the  moon  Uiat  we  see?  Those  disrupting 
forces  acting  partially  and  with  the  energy  with 
which,  as  we  shall  soon  find,  they  have  acted,  are 
quite  adequate  to  have  hoBowed  out  one  hemi- 
sphere to  an  extent  suflicient  to  account  t»r  the 
existing  discrepancy.  But — apart  from  specula- 
tion— observe  the  necessary  consequences  of  tliat 
discrepancy  as  to  level,  climate,  and  all  physical 
relations  connected  with  these.  In  the  foregoing 
figure  the  regions  at  m  and  x"  alone,  are  at  the 
mean  level  as  that  is  determined  by  gravity ;  tiw 
regions  at  m',  on  the  other  hand,  are  &r  above  tlist 
level,  while  the  opposite  regions  at  uf*'  are  as  £w 
below  it  Suppose  then,  that,  on  the  surface  of 
our  satellite,  matter  is  developed,  as  it  is  with  as, 
in  the  three  forms  of  solid,  liquid,  and  gaseous,— 
is  it  not  plain  that  under  sudi  drcumstances  we 
have  no  chance  of  seemg  dther  a  lunar  ocesn  or 
a  lunar  atmosphere?  The  ocean,  for  instaiKK, 
would  tend  to  arrange  itself  along  the  line  of  the 
second  drde,  submerging  the  hemisphere  opposite 
to  us,  bnt  leaving  the  hemisphere  nearest  us  (tin 
only  hemisphere  we  can  ever  see)  utterly  dir,— as 
free  from  the  presence  of  water  as  the  biftiest 
peaks  of  the  Himalaya.  It  is  certainly  not  neoes- 
eary  to  predicate  of  that  antipodal  hemisphere,  a 
complete  submergence ;  but  it  may  be  conQdently 
asserted,  that,  whatever  the  aspects  of  the  noon 
as  we  discern  it,  oceans  with  all  their  ooooomi- 
tants  may  exist  on  the  opposite  parts  of  iti  sur- 
face. Nay  yet  forther,  should  the  displacement 
of  the  centre  of  figure  from  the  centre  of  gravity 
have  taken  place  in  the  manner  indicated  abovv, 
we  should  expect  to  find  among  the  lunar  plains 
— those  portions  of  the  viable  hemisphere  whidi 
have  been  derated  only,  not  diarupled— distioct 
marks  of  oceanic  action,  traces  d  the  grsdual 
retirement  of  the  ocean  shores.  With  respect 
again  to  the  atmosphere,  the  dotted  drde  may  be 
supposed  to  represent  its  greatest  palpable  elevs- 
tion.  Such  an  atmosphere  will  rest,  therdbrsi 
soldy  over  the  hemisphere  concealed  firam  us,  and 
we  need  marvel  no  more  at  its  apparent  absence 
from  the  surface  scanned  by  the  telescope^  than 
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At  the  Awt  that  no  timce  uf  air  ooold  be  found  on 
(he  aammic  of  a  mououiii  raiaed  120  milet  above 
the  maan  level  of  the  enrfaoe  of  the  earth.  Thus 
an  we  oomtrained  to  eoooeive  of  oar.  satellite, 
onder  two  aspects.  The  faue  that  b  turned  from 
the  earth  ma/  be  Taried  even  like  the  regions 
anMmd  um.  Oceans  or  seas  may  cover  portions 
of  ita  surface,  refreshing  breeies  may  fan  it  all, 
and  it  may  be  oocapied  by  those  very  fbrms  of 
animal  and  vegetable  life  which  oar  own  experi- 
ence shows  to  befit  the  oosroical  relations  of  the 
compartment  of  space  common  to  us  and  to 
the  moon.  On  that  face  of  oiur  luminary  which 
akme  we  can  see,  It  wfn  folly  to  expect  traces 
of  anything  so  agreeableL  The  eoaditloos  nnder 
which  it  exists — as  we  learn  these  from  inexor- 
able acieoce— suggest  the  picture  of  a  surface, 
ncky,  arid,  and  lifeless,  thrae  and  a-half  times 
man  extensive  than  our  own  inhospitable  Sahara. 
— Let  na  proceed  to  examine  minutely  thissiiitgii* 
lar  region. 

IL  DKflCRirnoH  of  thb  Yisibli  Hkmi- 
arasaB  op  oor  Satslutb. — It  is  scared v 
possible  to  conceive  a  more  remarlLable  contrast 
than  that  between  tlie  appearance  of  the  moon 
to  the  nalced  eye.  and  the  forms  she  presents 
to  the  tdescope,  whether  in  quadrature  or  when 
luIL  Instead  of  a*  plain  and  bright 
aeoding  from  all  its  parts  an  illomi- 
BatkMi  not  far  from  equable,  we  disoeru  a  body 
of  moat  strange  character,  brolceo  by  irrt*gulari- 
ties  which  in  extent  and  contour  present  fuw  ana- 
logies with  tlie  monntainons  regions  of  our  owp 
gfebSk  Hie  Teality  of  these,  as  weU  as  the  singu- 
larity of  their  shapes,  the  briefest  glance  at  the 
craseent  hmiinary,  even  with  a  small  telescope,  is 
sofficieni  to  establish.  The  incompleto  edge  is 
alwaya  aader  the  inflaenoe  of  a  morning  or  even- 
ing light;  and  the  phenomena  of  lighted  pealcs 
dtffc  valleys  and  long  shadows,  which  occur,  in 
such  cireiunstances,  in  any  brolcen  district  of  the 
earth,  are  there  distinctly  visible,  but  on  a  scale 
tut  man  grand.  Analyzing  this  strange  vista 
iato  Ita  separate  paru  by  aid  of  large  telescopes, 
and  noting  their  distiibutioo,  we  discern  in  one 
ngioo  vast  mountains  throwing  their  long  slia- 
dowa  upon  a  plain,  and  ebewhere  the  aspect  of 
vniovs  pits  or  caverns,  some  of  which  are  as  deep 
m  Mont  Blanc  is  high,  often  crowded  together 
with  tha  compactness  of  a  honeycomb.  Indeed, 
it  can  nquire  no  Airtber  detail  to  convince  us 
that  we  an  in  presence  of  a  scene  of  intensest 
intstest,-  one  wliereon  tliat  mighty  oosmical  force 
which  is  the  common  cause  of  disruptions  in  all 
the  plaoeta.  bap  dLiplayed  ita  wonderful  ener- 
gies, not  perhaps  in  every  form  and  variety,  but 
with  a  prolilicoess  assuring  valuable  aid  to  the 
inquirsr  who  may  desire  to  reach  ita  hidden  seat. 
ThD  snr&oe  of  the  moon  haa  often  been  studied 
and  depleted  by  good  obMrvera,  and  several  men 
of  noto  have  constructed  maps  of  our  satellite. 
While  referring  to  the  older  labourers,  who 
wrought  with  Impeifect  telescopei^  we  must  distin- 
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gnish  Shroeter,  whose  enthusissm  in  this  field  was 
worthy  of  its  importance*  But  it  is  to  Madler, 
now  of  Dorpat,  that  we  owe  the  first  accurate 
seleno- topography.  This  excellent  and  indus- 
trious observer  has,  in  conjunction  with  M.  Ruit 
of  Berlin,  drawn  a  map  of  the  moon  of  three  feet 
in  diameter,  of  surprising  accuracy.  Kor  would 
it  be  pardonable  to  omit  reference  to  the  still  un- 
published lan<1rcapes  of  Mr.  Nasmyth,  the  singu  • 
lar  beauty  of  whose  pencil  so  fittingly  adorns 
the  enei^  and  perseverance  he  is  addressing  to 
the  culture  of  this  attractive  theme.  Waiting  for 
the  vast  acoessfon  to  our  knowledge  which  cannot 
but  accrue  from  the  labours  of  the  Committee  •  f 
the  British  Association  who  have  access  to  the 
gigantic  reflector  of  Paraonstown,  the  writer  of 
the  present  notice  will  make  ample  use  of  the 
researches  of  the  indefatigable  observers  above 
named :  and  be  will  do  so  with  the  less  scruple, 
because,  through  fortunate  cbxsnmstances,  the  ob- 
jects about  to  be  described  are  altogether  famQiar 
to  himself. 

(1.)  The  Lunar  Plaim. — The  diagram  on  the 
opposite  page,  although  of  slight  dimensions,  will 
sen-e  as  a  sufficient  index  to  the  distribution  of 
forms  on  the  moon's  surface.  It  shows  that  sur- 
face divided  mto  two  well  contrasted  portions.  Of 
these,  the  compact  unbroken  and  regular  region 
occupies  not  more  than  one-third  of  the  entire 
disc,  and  it  consists  of  a  number  of  low  fiats  or 
plains,  easily  distinguished  by  the  naked  eye  in 
consequence  of  their  comparatively  darker  tints. 
These  plains  are,  for  the  most  part, — at  least  so 
frequently  that  it  nuy  be  taken  as  a  general  rule 
— bounded  by  the  lofty  sides  of  mountain  fi>r- 
mattons,  although  they  likewise  often  communicate 
with  eadi  other  by  narrow  open  nech.  Of  their 
profile  little  need  be  said.  They  are  not  abeoluto 
fiata,  but  low  grounds  through  which  low  ridgea 
frequently  pass,  and  where  isolated  peaks  some- 
times aride,  as  also  craters  wide  and  narrow,  but 
with  a  few  exceptions,  of  no  great  depth.  The 
plains  constitute,  at  the  present  time,  the  undis- 
rupted  part  of  the  moon's  surface.  In  former 
times  they  were  considered  seat.  Certainly  then 
is  no  water  or  liquid  in  them  now;  but  one 
cannot  fail  to  be  stmck  with  the  simUarity  ba> 
tween  their  outlinee,  and  the  general  as|)ect  of  oor 
terrestrial  sys;em  of  oceans^  They  have  their 
multitudes  of  bays  and  creeks,  their  brancldi:g 
Mediterraneans,  their  straits  joining  sea  to  sea, 
their  inland  or  isolated  Caspians,  their  ridges  of 
islanda,  as  well  as  their  isolated  islands :  in  short, 
every  conceivabla  feature  characteri»tio  of  this 
portion  of  the  aarfaoe  of  the  earth.  But  there  la 
anoUier  circumstance  whose  indications  appear  to 
point  much  farther.  The  regions  we  Hpeak  of 
are  distinguished  by  great  variety  of  coluaring; 
and  in  veiy  many  ca»vd,  especially  in  bays,  tha 
contours  of  the  dififerent  shades  of  colour  nm  paral- 
lel to  the  contours  of  the  coasts.  This  feature  is 
exhibited  in  fig.  1,  plate  III.*-a  sketch  which 
Is  merely  illustrative      What  oould  iudlcau 
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man  tonKfy  (hs  gndnil  ntlmmnt  of  mi  Oeem  I  pobit  ant  tlw  prcaa  af  Out  ndnmait  of  tli* 
■Dd  the  Ibrmatton  of  aoceeMlva  shors  ?  Nor  m  i  waten,  duriug  Iha  pngreM  of  thit  kntmue 
amcnmDt  pbenontMU  of  vuiod*  daaripttoni  moraneat  of  dsratkn  li>  wbkh  tho  dJuJtanieiit 
wmtinc  In  the  moon.    Cui  the**  tmces  tulljltf  tb»  moon'*  centn  of  grtxttj  f*  oinng!    U 


■0.  thoy  mnat  mvk  ipneht  in  Ihe  hiJtwy  of  the 
elevating  force,  and  thns  conttltato  a  tnain  fact 
in  aid  of  our  eftirte  to  calablish  a  itlatologg.  We 
fhall  not  dwell  here  on  mere  bypotheeea :  bnl  the 
foot  that  such  an  bjpotbesla  may  already  be 
■taited  wttboat  abtnnllt}'  or  pnsuniptian,  riiowa 
the  ImpoTtanee  tbat  ought  to  be  allached  to  more 


accarau  ana  aeau 

lapor- 

don  of  tba  phenomena  of  our  eatellita. 

(B.)  T%t  M«m 

>  Momoam  /omt.— Tbeae  are 

of  three  distinct 

kiodi. 

Inthecoumeofoii 

tbem  wilh  whatei 

r  terreBtrial  bnni  ma; 

appear 

a  IliB  fint  daw  of  lunar  mountains,  taking 
tbem  in  Ibe  order  of  tb^  simplicity,  consists  of  a 
iKunber  of  perfectly  isolated  peaks  or  eugar-loat 
moiintauu  tmcomudtd  with  any  group  or  rangt 
•lAafeMr.  Tbeee  monnlalna  rise  euildenlj  in  Ibe 
mldet  of  nabroken  iaif,  and  at  a  distance  frDm 
general  diiturbaoeeB.  Ferhape  the  finest  instance 
is  Pico,  a  very  brillianl  lock,  about  half  a!>  high 
ai  the  loRieet  of  our  Alpe,  whicli  tonen  almott 
precipitously  north  of  theeniler  Plato.  Mo  sj-e- 
tem  whaterer  is  connected  with  thai  solitai^ 
peak;  italandfoutasinglBunscconipaniedprDlru- 
don.  yei7  ftvqncntly,  alao,  we  find  such  peaks 
in  the  centra  of  the  plain  that  forau  Ihe  bi 
a  crater— in  Tycho,  for  example.  In  our 
globe  such  peaka  are  not  uncommon,  ai  in 
tal  or  TeneriSk  or  St.  Helena,  anpposing  the 
■urrnanding  ocean  removed.  Generally  upeakiii 
thcM  terrtstrial  cooes  belong  (o  some  large  npbc 


shot  through  tbe  plain  in  obedience  to  imne  phafp 
limited  uitemal  force,  >a  oaa  would  push  a  ocfdl* 
through  a  sheet  of  paper;  and  the  plain  hai  not 
bMn  much  mora  disturbed.  Such  nxb  in  on 
globe  generally   belong    to   tbe  bmily  of   the 

b.  Mouatrdii  nmga  or  ctoiM  an  by  no  itnaas 
wanting  in  the  moOT,  although  Ibey  are  Twy  br 
horn  constitnting  a  chief  fbatore  of  tbe  deralioa 
of  that  body ;  their  nmal  ponitioD  b  that  of  a 
cnnrilioeal  bnt  brokoi  skirt  of  the  greater  Bala  er 
L  For  instance,  the  Appeniaea  the  Caa- 
and  the  Alpa,  tbrm,  in  fr^mmbi  of  a  ring, 
one  edge  of  the  Mart  /mfrrtwo.  Some  of  theia 
masses  roach  a  great  eleralion,  the  Appcnina 
rising  bom  eighteen  to  twenty  thoaaand  ftct; 
and  there  ii  aooihei  ridge  on  the  i-eiy  rim  of  iha 
moon  which  apprara  to  rival  the  gigantic  Andta 
or  Himalaya.  Looking  cIdmIv  at  tbeae  lunar 
ranges,  and  comparing  (hem  wilh  tbe  ntoontaiB 
chains  of  our  own  planet,  we  diKorer  certain 
mioule  fbatnrea,  alike  cf  reeemblanee  and  con- 
trast, which  it  especially  behovca  os  to  signaK 
ize.  Fini,  a  curious  peculiarity  in  tbe  tina 
of  OUT  chief  terrestrial  mountains  also  disiin- 
gniahes  those  of  our  satdlile.  All  important  ridgea 
on  either  globe  ate  cooiparatirely  strep  on  oaa 
side,  descending  to  their  base  by  abrupt  pteci- 


of  dial 
boisl. 


]tly  also  they  at 
How  strange  llie  energy  tbat  n 
pheuomenB  I    They  would  seem  ti 


ulted 


-  even  the  European  Alps, 
il  Ibice.  Attempla  have 
the  pbenomcnon  br  the 
later  or  floodi  or  of  tbe 
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Eflfeet  b  hen  ooofoiiiided  with  caiue: 
tbe  occu  wishes  the  feet  of  these  mountains  on 
globe  becsnse  of  thdr  rapid  descent  on  one 
Still  ftiither,  the  abrapt  face  of  the  moon- 
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tain  chains  in  the  moon  is  onifonnly  towanls  one 
of  its  great  plains.  The  plain,  for  inntauce,  is 
ffitnitftd  in  this  tashioui— 


Fig.aL 


aahelow— 


Fl«.4. 


How  like  what  we  hare  on  the  earth !  Sappose 
the  vast  Padflc  deared  of  its  waters,  or  that 
throogfa  the  gradual  elevation  or  sweUing  oat  of 
aoe  of  our  hemispheres  the  waters  had  retired 
towards  theoppositeftce  of  the  globe — both  Indian 
and  Southern  oceans  thus  becoming  dryland — thai 
would  be  a  mighty  low  land  or  comparative  .^, 
broken  only  as  the  lunar  plains  are  broken,  here 
aad  there  by  a  ridge  or  rock,  and  a  group  of 
mountains :  but  obeenre  its  edge.  Skirted  on  the 
one  side  by  the  precipitous  dlA  of  the  Andes 
aod  Rocky  Mountains,  on  the  other,  after  some 
breaks,  by  the  still  more  precipitous  Himalaya 
and  the  Paropamisan,  and  then  by  the  fronts  of 
the  heights  of  Abyssinia  and  Laputa — ^hi  all  which 
the  tkjpe  is  on  tlie  oppotUe  suis,  forming,  in  the 
two  chief  instances,  the  continent  of  Sonth 
America  and  the  long  inclination  of  Siberia. 
There  is  not  mere  analogy  here,  but  an  absolute 
identity  of  phenomena;  nor  can  it  be  doubted 
that  the  comparative  geographer  will  one  day 
draw  firom  the  study  of  both,  truths  of  high  im- 
port eonoeming  tlie  orographic  structure  of  either 
world.  The  seamd  noticeable  feature  is  one  of 
diilerenoes,  aod  although  at  first  sight  it  may 
seem  of  trifling  consequence,  we  shall  find,  in 
oar  next  general  section,  that  it  is,  on  the  con- 
trsfy,  of  veiy  great  import  It  is  this:  on 
our  planet,  important  ranges  of  mountains  have 
slwajrs  systems  with  whidi  they  are  connected. 
Tliese  systems  consist  of  parallel  ranges  whicli, 
generally  spealdng,  are  found  to  have  been  de- 
vated  at  the  same  time  and  by  the  same  effort 
of  the  upheaving  forceu  Now,''in  the  moon,  there 
b  not  a  trace  of  this  peculiar  disposition.  A  char- 
acteristic like  that  prevailing  on  the  earth,  must, 
as  win  readfly  be  suspected,  be  intlmatdy  con- 
nected with  the  mode  in  which  the  erupting  force 
has,  during  recent  epochs,  usually  acted  here; 
and,  indeed,  it  has  been  made  the  ground  of  some 


of  the  largest  apeeulations  of  modem  geology. 
The  absence  of  that  characteristic  in  t^  moon 
establishes  a  fundamental  diffisrence  in  the  mode 
of  upheaval  peculiar  to  recent  epochs  in  our  satd- 
lite.  The  nature  of  that  diflerence  is  hidicated  in 
the  next  general  section  of  our  article.  Tkurdfy^ 
The  directum  of  the  few  lunar  ranges  known  to 
us  presents  no  indication  whatever  of  the  agency 
of  a  eentral  force,  but  rather  the  contrary.  Tlie 
student  must  be  aware  that  the  origin  and  nature 
of  the  upheaving  cause  has  recently  been  often 
referred  to  rdations  between  the  crusts  of  the  vari- 
ous planets,  and  what  has  been  imagined  to  be 
their  moftsa  mteriore.  Pasring  over  other  dtfli- 
culties  in  the  way  of  this  theory — difficulties  that 
seem  at  present  insuperable  (see  Frecessiok  and 
Tempbbatubk),  it  is  easy  to  see  that  if  a  central 
force  of  any  kind  disrupted  or  cracked  the  crust 
of  a  planet,  the  fissures  thence  arifiing  would— 
generally  spieaking— lie  along  great  circlet  ^  the 
tpkere.  Now,  the  few  lunar  ranges  that  esist 
have  ru)  connection  whate\'er,  near  or  remote, 
with  great  drcles  of  the  sphere.  On  the  contrsr}*, 
they  encircle  one  of  the  great  plains ;  Just  as  if,  by 
virtue  of  some  force,  which  assuredly  could  not  be 
a  central  one,  such  a  circular  surface  as  our  Arctic 
cone  had  been  depressed,  or  the  Arctic  circle 
which  surrounds  it,  devated.  In  the  case  of  the 
earth,  the  diains  of  mountains  are  so  massive  and 
multiplied,  and  of  stretch  so  surpasdng,  that  by 
aid  of  a  degree  of  arrangement,  and  periu^  not 
over  nicdy  scrupulous  an  aiyustment,  they  have 
sometimes  been  constrained  into  unwilling  confbr- 
mity  with  a  foregone  oondusioa :  bat  the  corre- 
sponding forms  of  oar  satdlite  absolotdy  resist 
assimilation,  and  thereby  pronounce,  in  language 
not  to  be  mistaken,  their  utter  drnamical  inoooi- 
patibility  with  the  idea  of  a  CmT&AL  Fohcb. 

c.  Imhot  Cratere ^The  objects  so  named  may 

justly  be  termed  the  characteristic  ftetore  of  tlie 
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Moon*8  disturbed  region,  u  tfaej  errtainly  are 
it4  most  vonderfttl  and  pecaliar  one.  Not  less 
than  three-fiflbs  of  tbe  surfiioe  of  our  Satellite  are 
studded  with  vast  caverns,  or  rather  Circular 
Pits,  penetrating  into  its  mass,  and  usually  en- 
girt at  the  top  with  a  wall  of  rock,  which  is 
Sometimes  serrated  and  crowned  by  peaks.  These 
caverns,  or  craters  as  they  are  termed,  vary  in 
diameter  from  fifty  or  sixty  miles  to  the  small- 
est space  visible— probably  500  feet;  and  the 
numbers  greatly  increase  as  the  diameter  dimi- 
nishes. The  ridge  that  environs  the  crater  is 
always  sloping  on  its  external  side,  and  steep  or 
rather  precipitous  within,  although  it  seldom 
descends  at  once  to  the  cavem^s  base.  Within  it 
there  are  generally  concentric  ridges  assuming 
the  form  of  terraces.  The  bottom  of  the  crater 
is  sometimes  convex;  low  ridges  of  mountains 
often  running  through  it;  while  at  its  centre, 
conical  peaks  frequently  rise,  and  smaller  craters, 
whose  height  however  seldom  reaches  the  base 
of  the  exterior  walL  These  curious  objects  are 
BO  crowded  in  some  parts  of  the  Moon  that  they 
seem  to  have  pressed  un  each  other ;  and  through 
their  mutual  interference  the  most  odd-shaped 
caverns  have  arisen.  It  often  happens,  too,  that 
similar  cratera  are  found  on  the  wall;  and  in 
mauy  instances  one  can  discern  that  the  wall  has 
beeu  severely  shaken  by  the  force  that  gave 
rise  to  the  secondary  object  The  general  char- 
aotw  of  the  las^  portion  of  tlie  lunar  aurfiice, 
occupied  by  these  craters,  ib  well  represented  in 
our  frontispiece,  drawn  from  tlie  highly  magni- 
fied image  of  a  small  region  of  our  Satellite: 
but,  to  render  the  character  of  these  craters  more 
palpable,  we  shall  describe  one  of  them  in  detail 
— ^the  crater  Tygho.  Tycho  is  that  brilliant  spot 
near  the  top  of  the  lunar  disc,  in  diagram,  psge 
513,  which,  when  the  Moon  is  full,  appears  the 
cfutre  of  a  SjTStem  of  shining  streams  or  rays. 
The  country  around  it  is  singularly  disturbed. 
Now,  itf  passing  across  that  rugged  district,  one 
were  gradually  approaching  Tycho^  its  first  aspect 
would  seem  like  an  immense  ridge  of  rock  in  the 
horizon,  with  a  stretch  of  nearly  fifty  mile<s  and 
reflecting  the  solar  rays  with  a  peculiar  lustre. 
Ob  approaching  the  ridge»  its  character  would 
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change :  we  should  then  diseeni  it  as  part  of  am 
immense  circle,  but  neither  very  lofty  nor  x-ery 
steep.  If  one  ascended  tiiat  slopes  bow  appd- 
ling  the  scene!  Instead  of  finding  oo  tte  ocImc 
side  a  slope  in  most  respects  oonresponding  with 
that  just  ascended,  we  stand  on  the  edge  of  a 
dizzy  cliflT,  passing  down  by  one  unbroken  leap 
for  18,000  feet !  At  the  base  of  the  cliff  several 
low  parallel  terraces  cret^  along:  but  a  little 
onwards  the  full  depth  of  the  chasm  appears ;  and 
it  descends  from  the  top  of  the  ridge  no  less  than 
17,000  feet,  or  2,000  feet  more  than  the  sommit 
of  Mont  Blanc  rises  above  the  levd  of  the 
It  is  quickly  perceived  tiiat  this  huge 
encloses  a  vast  circular  area  of  the  Moon*s 
face, — an  area,  fifty-five  miles  in  diaraeto':  ss 
that  if  the  spectator  were  at  the  chasm's  oentrey 
be  would  find  around  him  on  every  side,  at  tbs 
distance  of  twenty-seven  mfles,  a  gigantie  on- 
broken  wall — unbroken  by  gap  or  ravine  or  pass 
of  any  description — rising  into  the  air  17,000 
feet,  and  forbidding  his  return  to  the  extonal 
surface!  How  frightful  such  a  sednnoii, — a 
chasm  utterly  impassablei  its  walls  bare,  nijqged, 
hopeless !  Nor  among  these  oountless  pits  may 
Tycho  be  the  most  aiyalling.  Tliera  appear  to 
be  some  of  nearly  equal  depth,  whose  diameter 
does  not  exceed  8.000  feet;  nay,  towards  the 
polar  regions  of  the  moon,  caverns  probably  exist 
whose  depths  have  never  yet  been  illumined  by 
one  beam  of  the  solar  light — It  is  very  evident, 
how  wrong  it  were  to  confound  formatioDs  so 
extraordinary  with  what  are  osually  named  ora- 
ten  on  the  Earth,  or  to  fancy  that  there  is  any 
true  similitude.  The  latter  are  openings  on  tbe 
tops  of  volcanic  mountains  of  dight  extent,  and 
for  the  most  part  constituted  of  sooria  and  otbsr 
loose  erupted  materials ;  a  lunar  crater,  on  the 
other  hand,  being  a  pit  or  circular  cavern  in  the 
bodv  of  that  orb.  It  is  neoessarv  when  aearcb- 
ing  for  similitudes,  to  look  among  displays  of  the 
erupting  energy,  of  much  greater  extent  aodeftct; 
and  we  find  our  best  instances  in  what  are  termed 
eraten  ofeltwUion.  These  ejust  in  many  i^iom 
of  the  globe — for  instance,  in  Auveigne  in  France; 
and  they  consist  of  a  dreular  mass  of  moantainat 
steep  within,  and  generally  with  a  oeotnl  eona  ec 
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Om  icmaikAUe  instance  ii  Barrm  hbnd, 
■keCched  by  Voo  Bucb,  on  the  foregoing  page, 
it  theeorioos  ialaodiSSuilorMiti  M  beloir. 


Ob  a  latgcr  ecalci  toO)  the  Tallej  of  Bohemia,  the 
I/amtagneB  d'Oumu,  Ae.,  present  the  same  dais 
of  farm.    It  were  rvy  uni  eaaooable,  howeveri  to 
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expect  a  perfect  reeemblanoe ;  ibr  on  the  Earth, 
the  persistence  of  winds,  rain,  and  the  agency  of 
the  ocean,  has  more  and  more  destroyed  and 
broken  the  primal  rocks ;  while  in  thu  region  of 
the  Moon,  meteorological  action  roaHthave  ceased 
for  countless  ages. But  there  is  a  special  char- 
acteristic of  these  lunar  crater^forms  of  int<Test 
and  value  altogether  paramount  We  Lave 
alluded  already  to  that  system  of  bright  ra\  s 
of  which  Tycho  is  the  centre.  These  curious  rays 
are  not  confined  to  Tycho.  Systems  of  the  same 
description  and  of  greater  or  less  complicacy 
are  connected  with  other  craters,  sqch  as  d- 
pemicus,  Kepler,  and  Aristarchus;  and  similar 
rays  traverse  the  moon  in  many  directions,  al- 
though  they  cannot  be  traced  to  any  crater  now 
existing.  But  they  may  be  studied,  with  chief 
rei^Brenoe  to  Tycho.  The  character  of  their  con- 
nection with  that  crater  is  coarsely  shown  in  tba 
subjoined  woodcuL 


WfrT. 


TWt  eoBsist  of  broad  brilliant  bands  (seen  in 
tkeb  proper  splendour  only  when  the  moon  is 
full)  isBoittg  ftom  all  sides  of  the  crater,  and 
stretdiiBg  to  various  distaaoee  from  their  origin. 
— oM  of  them  can  be  traced  along  a  reach  of 
1,700  miles.  There  are  several  defining  eharac- 
teristici  of  these  bands,  /trsf,  It  is  only  when 
the  Moon  ie  ftdl  that  we  eee  them  in  their  entire 
deanesa.  They  may  be  traced,  although  very 
idBtly,  when  the  Moon  is  not  full :  their  splen- 
door  at  fall  Moon  is  very  great  This  cannot 
wboOy  be  attributed  to  the  effect  of  direct  in- 
stead of  oblique  light,  because  at  the  edges  of 
the  Moon's  apparent  disc  on  which  the  solar  ray 
frDe  wry  oblk|ody  at  MX  Moon,  thdr  brilliancy 
is  the  aame.  Ko  rational  explanation  whatever 
has  been  proposed,  regarding  this  remarkable  pe- 
culiarity. Secondly,  The  light  thrown  towards  us 
by  the  rays  fhom  Tycho,  b  of  the  same  kind  as 
tW  re6ected  from  the  edge  and  centre  of  the 
cnUer  iHelf  ?  so  that  the  matter  of  which  they 
am  composed  liad  probably  Uie  same  origin  as 


those  other  poitions  of  Tycho.  Thirdlg^  These 
rays  pass  onward  in  thorough  disnuaid  of  the 
general  contour  of  the  Moon*s  soHaoe;  nowhere 
being  turned  from  their  predetermined  course 
by  valley,  crater,  or  mountain  ridge.  Kow, 
this  critteal  fact  quits  discrediu  the  hypothttb 
that  they  are  aUn  to  lava,  or  that  they  are 
merely  superfldaL  A  stream  of  lava  spreads 
out  on  meeting  a  valley  or  low-land,  and  fomw 
a  lake;  nor  can  it  ever  overpass  a  mountain 
barrier.  The  question  remains  then,  are  these 
rays  composed  of  matter  that  has  been  shot  up 
from  the  mierior  of  the  Moon  ?  It  may  eemn  in- 
credible that  we  can  solve  this  problem  by  vir- 
tually digging  pits  of  vast  depth  down  Uirongh 
those  singular  bands,  and  thus  ascertaining  practi- 
cally that  the  matter  composing  them  certainly 
descends  towards  the  interior  of  oar  Satellite,  and 
that  in  all  pn»bability  it  has  been  forced  np  from 
that  interior.  The  iefei^cope,  which  in  this  instance 
b  our  labtmrtr^  has  discovered  numerous  small 
craters  of  varying  depth  in  the  midst  of  laaiigr 


697 


HOO 


MOO 
w  renuriuble  au«  id  poiDt,  rndel; 


of  IhB  imj^  and  It  nvula  tba  ftet,  that  thMBJ  U  on 

imdl  cntos,  bowever  deqi,  da  not  penetnu  la  tho  Boltjtdned  dugnm.  A  lii^  oMk  mmtii 
tbroagfa  the  matter  we  are  examinhig,  loaBinuch  Saussurc,  and  Dot  far  from  Tycbo,  Um  diiadlT 
a>  thne  coDHa  tmm  llulr  baaea  alwaj*  Uw  aanw  la  the  line  of  a  ray,  and  of  roaiaf  appeara  n  b- 
kJDdof  ligbt  tbat  chanuUriHi  the  ra^.    There)  termpt  It;  bat  at  the  botbNn  of  Sioaaoi^  a(»- 


nitbatanding  the  great  depth  el  that  crater,  the 
ray  from  T.vchu  ni»T  be  trued.  Nay,  than 
U  reaxxi  to  believe  that  in  ravounble  drcuni- 
>Uiu:«a  the  ume  ray  might  be  teen  liung  up 
ilie  lidi*  of  Sanisun,  Joet  u  a  Tetn  of  trap 
ur  ol  volcanic  rock  pierce*  the  aedimentiry 
strata  upon  Earib.  What,  then,  can  we  make 
at  aucb  pbeoomena  ?  Are  not  our  terrestrial 
trap  dykat  or  rdna  (heii  fitting  aimilitudes  7 
rieidng  the  other  tocks  aa  if  shot  Dp  from 
below,  theaa  aiogular  veina  pau  onward  acroae 
valley  and  over  DMontain ;  their  directioD  their 
oaa — indepaidoit  for  the  moat  part  of  the  rocka 


I,  in  •; 


e  limited  In  magnitude,  aod  evideotiy  radi- 
ating from  a  known  BUDiee  I  others  of  vast  Extent, 
and  Dsually  cooDdend  parallel,  but  probably 
owing  lh«r  appannt  paralleliam  to  the  fact,  that 
we  trace  Ibem  only  throngfa  a  brief  portion  oF 

other  sppean  wilhin  reach, — and  the  rayi  or 
brigbc  lines  of  the  Moon  anume  on  import  quite 
unsipected, — they  become  indicet  lo  i/uue  lac- 
ouRne  dUlocalioni  lAal  oonniMt  epochi  in  tlia 
progittt  ((f  <wr  Satdlilt,  In  the  next  general 
section  of  the  present  artkls,  we  shall  lEtum  to 
Ihii  subject. — In  the  meantime  another  indication 
funiiabi'd  by  Ibe  raj's,  demands  nodnL  Reflect 
un  the  course,  as  to  amlnmout  vinbUlty,  of  any 
sli-eani  of  lava  or  any  trap  dyke  upon  the  anrfBce 
of  the  Karth.  No  lava  current  from  Etna  could 
be  tnii«d  to  any  great  diiutoca  t>y  a  spectator  in 
the  Moon,  however  powerful  his  teleecope ;  and  it 
would  be  the  aame  with  r^jard  to  (hnee  lines  or 
drkea  of  trap,  even  luppoaing  tbem  endowed  with 
'  an  excasive  power  to  tedect  light.  The  reason 
is  that  they  loon  enter  forest  regions,  and  ate 
concealed  there,  or  become  orenpread  by  grass  or 
otbs  vegetable  carpetinga.  But  not  even  a  Kdwn 
•laiiu  tlie  brigbtoesa  of  the  baikda  issuiDg  lh>m 


Tyctao;  they  prcnerve,  not  their  riaibility  nodr. 

but  one  bvaiiable  brigfatneea  throngfa  their  onin 
CDurMs.  The  inteence  is  but  too  clear;  and  « 
are  g^  to  find  a  refuge  from  it,  in  the  certaiatT 
that  arrangemenli  must  be  diffident  on  the  otber 
face  of  our  Satellite.  The  existence  of  a  TDCkj 
deeert,  devoid  of  life  or  living  thing,  of  tin  cxlai 
of  even  one  lunar  hemisphere,  is  startling  bb^ 
Bnt  it  is  not  from  (he  examination  cf  scfaiate  or 
isolated  porlions, — it  is  through  their  cs-crdiaa- 
tion — that  the  harmony  of  the  Univerae  affeait. 
Ttie  fabric  surrounding  us  may  be  perfcctaa  avnt 
whole;  but  until  its  entile  and  uliiinale  pnrpoB 
are  understood,  we  cannot  expect  lo  apivdHn) 
theessentialsigniflcaDceofaliltBparta.  KMwitb- 
Btanding  her  clear  deslkiatioii  towaidi  parikaioa. 
Nature  may  embrace  withb  her  infinite  witij. 
all  poesible  forms,  down  even  to  extmrn  ddecte. 
And  she  oompcehenda  aeooidinglj  the  inhaUtel 
globe  and  the  drear  comet,  the  ambrsgniin  loU 
and  the  frowning  rock,  the  Sabari  aod  Ibe  loil- 
ijig  plain—all  Virtoe  and  Vice. 

IIL  SPEcuLATiva  Selevoloot.— TbncUT 
other  features  worthy  of  note  among  the  rcaulla  it 
the  upheaving  csuae  in  theUo(Hi — aocfa  eipeaally 
■s  those  long,  narrow,  and  deep  tiurewi  or  ditcins 
(called  by  (jermen  selenographere  iHJim).  whicii 
are  found  in  different  parti  of  its  surfue;  bat 
observation  regarduig  their  nature  is  not  yt 
greatly  advanced.  And  there  is  one  special  puint 
of  high  import  as  well  as  difflculty,  ilMt  ntgnitlr 
demands  prolonged  scrutiny — we  ineao  Ihewbok 
snbject  of  lunar  lerdling.  Although  Ibe  bewlia 
of  mountains  and  the  depths  of  eavtns  an 
ascertained  with  lingular  nicety,  in  relsiw 
lo  some  spot  in  their  ndghbourfaood ;  do  ap- 
proximatiaD  has  hitherto  bean  made  to  Ibe  coii)- 
parisoo  of  the  heights  of  plaias  or  plateaai : 
and  ve  want  aocordingly  one  of  ths  nuat  tasm- 
tialof  thebMeaof  •  MiJafitrtwy  latiotul  adcn- 
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olqgj.  Nevdthela'S,  some  few  oondarionB  maj 
already  be  hazarded,  if,  under  the  exprae  proviso, 
that  the  tmth  that  is  in  them  is  only  of  the  most 
general  nature. — Two  distioct  questions  seem  to 
press  tar  notice. 

(1.)   The  SetU  and  Mode  of  Action  of  the 
Lumar  Dutwbmg  Force, — ^Tlie  results  arrived 
at  oo  this  liead  are  little  other  than  negative.    It 
is  soffidently  dear,  as  already  hinted,  that  the 
f#roe  wliich  has  disrupted  the  surface  of  our 
luminary  is  not  a  central  force  in  the  common 
acceptation  of  that  word.    No  action  or  reaction 
of  a  aolid  crust  and  a  central  molten  mass — in 
the  light  in  which  Humboldt  contemplates  that 
theory'-could  possibly  have  produced  this  crateri< 
fcnn  surface.    Ndtber  can  the  force  be  such— 
auppoaing  it  local — as  produced  our  terrestrial 
mountain  ranges.    The  admirable  researches  of 
Hr.  Hopkins  of  Cambridge,  have  connected  the 
pheDomeoa  of  paralld  dhiains  and  thdr  contem- 
porandty,  with  their  most  probable  mode  of  up- 
heaval.   It  seems  that  in  our  globe  some  large 
regioo — extendve  both  in  length  and  breadth, 
like  the  plateau  of  central  Ada— is  gradually 
presaed  upwards  by  forces  from  bdow,  until  it 
yidda  to  the  tension ;  when  paralld  and  some- 
times transverse  refts  occur,  through  which  the 
mountaiu  masses  are  protruded.    Mr.  Hopkins 
ilhutrates  what  he  condders  the  facts  of  the  case, 
by  supposing  molten  lakes  of  limited  but  great 
extent,  considerably  bdow  the  surface  of  the  earth, 
and  that  these — bdng  further  heated  by  intemd 
causes — swdloutand  upheave  the  superincumbent 
crust.   No  such  action,  as  we  have  sdd,  can  have 
occurred  in  the  moon,  or  anything  approaching 
to  it;  for  although  there  are  a  few  instances  of 
mountain  chains,  they  are  wholly  unaccompanied 
by  one  neoessaiy  consequence  of  such  dynamical 
energy,  viz.,  paralld  chains.— There  is  no  mode 
of  action  known  on  the  surface  ai  our  planet  at 
all  analogous  to  that  of  the  lunar  force,  unless 
we  again  refer  to  the  case  of  Cruten  qfEleva- 
Uon.     Now,  whatever  this  force  may  be,  it  is 
not  only  essentially  local,  but  confined  within  a 
very  small  drcular  area.    The  student  ought 
cspedally  to  study  on  this  point  the  clasdcd 
memoirs  of  £lie  de  Beaumont  and  Dufrenoy,  on 
the  craters  of  Auveigne — memoirs  duddating  the 
formatioo  not  only  of  these  craters  themselves,  but 
also  of  the  radial  didocatbns  or  rents  with  which 
they  are  necessarily  acoompitnied.    Other  phe- 
nooiena  of  our  own  globe  unfalteringly  attest  the 
reality  of  very  limited  distuxt»ances  or  upheavings. 
For  instance,  the  local  earthquake.   Surdy,  these 
remarkable  and  well  nigh  inceesuit  oscillations 
that  heave  up  and  down  the  small  Scottish  parish 
of  Comrie,  are  no  efflux  of  a  central  heat    Do 
but  strengthen  these  oscillations ;  bestow  on  the 
impiuoned  masses  of  elastic  fluid,  over  which  this 
northern  district  is  uneasily  repodng,  a  slight 
farther  augmentation  of  their  natural  tempera- 
ture, and  they  will  thunder  and  heave,  and  be 
repressed  no  more,  bui — converting  Comrie  into 
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a  oretfer  or  Laacher  See — escape  and  be  at  rest 
Wo  conclude,  then,  that  if  the  Earth,  in  the  pre- 
fwnt  phaseof  its  devdopment,  presents  in  great  pro- 
fusion the  results  of  an  intemd  expandve  energy 
diffiued  over  a  condderable  area,  the  Moon  stands 
forth  in  contrast,  an  eminent  result  of  the  work- 
ings of  the  same  cosmicd  disrupting  energy,  but 
with  its  sent  so  limited  in  extent,  that  it  may 
be  sdd  to  act  at  mere  pdnts.  How  intense  that 
action  must  have  been !  The  rays  issuing  from 
the  craters  are  merdy  a  repetition  on  a  might}- 
scde  of  the  radial  rents  of  Auveif(ne;  but  how 
mighty  the  scde !  Assuredly,  we  have  nothing 
on  earth  equivalent  in  degree  to  the  explosive 
force  that  produced  a  Tycho,  and  at  the  same 
time  shattered  the  lunar  crust  over  all  the  space 
oovered  bv  these  brilliant  lines. 

(2.)  The  History  or  Development  qfthe  Lmar 
Formation*. — Considering  the  uncertdnty  tliat 
overiiangs  dl  speculation  regarding  the  mode  of 
action  and  dtimate  nature  of  the  upheaving  cause 
on  the  Earth,  it  is  no  mar\'el  that  so  little  that  is 
satisfactory  has  been  ascertained  concerning  this 
remote  and  obscure  question,  when  the  seat  of  its 
force  is  in  another  planet  Fortunatdy  we  touch 
now  on  a  more  manageable  inquiry.  It  cannot 
be  conceded,  that,  up  to  very  recent  years,  every 
problem  connected  with  lunar  cosmogony  has 
been  subjected  to  the  same  ill-conddered  and  fan- 
tastic method  of  treatment  which  prevailed  in  the 
infancy  of  geologicd  sdence.  Nor  is  it  marvd- 
lous  that  an  early  inquirer  should  discern  in  ex- 
isting apparent  confudon,  nothuig  beyond  evidence 
of  terrible  convuliion,  or  a  relic  of  the  condition 
of  things  that  has  been  named  cAoos.  But  how 
admirably  have  the  labours  of  science,  by  analyz- 
ing the  objects  before  it,  evoked  from  amid  the 
seemingly  lawless  forms  of  the  Earth,  evidence  of 
a  long  and  solemn  order.  Those  formless  groups 
of  mountdns  perplex  us  no  longer — nor  upturned 
strata,  nor  masses  of  contorted  slate :  nay,  it  has 
become  an  instinct  with  the  sound  geologicd  In- 
quirer to  reject  at  once  whatever  speculation  pre- 
sumes to  go  back  to  the  origin  of  things,  or  u 
based  on  the  assumption  of  universd  cata- 
dysms.  But  this  grand  achievement  was  virtu- 
dly  accomplished  only  when  our  terrestrial  forma- 
tions were  arranged  according  to  the  category'  of 
Time,  Is  it  possible  to  reach  the  same  end,  in 
relation  to  the  mountain  masses  of  the  moon  ? 
Instead  of  settling  down  with  some  hypothesb 
regarding  the  esca()e  of  our  satellite  from  this 
sdd  chaos,  may  we  not  arrange  its  formations  also 
according  to  their  age;  and  thus  begin,  at  least,  to 
search  amid  its  confused  multitudes  of  craters,  for 
traces  of  an  order  and  progress  that  unquestitm- 
ably  exist  ?  It  may  be  asserted  withont  presump- 
tion that  this  can  be  accomplished.  The'spedal 
method  by  which  the  relative  sge  of  a  terrestrid 
mountain  chdn  is  ascertained,  is  evidently  not  ap- 
plicable to  the  case  of  the  moon ; — no  possible  teles- 
copic power  shall  ever  asoertdn  the  relations  there, 
between  difierent  devations  and  atratUled  masses. 
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But  another  principle,  also  of  TAlne  and  extensive 
use  in  our  globe,  is  clearly  applicable  The  geo- 
logist frequent!}'  requires  to  determine  the  relative 
ages  of  two  or  more  contiguous  masses  of  crystal- 
line rock — say  of  granites ;  in  which  case  the  facts 
and  reamns  relied  on  are  the  following: — For  the 
most  part  such  rocks  are  accompanied  by  veins 
or  arms  emanating  from  their  chief  masses  like 
the  branches  of  a  tree;  and  the  veins  of  eon- 
tigwom  mattes  q/len  inter/art  with  each  other" 


the  one  cntting  the  other  as  above.  Now,  ft 
cannot  be  doubted  that  the  vein  cut  throngh,  must 
be  older  than  the  one  which  cuts  it — the  dotted 
vein  than  the  crossed  vein ;  and  we  pronounce, 
therefore,  as  to  the  posteriority  of  the  crossed 
granile.  Giving  to  this  principle  its  widest  sig- 
nificance, it  may  be  tenned  the  principle  of  the 
tntersedion  qf  dislocations.  But  such  dislocations 
are  \*ifiible  over  all  the  lunar  suHace.  Not  the 
rays  from  craters  merely,  although  these  are 
abundant :  other  rents  appear  in  multitudes, — 
Ibr  instance,  that  great  one  which  passes  nearly 
athwart  the  moon :  and  these  dblocadons  inier- 
fere  with  or  intersect  each  other.  Of  what  sort 
of  matter  these  rays  are  composed  is  not  of  con- 
sequence to  this  inquiry.  That  a  fissure  on  the 
earth  has  been  filled  with  trap,  matters  nothing 
as  r^;ards  the  age  of  the  fissnre ;  it  might,  in  so 
far  as  that  goes,  have  been  filled  by  an  upbnrst- 
ing  metal.  Ndther  ought  the  comparative  small- 
ness  of  terrestrial  ^'eins,  and  the  impossibility  of 
seeing  them  finom  the  moon,  affect  the  speculation 
now  pro|)osed ; — if  we  see  the  dislocations,  there 
can  be  no  reason  why  we  may  not  see  their  inter- 
sections. These  intersections  are  visible,  and  in 
multitudes  of  cases  it  is^easy  to  tell,  through  ap- 
]>reciatioa  of  the  degree  and  colour  of  the  light 
of  the  intersecting  rays,  which  s^  it  is  that  vui- 
Jhrm/y  cuts  through  the  other.  The  observations 
referred  to  demand  laiv^e  telescopes,  and  cannot 
be  conducted  with  full  eflect  unless  under  a 
dearer  sky  than  ours; — one  more  reason  for  lament- 
ing that  through  causes  and  influences  not  easily 
understood,  the  British  government,  so  liberal 
generally  in  aid  to  science,  rejected  the  recent 
proposal  to  establish  at  the  ( 'ape  of  Good  Hope  a 
reflector  as  lar^e  as  Lord  Rosse^s.  Here,  too,  a 
key  may  be  found  to  the  epochs  of  the  retirement, 
to  the  opposite  heniinphere,  of  the  cl-%-terre8trial 
lunar  oceous.   The  [>henomenon  spoken  of  is  illus- 
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trated  in  fig.  2,  plate  III.  As  to  posftive  re^nlta 
nothing  as  yet  can  be  finally  laid  down.  But  H 
seems  not  improbable  that  Tydio  is  one  of  the 
oldest  of  the  visible  lunar  craters ;  and  that  the 
mountain  chains  have  been  devdoped  oofnparar- 
tively  recently.  It  will,  indeed,  be  strange  ahonld 
it  turn  out  that  the  moon  is  merely  a  yowager  orb, 
growing,  in  so  far  as  the  upheaving  cause  n  oon- 
oemed,  into  a  closer  likeness  to  the  earth.  Long— 
onfathomable  almost,  our  own  geological  hlstoij ; 
— if  the  moon  represents  a  period  baried  fax 
deeper  in  the  past  than  the  epoch  of  the  forma- 
tion of  azoic  rocks,  how  stupendous  the  vista! 
At  all  events,  let  us  search  for  results  by  this 
positive  method,  cease  specnlatioii  about  cata- 
clysms, and  learn  that  with  the  moon  as  with 
the  earth,  or  with  any  ph^'sical  history,  it  ia  de- 
lusive vain  and  presumptuous,  to  attempt  to 
penetrate  to  a  hegtmnng. 

n«rga«si  Fam.    See  Fata  Mosgaita. 

Jll«ii«a,  IJSKwm  •£    See  Laws  of  Ifonov. 

n«Tlag  F«ree  may  be  defined  to  staid  with 
reference  to  the  momfntnm  thAt  St  nltimatelj 
produces,  just  as  accderating  force  standa  to  the 
accderation.  Thus,  two  balls  falling  to  the  earth 
are  subject  to  the  same  accderadngforees — tiion^ 
the  one  be  twice  as  heavy :  but  the  one  will  have 
twice  the  momentnm  of  the  other,  and  be  acted 
on  by  twice  the  moving  force.  We  most  coosSdcr 
then,  not  only  the  amount  of  motion,  but  the 
quantity  of  matter  in  the  body  moved  in  thb 
latter  case.  Hence  the  moving  faros  is  eqoal 
to  the  product  of  the  mass  by  the  acoekrat- 
ing  force.  The  term,  acoderating  fonse,  is  ab- 
stracted entirely  fVom  matter,  and,  in  fret,  no 
corresponding  reality  existsi  Accderating  Ibree 
is  only  the  quotient  obtained  by  dividing  the 
continually  operating  ibroe  (ttie  moving  force) 
by  the  mass.  Frequently  however,  it  is  oon- 
venient  to  speak  of  the  accelerating  force  gener- 
ally, as  entering  among  tlie  data  of  any  pro- 
blem, independent  of  the  mass  of  matter  treated 
of  Thus  o  »  82*2  ia  the  accelerating  foraa  e# 
gravity. 


The  object  of  all  the 
instruments  passing  under  the  fof^oing  names  is 
the  same,  vis.,  the  measurement  of  the  intensitj 
of  galvanfe  currents,  strong  or  feebl&  Their 
principle  is  also  in  common  and  as  follows.  If 
a  conductor  be  placed  above  a  magnetic  needlaf 
but  only  near  it  and  paralld  to  its  axis  it  n&akea 
the  needle  deviate  to  the  east  or  to  the  west, 
according  as  the  cnirent  is  moving  tnm  north  to 
^  south,  or  from  south 

^v.^ to  north;  and  if  the 

needle  is  heiota^  tlis 
eon%*erseof  the  fore- 
going changes  taire 
place.  If  then  the  condnctor  tra^-ersed  by  the 
current  be  bent  into  a  rectangle  as  above,  and 
the  needle  placed  in  the  centre  of  the  parallelo* 
t^ram,  it  is  evUeat  that  this  needle  must  be  sqIk 
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jKt  tD  twts  iKvt  opporing,  but  ooncnirin^  forces, 
•ad  that  itf  deviation,  M  due  to  the  galvanic  cur- 
ROt,  win  be  mucb  greater  and  therefore  much  more 
easily  diaoemed  and  detected  than  had  it  been 
influenced  by  one  conductor  placed  either  above 
or  below  it  8till  further,  if  instead  of  bending 
the  cundttctor  only  once,  as  above,  it  had  been 
bent  into  a  great  number  of  continuous  rect- 
angles or  convolutions,  it  is  clear  that  the  eflect 
of  currents  on  the  needle  might  be  made  very 
great,  or  multiplied  Xo  a  large  extent  It  is  to 
]L  Schweigger,  a  German  physicist  that  we  owe 
the  original  idea  of  the  gnhanometer-wvHiplier. 
Many  Ibrms  have  been  given  to  these  multipliers 
— ^uid  various  instruments  liave  been  proposed 
with  diilisrent  quslities.  We  can  only  indicate 
the  chief  of  these,  referring  for  special  instnictive 
details,  to  spedal  treatises  concerning  the  subject 
of  Geifvammeirf. — (1 )  NobilVs  Cahtjnomefer 
MmUipJier. — In  the  case  we  have  Just  imagined, 
there  evidcntlv  remains  to  counteract  the  direc- 
tive  eflect  of  the  Galvanic  current,  the  directive 
cAcC  of  Terrestrial  Magnetism.  Remove  the 
Utter,  and  the  influraee  of  the  former  will  be 
fidt  singly  and  purely.  M.  Nobili  proposed  to 
ivpaod  a  secoilS  needle  outside  or  over  the  con- 
voluted coil,  and  of  oontse  in  immediate  proxi- 
mity with  the  endosed  needle  and  parallel  to  it, 
-~oo]y  with  revened  poles,  l«.,  the  north  pole  of 
one  needle  being  placed  right  over  the  south  pole 
ef  the  other.    ThcM  two  meedles,  connected  in 


NAT 

this  way  fixedly,  and  swinpng  on  the  same  piroA 
or  suspended  by  the  same  thread  or  wire,  would 
necessarily  form  a  system  indifferent  to  the 
£arth*s  magnetic  force,  or  as  Nobili  called  it  an 
astatic  needle  \  so  that  the  entire  amopnt  of  de< 
viation  would  be  a  correct  meaiiure  of  the  power 
of  the  circulating  current.  Much  care  is  re- 
quired to  construct  such  an  instrument ;  but  the 
class  to  which  this  one  belongs  has  been  of 
essential  service  in  advancing  the  study  of  the 
relations  of  Electric  Currents.  (2.)  The  Sine 
Gahxnumeter^  suggested  by  De  la  Rive  and 
perfected  by  Pouillet  See  the  standard  works 
by  De  la  Rive  and  Pouillet^s  Physique,  (8.) 
The  Tangent  Galvemometer,  This  is  the  beftt 
of  all,  although  somewhat  expensive.  See  De 
la  Rive  and  Beoquerel.  (4.)  Becquerel's  EleetrtH 
dynamic  Balance.  The  name  of  this  instrument 
indicates  the  principle  on  which  it  rests.  It  has 
been  greatly  perfected  by  Rhumkorff.  (6.) 
Dubois  Raymond  has  largely  added  to  our  know- 
ledge of  the  habitudes  of  the  astatic  needle^  and 
he  has  done  much  towards  augmenting  the  sensi« 
bilitv  of  that  instrument  so  that  it  can  detect  and 
estimate  %-ery  small  currents.  See,  inter  alia^  the 
dassfcal  treatii^es  by  De  la  Rive  and  Becqnerel. 

IHaaca.  The  Fly.  The  name  given  by 
Lacaille  to  what  Bayer  calls  the  Apis.  It  is 
Just  below  Crux ;  between  it  and  the  Squth  Pole. 
Its  largest  stars  are  of  the  fourth  magnitude. 
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r.  'niat  point  of  the  complete  drcle  of 
tfK  heavens  which  is  Y-ertically  below  us.  If  we 
^  aapposs  a  man  standing  on  the  other  side  of  the 
earth  from  us.  his  feet  to  our  feet,  our  nadir  will 
be  hb  senith— the  highest  or  central  point  in  his 
horiion.  Like  the  zenith,  the  nadir  is  quite 
an  imaginary  point  There  is  none  such  phy- 
sically. In  truth,  it  is  only  the  direction  of  the 
vertical  line  downwards,  that  we  indicate  when 
we  speak  of  the  nadir. 

IVaricr^  Amaogies  (Tecbalcal).  Four 
imnulm  for  the  resolution  of  spherical  tri- 
aoglesi  «.e.,  for  finding,  from  certain  given  cle- 
Baents,  the  nngiven  elements  of  the  triangle. 
The  small  letters,  represent  the  sides,  the  cir- 
cular arcs  on  the  spherical  surface;  the  large 
letters,  tlie  angles  opposite  to  the  sides  marked 
Inr  the  same  letter.  The  formula,  which  are 
veiy  convenient  for  logaritlimic  calculations, 
and  of  great  use  in  astronomy  when  we 
have  to  do  with  spherical  triangles,  are  as  fol- 
k>wi— 

*  COS-i(B  +  c) 


Tang- (6- c) 


Tang-  (B-l-c) 


1  tln-CB  — c) 

oot-«X— J 

nn-g  (B  +  c) 

J  C0Sy(ft  — «) 

=  cot  ^  AX— J 

«»  Y  ^*  "I"  *^ 


Tang  ^-(B  — c) 


2" 


«>*-^AX 


•in- (6 -a) 
"«  2  (*  +  «) 


IVapler^  B««ee*  The  name  given  to  certain 
pieces  of  Ivor}*,  &c.,  containing  the  producta  of 
any  two  single  numbers,  so  contrived,  that  multi- 
plication and  division  rf  large  numbers  may 
easily  be  performed  by  them:  invented  by  the 
famous  Lord  Napier. 

Nttiaml  Fliiioe«ph7*  A  term,  which  in 
Germany  is  taken  to  signify  the  whole  circle  of  the 
psychical  and  material  sciences.  In  this  country 
it  is  confined  to  the  latter.  The  term  as  we  nse 
it  is  the  simple  English  of  the  Greek  word  Phy* 
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ricf},  which  ID  oommouly  employed  to  mean  the 
same  thing,  ue.^  a  eummary  of  the  laws  which 
regulate  the  phenomeoa  of  material  nature. 

IVantlcal  Amtronmnkj.  That  portion  of 
astronomical  science  which  is  applied  to  the  de- 
termination at  sea  of  Lonqitudr«  Latitude, 
Time,  &c.     See  those  articles. 

ff  antlcal  Instnmieats.  These  are  twofold. 
Firstj  Those  applicable  to  navigation  strictly  so 
called — viz.,  instruments  for  measuring  the  8hip*s 
way  or  the  log^  instruments  for  measuring  the 
strength  of  currents,  the  vertical  depth  of  the 
ocean,  and  the  strength  of  winds.  Secondijf^ 
Those  applicable  to  astronomical  observations  at 
sea— consisting  chiefly  of  reflecting  instruments 
such  as  the  Sbxtaitt,  contrivances  for  determin- 
ing horizon  points,  &c.  To  wliich  may  be  added 
the  Compass.  Many  improvements  of  the  high- 
est value  have  recently  been  suggested  by  I^ 
fessor  Piazzi  Smyth,  Astronomer  Royal  of  Scot- 
land. Reference  is  especially  made  to  a  very 
able  and  suggestive  pamphlet  reoently  published 
by  this  excellent  observer. 

Narisatl^Bt  as  a  mechanical  artj  consists  of 
an  account  of  the  methods  of  handling  a  ship  by 
means  of  its  sails,  &c.,  so  that  she  pass  through 
the  waters  along  a  certain  definite  course.  An 
art  difficult  and  of  the  highest  i  mportance.  It 
virtually  proposes  to  contend  with  winds  and 
oceanic  <^rrents,  by  other  mechanical  contriv- 
ances. Into  the  details  of  this  mechanical  art, 
however, — so  eminently  possessed  by  the  mariners 
of  our  own  land  and  of  one  or  two  other  coun- 
tries, — we  cannot  enter  here.  But  there  are  purely 
scientific  requisitions  besides.  It  is  requisite  that 
the  navigator  be  able  at  all  times  to  know  accu- 
rately his  position,  or  his  latitude  and  longitude, 
even  when  long  out  at  sea,  in  mid  ocean.  The 
true  and  only  reliab.e  way  of  efiecting  thb 
accurately,  is  by  the  methods  of  Nautical  Astro- 
nomy :  —  Thes^  are    discussed    under    Chbo- 

KOMETER,      LaTITUDB,      LoNGITUDB,      LuNAR 

Distances,  Timis,  &c  But  the  sailor  employs 
from  day  to  day  approximate  methods;  which 
alone,  we  intend  verA'  briefly  to  Indicate  in  this 
place.  The  student  is  referred  for  details  to  the 
very  excellent  works  on  Navigation  by  Mr. 
Riddle  and  Lieutenant  Raper.  It  is  assumed  as 
the  foundation  of  all  these  approximate  or  ten- 
tative methods,  that  the  Navigator  knows  the 
course  on  which  he  has  run,  and  the  distance  he 
has  run  in  a  given  time.  For  the  knowledge  of 
his  course,  he  depends  on  his  Compass^  an  in- 
strument of  the  highest  importance,  but,  whose 
variations — permanent  as  well  as  accidental — he 
ought  to  be  able  to  correct  for  and  compensate. 
The  distance  run  is  usually  obtained  by  his 
loff  line — a  contrivance  showing  the  resistance 
encountered  by  the  ship  in  passing  through  the 
waters,  and  thus  furnishing  a  basis  for  calcula- 
tion as  to  the  distance  passed  over,  or  the  speed 
of  the  ship.  The  log  would  be  remarkably 
accurate   if  the  ocean  were  quite  at  re^t,  or  if, 
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whatever  Its  waves  or  oscillations—there  mn 
no  curreiUi  in  it.  But  so  soon  as  Uie  vesid  ialls 
within  a  current,  the  indication  of  the  kg  be- 
comes inaccurate,  and  requires  to  be  ooirected 
for  the  set  of  the  current  Hence,  the  vast  im- 
portance to  the  practical  mariner  of  an  aoqoain- 
tance  with  the  physical  conditions  of  the  ocean— 
a  subject  quite  as  important  to  him  theoreti- 
cally, as  the  subject  of  perturbations  to  the 
physical  astronomer. — In  what  followa,  howerer, 
we  diall  postulate  that  the  mariner  knows  his 
course,  and  that  he  has  corrected  his  log  for  the 
set  of  cuirents.  The  methods  of  facing, 
from  these  corrected  data,  the  actual  poidtioos  of 
the  ship,  are  mere  approximatioDa,  and  as  fiil- 
lows: — 

(1.)  Plane  ScdHng — ^This  method  supposes  that 
the  course  of  a  ship  has  not  altered;  and  further 
that  the  Earth  is  not  a  sphere,  bnta  great/>&nie: 
This  lattw  supporition  may  be  taken  as  neariy 
correct  for  a  short  space  of  time — aay  a  day*8 
sailing.  Now,  that  day's  sailing  may  be  taken 
as  the  hypothenuse  <^  a  right-angled  triangle, 
one  side  of  which  is  the  true  difference  of  latitude 
made,  and  the  other  side  what  is  named  the 
dqxK^urej  or  the  actual  distaD<A  made  east  or 
west  This  departure  cannot  of  itself  give  the 
difierence  of  longitude,  because  the  lengths  of 
degrees  of  longitude  vary  in  different  parts  of  the 
Earth.  Still,  by  this  easy  method,  a  rough 
approximation  can  be  had  as  to  the  ship's  dniu^^^ 

(2.)  TVauerse  SatUr^, — ^A  ship  seldom  keq« 
the  same  course  for  any  length  of  time,~thit 
course  often,  through  effect  of  winds,  variei  dur- 
ing a  ringle  day.     This  is  technically  called  tra- 
versmg;  and  the  problem  is  to  find  the  diffeienoeof 
latitude,  and  the  true  departure  made  during  such 
a  zig-zag  coune.     The  common  method  is  easy 
enough.      The  various  courses    are   oooiputed 
separately  upon  the  principle  of  plane  sailing, 
and  combined  according  to  their  signs,  or  as  tber 
are  pluM  or  mmua.     The  difierence  of  lalitadB 
made,  may  here  also  be  pretty  much  rdwd  on ; 
but  it  is  quite  otherwise  with  regard  to  the  diiiir- 
ence  of  longitude.    According  to  ordinaiy  prac- 
tioe,  all  the  defforturet  are  compounded  a(»oniing 
to  their  signs  -|-  or  — ;  but  it  needs  no  refleetioB 
to  show  that  this  method  is  utteriy  faUacioosL 
Because  of  the  spherical  foim  of  the  globe^  the 
departure  at  one  latitude,   signifies  a  totally 
different  thing  as  to  degrees  uf  longitude.  fiRan 
the  departure  at  another  latitude;  andyel,  so 
strong  is  habit,  so  entirely  does  it  dominate 
over  knowledge — ^it  continues  the  pracdoe  of  the 
mass  of  our  Na\igatorB  to  deduce  their  tnie 
place  as  to  longitude,  from  the  simple  average  of 
these  departures ! 

(3.)  Parallel  SaiHng,--^U  a  ship  sails  tkaig  a 
given  paralld  of  Latitude,  the  difienenoa  of  Longi- 
tude can  of  course  be  easily  calculated,  inaamoch 
as  we  know  the  length  in  miles  of  a  degree  of 
Longitude  for  any  Latitude  from  Pole  to  Equator. 

(4.)  Middh  LatUwU  8ailmg,~^U   may  ba 
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gatliered  frnm  'what  has  been  said,  that  the- 
practical  difficaltj  is  to  deduce  t^  Longitude 
arrived  at,  fnim  the  dqiartures  in  traverse  sail- 
ing. Middle  Latitude  Sailinf^  is  an  ingenious, 
and  upon  the  whole  a  very  accurate  device,  by 
which  the  difficulty  may  be  overcome.  Suppose 
a  ship  tra^'aning  for  many  days  fh>m  north  to 
south,  in  a  northern  hemisphere : — her  departure 
in  miles,  in  the  ettrly  part  of  her  courK,  would 
give  too  great  a  dilTerence  of  Longitude ;  while 
the  departures  in  the  latter  part  of  the  same 
coarse  would  give  too  small  a  difference.  The 
average  of  the  two  might  give  very  nearly  the 
difl^rrence  o(  longitude,  for  the  ship's  Middle 
L/itifude—ie,,  the  latitude  half-way  between  the 
point  from  which  shestartetl,  and  that  at  which 
she  arrived.  The  ship's  Longitude,  when  at  that 
middle  poiat,  may  thus  be  calculated ;  and  io  as 
she  passes  fSulher  onwards.  The  method  would 
be  entirely  correct  If  the  meridians  were  truly 
sides  of  a  rtctUineal  trianjlt  whose  apex  is  ihe 
pole.  But  as  they  are  great  circles  instead,  a 
farther  correctioo  is  required, — a  correction  found 
in  our  best  nautical  tables. 

(5.)  MtrcatorU  An/i/i^.— This  is  the  most 
accurate  of  all  exbting  modes  of  computing  a 
ship's  ooorse.  lu  principle  is  naturally  the 
same  asthatof  Mercator*s  projection  of  the  sphere 
ufion  a  pllme.  The  object  <^  this  projection  is 
to  exhibit  the  various  parts  of  the  Earth,  npon  a 
jilane  snrlace,  under  their  actual  relative  dimen- 
sions and  forms.  This  aim  was  cot  thoroughly 
realized  ;-»hen€e,  the  value  nf  the  new  liomolo- 
graphic  /ejection  of  H.  Babinet.  Mercator's 
sailing  aims  at  treating  any  set  of  ship's  courses 
in  any  part  of  the  Earth,  on  the  principle  of  the 
Mercator  projection ;  and  the  object  is  well 
accomplished  by  aid  of  corrections  far  fVom 
ciiniplex^  supplied  in  appropriate  tables.  This 
mode  of  computation  ist  certainly  the  nearest  in 
accuracy,  to  astronomical  methods;  bat,  nn- 
fortunatdy,  it  is  not  extensively  employed. — 
I'hase  are  the  chief  methods  of  practical  Xa>nga- 
tion.  But  we  cannot  avoid  noticing  what  is 
now  termed  Grttit  Circle  sailing.  The  object  of  a 
Navigutw,  is  of  course,  to  pass  by  the  shortest 
mute  from  mu  point  on  the  Earth's  surfaoe  to 
another.  Now,  that  shortest  route  is  a  great 
circle  of  the  sphere,  pasi^ing  through  Uie  two 
points.  It  is  not  posbible  for  any  ship  to 
keep  steadily  on  any  line  or  circle;  but  if 
Navigators  knew  to  aim  at  proximity  to  the 
great  drcle,  much  time  and  trouble  would  be 
saved.  Tables  have  been  published  by  the  Ad- 
miralty nnder  the  title,  "  Tables  to  facilitate  the 
practice  of  Great  Circle  Sailing,"  which  instruct 
the  practical  sailor  how  to  approximate  as  nearly 
a<<  possible  nnder  all  dreumstaiices,  to  the  great 
circle.  These  valuable  tables  were  constructed 
by  Mr.  Towson,  now  of  LiverpooL 

fi^tsKp  TMea.  Those  which  happen  when  the 
moon  is  in  the  middle  of  the  second  or  fourth 
quartere.    They  are  low  tides,  the  spring  tides 
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being  the  high  tides.  The  lowest  of  all  tides, 
technically  called  "deep  neap,'*  happens  four 
days  before  the  full  or  change  of  the  moon.  See 
Tides. 

NebailsB*  The  name  given  to  a  class  of  ob* 
jects  which  may  certainly  be  termeil  the  most 
extraordinary  in  the  heavens.  The  nebulae  are 
invisible  to  the  naiced  eye,  the  only  exception  in 
these  northern  climates  being  the  great  nebula 
in  Orion  and  that  in  Andromeda — both  some- 
times presenting  the  a.<!pect  of  a  very  faint  and 
very  limited  ha/.c.  When  first  de-nu-ied  by  the 
telescope  the!«e  objects  look  like  small  milky  spots. 
On  Uie  application  of  larger  light-gathering  and 
magnif^ong  power,  many  of  them  are  resolved, 
i.e.,  they  unfold  themselves  as  clusters  of  star4. 
The  additional  power  that  resolves  some  nebulte, 
discovers  others  having  the  aspect  of  milky  lights ; 
and  to  the  great  telescope  of  Parsonstown,  which 
can  penetrate  so  profoundly  into  space,  there  ap- 
pear a  great  many  more  unresolved  nebulie,  than 
can  be  seen  by  any  other.  Various  points  of  im- 
portance are  now  under  discussion  regarding  these 
memorable  objects. 

(1.)  The  Forms  of  th*.  NebulcB.—The  extra- 
ordinary variety  of  forms  assumed  by  the  nebiil:c 
will  receive  a  partial  although  very  inadecjuate 
representation  from  plate  IV.  Amid  tiiis  lin- 
gular variety  two  forms  may  be  selected  as  more 
prevalent  than  any  other.  The  Jirat  is  the 
spherical  form,  or  the  approximati-ly  spheric.il. 
Multitudes  of  nebnls  exist  of  this  sliape,  ami, 
generally  speaking,  they  manifest  considerable 
concentration  towards  the  centre.  One  brilliant 
instance  of  a  resolved  nebula  of  this  sort,  is  tito 
well  known  and  most  gorgeous  cluster  in  the 
constellation  Hercules.  It  is  ponrtrayed  in  tig. 
1.  Another  form  is  that  of  fig.  2,  where  the 
central  concentration  seetns  to  take  place  rather 
by  starts,  or  breaches  of  continuity.  Such  a 
cluster  would  appear  to  a  small  telescope  a  mero 
nebulous  star)  t^e.,  a  star  with  a  faint  halo  around 
iL  It  is  scarcely  possible  to  miss  observing  ttie 
very  dear  marks  of  the  arranging  influence  of  an 
attractive  power  within  mai^nes  of  such  shape  and 
characteristics  as  these.  In  all  probability,  sIm), 
vast  orbital  motions  prevail,  ade()uate  to  give  them 
a  comparative  stability — to  prevent  or  postf>one 
that  collapse  which  would  inevitably  issue  from 
the  unchecked  agency  of  central  forces.  Tlie 
second  prevailing  form  is  the  spiral,  illustrateti 
in  three  figures  in  the  plate«  viz.,  4,  €,  and  U. 
The  lustre  of  some  of  these  forms,  when  seen 
through  the  great  telescope  of  Parsonstown,  b 
unparalleled;  they  strike  astonishment  into  the 
most  callous  beholder.  Impossible  tis  it  is  to 
conceive  what  forces  are  engaged  in  8ustainin«< 
shapes  so  strange,  it  b  equally  impossible  to 
disregard  clear  intimations  of  a  gradation  of 
8ha()e.  Fig.  4  occupies  a  sort  of  middle  place  in 
the  series.  We  have  other  shapes  like  that  of 
fig.  9  where  the  spiral  is  much  opener,  and,  on 
the  othff  hand,  there  are  brilliant  instancea  in 
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which  the  ipfral  arms  have  quite  closed  in  and 
formed  an  alraoet  regular  and  continuous  oval 
fij^ure.  In  presence  of  such  gradations  of  form, 
the  idea  of  progreasion  almost  necessarily  suggests 
itself  Are  these  gigantic  masses  in  a  condition 
of  change  or  flux?  A  question  as  yet  far  from 
decision ;  but  the  foundation  for  ultimate  decision 
is  being  laid  by  the  labours  being  now  performed 
at  Parsonstown — ^\nz.,  the  mierometricalmeasmre' 
ment  Of  all  the  leading  nebula.  Fig.  6  is  anotlier 
spiral  form.  Attention  has  been  arrested,  too, 
by  that  very  remarlLable  nebula  in  Andromeda, 
represented  in  fig.  8.  The  singular  feature  of  it, 
consists  in  these  two  dark  spaces  or  patches ;  is 
it  not  likely  that  Andromeda  is  also  a  spiral 
nebula,  but  seen  from  above — not  from  the  side? 
If  it  were  a  spiral  of  the  kind  of  a  heliXf  these 
dark  spaces  might  be  at  once  understood. — Be- 
sides these  leading  forms,  others,  frequently  of 
the  most  capricious  nature,  abound  in  the  sky. 
Ixiok  for  instance  at  fig.  6,  or  still  more  at  fig.  7. 
How  extraordinary  an  arrangement !  This  latter 
is  a  specimen  of  the  real  shape  of  what  once  were 
called  planetary  nebube — t.e.,  nebula  with  discs 
of  equable  light,  in  which  there  is  no  trace  of 
condensation.  Many  decries  were  proposed  to 
account  for  such  aspects :  the  true  solution  came 
at  length  from  Lord  Rosse, — toe  had  not  seen 
theee  rikjetU  aright ;  they  are  hollow  nebula,  with 
slrealu  partially  through  them — hence  their  ap- 
parently equable  illumination.  This  is  one  among 
many  instances  of  the  danger  of  speculating  on 
the  apparent  shapes  of  these  shadowy  appearances 
as  if  they  were  their  real  shapes.  For  instance, 
fig.  8  is  the  once  famous  dumb-bell  nebula,  as 
that  is  seen  in  the  six-feet  reflector. — ^ng 
nebula  are  not  uncommon—- a  fine  illustration 
being  in  the  constellation  Lgra,  But  the  greater 
number  may  certainly  be  styl<id  amorphous ;  the 
most  gigantic  instance  of  which  is  unquestionably 
the  grand  Nebula  ofOrion^  easily  discerned  with  a 
comparatively  small  telescope.  When,  however, 
this  object  is  regarded  by  an  instrument  of  ade- 
quate power,  it  baflles  all  description— spots  of 
light  irregularl}'  difiused — the  mass  of  it  passing 
away  into  utter  faintness,  probably  through  effect 
of  the  profitndities  into  which  it  pierces — arms 
and  branches  of  the  most  fantastic  form  and  ar- 
rangement, stretching  out  one  knows  not  whither! 
We  have  not  as  yet  obtained  a  fall  figure  of  this 
nebula  from  Parsonstown ;  but  M.  Lassel  sketched 
it  at  Malta,  and  a  finely  executed  copy  of  the 
drawing  made  at  Cambridge  near  Boston,  U.S., 
is  given  in  Professor  NichoFs  Architecture  of  the 
Heavens^  ninth  edition,  BaUliere^  I^ondon.  It  may 
be  remarked  that  this  volume  contains  the  most 
efTecdve  engravings  of  the  nebula,  that  are  to 
be  found  in  any  accessible  work. — The  classical 
volume  on  the  nebula  of  the  Southern  Hemi- 
sphere, is  Sir  John  Herschers  RettdU  ofObwroor 
tiotu;  but  the  whole  of  this  portion  of  the 
heavens  ought  to  be  re-snrveyed  with  a  much 
more  powerful  instrument. — See  also  Lord  HiMse's 
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various  memoirB  in  tlie  PhUoeepkioid  Tt 
tiona, 

(2.)  ConttUuUonandDistanoeBofikeNAatm. 
— This  is  the  obscurest  portion  of  the  SidereeJ 
Astronomy.  It  was  a  strong  opinion  of  Sir  Wm. 
Hnrschel's^the  ever  illustrious  founder  of  the 
whole  of  this  portion  of  astronomical  inquiry^-* 
that  there  are  two  dUtiuct  classes  of  nebula ;  ana 
class  consisting  of  clustera  of  stars,  so  remote,  that 
nothing  but  their  milky  light  can  be  dtsoeroed; 
and  a  second  class  in  which  the  matter  is  noc 
stellar,  but  a  confused  ga;seou9  substanoe,  not 
unlike  the  matter  of  comets.  The  ground  oa 
which  this  eminent  man  thought  tliat  the 
tinction  could  be  established,  was  ~  in 
terms — the  following : — ^A  certain  proportMmafity 
appears  to  hold  between  the  power  of  the  tefe- 
scope  that  first  descries  a  duster  as  a  milky  qtoc^ 
and  the  telescope  Uiat  succeeds  in  resolving  it. 
But  there  are  objects  with  regard  to  whidi  Chen 
is  no  such  proportionality.  The  nebula  of  Ocioii 
and  Andromeda,  for  iubtance,  may  be  said  to  be 
visible  to  the  naked  eye\  while  no  power  that 
even  Herschd  had  at  his  command,  was  adeqnata 
to  resolve  them.  Now,  their  iiresolvabilitj— on 
the  supposition  that  they  consist  of  roultitwlei  of 
ordinary  stars'— argues  their  enormous  distances; 
wtiile  their  visibility  to  very  small  tdeseopie 
power,  would  under  such  drcumstanoea  indicato 
axi  amount  of  compression  of  the  separate  orha  of 
which  they  are  composed,  that  has  no  parmDel  in 
known  regions  of  the  heavens.  That  phenomenon 
— an  apparent  one  only — of  the  neimionu 
already  alluded  to  and  explained,  first 
gested  this  idea  to  Uerschel;  and, 
as  above,  he  erected  upon  it  his  famous  and 
captivating  theory,  that  this  nebulous  matter  is 
the  rudiments  of  stars,  and  mar  actually  be  tnoed 
through  its  progress  of  condensation:  (see  his 
celebrated  memoir  of  1811).  It  is  very  doar 
that  this  separation  of  the  clusters  into  two  sets, 
or  the  acceptability  of  the  doctrine  that  there  u 
nebulous  matter  which  is  not  stdlar,  does  not  ii»> 
quire,  in  order  that  it  be  legitimately  negatived, 
that  all  clusters,  or  all  the  milky  light  hdongiag 
to  every  duster  in  the  heavens,  should  be  prorcd 
resolvable.  Our  telescopic  power  may  alwmysoon- 
tinue  inadequate  to  such  an  achievement  It 
must  wholly  suffice,  if  the  logical  distinctioQ 
just  described,  be  broken  down  in  any  critical  caae. 
And  this  was  the  feat  of  the  Reflector  at  Parsona^ 
town: — it  unravelled  the  m\*8tery  of  the  Neboloas 
Stars,  and  it  resolved  that  nebula  of  Orion,  on 
which  Herschel  rested  par  exceUemee.  Not- 
withstanding this  thoroughly  satisfactory  disposal 
of  the  question,  a  disposition  still  lingora  with 
many  observers  to  imagine  tlie  existenoe  of  aoch 
nebulous  matter,  simply  becauAe  there  appear 
masses  of  it  connected  with  the  resolved  neboJa. 
Certainly,  so  long  as  any  portion  of  pure  milky 
light  remains  in  the  heavens,  an  abstract 
bility  may  be  alleged  on  behalf  of  tlie  dd  k 
but  is  it  not  much  more  natural  aa  well  oa  joat, 
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in  the  pnaeat  sUts  of  onr  knowledge,  to  refer  it 
to  the  feet  thai  portions  of  these  galaxies  stretch 
tu  behind  tlie  others  ?  Our  own  milky  way, 
Ibr  example,  nuuiifests  Uars  to  the  naked  eye,  as 
well  as  the  light  of  others  that  are  far  more  re- 
moce ;  nor,  perfaape,  can  our  best  telescopes  resolve 
that  looe  in  all  places :  nevertheless,  we  never 
doobt  that  it  consists  of  stars? — Bnt  even  con- 
ceding the  ffict  that  all  nebala  are  resolvable, 
another  question  of  deep  import  arises : — are  the 
shining  points  composing  them,  veritable  tftar«, 
aa  we  ondersund  that  term,  or  not  rather  masses 
of  meteoric  bodies,  somewhat  akin  to  our  astei^ 
oide  7  It  is  imposable  to  limit,  even  in  thought, 
the  infinite  variety  of  the  nniverse.  Onr  own 
ptanetarr  system  teems  with  such  variety ;  and 
w<e  know  besides,  that  the  fixed  stars  constitut- 
ing onr  galaxy,  are  not  all  of  one  magnitude. 
That  a  certain  avenge  magnitude  may  Im  pre- 
dicated of  them  will  dearh*  appear  when  we  treat 
the  details  of  their  distribution  (see  Stars),  and 
certainly  it  seems  at  first  sight  the  probable 
hypothesis,  that  the  congerieses  of  orbs  wbich  we 
tern  the  nebulss,  are  composed  in  a  way  similar 
to  the  gigantic  sjrstem  to  which  we  belong.  There 
b  bat  one  way  of  finally  resolving  this  doubt 
If  the  nebala  are  ddn  to  mere  meteoric  congerieses 
at  comparative  atoms, — they  cannot  be  far  re- 
nioved  ftom  us,  and  careful  obser\*ation  will 
ipeedfly  determine  tlteirfMiraAiaa;.  If,  on  the  otiier 
hand,  they  an  veritable  firmaments,  they  must 
be  seated  ao  proftmndly  in  space,  that  light  with 
ita  aloMiet  magical  velocity  would  not  traverse 
the  eiiasm  that  separates  us  from  them  in  less 
thannillioaa  of  years. — The  whole  subject  how- 
ever, most  be  referred  to  the  future. 

(3.)  Our  owm  GtJaxjf,  or  NtbuHa,  or  Firmament. 
— ^The  idea  that  the  grand  stellar  system  to  which 
oiirSan  belongs,  is  a  finite  doster,  with  boundaries 
and  even  ascertainable  shape,  is  one  of  those  me- 
murable  advances  for  whii  h  Astronomy  is  indebted 
to  Sir  William  Hen>cheL  The  cause  of  the  Milky 
Way,  or  rather  tl)e  question  as  to  the  true  physical 
pheoomBDon  indicated  by  it,  very  early  arrested 
this  lemariKable  man.  Why,  he  a&ked,  do  the 
Stan  vanish  away  from  us,  and  seem  in  such 
innnnseraMe  mnltitudee  when  we  turn  the  eye  or 
the  tdesoope  towards  the  Milky  Way,  while  at  the 
ttrfss  of  oar  Firmament  or  cluster,  they  seem  thinly 
scattered?  Is  it  not,  hence  apparent,  that  if  we 
made  a  section  of  that  cluster,  through  the  posi- 
tioQ  of  our  son  and  at  right  angles  to  the  plane 
of  the  milky  way,  that  scctkn  would  have  some 
such  geueral  shape  aa  this,— 
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receive  in  this  way  an  easy  explanation.  Look- 
ing backward  or  forward,  the  eye  would  be  lust 
in  the  maze  of  stars,  while  the  sides  of  our  starry 
stratum  would  seem  comparatively  shallow: — 
the  bifurcation  of  the  stratum,  corresponds  with 
the  fact  that  through  about  one-third  of  its  course 
the  milky  way  separates  into  two  branches.  Her- 
schel  did  not  rest,  however,  with  this  general 
speculation.  He  employed  his  great  telescopes 
to  gauge  the  heavens,  to  sound  their  depthft,  and 
ascertain  their  limits  on  every  side ;  and  on  the 
ground  of  tliese  elaborate  measurements  he  adven- 
tured a  somewhat  minute  sketch  of  shape  of  our 
galaxy.  No  signal  advance  has  been  made  in 
this  direction  of  inquiry  since  Heischers  time. 
Stmve*s  Etudet  SteUaireB^  are  somewhat  en- 
cumbered by  questionable  hypotheses;  and  lie 
quite  overvalues  a  casual  remarit  by  Herschul, 
that  in  a  certain  direction  the  Blilky  Way  seems 
unfathomable. — See  for  admirable  sketches  of  a 
large  portion  of  this  zone.  Sir  John  Herschel's 
RunUU  of  ObeeroatioM, — Bnt  Herschel  thou^'ht 
of  one  section  only,  of  our  sidereal  system.  Sup- 
poee  that  we  look  at  it  sideways  sr>  that  we  con  Id 
see  the  Milky  Way  99  a  ring?  Is  it  not  exceedingly 
probable  that  it  would  then  appear  as  a  spiral, 
of  the  kind  of  figure  4,— that  zone  itwlf  being 
merely  the  branching  curvilinear  arms?  If  such 
conjecture  should  ever  be  verified,  the  question 
as  to  the  character  of  these  other  imposing  masses 
will  be  decided  independently  of  the  difticult  re- 
search of  parallax* — For  details  see  Stars,  Di»- 

TRIBUnON  OF. 

Nebalar  Byyatlieiala  It  is  our  purpose  to 
give  in  this  article  a  general  account  of  the 
ftimous  Nebular  Hypothesis  of  Laplace,  in  which 
he  endeavoured  to  lay  rational  foundations  for  a 
cosmogony  of  the  Solar  System.  It  scarcely 
requires  to  be  premised  that  on  subjects  of  this 
nature,  the  highest  evidence  that  can  be  attained 
is  a  degree,  greater  or  less,  of  probabiKty,  On 
recurring  to  Gravitatioh,  wherein  the  foun- 
datioiu  of  Newton's  law  are  exposed,  the  reader 
will  discern  that  the  breadth  of  these  is  no 
greater  than  the  three  general  principles  in  refer- 
ence to  the  orbits  and  motions  of  the  planets, 
whoH3  dli^covery  will  ever  distinguish  the  memory 
of  the  illustrious  Kepler;  and  that  not  one  of 
those  other  remarkid>le  arrangementa,  noticed 
under  Solar  System,  enter  among  the  considera- 
tions to  which  that  law  owes  its  origin.  For  in- 
stance. Gravity,  as  there  explained,  takes  no  note 
of  the  fact,  Aal  the  variout  orbt,  primary  and 
secondary^  move  in  ellipses  appron^ing  very  nearly 
to  the  drcularform;  nor  of  the  fact,  that  all  these 
orbs  rtvithe  m  the  same  direction  arotmd  the  Sun 
(excepting  the  satellites  of  Uranus');  nor  of  the 
fact,  that  they  all  rotate  on  their  axes  in  that  same 
direction  also;  nor,  finally,  of  that  equally  sin- 
gular ordinance,  which  has  confined  so  many 
bodies  within  a  very  brief  distance  of  the  plane 
of  the  equator  qfthe  8ui^  The  comets  are  known 
to  transi;re«  twy  one  of  these  laws  which  could 
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be  applicable  to  them,  and  yet  they  are  sostalnod 
through  all  their  devioixs  courses  by  the  power  of 
(gravity  as  unerringly  as  the  planets  are :  so  that 
it  appears  a  neoessary  condusion,  that  the  cause 
of  the  foregoing  arrangements  is  something  pro- 
founder  even  tiban  Newton's  principle — perhaps 
some  remotest  fact  in  the  history  of  the  unirersew 
— It  is  possible,  that  on  the  threshold  of  the  in- 
vestigation before  us,  it  may  occur  to  a  certain 
class  oi  mindb,  that  the  laws  or  arrangements  we 
are  seeking  to  explain  are  leaJly  primarjff  and 
therefore  incapable  of  explanation.  It  may  be 
said,  for  instance,  *'  These  are  merely  expressive 
of  the  manner  in  which  our  planetary  sjrstem 
was  at  first  constructed ;  indications  of  the  order 
stamped  npon  it  by  the  creative  flat"  The  times 
indeed  have  long  gone  by,  in  which  any  sound 
or  logical  thinker  would  be  disposed  to  fiuicy 
that  an  explanation  of  the  mystery  of  the  ex- 
ternal world  can  be  reached,  merely  by  referring 
existing  events  and  appearances  to  some  prior 
physical  condition ;  but  it  requires  to  be  empha- 
tically noticed,  that  the  feeling  which  demands, 
as  the  necessary  tubMiratum  of  all  that  is  com- 
prehended within  space  and  time,  the  existence 
of  one  Absolute,  Unchangeable,  Causative  Ix- 
TBLLiOENCB,  Contains  no  element  whatsoever 
entitling  one  to  declare  that  at  such  or  such  a 
point  any  special  stream  of  succession  arose. 
Why,  indeed,  or  by  what  power  or  faculty  of  the 
human  intellect,  can  any  one  be  authorized  to 
assert,  that  the  special  condition  in  which  it  ap- 
pears now,  was  the  primary  condidon  of  the  solar 
system?  There  is  a  creature  named  the  Ephe- 
meron,  which  is  bom  and  dies  within  an  hour. 
Suppoee  that  creature  endowed  with  a  momentary 
reason,  and  examining  the  exquisite  arrange- 
ments of  a  blossom — the  adaptations  of  it* 
complex  and  innumerable  vessels,  and  the  won- 
derful evolution  of  that  beautiful  colouring, — 
wliat  chance  is  there  that  a  creature  so  evanes- 
cent, unless  it  had  arisen  to  our  loftiest  views 
concerning  unfathomable  Time  and  the  awful 
grandeur  of  Creation, — ^what  chance  of  its  con- 
ceiving that  this  blossom  evtt  had  a  bud,  far  less 
that  the  tree  which  bore  it  sprung  from  an  in- 
s'gnificant  seed?  And  as  Man  gazes  on  that 
resplendent  solar  system,  what  is  he  save  an 
Ephemeron  ?  The  element  of  dlflerence  is  no- 
where in  the  objects  contemplated,  but  in  the 
relative  powers  of  the  oontemplatora ;  and  surely 
— notwitlistanding  the  heights  and  depths  of  the 
boasted  vision  oi  our  race — it  is  possible  that  the 
vastest  durations  it  ever  can  explore  are  not,  in 
relation  to  what  exists  or  to  the  glance  of  the 
Inpikitb  Mind,  more  imposing  than  the  solitary 
tick  of  a  dock,  which  is  heard  and  passes! — Is 
it  indeed  possible,  then,  that  those  remarkable 
arrangements,  lying  bsnetUh  the  operations  of 
gravity — ^the  constituent  or  fundamental  prind- 
ples  of  a  system,  whose  motions  or  present  vitality 
gravity  merely  upholds — are  indications  of  the 
mode  of  that  system's  origin,  and  flow  necessarily 
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out  of  dark  and  fkr-back  proeeam  wUdi  erolred 
it  ?   Had  this  consummate  fabric — this  gorgeous 
planetary  scheme — a  bud,  like  the  bbseom?  and, 
deeper  yet, — can  ve,  by  a  study  of  its  existing 
structure,  reach  that  mysterious  genu  within 
which,  as  in  a  chrysalis,  rested  the  neeessities  of 
its  present  glorious  unfolding?    Questions  before 
which  the  twldest  imagination  may  wcfl  start 
back  appalled,  and  to  which  our  human  retMo, 
even  in  its  highest  strength,  may  never  yidd  re- 
ply dothed  in  other  forms  than  thoee  of  rewat 
conjecture! — ^The  speculation  about  to  be  bb- 
folded — ^the  only  one  whidi  has  hitherto  throvi 
the  remotest  light  on  what  is  manifestly  not  obI? 
a  legitimate,  but  an  urgent  phydcsl  ioqdiy— 
constitutes  the  Nkbuxar  Htfotbbhb  of  Lt- 
place.  This  remarkable  hypothssiM — ^for  that  ii  its 
proper  appdlation — having  been  ogn^giondy  mi»- 
underetocd  and  misrepresented  alike  in  itself  sod 
its  tendencies,  and  in  directioiis  the  most  oppo- 
site, we  shall  use  every  endeavour  to  present  it » 
it  really  is,  apart  from  all  that  is  fecdtioua 

I.  The  logical  foundation  of  the  specdatioB  in 
question  is,  as  it  now  stands,  caMntiaDy  A|p»- 
theticaL  But  the  suiqrasition  at  its  bsse  is  not 
an  unwonted  one,  nor  in  the  least  atraoge  to 
thoee  schemes  of  knowledge  which  are  eoocemed 
with  ultimate  facts.  How  often,  for  instmoe, 
has  the  geologist  had  recourse  to  the  tenet  of 
the  original  liquidity  of  the  euth— drawing  fton 
that  hypothesis  the  solution  of  much  tiiat  st  one 
time  seemed  otherwise  inexplicable?  It  is  not 
our  present  intention  to  ofller  any  opinkm  on  that 
tenet ;  we  merdy  assert  that  it  has  been  received, 
and  been  frequent  subject  of  permitted  disoosMO. 
Bat  between  this  and  other  similar  instUMes,  sad 
the  fundamental  assumption  of  I«apla(y,  there  ex- 
ists a  difl^renoe  ofdsymeodly ;  viz.,  the  distioctioa 
depending  on  the  superior  grandeur  and  reowte- 
ness  of  the  latter.  Ridng  to  the  thoogfat  of  the 
probable  origin,  or  rather  of  the  probaUe  proxi- 
mate condition,  not  of  solitary  planets,  bat  of  oar 
entire  system,  the  iUdstrious  Frendi  geoooeUr 
(susUdned  also  by  the  metamorphoses  viiidi  re- 
cent diemistry  had  converted  yito  reslitieB  oat  of 
dreams)  brought  within  the  grasp  of  his  poverfbl 
conception  the  idea  of  a  huge,  diaotic,  neholovs 
mass  of  matter,  akin  to  the  cometic,  renirin^ 
itsdf  during  myriads  of  ages  into  an  oiginiMi 
form ;  and,  uptyom  on  the  wing  of  bis  most  won- 
derful genius,  he  hovered  aloft  among  the  heigbtt 
of  space  over  the  scene  of  this  mighty  gsmma- 
tion,  and  at  last  behdd  its  iasae  in  the  Son  and 
his  gorgeous  train ! — ^The  assumption,  however, 
of  a  Nebulous  mass  slowly  condensing,  does  not 
quite  exhaust  the  hypothetical  portion  of  La- 
place's speculation.  That  Nebulous  mass  modt 
have  had  a  certain  prior  oondition — one  for  is- 
stance  of  rest  or  of  intenial  agitation.  Now,  oa 
looking  at  th3  system  supposed  to  result  from  it,  w« 
discern  as  its  special  characteristic  a  grud  mttif» 
of  revolution  in  one  direction ;  hence  we  are  om- 
j^rained  to  infer,  that  the  original  nebuloei^  tnA 


60C 


NEB 

bare  been  di»t!ngiitfhed  by  a  tort  of  wblrlpool  or 
vortieai  molioD — va^e  probably  and  indiefinite, 
bot  itfll  witb  a  marked  determination  in  one  di- 
rection. Tbis,  bowever,  is  not  wboUy  an  aasamp- 
tion.  If  any  internal  agitation  existed  of  wbatever 
kind.  It  miglit  be  shown  by  the  laws  of  mechanics, 
that  when  united  with  a  process  of  condensation 
or  of  motion  toward  a  cenir^,  that  internal  agita- 
tion would,  as  its  most  probable  issue,  resolve  into 
a  motion  of  re\'oltttion.  But  in  treating  of  pro- 
cesses to  infinitely  removed  from  vision  and 
distinct  knowledge  as  these,  it  is  less  fitting  to 
eoofide  in  any  dogmatism  than  to  warn  ourselves 
of  their  uncertainties. — ^These  are  the  ostumptionM 
on  whidi  Laplace  based  his  speculation :  the  re- 
mainder of  his  course  is  one  of  strictest  deduction. 

II.  The  ooDoeption  before  us,  then,  Is  the  follow- 
ing:— Suppose  a  huge,  daric,  chaotic,  void,  and 
fonnless  mass,  determined  towards  a  certain  vor^ 
ft'oo/ or  whirlpool  motion,  resting  somewhere  in 
space ;  and  Uiat  within  its  atoms  the  tendency 
wliich  we  call  attraction  universaUy  inheres.  In 
consequence  of  that  mutual  attraction,  the  mass 
must  condense ;  in  other  words,  there  must  be  a 
steadfast,  however  dow,  stream  of  matter  towards 
its  central  regions,  proceeding  through  all  time 
and  issuing  in  some  novel  condition.  It  is  our 
aim  to  detnmine  what  that  condition  most  pro- 
UUywfflbe. 

(1.)  It  is  not  dtiBcult  to  perceive,  that — ^tfae 
whiiipool  motion  once  originated — ^there  is  an 
inherent  power  in  matter,  under  such  drcum- 
•tanoes,  to  evolve  finally  a  definite  rotaticm  of 
comiderubh  vdoeUy,  Several  well-known  facts 
amply  illustrate  this.  Every  reader  must  be  aware 
of  the  eflect  of  shortening  a  pendulum,  or  of 
bringing  the  moving  mass  nearer  the  centre  of 
motion.  The  motion  is  instantly  aeoekrated; 
and  it  is  the  same  with  the  little  instrument  the 
metronome.  The  moment  at  which  the  pirouette- 
dancer  derires  to  increase  the  velocity  of  his 
whiriing,  he  brings  his  arms,  previously  perhaps 
stieCcbed  out,  dose  to  his  sides;  and  this  en- 
ables him  to  perform  the  mora  rapid  gyration 
without  increased  effort  But  the  truth,  that  the 
approach  of  the  matter  towards  the  centre,  or  the 
process  qf  tke  eomdeiuation  qf  the  n^ula,  must 
gradually,  and  surely  increase  the  velocity  of  its 
rotation,  may  be  illustrated  very  plainly  by  a 
refierenoe  to  rim|^  mechanical  principles.  It  is 
a  general  law  or  fact,  that  if  a  body,  is  suljected 
to  two  moving  influences  acting  in  diffierent  di- 
rections,  k  obejfM  botk,  or  moves  in  obedience  to 
esd),  as  if  the  other  did  not  exist  For  instance, 
let  a  person  in  a  boat  start  firum  a,  with  the  in- 
tention of  pushing  bu  boat  right  across  a  stream ; 
and  suppose  that  in  the  time  he  would  occupy  in 
rowing  from  a  to  B  if  the  waters  were  atUl^  the 
power  of  the  stream  could  carry  him  from  a  to  c 
\f  he  did  not  row  at  aU; — the  question  Is,  how 
hu  boat  win  actually  move  ?  Now,  all  expe- 
rience teQs  as,  that  if  he  merely  rows  right  acrote 
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with  its  side  invariably  to  the  stream,  he  will, 
prevbuB  to  reaching  the  opposite  bank,  have  been 


Fig.]. 

carried  down  by  the  current  precisely  as  fiir  as 
if  his  boat  had  merely  floated;  so  that  he  will 
reach  the  bank  at  d,  immediately  opposite  c,  and 
his  boat  will  have  partaken  at  once  of  the  two 
motions  or  infiuenoes  impressed  ^^on  it  Tbu 
law,  as  we  have  said,  is  general ;  it  holds  in  every 
case  where  a  body  is  under  the  influence  of  two 
moving  powers ;  and  the  consequences  of  its  ac- 
tion in  a  condensing  nebula  cannot  be  mistaken. 
Let  the  subjoined  sketch  represent  a  section  of  a 
circular  nebula,  revolv- 
ing about  the  central  re- 
gion c,  and  in  which 
condensation  is  perma- 
nently going  on.  It  b 
evident  that  the  par- 
ticle at  A  moves,  in  con- 
sequence of  the  whirl- 
pool, flrom  A  to  B,  while 
the  particle  at  a'  only 
moves  fh>m  a'  to  b'; 
but  as  the  attractive 
power,  by  drawing  the 
first  particle  from  a  to  a',  cannot,  by  the  fore- 
going principle,  fUminuik  its  dradar  velocUg^ 
the  result  of  such  condensation  must  be  the  at- 
taddng  to  A'  of  another  particle  a,  whose  circular 
vekKdty  is  greater  than  iU  own.  Now,  the  per- 
manent consequenoe  is  manifest  If  two  bidls, 
A  and  B  for  instance,  are  moving  forward  with 
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diflinpent  velocities,  a  much  faster  than  b,  what 
wiU  follow  when  a  overtakes  b?  Certainly  an 
acceleration  of  b's  motion,  and  a  retardation  of 
A*s;  and  the  two  together  will,  after  contact, 


move  on  much  more  rapidfy  than  at  D*«  fvrmer 

rate:  so  that  by  the  very  act  of  A  (see  previous 

diagram)  being  brought  into  union  with  a',  the 

—pushing  his  boat  from  the  bank  A  towards  b,  |  rotatory  vdodty  of  a'  would  be  aogmentad ;  and 
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If  Che  wliole  wA&t  circle  a  b,  &o.,  were  attracted 
towards  the  inner  circle  of  matter  a'  b',  &c.,  that 
inner  circle  would  accordingly  rotate  more  rapidly 
than  before,  and  Ihe  velocity  of  the  rotation  of  the 
entire  nebula  must  therefore  be  increased.    Plans- 
ible  objections,  we  are  aware,  may  be  taken  to  this 
explanation ; — it  is  proposed  merely  as  a  popular 
one :  but  it  indicates,  nevertheless,  the  principle 
assuring  as  that  the  condensation  of  a   dif- 
ftised  and  comparatively  slow  whirlpool  cannot 
take  place  without  a  great  and  growing  increase 
in  the  velocity  of  its  rotation,  inasmuch  as  the 
momentum,  or  amount  of  ttie  rotatory  fuirct^  must 
in  all  its  stages  and  conditions  continue  the  same 
And  thus  may  it  dearly  be  seen,  how,  out  of 
phenomena  the  rudest  and  most  mipromising. 
and  by  the  simplest  laws  of  nature — {hose  which 
guide  the  facts  of  everyday  experienoe,>--even 
that  stupendous  rotation  might  be  generated — 
a  rotation  whose  discovery  was  one  of  the  first 
achievements  of  the  tdescope,  and  which,  all  who 
know  Nature  ought  to  be  assured,  does  not  stand 
by  itself  or  as  an  independent  fact,  but  is  a  oos- 
niical  phenomenon  of  wide   significancy,   and 
closely,  however  mysteriously,  related  with  the 
whole  scheme  and  progress  of  Things. — A  con- 
olttsion  here  forces  itself  on  our  notice  of  the  most 
unexpected  kind.   It  may  be  anticipated  from  the 
previous  speculation,  that  the  individuals  of  the 
double  stars  also  rotate  on  their  axes ;  and  in  fact 
that  they  also  have  arisen,  like  the  sun,  from  re- 
volving nebulsB.    Now,  observe  how  the  revo- 
lutionary or  orbital  motions  of  such  systems 
would  flow  at  once  oat  of  this  hypothesis !     The 
solution  of  the  great  and  interesting  fact  now 
referred  to,  cannot  indeed  be  termed  less  than 
picturesque, — it  excites  instantaneously  our  sur- 
prise and  admiration.    Has  our  reader  walked  in 
a  mood  of  tranquil  thought  along  the  side  of  a 
quiet  river,  whose  waving  banks  reflect  a  thousand 
currents,  by  the  intermingling  of  which  numerous 
dimples  or  whirlpools  are  produced— their  easy 
course  only  marking  the  river's  stillness  ?     Has 
he  followed  these  dimples  as  they  pursue  each 
other  in  gambol,  and  watched  the  phenomenon 
of  the  near  approach  of  two  or  three  ?  Then  may 
he  have  witnessed  the  secret  of  the  mystery  of 
the  double  and  triple  stars !   When  one  of  these 
dimples  approaches  the  vortex  of  another,  the 
two  b^ghi  to  rtoohn  around  each  other ;  and  in 
fact  they  must,  on  approximation,  act  npon  each 
other  as  two  whebljb;  so  that  a  revolution  of 
each  around  the  other  must  immediately  super- 
vene, and  increase  in  rapidity,  until  by  external 
pressure  they  are  forced  into  one.    If  such  single 
neighbouring  nuclei  were  rotating,  it  would  be 
precisely  a  case  of  two  contiguous  whirlpools; 
and  how  could  revolulionary  mUum  be  prevented  f 
Two  such  masses  in  approximate  contact  nuui 
originate  such  a  motion:   as  the  principle  of 
gravity  draws  the  nuclei  nearer  each  other,  the 
velocity  of  revolution  must  manifestly  increase ; 
and  tlie  two  ladies  would  constitute  themselves 
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into  a  stable  system  when  the  rapidity  of  rero> 
lutioa  sufficed  to  counterbalance  tbdr  mntuil 
attracUon.     The  case  would  manifestly  be  ths 
same  in  instances  of  three,  four,  er  mors  nucki, 
formed  in  the  immediate  neighbonrliood  of  esdt 
other :  so  that  now  we  may  have  a  glimpN  ml 
only  of  the  causal  solution  of  Uersdiel*a  re- 
markable prophecy,  but  also  an  intimation  that 
the  modes  of  revolution  of  small  dnsten  msy  U 
as  varied  and  fisntastic  aa  the  muUifarioos  revo- 
lutions of  associated  dimples  in  a  stresm.— Wis 
are  not  sure  that  the  portion  of  the  nebnlsr  spec- 
ulation,  over  which  we  have  just  gone,  is  not 
the  most  engrossing  of  the  whole  of  it,  for 
it  points  emphatically  to  a  nuHal  we  ars  a- 
tremdy  anxious  to  impress.    We  axe  stt  too 
easily  inclined  40  lode  on  creation  as  made  op 
of  isolated  parts— of  independent  or  indiridul 
classes  of  beings—and  to  r^ard  Nature  as  «« 
do  a  case  of  botanical  or  minerah^giGal  boxes; 
so  that  it  requires  a  fact  as  striking  as  the  idea- 
tification  of  the  Stellar  motions  of  BBTOLUim 
with  those  of  ROTAnoa,  to  startle  us  from  the 
habitual  error,  and  to  bring  ua  to  right  nen  d 
that  stupendous  ordeb  within  which  we  Irie^ 
and  of  which  our  own  bdngs  constitnte  a  parti 
The  unitv  of  things — their  interdepeodeooe—tkir 
a<^usted  relationships — are  proclaimed  hj  evor 
departmentof  the  Universe.  We  do  not  day  that 
difierent  laws  may  exist ;  nay,  they  mut^'-iK 
it  is  only  by  the  commingling  of  Oppontai  tbit 
Variety  and  Proffress  can  be  prodooed;  but  all 
is  not  opposition  which  seems  so,  and  most  cf 
what  we  divide  and  pared  out  into  isolated  baD> 
dies,  is  nothing  other  than  the  paits  of  the  aaas 
grand  scheme.    Philosophy  has  taoght  thii  ftr 
ages — it  is,  in  fact,  the  secret  of  lier  life;  fcrafaa 
aims  to  gather  up  all  fragments,  and  to  preseat 
the  Universe  united,  compact,  tending  to  QDeead 
— a  type  of  its  August  Crbatob. 

(2.)  We  now  enter  on  the  most  dHScdt  part  d 
our  speculation, — viz.,  the  question  as  to  tha 
origin  otpioMts  connected  with  our  centnl  La- 
minary,  and  characterized  in  thdr  amngameota 
by  the  existing  peculiaritlesi  M(e  ahaU  aepartfa 
the  investigation  into  several  distinct  steps. 

a.  The  preservation  and  pirmaneaw  of  the 
place  of  a  point  on  the  suriDaoe  of  a  rotatiiig 
body,  depend  on  the  drrnmstance  that  the  oea- 
trifugal  force  is  not  greater  than  the  power  of  the 
central  attraction.    The  inevitable  ooDsaqoeneaa 
of  an  excess  of  the  former  are  seen  in  aimj^  oper- 
ation in  a  oommon  phenomenon.   It  is  known  la 
Medianics,  tliat  a  grindstone  may  be  made  to  le- 
volve  with  a  rapidity  suflicient  to  cauae  aplinten 
fly  from  its  rim,  and  even  the  whole  rim  to  break 
in  pieces—indicating  that  the  centrifogd  ibne  <■ 
the  rim  with  that  vdodty,  more  than  ooontff- 
balances  the  mutual  attraction  or  cohesioo  ofdia 
partides.of  th^  stone.    Now  if  the  riin,iMl»J 
of  being  formed  of  brittie  stone,  bad  ooosiatfld  « 
an  dastic  belt,  say  of  caoutchouc,  what  would 
result  in  such  a  case?    Qear)^  a  se{iaiatide  » 
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B  (hiBHMof  Uw  rotating  tud?!  It  I  tin  ttma  ■(  ■  Mpirate  ring  « 
,  nd  iiMniilnl,  ymt  M  the  orUt  oF  ■  tba  baUnca  or  atpillibilani  of  t] 
pteM  ta  a  riBlUr  poAtoo  i  and,  if  atbcr  di-  rvlond.  Lat  tba  atUntioo  u 
'r»B—Mi  patailMd,  b  nonld  ivrdn  aiDBiid  |  lowing  diignm  :— 


Ta  h«TC  afa«^  M«  that  canaaa  oontionaU*  I  eama  ■>  gnat,  that  tba  ontrifugal  power  of  tli* 
•fOala  to  h-niM  tb  idod^  </  tha  Mabnki  extarior  portioo  or  ring  Jot  bilanead  tba  attMc- 
Mttiaa;  bat  lAa  thh  Tdod^  in  any  OMa  ba- 1  cko  axeniaad  crw  it  by  tba  hum  of  tba  Hcbula 
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that  ring  woidd  neoenarily  aaiiiiiM  tn  indepen- 
dent character,  and  aoqaire,  ao  to  speak,  a  self- 
aostahiing  power;  it  would  therefore  be  abemdtmed 
by  the  main  or  parent  mass  at  the  next  stage  of 
condensation,  and  left  as  a  dittinet  portion  qf 
nuUUr  reoohimg  m  bomb  form  anund  Ike  om- 
trai  hodif.  There  is  no  doubt  whatever  of  the 
mechanical  principles  on  which  these  inferences 
rest;  and  it  is  equally  certain  that  there  are 
almost  infinite  chances  against  the  condensation 
of  any  large  or  original  Nebula,  without  the  oc- 
cnrrenoe  of  drcnmstanoes  which  would  throw  off 
numbers  of  such  rings ;  so  that,  in  a  more  ad- 
vanced condition,  every  such  mass  might  (jf  the 
fonm  qf  the  throum-off  rmgi  had  not  aUered) 
present  the  appearance,  as  on  the  preceding  page, 
of  a  laige  central  nucleus,  with  subservient  ro- 
tating annull,  composed  of  quantities  of  matter 
necessarily  very  small  when  compared  with  the 
main  body. 

b.  The  next  step  of  the  inquiry  might  natmally 
seem  to  be  this — What  is  the  probable  ultimate 
condition  or  form  of  these  rings?  We  clearly 
obtun  from  them  our  first  conception  of  the  ori- 
gin of  pkmetarjf  or  partuUic  matter  connected 
with  a  central  globe ;  but  we  require  sdU  to  de- 
termine the  shapes  which  this  matter  will  most 
probably  assume.  Before  taking  up  this  point, 
however,  we  must  ask  the  attention  of  our  readers 
to  the  light  already  cast. oD.the^e. fundamental 
or  constituent  arrangements  of  the  solar  system, 
whose  apparently  inexplicable  character  uiged  us 
on  this  investigation.  It  is  not  difilcnlt  to  see 
that  a  large  part  of  what  seemed  so  puzzlings 
has  already  become  quite  intelligible. 

Finty  Aa  the  separation  of  the  rings  resulted 
from  the  centrifugal  tendency  of  the  particles  com- 
posing them,  and  as  this  centrifiigal  tendency 
must  always  be  greatest  at  the  equatorial  r^on 
of  the  rotatory  mass,  the  rings  must  all  lie  near^ 
in  the  plane  of  that  equator.  Therefore  we  are 
entitled  to  conclude,  that  into  whatever  forms  or 
bodies  these  rings  may  ultimately  be  resolved, 
theee  bodies  tniut  all  He  nearly  in  one  plane — the 
plane*  vis.,  qfthe  equator  of  As  central  globe. 

Secondly,  The  rings  being  drcttlar^  or,  what  is 
the  same  Uiing,  the  motion  of  each  particle  com- 
posing them  being  circular,  the  orbUe  or  paths  of 
whatever  bodies  are  ultimately  formed  out  of 
them,  must  aleo  be  nearfy  circular. 

T^ktrdly,  As  the  rings  must  continue  to  move 
as  the  nebula  was  moving  when  they  were  aban- 
doned, lA«/)/anete  into  wtiich  they  may  be  resolved 
tnutt  all  move  in  the  same  direction — that,  viz,,  of 
the  rotation  of  the  central  orb  or  sun, — Our  subject 
is  thus  rapidly  simplifying.  We  have  already — 
even  at  this  stage — deduced  from  this  memorable 
hypothesis  the  necessity  of  the  principal  three  of 
thoM  fundamental  arrangements  which  gravity 
could  not  explain.    But  let  us  proceed. 

c.  Resuming  our  direct  inve»tiKation,  we  in- 
quire now  what  forms  would  such  riiig^  most 
probably  ultimalcly  a^isume?    There  are  three 
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possible  forma  :  —  1.    The  mass,  if  tolerably 
equable  in  its  original  oonstitataoD,  and  udis- 
turbed  finom  witfaioot,  mig^t  aettle  down  nrto  a 
rotating  Roro ;  but  the  dumoea  against  soeh  a 
result  are  so  numerous,  that  we  woidd  expect  ths 
phenomenon  to  be  very  rare  in  the  UnivenSi  2.  If 
the  masa  broke  np  or  separated  while  condenaqg 
— as  its  own  intonal  irr^gnkritleB  wodd,  in  sH 
probability,  oonstnin  it  to  do— it  mig^  dmk 
into  a  nnmber  of  portions  so  equal  fai  attrsetin 
eneig)',  that  none  of  them  would  have  anytes- 
dency  to  coalesce  with,  or  (alt  into  the  otben; » 
that  the  ring  would  ultimately  be  tianslbnHd 
into  a  numbv  of  distinct  small  solid  bodiei^  n- 
volving  around  the  central  mass  at  nesrijr  da 
same  distance  from  it    8w  EventUissoondsnp- 
position,  however,  is  not  a  very  probslile  see, 
inasmuch  as  its  essential  oooditkm— the  Hpsn- 
tion  of  the  mass  of  the  ring  into  equoBg  boimed 
nndei— oottld,  in  the  nature  of  tfaiogR,  cecor  Int 
rardy.    By  far  the  likdiest  result  is  the  diridoa 
of  the  ring  into  nndd  of  miequd  power— tki 
larger  of  which  would,  by  its  soperkir  attndie^ 
assume  the  others  into  its  mass, — tlis  wiiob  so- 
lidifying into  one  considerable  giobei  ObeervBthe 
correepondenoe  between  these  hypotheticd  mnki 
and  the  cliaracter  of  the  bo^es  in  oar  solsr  sft- 
tem !    FirsL,  We  have  a  oentrd  mssnve  gUe, 
with  subservient  globes  engirdUng  it,  st  vsn- 
ous  distances,  and  of  magnitudes  verf  iafaiv. 
Seeondbf,  The  great  propoition  of  the  plsa^ 
whidi  oompooe  our  lumintty's  oarUge^  \idaB^  is 
accordance  with  theory,  to  the  last  of  Uh  ttoci 
defined  dassee  of  forms  into  which  a  ifagmigiit 
breakup.  Hescubt, Vbmus, the Eabth, Vao, 
JnpiTBB,    Saturit,  URANin,  NiRinn^  •» 
single  globes,  revolving  in  orUtsof  their  owii,  vA 
around  some  of  them  are  dependent  8stalfil»> 
Thirdly,  In  one  instance  only  would  the  riv^MB 
to  have  divided  into  balanced  parts— we  illade  to 
the  group  of  small  planets,  those  Asmoiu  be- 
tween Mars  and  Jupiter  wliich  liave  aoHir  a  cob* 
mon  orbit,  or  which  revolve  .at  dnost  tke  on* 
distance  fhxn  the  sun:  and  /VNMiiUjrt  ^'*  ^"^ 
also,  in  one  aditaiy  instance,  a  spedmeo  of  thst 
most  singular  of  oosmical  appearuees— i  nva 
nearly  in  its  pristine  condition,  and  iCTolriBg 
around  the  planet  Satubw.— Other  fiMtsngi'^ 
ill  J  thid  remarkable  appendage  are  givtn  vait 
Saturn. 

d.  The  genera]  laws  characteristic  d  (be 
planetary  sj'stem,  and  the  firms  of  the  bodiei 
composing  it,  bdng  thus  apparently  direct  ttia- 
sequenoes  of  the  Nebular  hypothesis,  let  oo  ant 
inquire  whether  our  speculation  throws  a  e^ 
responding  light  on  the  oondiiion  or  sttrilnM* 
of  the  severd  planeU?  Now,  we  think  that  i 
slight  oondderation  will  nu|ke  it  erideot  (bst 
these  globes  must  all  rotate  on  axes,  sad  sl»  ^ 
the  same  duection  in  which  they  move  is  tliar 
orbits.  Let  us  reflect  on  the  true  ooodiiiOD  of « 
revolving  ring;  as  illostrsted  by  the  disgrMMB 
next  page. — Seeing  that  the  ring  at  •  •'^ 
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m-rt  go  round  in  the  same  dma^  It  nemf  rvy 
plain  that  the  paitSdM  of  the  oater  rim  move 
with  a  greater  abtohUe  vdoei^  than  those  of  the 
intflrioriim;  and,  thenliDn^  that  the  relatioos  of 
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the  two  rims  can  remain  fixed  only  to  long  as 
the  ring  shall  oontinae  entire.  Suppose  the  ring 
broken  op,  and  observe  the  condition  then  of 
any  section  of  it,  ▲  b  d  c^  the  oooae  of  re?6lu- 


n»i. 


tisn  heiog soppoeed  ftom  B  to  ju  ItwiUbeseen 
at  once  that  the  telod^  of  the  onter  part  issnch 
as  to  cany  the  paitide  B  to  ^  in  tlie  same  time 
thatD  is  carried  only  too.  There  is  a  momentum 
or  fafoe  therefore,  in  tlie  onter  part,  in  the  di- 
rsotion  b  a,  mnch  greater  than  the  momentum 
of  the  inner  part  in  that  direction:  the  former 
preraQ  therefore,  and  the  segment,  as  it 
to  revolve  aroond  o,  will  necessarily 
also  a  wiUrlii^  or  nolodiij^  motion  in  the 
direction  B  A  c  D;  in  other  words,  tlie  broken  ring, 
or  ainr  body  evolved  out  of  it,  flHiif  roCols  on  on 
9xiemtke  dkediom  tf  tte  fwoMbik  But  stffl 
Anther: — Not  only  is  this  remaikable  law  of 
rotation  a  distinct  result  of  the  speculation  of 
f^piarni  but  thai  most  anomalous  portion  of  our 
sjstam,  vix^  libs  varffim^  period$  <j^  the  rotoAm 
ef  the  planets,  appears  to  receive  a  singular  eln- 
The  primary  cause  of  rota^on  being 
theexfiSBBof  thevetodty  of  BAover 
thai  of  D  G,  its  degrss  of  swiftness  will  depend  on 
tiia  a^pnAkidb  </ (A<rf  saeesi;  in  other  words,  on 
the  hiadtk  iff  tte  onj^MolM^  ring.  Now,  the 
forther  off  any  ring  lias  from  the  central  mass, 
its  substance  must  be  tlie  rarer,  or  of  inferior 
density;  i&,  a  larger  amount  of  it  would  be  re- 
quiied  to  compose  a  globe  of  given  magnitude. 
But  it  would  be  essy  to  denwistrate,  &U,  be- 
yond the  middle  line  of  the  Asteroida,  the  outer 
portion  of  the  condensing  Nebula  must  have  been 
attenuated  almost  to  an  infinite  degree;  wliile 
nithin  that  line,  espedally  at  the  ortat  of  Mer- 


cury, the  same  extremity  would  be  oomparatlvely 
dense.  Look  next  at  the  magnitwin  en  the  two 
classes  of  globes  on  eltlier  side  of  the  line — the 
group  of  luge  orbe  all  lying  hegond;  and  snrsly 
U  cannot  be  questionable  that  the  primal  rings  in 
that  farther  region,  must  have  greatly  exceeded 
in  breadth  the  same  dass  of  forms  which  gave 
birth  to  Mbrcurt  and  Vbnus,  the  Eabth  and 
Habb.  Here,  Uien,  appears  the  eecret  of  the 
singular  contrast  in  the  rotations  of  the  two  sys- 
tems of  planets;  and  as  ikit  concordance,  at  all 
events,  could  never  have  been  foreseen— In 
nowiss  entering  among  the  fimdamental  condi- 
tions of  our  hypothesis— it  assuredly  yields  no 
slender  support  to  the  views  of  the  Qiustrious 
Frendiman. — See  Solab  Ststbic 

«.  It  is  abundantly  plain  that  what  has  al- 
rssdy  been  demonstrated  contains  the  solntion 
of  the  problem  of  the  Satellites.  Thrown  off  by 
the  primary  planets*  as  theee  had  been  thrown 
off  from  the  Sun,  their  revolutioqp  must  corre- 
spond in  direction  with  tlie  rotations  of  their  cen- 
tral gbbes;  they  must  lie  near  the  plane  of  the 
respective  equators  of  the  planets,  and  they  must 
rotats  on  their  axee  as  they  revolve  in  thrir  or- 
bits. Our  remarlud)le  hypothesis,  therefore,  has 
left  none  nnvisited  of  those  difficulties  which 
pressed  on  us;  all  the  general  arrangements  of 
the  system,  unexplained  by  gravity,  have  emei^f^ 
from  its  capacious  womlL  Strange  indeed  the 
thoughts  with  which,  in  presence  of  such  speco- 
latioos,  we  must  gaxe  on  these  brilliant  skies  !— 
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Even  tbat  jewellery  of  midnight— a  birth,  a  thing 
of  yesterday,  a  step  in  the  awftd  march  of  the 
Tisible  and  sensible  pictorings  of  the  purposes  of 
the  Eternal  Spirit  t  Realize  fer  a  moment  the 
position  of  a  tenant  of  a  hnt  on  the  banks  of  the 
mighty  Amaaon  at  one  of  its  great  bcndings; 
tell  him  that  the  waters,  whoee  opposite  buik 
his  vision  can  scarce  reach,  are  not  an  immeose 
lake  with  appointed  boundaries,  but  that,  bom  of 
rills  among  moontains  that  are  anseen,  and  ever 
increasing  in  depth  and  potency,  they  roll  down- 
wards nntil  a  whole  continent  b  passed,  and  then 
mingle  and  lose  themselves  with  an  ocean  en- 
girdling  the  wide  Earth  with  its  everlasting  waves. 
So^  in  the  view  of  these  high  cosmogonies,  seem 
to  roll  on  the  goi^geoos  steUar  developments; 
whose  limits  no  eye  can  new  see;  rising  among 
the  past  depths  of  time  in  some  hidden  pmpose 
of  God;  rolling  onward  as  the  ages  flow,  and 
augmenting  as  the  mighty  river,  nntil  the  boun- 
daiy  of  Time  is  reached,  and  their  course  ends 
among  the  qnietudes  of  Eternity  I 

III.  One  ftirther  consideration  remains,  and 
then  our  loftiest  views  of  oar  system  are  complete. 
As  that  grand  mechanism  had  a  beginning,  a 
birth  and  progreas,  d  growth  towards  its  present 
gloiy ;  can  we,  as  wi£  the  river,  stretch  onwards 
oar  gaze  towards  a  time  when  its  strength  sliall 
fidl — ^towards  the  close  of  these  stapendous  ar- 
rangements? In  article  Pkbtubbation,  indeed, 
we  shall  speak  of  security  against  all  disturbance, 
of  the  limits  of  every  Inequality,  of  a  ssemlng 
fitness  for  Eternity:  but  when  using  language 
apparent  so  absdnte,  we  refer  only  to  the  perfto* 
tion  of  that  mechanism  hjf  itteff,  and  do  not  ex- 
dude  its  dependence  on  loftier  ordinances.  Iflbr 
instance  aught  of  the  original  N^bola  should  rs- 
m^  filling  with  an  ether,  however  thin,  the 
Interplanetary  spaces,  every  oili  moving  throogh 
It  would  be  rOarded  by  an  amount,  mfinileslmal 
probably,  but  definite  wHfaal ;  and  as  sure  In  its 
oonseqaenoes  as  If  that  quantity  had  been  laige^ 
Our  readera  cannot  require  to  be  reminded  bere^ 
how — speaking  generally— 4he  pennnaence  of  the 
orbit  of  each  planet  depends  on  tiie  perfect  balance 
of  two  forces  or  tendrades ;  viz.,  the  attractive 
power  of  the  Sun,  and  that  tendency  to  fly  ftom 
tiie  centre  which  follows  from  the  motion  of  bodies 
being  natomlly  in  straight  Hnes,  and  whoseeaergy 
depends,  in  eadi  case,  upon  thenQwiiifyoftliebedys 
motion.  If  the  power  of  either  of  those  balanced 
forces  be  diminished,  it  is  dear  that  the  authority 
of  the  other  will  prevaiL  Bdaz  Gravity,  and 
the  planet  must  recede  fiom  the  Sun,  iad  its 
orbit  widen  until  a  balance  Is  restored.  In  the 
same  manner,  diminish  the  rapidtty  of  the  body's 
motion,  and,  as  the  centrtft^  force  must  be 
diminished  by  that  act,  Gravity  wffi  prevail; — 
so  that  the  body's  orbit  must  be  conlraeled  or 
drawn  m.  Now,  if  a  nebulous  flnid  is  diflhsed 
among  the  i^anetary  spaces,  eveiy  body  which 
moves  through  it  must  experience  resistance,  and 
be  rttarded  as  loe  are  by  tlia  atmosphere  when 
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we  ride  at  a  rapid  pace;  and  wesiboidd  thus  ex- 
pect a  notice  of  the  ether's  existence  In  the  &et 
of  the  planetary  orbits  gradually  drawing  in,  and 
(he  revolving  bodies  approaching  the  Son.    Un- 
hiq>pily,  however,  for  this  only  mode  of  obaerva- 
tion  left,  the  planets  are  too  deose^  too  large  tn 
be  of  service  In  so  delicate  an  inquiry.   Huweves 
light  and  thin  the  ether,  there  is  no  doubt  that 
It  must  and  win  influence  even  Aur  motions; 
hot  perhi^  by  a  qoantlty  so  smaO,  that  the  ac- 
cumulation of  the  perturbations  arising  fimm  it 
during  the  entire  existence  of  accurate  aatronomy 
could  not  render  It  perceptiblcL   No  trace  of  sadi 
influence.  Indeed,  ■  yet  found  in  oar  plaaetanr 
tables;  and  astronomers  would  have  been  left 
In  regard  of  the  whole  subject  to  coqjectore, 
which,  however  plausible,  had  yet  no  actual 
or  experimental  grotmd,  unless  for  a  lemaifc- 
able  and  certainly  an  unlooked-for  oecurreoee. 
Until  recently,  astronomical  sdenoe  has  not  been 
able  to  present  a  complete  and  mlnutdy  ac- 
curate view  of  the  orUt  of  any  comeL     Tlie 
general  character  of  the  orbits  of  these  bodies, 
and  the  important  elements  at  least  of  erne  of 
them,  have  been  known  since  the  time  cf  the 
celebrated  EUdky;  but  this  phOosopher  knew 
nothing  ftirther  than  the  general  elements ;  and 
no  orbit  was  laid  down  with  exactness  sufficient 
for  the  above  purpose^  until  Eadka  cf  Berfin  ex- 
amined with  so  much  accuracy  tiie  oondltionB  of 
a  bot^ — ^if  a  thing  so  small  and  vi^Mwana  merits 
the  appdlatlon— which  completes  Us 
eomfse  aroBnd  tiie  Sun  In  three  and 
yeanL    Now  Itappean  probable  that  tide 
•t  Qffro9tMii§  IhiB  Sun:  on  every  s 
appearance,  ks  orbit  appears  soooewhat 
ed;  and  Acre  Is  reason  to  believe  that  the 
traction  will  go  on  until  His  ekher  ahenbad  m 
tiiat  lumlnaiy,  or  altegetfier  dissipated  by 
bwiwia     And  after  searphfaig  earnestly  for 
other  cause,  most  inquireis  are  inclined  lo 
this   eati-aofdinaiy  and    Uthetto 
change  to  a  KMsmro  mbmcm  ob 
eap3^g  the  jdaaetaiy  spaess.    **  1  cannot  but 
express  nybeilei;"  said  Professor  Aiiy,  ** 
thepfiadpal  part  of  the  theory— viz^  m 
tanidj  simflar  tethat  which  a  resisting 
would  {woduos—is  perfectly  established  hj  the 
leasoBfaig  in  BadES^s  memoir; "    and  MiilBr 
opinions  have  been  offered  by  other  great  asitfea- 
rities.    That  theSun,  then,  has  a  widdydiAssed 
ndraloas  atmosphere— -extenffing  for  bcTcnd  libs 
limitsofthe  Zo^HacalMght,  and  if  net  bevend, 
at  least  deep  into  the  planetaiy  spaece — h  at- 
mosphere of  which  that  light  asay  eserdy  ba  the 
deBMSt  portion,  appeare  restlag  on  a  high  degree 
of  probability;  and  how  sfaignlar  is  it  that  we 
should  have  bssn  guided  to  a  truth  eaienieteand 
dffleidt    oae  ceneeraing  which  the  grander  pl»- 
Bomena  of  our  system  are  silent — by  thauMdons 
of  a  wandering  ol^ieet,  in  eomparison  wllii  wfeose 
ethereal  nature,  even  one  of  these  Kght  floeeoH 
or  flakes  cfdoBd,  which  seiioe  stain  the  aky  of  a 
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mmiiier  evening  Uheavy  and  sobetentU!  But 
thoi^{h  tlMM  greater  orbs  bare  not  spoken  bither- 
to — ^at  least  so  that  man's  nider  senses  can  hear 
—of  the  change  manifested  by  the  oomet ;  al- 
though no  mark  of  age  has  yet  been  recognized 
in  the  planetaiy  paths, — as  sore  as  that  filmy 
comet  is  drawing  in  its  ortrft,  most  they  too  ap- 
proach the  son,  and  at  the  destined  term  of  thdr 
•epaista  existence  be  returned  into  his  mass. 
The  fint  indefinite  geims  of  this  great  onganiza- 
tioo,  provision  for  its  long  existence,  and  finally 
its  shrood,  an  thus  all  involved  in  that  master 
conception  from  whidi  we  have  endeavoured  to 
survey  the  mechanisms  amid  which  we  are  I  Not 
in  cooftnion,  however,  shall  this  mi^estic  scheme 
finally  pass  away— not  with  the  jar  and  conftised 
voice  of  rain;  bat  even  in  its  own  qolet  and 
millestkal  order,— like  the  flower  which,  having 
■domed  a  speck  of  earth,  lets  drop  its  leaves  when 
Its  wotiE  is  dooe^  and  fUls  back  obediently  on  its 
mollier''s  boeom. 

IVcvtsMs.  The  elements  of  this  reoenHy 
disoovcnd  planet  an  given  in  the  article  £lb- 
MKMTS.  Tlie  history  and  method  of  discovery, 
however,  so  aptly  illustrate  the  whole  sn^ect  of 
the  planetaiy  pertnibations,  that  we  shall  give  it 
•omewhat  at  length.  The  planets  move  approxi- 
mately in  elUptk  oibits.  If  the  sun  wen  the 
only  attracting  body  in  the  system,  this  Ibnn 
would  be  peribctly  waintainfld.  But  all  other 
matter  In  the  oniveiee  apparently  attracts  ac- 
cording to  the  same  law  as  the  son  does ;  and 
what  b  of  present  importance— the  planets  an 
CO  near  each  other,  that  each  attracts  the  other 
to  an  eottent  which  prodooes  upon  the  ortit  an 

effect  qoite  appreciable.  It 
is  easy  to  see  that  the  resolt 
win  be  to  malce  the  absolute 
orbit  cf  a  planet  assume,  in- 
stead of  die  legnlar  elliptic 
form  in  the  diagram,  some 
snch  dotted  and  irregular 
fimn  as  above;  ahboogh  the 
diagram  is  a  very  exag- 
gerated repneentation  of  any 
actual  case.  We  shall  con- 
sider the  elllpae^  however, 
or  BMiM  orbit  In  snch 
the  normal  orbit,  as  those 
to  be  found  for  a  complete 
of  the  whole  arrange- 
Its  of  the  solar  system. — Any  one  who  looks 
for  a  moment  at  a  pictun  of  the  solar  system, 
and  nmemben  that  the  times  of  periodic  revoln- 
tloB  of  its  diflbrent  component  bodies  an  all 
diflbnnt,  so  that  the  niative  positions  of  all  of 
them  an  incessantly  deranged,  will  at  once  see 
bow  complicated  b  the  |mblem  which  astro- 
nomy pnnnts,  viz.  :^Jiaving  given  the  positions 
at  any  one  moment — and  the  masses  cf  all  the 
planetary  bodies,  to  obtain  expressions  accurately 
<!eieribing  theb  paths  for  all  suooeeding  timoL 
iSttt  the  problem  to  be  resolved  first,  in  astronomy 
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is  by  no  means  A>simpleeveo  asthe  foregoing.  We 
have  as  data,  in  the  first  instance,  only  the  appar- 
ent i^anetaiy  movements.    These  an  the  results 
— following,  it  is  assumed,  according  to  the  ordi- 
naiy  law  of  gravitation---of  forces  which  vary 
with  all  actual  masses  and  positions^  in  the 
system.    It  is  at  once  evident,  that  on  every 
member  of  it,  off  act  and  react)  but  that  approxi- 
mate results  may  be  obtained  by  neglecting  the 
less  important  forces.   Thus  Mercury  may  be  con- 
sidered to  be  influenced  almost  entirely  by  the  sun 
and  the  next  planet,  Venus;  and  in  such  ways  we 
may  obtain  results  approximately  true.  Itisdear, 
too,  that  nothing  but  approximations  an  poe- 
sible,  because  the  problem  in  its  utmost  rigour  is, 
to  find  out  fimn  a  finite  number  of  obaervationa, 
however  great,  an  infinite  number  of  unknown 
forces   in   magnitude,  position,  and  direction. 
But  by  using  the  approximate  values  obtained 
in  past  results, — say  the  mass  of  Mercuiy  or 
Venus,   in  endeavouring  to   obtain  the  mass 
of  the  Earth, — we  can  reach  an  approximate 
value  for  that    Suppoae  now  the  influence  of 
the  force  dne  to  A,  upon  Merouiy  and  Venus  be 
taken  into  account,  we  shall  evidently  find  for 
them,  men  correct  determinations.    This  system 
of  oontinuous  approximation  can  clearly  be  cai^ 
ried  on,  until— -if  we  know  all  the  planetaiy 
bodies — ^we  obtain  flnom  the  observed  movements 
full  inibrmation  respecting  the  system,  to  every 
desirable  accuracy.     In  whatever  way  we  reach 
this,  our  approadmations  will  enable  as,  if  we 
know  what  number  of  planetary  bodies  then 
are,  to  obtain  theontial  orbits  approximat- 
faig  as  closely  as  we  choose,  to  the  real  orbits  of 
the  planets.    But  suppose  one  of  the  planets 
incapable  cf  reflecting  light      It  is  dear  that 
upon  the  orbits  next  it,  that  planet  wHI  pro- 
duce a  powerful  efllect,  quite  incapable  of  being 
explained  by  any  lyproximalinns  we  have  ob- 
tained.   Tliat  it  will  derange  all  our  calculations 
respecting  the  whole  system  is  maniftst ;  but  the 
less  appredably  for  the  orbits  at  greatest  dis- 
tances from  it     Laybg  this  down,  we  have 
to  expUun  by  some  hypothesis  the  phenomena 
of  irregularity  due  to  this  dark  planet    We 
can  see  what  orbit  the  planet  most  disturbed 
ought  to  have  if  then  wen  no  other  planets 
but  those  which  we  know;  and  we  know  the 
departuresfrom  that  orbit  by  observatkm.    From 
these  departnres  then,  It  may  perfaape  be  pos- 
sible to  discover  the  mass  andchanuBterof  this 
concealed  planet    This,  as  we  shall  immediately 
see,  waa  the  special  problem  concerned  in  the 
discovery  of  Nqitune. — It  wfll  be  convenient  to 
premise  a  fow  words  respecting  the  technical 
division  of  the  distnrlMnces  or  pertm^ationB  from 
the  normal  ellipee.    It  most  distinctly  be  under- 
stood that  these  divisions  an  founded  en  no 
diflbrences  in  kind  of  the  causes  for  difl^rent  per- 
turbations, but  an  merely  used  for  the  sake  of 
clear  sul^|iective  appredatkm  of  the  modes  of 
their  action.    The  principle  of  this  separation 
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rimply  ifl,  that  ibr  Ae  sake  of  oonvenienoe,  we 
count  up,  in  the  first  place,  the  more  obvious  and 
considerable  disturbances;  then  those  which  are 
somewhat  more  evanescent,  and  extend  pro- 
bably over  a  iaiiger  period;  and  lastly,  thoee 
which  enclose  within  their  wide  range  the  whole 
conditions  of  our  system— even  in  its  relations 
with  the  fixed  stars, — stretching  oar  view  of  the 
harmony  of  the  various  orbs,  onwards  through 
innumerable  centuries.  I.  The  first  and  most 
palpable  description  of  variations,  or  perturba- 
tions, is  what  we  term  periodical.  These  de- 
pend on  the  directions  in  which  the  difierent 
bodies  lie,  in  regard  of  each  other;  and  they 
simply  afi^  each  body's  place  in  its  orbit  An 
irregularity  of  this  kind,  does  not  affect  the  elHpte 
or  the  gpedes  of  curve  m  toAicA  on^  body  mooes; 
but  it  causes  tliat  body  to  be  either  before  or 
behind  its  natural  placet  w  that  curve.  The 
method  of  taking  account  of  such,  in  our  calcu- 
lations of  the  pkoe  of  a  planet  at  some  future 
time,  is  extremely  simple; — ^we  determine,  by 
another  dewription  of  inequalities,  in  what  ellipse 
or  curve  the  body  must  then  be  moving,  and 
the  laws  of  the  periodical  inequality  readily 
determine  in  what  place  of  the  ellipse  the  body 
ought  to  appear.  Theee  perturbations,  too,  ha\'e 
generally  very  short  periods;  and  although  they 
may  often  be  of  much  less  absolute  importance 
than  deflections  which  stretch  over  a  veiy  wide 
range.— Uiey  are,  nevertheless,  all-important, 
when  we  are  required  to  study  the  course  of  the 
planet  only  through  a  thort  period  qf  time — say 
one  or  two  revolutions.  II.  But,  more  complex 
in  character,  more  difficult  in  determination,  and 
more  remarkable  in  their  results,  are  those  irre- 
gularities or  inequalities  of  the  second  class,  to 
which  the  term  secular — because  of  the  great 
periods  the^L  involve — has  univenially  been  at- 
tached Tliese  inequalities  effect  the  orbits  in 
which  the  planets  fnave — each  orbit,  through 
effect  of  the  actions  of  the  other  orbs  on  the 
planet  to  which  it  belongs,  slowly  passing  thiv>ugh 
modifications,  which  sotnetinies  occupy  centuries 
In  their  course.  The  relatfon  of  the  two  sets  of 
perturbations  to  each  other,  has  been  represented 
by  the  following  diagram :— 
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onwards— by  the  slowest  and  most  gradiuJ  evo- 
lution—that  orbit  will  modifV  itself  and  clianga 
into  A  F  B  ■; — ^this  is  the  change  indicafied  by 
the  secular  inequalities.     All  the  while,  how- 
ever, the  planet  is  not  moving  on  the  aurfaee 
of  the  ellipse,  but  in  a  small  oitir,  a  g  b,  Vboee 
centre  performs  the  revolution  In  the  main  orbit ; 
and  the  distance  to  which  the  planet  Is  cairied 
fimn  that  main  orbit  by  Ita  motion  in  a  c  a^ 
is  the  periodical  inequality.    It  will  be  readfly 
discerned  tiiat  the  mechanism  of  the  systeKi, 
properly  so  called,  ooosists  in  the  relatbndiip  of 
these  secular  inequalities;  for  although  pertur- 
bations of  the  periodic  class  may  afiect  coosidei^ 
ably  a  planet's  place,  it  is  those  otben  wfaicii 
interiere  with  the  arrangements  of  the  sysCan. 
which  show  how  essenUally  each  sing^  part 
hangs  on  an  the  rest,  and  which  alone  could 
affect  its  stability.    Indeed  it  Is  in  treatixi^  the 
details  of  this  pcntkm  of  the  subject  that  ^yai- 
cal  astronomy  has  manifested  ita  greatest  power, 
and  where  it  has  most  discerned  the  perfi»^iaiicf 
our  planetaiy  scheme.     Let  us  rest  ibr  a  momeot, 
in  fllustration,  on  the  relationa  of  Jupiter  and 
Sacum.    These  greatorbs  act  on  each  odier  Tari- 
ously — producing,  as  our  readers  wfll  expectt 
pertnrfoatkHis  of  the  periodic  cUss ;  but  there  is 
one  great  secular  inequality,  than  whkh  none 
within  our  system  indicates  more  distinctly  the 
delicacy  of  its  rdatbna.    It  is  an  inequality,  in 
the  course  of  whose  evolutions  the  orbits  of  ths 
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Fig.  a. 

Suppose  A  D  B  G  the  ellipse  in  which  the  body 
moves  at  any  given  period ;  then,  as  ages  pass 


two  planets  present  a  case  of  the 
quisite  mutual  balancing — almost  as  If  one 
diifting  two  baUs  on. the  opposite  anns  of  a 
lever,  so  that  the  lever  retain  its  stability.  Let 
ABC  T^resent  the  normal  or  mean  oifiit  of 
Jupiter,  and  d  s  P  that  of  Saturn:  then,  by 
the  action  of  the  planets  on  each  other  In  the 
course  of  centuries,  the  |iath  of  Jupiter  oontracta 
itself,  slowly  creepe  in  to  an  inferior  limit,  a  b  c' ; 
and  during  that  same  tiaie  Saturn's  orbit  aa 
slowly  expands  outwards,  until  its  limit,  d^  b  f, 
is  also  attained :  at  this  point  the  actions  of  tha 
orbs  seem  to  be  reversed — ^the  orbit  whidi 
panded  before,  contracting  now,  and  the 
likewise  undeigoiog  the  Inverse  change ;  an  that 
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tUi  exquUto  aiQuatinent  oontfaroef — (br  ever 
dMhging,  jet  fbr  ever  stable  I    The  period  of 
tfaetK  dumgee  is  929  Tears.    It  became  knvim, 
faj  the  oomparlsoD  of  ancient  obseifalhim  with 
modem  Ones,  that  the  orbit  of  Jupiter  must  have 
besn  widening  as  his  veiocity  was  being  retarded, 
— and  Hallejr  fixed  the  mmerical  value  of  the 
incqnaUtT:   bat  it  was  by  the  psnetration  of 
eck-nce    by  Che  genios  of  Laplaoe — that  the 
natnre  ef  the  change  was  discovered,  and  tlie 
period  of  its  cjde  fixed.     The  existence  and 
nature  of  tliis  invqoality  is  certainly  ver^  re- 
mariuble;  but  it  is  chiefly  Important  here,  that 
we  appreliend  iu  oHffm,    That  lies  in  a  singular 
rtkUiomMhip  exiitUg  between  the  mean  moHont  of 
lAe  iwofloLmU — the  fact,  viz.,  that^re  Umee  tie 
ateriM  mution  of  Satitrn  i$  very  nearlff  eqmU  to 
twice  the  weean  motion  of  JnfUltr:  nor  is  the 
remit  peculiar  to  these  planets:  wherever  any 
anch  rdation — liowever  different  numerically — 
exists  between  the  motions  of  any  two  planets 
affecting  eadi  other,  it  wHl  obtafai  a  definite 
axprcMion    in   perturtwtions.  In  every  respect 
manifest,  and  determinable  by  observation,  like 
the  one  winse  character  we  have  now  explained. 
How  discriminating  then,  as  well  as  powerful, 
the  glance  we  now  can  east  among  the  complexi- 
ties of  our  system  I     Besuming  our  previous 
hypothesis  of  an  invisible  planet,  have  we  not 
here  a  distinct  means,  by  which,  from  the  infor- 
mation given  by  observation,  we  might  reach 
the  most  important  duuncteristicsof  its  motions? 
As  the  balance  of  Saturn  in  those  remarkable 
oseniatkms,  we  would  require  not  a  new  planet 
merely,  but  one  whose  motions  bear  towards 
those  "of  Satnm  a  certota  d^tite  relation;  and 
that  relatkm  would  establish  all  the  important 
frets  regarding  Jupiter*s  orbit  1 — Let  us  refer,' 
Imwevcr,  to  the  special  data  from  whose  ex- 
istenee   Neptune  was  determined.     When  the 
planet  Uranus  was  descried,  it  became  necessary, 
as  we  have  pomted  out  in  the  general  case,  to 
re-M^fnat  the  daU  of  the  Solar  System  and  to  fix 
the  approximate  orbit  of  that  plsncC    Now  the 
prablem  came  up  in  the  following  form, — the 
qttestkm,  viz.,  as  to  the  precise  path  of  Uruius— 
the  real  curve  it  describes  in  its  revolution  around 
theSnn:  and  there  are  two  very  essential  points 
« to  this  matter,  requiring  peculiar  nodoe.  LThe 
problem  iteelf  is  this:  fhmanmnberofobeened 
pheee  of  UramWf  to  determine  ite  eafcrs  palL 
It  ia  not  neeessary  to  follow  any  planet  through 
fcs  entire  tomrety  in  order  that  we  lay  down  the 
path  it  regulariy  panues.    Observatioa  so  com- 
plete, wo«dd  be  needAil  only  if  we  had  no  oon- 
eeptkn  of  the  hmd  of  path  in  which  a  planet 
most  be  moving;  but,  since  we  have  a  thorough 
knowledge  of  the  grand  law  that  regulates  the 
movenents  of  every  orb  bdonging  to  our  system, 
a  fi»w  ubea  rations  sulBoe  to  enable  us  to  ooo- 
clude  eoaceming  any  orb*s  entire  habitudes.    At 
tlie  very  outset,  then,  we  assume  as  the  ground- 
voikof  oar  theoiy  of  any  planet— and  of  ONine 
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witk  regard  to  Uranus— Me  safety  oftke  Litw 
itf  Gravitation  in  the  regiotte  tkrongh  wkiek  that 
planet  movet.    The  problem,  on  the  ground  of 
that  assumption,  is  as  follows:  Reverting  to  the 
mode  in  wliich  every  planet  most  move,  as  for- 
merly represented  by  the  diagram  (fig.  l\  it  will 
be  seen  that  tlie  phenomena  of  that  motion  an  di- 
visible into  two  part8~;/ln<,  the  normal  ellipee,  de- 
pending on  the  action  of  the  Sun ;  and,  sscond/y, 
the  deviations  from  it,  caused  by  the  disturbing 
actkm  of  the  planets.    The  two  sets  of  pheno- 
mena, however,  although  distinct,  cannot  be  de- 
termined apart  from  each  other :  it  being  dear 
that  until  we  know  something  of  the  normal 
eHipse,  we  cannot  compute  the  deviations,  as 
these  depend  on  the  distance  of  the  planet  ftxNn 
all  the  other  bodice  afiecting  it:  and  again,  so 
long  as  we  do  not  know  the  amount  of  the  dis- 
turbances, we  cannot  fix  how  much  to  take  from 
or  to  add  to,  the  obeerved  plaoe,  in  order  to 
arrive  at  the  normal  or  undisturbed  ellipse.   The 
problem  Is  therefore  by.no  means  an  easy  one: 
but  when  our  results  do  not  agree  with  prolonged 
observation,  it  is  always  open  to  us  to  tiy  /Ae 
^ect  of  an  alteration  of  the  normal  ef/i^ise,— an 
alteradon,  however,  within  limits — viz.,  the  pos- 
sibility of  explaining  the  deviations  from  the 
curve  on  which  we  fix,  by  the  action  of  known 
perturiiing  bodies. — The  solution,  it  will  be  seen, 
depends,  in  every  view  of  it,  on  omr  knovMge  <if 
the  mode  of  the  action  of  these  disturbing  bodies. 
This  knowledge  must  be  dear  and  definite;  or 
we  can  reach  no  sdution  at  alL   If  any  unknown 
body,  for  instance,  acts  on  Uranus,  then  the 
foregoing  prindples  could  never  enable  us,  from 
a  few  oteervations  of  its  places  to  determine  its 
true  path :  and  therefore  the  work  of  astronomera 
must  in  every  such  case  invoh'e  this  other  sup- 
position ^that  ass  are  acquainted  with  aU  the 
bodies  that  act  on  the  planet.    Any  solution—  ho 
for  as  we  have  yet  traced  its  progress    thus 
necessarily  involvca  three  uncertainties,  yiz : — 
(1.)  The  assumption  oj  the  nnmodffled  action  of 
gravitation  in  regions  so  remote  frvm  the  Sen  as 
Uranus,    (3.)  The  assumption  that  we  haveJSxtd 
on  the  true  or  normal  ellipee.     (8.)  The  assump- 
tion that  aU  the  disturbing  bodies  are  known  to 
us.    The  first  step  towards  a  practical  sdution 
was  taken  by  Laplace,  who  computed  the  rela- 
tive influence  of  Saturn,  Jupiter,  and  the  Sun — 
neglecting  the  other  planets  at  once  from  their 
distance  and  their  comparative  size— upon  the 
mo*ions  of  Uranus.    It  was  subsequently  found 
in  1820,  by  M.  Bouvard,  that  the  planet,  du- 
oovered  to  be  such  by  Ueredid  In  1781,  hsd 
been  before  observed  at  least  fifteen  times,  ss 
a  fixed   star.      The  record  of  these  podtiona 
deariy  narrowed  the  risk  of  error  in  any  theory 
of  its  motions.      Bouvard    immediatdy  com- 
menced to  cdcnlaie  the  orbit  from  these  ob- 
served phenomena.     Tue  result  was  that  the 
orbd  he  deduced  was  Jound  unsatigfactorg  to 
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lie  nUfr  out  uoi  oUofOlur  rsaarin&b;  In 

other  woidi,  he  fctind  tbtt  tbe  vary  -' 

wfaidi  (hmld  b*ve  aoiblad  Um  t 
ollbrt  irith  compleCe  inoceM,  WM 


hnpouib1&  So  long  u  he  look  into  bo 
boib  >eti  of  obeerra^ODi,  or,  what  fa  the 
thfaig,  ao  long  M  be  look  ill  kviUibla  precutiaiu 
lo  avDld  emir  nguding  Ihe  habitodee  nf  Uimniu 
— the  reaolta  of  hli  inqnliia  eeeoied  anlMf 
emiKoia;  id  other  «t>rd^  tbey  gave  an  orUt 
incODBUIeat  with  tb«  fiaoM  on  which  the  cakola- 
tione  war*  twaed.  It  further  a^Mued,  that  U 
«l>Mt  art  of  obearratkina  wu  aacnmed  by  tbalt 
aa  tba  basis  of  lbs  orbit  ivqnind,  a  leealt  canw 
out  snScienUr  etiicordant  with  that  ael,  but 
irtuDy  diaoordant  with  the  Mhtr  set  g  so  that 
Bourard  waa  obliged  to  omdnde  that  tbcee  two 
claMes  of  huzlt  were  ineompaiible.  He  coadoded 
to  nject  fbr  the  preaent  the  otda-  obaerratiopa, 
and  to  Ieav«  lo  dme  their  lecondllitioii  with 
the  now,  calcnladng  the  ortrit  in  ucoidattce  with 
tbeae.  Bat  thia  oibit  was  (bnnd  Co  be  ntleriy  at 
viriaaoe  with  the  course  which  the  planet  pro- 
ceeded to  take  qjAsnourdt.  Inlliediagnmsbelow, 
ifABin  theflnt  repnMottba  obMrred  ortdt  of 
Cranoi,  Ihe  bcokn  Uoe  will  rqireaoM  the  tbeor- 
etiml  oiljit  fimn  1T81  lo  1840.  If  again  in  the 
tbiid,  A  V  tepieesats  the  obeerred  orbit  bvm 
1690  to  1771 — the  dotted  irregular  line  rqite- 
aenb  the  tlwirelical  otbit  of  Boavsid.  These 
discrqtanoies  wen  Maniing  eooo^  But  to 
these  was  added  Immedlald;  the  still  greats 
and  men  ataitling  difficult;  of  the  local  de- 
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pirtni«  of  tba  planet  from  Beamf 
orblL  No  sooner  had  Ha  waDderings  be 
dooed  to  Bomething  wttlrin  modoata  bda 
It  again  slkowed  a  Ikapeden  Irc^pilaiilj.    ( 


hTpotbeaea  n 


feamed  to  oat  tbe  knot,  fts- 
real  and  Mt  afpanat 
baditrudc  Unniuan 
Its  orbit  Bat  now  that  this  new  in 
iBcDired,  the  eiplanatioii  conU  n 
adopted.  AccsnUog  to  all  our  ideas  ai 
slon  would  have  beni  simply  what  wi 
edIanacddccL  That  U  abould 
repeat  itself  h 

What  otiier  ai 

at  tlie  basis  of  Bonranf  a  calcn- 
latloDS?  Feilupa ihn mi^t He 
thesaniceDftbBdtfflctJty.  The 
law  of  gravltatlaii  tud  been  ae- 
'     Might  it  DcC  be  duU  in 


Hiaitki 


t  lawn 


kingdom.     A  snj^Kiaitieai 
feadUe  enough  indeed,  if  tbe  lav 
merd;  emfriricaL    Bnt  auch 
' —  "" " '  yet  mnrhese  been 


hypotheaU  of  tUs  kdnd  to  « 
'  '    ceM  iolitai7  teriei  of  pb»- 

aa,  unlae  all  attempta  to        "■-*' 

t  them  to  the  old  piind^  ttSM.  Had 
these  b««o  exhausted?    The  reader  wiD  nadlT 

r  that  they  bad  not  There  scm  nvM 
die  bypotliEais,  that  dlstniMi^  tann.  In  fod- 
llons  yet  uakDown,  might  pradnoa  lUt  kn(a* 
larity.  Bare  were  phcDomeaa  adniasM  tt 
CBleulatlon  at  sodi  aasea.    The  |ieUin  vts 

,  because  up  to  DranD%  the  pkaeb  ktJ 

im  readily  vUhle,  and  we  knew  what  •> 
look  fbr  an  the  IbtMi.  Had  0nnns  siil  f- 
tonalely  been  diacovend,  w*  ahcnld  hare  ft*' 
'  auence  upon  SatnmdIMatb  that  arttlijB' 

It  of  Nefitime  wm  mm  dktnrbisg  it,    Sal 
the  difficolty  h^  ben  tacaped,  oily  le  near 
We  mnat  sea,  Unn,  if  same  plsasi  y» 

Twn  be  not  Oe  caase.  TsntatlTe  fn- 
OBSSC»'  awayhig  the  wbd«  of  Ihe  mHac  lU 
OUT  tdtaoopM — mi^t  giv*  ame  befXi  !>> 
bow  long  dme  Afy  ml^t  OGEnpy,  ft  waa  ^~ 
pleeaanC  lo  think.     Lavsriei  wd  Adiai%  sIimM 
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flaiiiltaiieoiisly,  and  without  oonoert,  resolved  to 
attempt  the  miuheinatical  proUem, — to  seek  from 
these  startling  phenomena,  wliat  wu  and  nmui 
be  the  foreign  infiaenoe,  if  the  law  of  gravitation 
bdd.  Then  they  might  pouit  to  where  in  the 
akj  tKe  disturbing  plaaet  was  to  be  found,  and 
aeaidi  would  discover  it  or  prove  its  abeenoe, — 
would  establish  or  invalidate  tlie  Amdamental 
h>'potlieets  of  the  permanence  of  gravitation.  The 
Ant  process  was  arevision  of  past  and  ascertained 
resulta.  Perhaps  previous  astronomers  might 
have  miscalculated  the  normal  elHpte  in  which 
Unans  was  supposed  to  move.  All  possible 
variatioDS  of  that  were  tried,  and  the  anomalies 
increased  or  diminished  imperceptibly  accord- 
inglj ;  but  in  mass  they  lemahied.  There  mcuf, 
tlwralbre^  be  an  unknown  force  disturbing  the 
motkniB  of  Uranus.  Of  what  kind?  A  new 
planet  Ibr  instance,  or  an  undiscovered  satel- 
lite? If  the  latter— to  account  for  ench  results 
— it  must  have  been  at  least  so  large  as  to 
be  visiUe,  and  the  disturbancee  must  have 
been  oeciUatory,  No  mere  oedllatory  disturb- 
ances could  explain  the  phenomena.  Our  ulti- 
mate hypothesis  is  a  new  planet  If  other  planets 
exist  outside  the  orbit  of  Uranus,  the  chief  per- 
turbing effect  is  likely  to  be  due  to  one,  and  that 
the  nearesL  If  we  can  discover  that  one,  the 
residual  phenomena  may  afterwards  lead  us  to 
find  othen,  but  that  one  must  be  first  searched 
for.  Let  the  student  refer  to  Bode's  law  of  the 
£stanoea>  That  law  had  been  strildngly  verified 
by  tlie  discovery  of  the  asteroids.  Everything 
led  us  to  infer  that  if  a  new  planet  existed,  it 
would  be  found  at  the  distance  next  in  order, 
aooording  to  the  law.  Still  Airther,  all  the 
planets  move  in  the  comparatively  narrow  belt 
of  the  aodiao,  that  is,  in  planes  very  nearly 
approadiing  the  ecliptic.  If  diis  hold  respecting 
the  body  sought  for,  we  may  take  the  ediptio 
itsetf  as  giving  the  approximate  coutm.  Assum- 
ing these  simplifications  then,  the  problem  has 
become,—**  Is  it  possible  that  the  inequalities  of 
Uranus  are  dm  to  die  actum  vpon  Uramu 
of  a  planet  sttaate  in  the  ecliptic,  at  a  mean  dia- 
tance  determinable  by  Bode*s  law?  If  so,  deter- 
mine an  the  important  dementa  of  that  planet** 
Wkk  all  these  simplifications  no  light  task  pre- 
sentad  itsel£  Without  them  inde^  no  analy- 
sb  oi  ours  could  have  answered  these  quee- 
liooB.  Aa  they  stood  before  the  solitary  workers, 
how  dread  and  awful  must  they  have  seemed. 
By  toilsome  thought  only,  to  call  from  the  Un- 
known a  world  which  no  man  had  seen,  to  pass 
out  into  those  measureless  spaces  and  tell  us  what 
things  must  be.  No  slowly  passing  ages  great 
with  new  achievements,  can  dim  the  grandeur  of 
the  fldth  which  approached  the  presence  of  such 
myBleries,  and  extorted  their  solution. — Thus 
stood  the  case.  Observation  gives  us  only  the 
total  or  ^rofs  result  of  the  combination  of  a 
number  of  unknown  quantities— the  elements  of 
the  yet  unseen  planet,  and  the  veal  elements  of 
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this  eccentric  and  irreducible  Uranus ;  and  from 
this  total  result  are  to  be  eliminated  the  fullest 
separate  information  regarding  these  commingled 
subjects. — It  is  easy  to  understand  that  it  may 
frequently  be  possible,  by  neglecting  quantitieA 
which,  at  difierent  stages  of  the  process,  we  may 
see  can  produce  no  great  alteration  of  the  final 
result,  to  reach  approximations  to  it  Suppose 
we  neglect  such,  on  difierent  sides  as  it  were  of 
what  we  aim  at,  and  so  obtain  limits  between 
which  the  truth  must  lie.  One  manifest  approxi- 
mation would  be  got  by  a  rough  separation  of 
the  unknown  mass,  and  the  unknown  position  of 
the  planet  The  former  afiects  the  magnitude  of 
the  force,  the  latter  its  direction.  Such  approxi- 
mation made,  it  was  announced  that,  on  the  first 
day  of  the  century,  the  planet  must  have  been  at 
from  248°  to  262°  k>ngitude,  that  is,  within  the  de- 
termined space  of  one-twentieth  of  the  whole 
visible  arc  of  the  heavens.  Using  that  result,  and 
going  back  on  the  calculations,  it  was  not  diflScnIt 
to  obtain  a  second  approximation ;  and,  retumiog 
to  the  old  observations,  it  was  found  that  the  new 
pUnet  ought  to  be  at  826°  82'  on  1st  Januaiy, 
1847.  The  prediction  was  made,  and  the 
observatory  at  Berlin  set  to  examine  into  the 
truth.  In  seeking  for  a  planet,  two  methods 
present  themseh*es.  /crcf,  see  whether  the  stellar 
body  observed,  have  an  appreciable  disc.  In 
that  case,  it  can  only  be  a  planet  But  the  planet 
may  be  too  small  for  that,  or  too  distant  The 
aecofuf  process  is  to  ascertain  whether  the  body 
changes  its  relative  position  among  the  adjacent 
stars.  Fortunately  for  the  inquiry,  a  new  and 
most  carefid  mapping  of  the  stars  of  the  lodaic 
had  just  been  completed,  by  the  Academy  of 
Beriin;  and  it  sbnply  remained  to  find  wheUier, 
about  the  place  predicted,  a  star  could  now  be 
found,  of  sufficient  magnitude,  to  have  been 
certainly  not  overlooked  in  constructing  tlie  chart 
That  waa  done,  and  the  planet  discovered,  aa  of  the 
eighth  magnitude,  at  827°  24'— an  error  of  62'. 
The  planet  was  found,  and  the  disturbances  ea- 
phdned!  It  was  found  that  the  planet  had  been 
twice  accurately  aeen  before  by  Lalande — thcee 
observationa  serving  the  most  important  ends  of 
verification.  But  we  are  not  quite  done  with  our 
history.  Now  tliat  the  new  planet  itadf  could  be 
observed,  it  waa  evidently  neoessaiy  to  go  back 
over  an  these  tentative  processes;  and  means  were 
evidently  within  reach  of  obtaining  by  unchal- 
lengeable observation,  aU  the  ikcts  which  long  and 
pahiful  theoriahig  had  approached  to.  Two  most 
startling  resulta  were  Ibund;  in  the  prediction  an 
error  of  nearly  a  fourth  of  the  whole  distance,  and 
of  half  a  century— nearly  a  fourth  of  the  wIm^ 
periodic  time—had  been  conunitted.  Assuredly 
nothing  but  tlie  rarest  fortune  could  have  pre- 
vented Umbo  mistakes  fbom  utterly  mJrfaaHii^ 
ua.  Concerning  the  distance,  in  the  fint  place — 
Bode*a  hw  waa  certainly  CsUfled;  whidi  foot 
immediately  explains  the  discrepancy  respecting 
the  amai  of  the  planet    It  Is  easyto  see  that 
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a  smaller  bodr,  which  is  neater  another,  may 
produoe  tn  identical  efiect  with  a  laiger,  which 


True  portion  of  Unniu  and  Neptnne  flrom  1B90  to  1770. 


SappoMd  position  of  Uraaufl  and  Ncvtaae  from  1610  to 


FifrO. 

iH  farther  away,  when  all  three  are  In  one  stridght 
Hue.  Bat  the  error  in  periodic  time  was  more 
vitaL  Tlie  true  and  false  planet  could,  by  no 
posAbility,  retam  throughout  one  revolution  eren 
the  same  approximate  positions  relative  to  the 
Sun  and  Uranus.  Ttiis  is  the  meaning  of  the 
phenomenon  exhibited  in  fig.  2  of  last  dia- 
gram— of  the  discrepancy  of  tbe  theoretical  orbit 
of  the  false  planet,  and  the  actual  orbit  of  the 
Uue  one.  Consider  in  the  last  figure  below,  n 
to  be  the  position  of  a  body  at- 
tracting a  revolving  planet — a, 
it  is  sufficiently  dear,  will  be  ac' 
celerated  or  drawn  onwards  in  its 
oouree,  during  its  motion  in  tke 
iemirorbk  a"  a'  a  ;  —  more  ao- 
,  celerated,  however,  whilst  in  the 
near  quadrant  a'  a  than  in  the 
quadrant  a"  a'; — and,  on  the 
other  hand,  it  must  be  retarded 
vhen  in  tk&  ftmi-whU  of  a  a'" 
A'';  and  more,  during  the  qusd- 
than  when  in  the  quadrant  ▲"'A^.   Mi- 
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nnte  but  wldial  perfectly  shnple  cooaidentton 
would  bring  out  other  fiuts  of  consequeoce,  aa  •» 
these  accelerations  and  retardatioiis;  bat  what 
we  have  just  stated  will  suffice.  Let  vs  now 
examine  then,  with  aome  eaie,  the  figure  whidi 
shows  the  ndations  of  the  faho  pianet  with 
Unims  from  1690  down  to  1770.  The  epodi  of 
1690  may  be  termed  the  epoch  of  the  conjnnetiaB 
of  the  two  orbs,  or  when  the  energetic  retardbg 
action  would  begin:  the  action  doe  to  tbe  fint 
quadrant,  would  continue  till  1730,  after  which 
the  relation  of  bodies  would  be  that  of  the  aeoonl 
quadrant,  and  would  so  continue  till  1760.  These 
entire  effects  are  as  follows  :— 

ACTION  OF  THE  FALSE  FLAKBT. 

From  1690  to  1730. — 'Vhe  powerful  retardafiH 
of  the  first  quadrant,— coDJanctioB  ksThv 
just  passed. 

From  1730  to  1760. — Action  of  the  aeoond  qusd- 
rant— still  a  retarding,  though  lass  power- 
ful action. 

From  1760  to  1770. — Action  after  oppositloo — 
that  of  acceleration,  but  ooniparatively 
gentle,  and  as  to  quantity  ineffective. 

Let  us  now  trace,  by  aid  of  the  conespoodiag 

figure, 

TOT  ACnOH  OF  THE  TBVB  PLASBT. 

From  1690  to  1700— The  latter  part  of  the 

fint  quadrant — ^the  action  retarding. 
From  1700  to  1787.— Second  quadrant  to  ap- 
position— action  retarding. 
From  1787  to  1770«~Second  semi-orbit— actioa 
aooderative,  growing  in  potency ;  but  only 
approaching  the  second  quadrant. 
A  single  glance  will  discern  efiective  ooatrasts  in 
these  two  schemes.     Speaking  generslly, 
without  regard  to  minutic,  they  an  tiMBsi 
(1.)  Immediatdy  after  1690,   and  for 
years,  the  strong  retarding  eflbcts  of  tlie 
planet  liave  no  equivalent  in  yuamtitjf,  among  the 
actions  of  the  true  pUnet     (2.)  Between  the 
yean  1787  and  1760,  the  effects  of  the  two  oiti 
are  opposed— that  of  the  fhlse  planet  retarding; 
and  that  of  the  other  being  aeoeleratlve.     How 
happened  it,  then,  that  with  these  diserepwiciea 
of  effect  for  the  false  and  true  planet,  tbe  place 
was  oorrectiy  calculated  within  one  degree — since 
the  periodic  times— and  therefore  the  positiona  of 
the  true  and  false  planets  are  so  different?  Tiie  ex- 
planation is  this.   Though  the  two  are  not  in  gen- 
eral in  the  same  position  relative  to  Uranus,  tbcra 
will  be  intervals  of  aooordanoe,  among  tlie  great 
periods  of  disacoordance.    Roughly,  for  inetaDce* 
if  the  periodic  tiroes  be  150  and  200  yean  re> 
spectivdy,  they  will  be  in  scoordance  once  every 
600  years — ^fur  if,  at  any  one  point  of  tine  they 
are  so,  after  600  years,  the  one  has  completed 
four  and  the  other  three  revolutions,  and  each 
has  returned  simultaneously  to  the  point  fiwu 
which,  at  the  beginning  of  that  time^  it  had 
started.     Now,  when  two  planets  are  in  the  re- 
lative opsitions  of  A  and  b  in  the  last  <Ba^ani, 
the  distance  ia  onimpurtant,  if  we  mi^  cbiju)^« 
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muB  onmspondliigly.    And  It  is  clear,  that 

the  point  a  of  the  orbit,  changes  of  dis- 

tanee  of  the  planet  b  froni  the  planet  a  wilt  have 

the  laist  poMible  eflfect  in  altering  the  motions  of 

A.     It  happened  that  at  the  time  when  the 

planet  was  disooYered  this  was  the  position  of 

nattesB,  eo  that  the  very  small  error  due  to  the 

erroneoas  assumptions  which  had  been  made— in 

tka  etrlctest  aooordanoe  with  analogy— almost 

oompietalT  dlttppearsd.'   Scaroeljr  at  any  other 

time  could  the  problem  hare  been  attadnd  with 

each  SQOoess.    Certainly  no  less  worthy  had  been 

the  achievement  and  the  eflbrt — hot  the  seal  and 

aMSDrance  of  victory — the  Rksult — might  have, 

fiir  half  a  centiuy,  escaped  astronomers.     Let  ns 

believe,  it  can  be  no  barren  fact  that  such  not 

premature,  bat  most  unlikely  honour  has  croyrned 

the  Analytical  Science  of  our  time.     About 

the  question  of  priority  of  disooveiy,  one,  word  is 

f^M*"*     Leverrier  and  Adams  reached  their 

leeults  independently.    The  priority  of  pnUica- 

tioo  is  due  to  Leverrier,— though  no  fault  of  Mr. 

Adams, — that  of  discoveiy  as  unquestionably  due 

to  our  countryman.    The  question  of  precedence 

appears  absolutely  insignificaQt    Their  honours 

must  be  shared  alike.    Each  did  the  same  work ; 

and  will  win  from  histoiy  the  same  award.    See 

Satelutbs. 

If  ighu  Properly  that  portion  of  the  twenty- 
four  hours  during  which  the  sun  is  below  our 
hofinon,  or  rather  our  horizon  above  the  sun. 
The  twflight  and  the  dawn  are  not,  however, 
considered  as  parts  of  the  night — Anciently,  by 
the  Eastern  nations,  Night  was  divided  into  three 
waiduB.  The  Romans,  and  the  Jews  after  they 
became  subject  to  Rome,  divided  it  into  four 
watches,  commencing  at  sunset,  and  ending  at 
sunrise.  The  andent  Gauls  and  Germans  divided 
their  time  not  into  days,  but  into  so  many  nights ; 
and  the  modem  Icelanders  and  Arabs  follow 
the  same  practice. — ^The  length  of  night  varies 
chiefly  with  the  position  of  the  sun,  according  to 
which  he  describes  more  or  less  than  a  semicircu- 
lar arch  in  the  vitiUe  heavens.    See  Day. 

FTnJ— ■  The  points  of  a  planetary  or  cometary 
ocbit  that  cut  the  ecliptic ;  and,  by  extension  of 
meaning,  the  points  where  the  orbit  of  a  satellite 
ate  that  of  its  primary.  The  node,  is  called  the 
node  (iA,  knot)  of  the  first  orbit  upon  the  second. 
The  node,  when  the  planet  is  passing  northerly, 
is  caDed  the  oscenclui^  nodt  or  dragon*$  head,  and 
k  emphatically  marked  Q,  The  otlier,  when 
the  planet  is  passing  southwardly,  is  called  the 
de9emimg  wtdt  or  dragon's  tait^  and  is  marked 
thua,  Q . — The  positions  of  the  nodes  of  every 
planet  make,  in  a  certain  time,  a  revolution 
through  the  signs  of  the  ecliptic,  and  a  real 
revolution  around  an  actual  great  circle  in  tiie 
heavens.  This  peculiar  change  of  node  is  the 
resali  of  a  perturbation  de{iending  on  the  Csct, 
that  the  bodies-  of  our  solar  system  are  not 
within  the  same  plane.  It  is  the  consequence 
of  the  action  of  the  perpendicular  part  of  the 
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disturbine  forces;  and  so  In  other  casee.  See 
Lunar  Thkory  and  PRKCBsstioN. 

fimnam.  The  rule.  One  of  Lacail1e*s  constel- 
lations between  Scorpio  and  Lupus.  It  has  no 
star  above  the  fifth  in  magnitude. 

VimrtmmL  A  perpendicular  to  the  tangent  to 
a  curve  at  the  point  of  contact,  is  called  a  normal. 
For  full  technical  expressions  giving  the  equa- 
tion of  the  normal,  see  Gregory^s  Solid  Geometry, 

Nacleaa.  A  term  given  to  the  condensed  por- 
tion of  the  mass  of  a  comet.  Hence  it  is  applied 
to  any  part  of  a  whole  which  is  more  opaque 
than  the  rest,  as  it  is  supposed  that  this  contains 
the  denser  matter.  The  term  is  frequently  em- 
ployed in  the  cometary  and  nebular  theories. 

mmwrnewwaimm.  The  method  of  expressing 
numbers  by  definite  signs.  The  history  and 
ibmis  of  the  special  symbols  used  for  diflerent 
numbers  by  different  nations  will  be  found  pretty 
copiously  detiiled  in  the  treatise  on  Arithmetic  m 
the  EncifdofHBdia  AfetropnUtana.  The  ancient 
Gr«ek  method  of  reckoning  numben  had  a  special 
character  fur  every  number,  and  several  systems 
retain  this.  The  prhwiple  of  nnmeration,  how- 
ever universal  in  civilized  society,  is  that  of 
giving  diflerent  value  to  the  same  signs  by  heal 
positKMi.  Thus  the  same  sign  ser%'es  for  two  en- 
tirely diflhrent  things,  and  yet  a  clear  distinction 
can  be  made  between  them.  In  the  method  of 
undeterminate  co-efficients,  where  we  have  such 
a  quantity  as  a*  -|-  4  a«  -f«8  «i*  <|-  3  a*  4-  9 
a  -|>-  6,  we  mark  only  the  co-efficients  1+4 
^8-t-2-)-9-|-6,  and  this  serves  us  until  the 
end  of  the  question,  in  the  methods  of  nume- 
ration which  we  adopt,  we  take  10  as  a,  and 
any  number,  such  as  10*  -|-  4  X  10^  8  X  10^ 
4-  2  X  10*  -|-  ^  X  10  -f-  6,  can  be  expressed 
asl  .|.4-^8-|-2-f-94-6,  and  thus  used 
the  same  as  the  other  till  the  termination  of  a 
question ;  and,  in  fact,  kept  so,  until  we  need  to 
have  a  very  dear  idea  of  the  actual  number  ex- 
pressed. In  the  undetermbuite  co-efficients  the 
signs  are  interposed,  but  in  the  system  of  nume- 
ration it  is  not  necessary.  In  the  former,  in 
general  expressions,  sometimes  negative  signs 
are  employed,  but  in  this  it  is  never  needfUl, 
and  therefore,  for  the  sake  of  uniformity,  ne\*er 
attempted.  Hence  the  expression  becomes 
U32U6.  It  ia  evident  that  any  ordinary  whole 
number  can  be  put  under  the  form  so*  -f- 
jf  a"  ~  ^  -|-  2  a*  ~  *,  &c,  the  only  condition  being 
that  X,  jf,  s,  be  less  than  a.  Thus  to  take  1296, 
which  is  to  be  put  under  the  fi»rm  of  successive 
powers  of  6,  we  have  Just  to  divide  it  by  those 
terms  thua^       6  |  1296 


259  —  1 
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6 1      10  —  1 
2^0 
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and  we  will  hsn 


1296  =  5  X  269  +  1  =  6  X  (5  X  51  +4) 
+  l=:5(6(6XlO  +  l)  +  4Wl 

=  6  |6(6X(5X«  +  0)  +  l)  +  4j+l 

=:2X5*  +  0X6»  +  1X6« +  4X5  +  1 

Similarly,  any  number  can  be  brought  to  such  a 
form,  and,  therefore,  one  fixing  upon  the  value 
of  the  constant  a,  which  in  our  notation  is  10, 
we  can  ezpreee  any  whole  nnmber  by  powers' of 
1 0,  leaying  these  to  be  eapplied  from  the  rela- 
tive positions  of  their  co-effidents.  The  dedmal 
method  of  expressing  fractions  in  the  same  system 
is  given  in  all  arithmetical  works. — The  choice 
of  the  number  is  evidently  caused  by  the  number 
of  the  fingers.  The  numbers  6  and  20  have  also 
been  chosen.  The  latter  gives  too  many  sepaimte 
characters-^nincteen  of  them— for  fomiliar  use, 
and  the  former  makes  numbers  which  we  have 
frequently  to  use,  expressed  by  too  many  figures. 
The  number  12  has  alsobeensuggested,  and  an  at- 
tempt  was  made  to  introduoe  a  unilbrm  duodenary 
6\'stem  in  Sweden.  The  great  number  of  the 
aliquot  parts  of  12  and  its  power  compared  with 
those  of  10  is  the  inducement  to  this,  and  had  we 
to  choose  over  again,  It  would  in  all  likelihood 
be  adopted.  The  duodenaiy  has  been  extensively 
introduced  in  the  measurements  of  quantity— as 
inches,  pence,  &c;  and  this,  since  the  denaiy 
must  be  employed  in  abstract  arithmetic,  is  a 
serious  evil,  alreisdy  removed  in  France,  and  soon 
to  be  so  here  likewise. 

nraiatiwB.  A  small  motion  of  the  earth's 
axis  like  what  the  axis  of  a  top  frequently  has 
when  the  top  is  moving  very  rapidly  round.    It 
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must  not  be  confoanded  with  that  miicfa  mote  iaa- 
portant  motion  of  preoeeskin — also  afiecting  the 
earth's  axis.  Under  nutation  the  oompleis  ravo- 
lution  is  accomplished  in  about  nliwiwii  yean 
only,  while  the  period  of  the  oomplet«  modon  of 
precession  is  about  25,868  years.  In  fiurC,  Omt 
oomlMue  to  produce  a  total  motiao  annwiliiing 
Kke  that  of  a  circle  which,  all  round  the  edgm,  is 
indented  outwards  and  inwards,  like 
rubber  ring,  pressed  inwards  aft 
intervals  round  its  xim,  and  thenion^  baling 

out  between  them.  There  are  aboot  *^*** 
or  1862  of  these  little  intervals  nraiid  the  Inge 
circular  curve  ck  precessMXL  ^m  movemena  oi 
nutation  is  thus  a  gyrw^tary  motioo  In  a  anall 
ellipse  of  18"-5  for  its  nuOor,  and  of  18"-74  for 
its  minor  diameter,  wiiich  the  axJsaMjuuipUsihesin 
nhMteen  years.  The  major  axis  of  this  IhtfecUipae 
is  directed  towards  the  pole  of  tbeedlpti^  aadtlie 
shorter,  is  at  light  angles  to  It  Sinoe  thepefeis 
the  point  upon  which  the  aoconte  posilion  of  the 
equinoctial  circle  depends,  the  point  where  ft  cnis 
the  ecliptic  will  vary  with  this  motioa, — tbtn  K 
there  will  be  a  definite  effect  upon  the  positkB  of 
the  equinox  exercised  by  eveiy  sndi  chaoga.  It 
is  at  its  greatest,  only  18"*5  in  nineteen  years,  or 
about  1"  per  annum,  aometiaies  increasing  pn- 
cession,  apparently  to  that  amount,  when  it  Is 
acting  in  the  same  direction,  and  sometinMs  dinin- 
ishing  it  when  it  Is  acting  in  the  oppoete  direc- 
tion. The  physical  cause  of  nutation  Is  preesady 
that  of  precession.  And  if  the  moon's 
been  co-incident  with  the  edipdc, 
simply  have  had  a  Inni-solar  precession, 
tkm  mainly  arises  ftem  the  changes  of  the 
in  latitude,  and  passes  through  phaaes  eonespood- 
ing  with  the  clianging  relations  of  onr  safteDiaB 
towards  the  equatorial  ring  or  protuberaDoiL  For 
a  frill  discussion^  this  subject  see  PtatoBsmooi 
and  Stabs. 
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Obtuse*    See  Spruboid. 

Obliqwiiy.  The  angle  which  the  rarfons 
planetary  orbits  make  with  the  ediptic  are  re- 
si)ectively  the  obliquities  of  these  orbits.  The 
term  is  chiefly  applied  to  the  ediptic,  or  orbif  of 
the  earth, — the  angle  which  it  makes  with  the 
equatorial  drde  is  called  the  obliquity  of  the 
ecliptic.    See  Ecupnc. 

•l(iect«<Giaao.  The  direct-glass  of  a  tde- 
scope  or  microscope  is  the  lens  or  system  of  lenses 
nearest  the  ofcgect  contemplated.  Its  fonction  is 
to  form  a  correct  image  of  that  object  within  the 
tube.  It  ought,  therefore,  to  be  free  from  spheri- 
cal aberration,  and  to  be  achromatic  Achro- 
matism is  produced  by  making  the  object-glass 
of  two  lenses  having  difierent  dispersive  powers 
— the  one  lens  being  convex,  and  the  other  con- 
cavo-convex. Such  a  compound  lens  will  give  a 
colourless  image,  when  the  fod  of  the  two  lenses 


are  in  the  proportion  of  their  dispersive  powen. 
The  substances  usually  emplojred  are  crown  glaas 
and  flint  glass — their  dispersive  powen  being  as 
*6 :  1 : — and  an  achromatic  olijeet-glass  might 
therefore  be  obtained  by  employing  a  ooovex 
crown  glass  lens  of  6,  60, 600,  &c.,  inches  in  focal 
length,  in  connection  with  a  concavo-convex 
flint  glass  lens  of  10, 100,  or  1,000  inches  of  focal 
leng^ — In  regard  to  splurical  aberration,  Su- 
John  Herschel  has  shown  that  a  donUe  object- 
glass  will  be  nearly  free  finom  it,  if — ^whila  the 
radH  of  the  interior  surfooes  of  tlie  lenses  be 
computed  to  produce  achromatissi — the  radina  of 
the  exterior  soriiBce  of  the  crown  g^aas  be  6*72, 
that  of  the  flint  14*20,  and  the  focal  length  of 
the  combination  10*0.    To oonect tliia aJmimHom 
farther,  triple  combinations  have  been  rssofted  to^ 
viz. ;  two  convex  lenses  of  crown  glassy  havfaif? 
between  them  a  double  ooncat-e  of  liinL    Bat  it 
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b  so  much  mora  difficalt  to  ooiutniet  such  leDies 
aoeontely,  that  artists  do  not  now  employ  them. 
Generally  speaking  the  two  lenses  of  the  adin>- 
natlc  an  fai  close  contact;  bat  in  some  tele- 
soopes,  called  dSafittiic,  there  is  a  considerable  q>ace 
between  the  two, —an  arrangement  that  permits 
of  the  flint  g^ass  bsing  of  inferior  diameter. — 
Tile  object-glass  being  the  great  collector  of  light 
in  telescopes,  it  is  of  coarse  of  the  utmost  conse- 
qnence  that  it  be  of  as  great  a  diameter  as  can  be 
obtained.  But  from  ths  tIscoos  nature  of  glass 
in  the  molten  state,  it  is  most  diiQcnlt  to  obtain 
laige  blocks  or  sheets  of  it,  sufficiently  uniform 
to  make  it  applicable  to  astronomical  purposes. 
The  artist  who  first  of  all  sncoeeded  in  obtainhig 
homogeneous  masses,  was  Gninand  of  Brenetz,  in 
Switaeriand.  He  wrought  subsequently  in  con- 
aectieo  with  Frsnenhofer  at  Munich.  Guinand 
obtained  soooess  up  to  18*2  inches  in  diameter, — 
this  giass  is  now  at  Uaikree  Castle  in  Ireland, 
havlngbeenpnidiased  by  Mr.  Cooper.  The  menu- 
fiMtura  has  continued  at  Munich  with  increasing 
sBceew, — M.  Mcr  having  produced  admirable 
object-glaases  of  sixteen  inches  In  diameter.  A 
daring  attempt  was  recently  made  in  England  by 
the  Messrs.  Chance  of  Birmingham.  They  con- 
stmoesd  a  disc  of  twenty-four  inches  in  diameter 
for  the  Ber.  Mr.  Craig,'the  enterpridng  vicar  of 
liHimington :  and  since  then  they  have  produced 
a  dise  of  twenty-nine  Inches,  weighing  two  cwt 
With  whatabeolntesnooesscannotyetbeasserted, 
^  the  great  telescope  at  Wandsworth,  erected  by 
Mr.  Craig,  having  been  found  defective  as  to  the 
oomction  for  spherical  aberration ;  and  the  other 
cBse  not  having  been  ground.  But  it  is  to  be 
hoped  that  the  most  acceptaUe  and  necessaiy 
rettsf  fitxn  the  vexatious  presvure  and  interfer- 
ence of  exdss  duties — a  boon  weowe  to  Sir  Bobert 
Ptosl— Jirill  enable  our  great  glass  manufectnrers 
to  overeome  existing  difficulties  by  aid  of  multl- 
p&ed  and  incessant  eflbrts  and  experiments. 

OfcamailaM  Asdl  Bxp«riui«Bt.  The  two 
SQli|ects  named  In  our  title^  and  which  we  pur- 
posely consider  together,  are  the  two  grand  means 
by  ^dcfa  the  fects  of  Nature  are  ascertained  and 
so  examined  that  we  may  the  more  readily  dls- 
cnm  the  laws  of  the  sequence  of  pherunnena. 
(l§'rvatum  signifies,  as  the  wofd  itsdf  indicates, 
the  direct  scrutiny  of  any  event  or  appearance 
presented  In  the  ordinary  course  of  Nature.  E»- 
ftrimmif  on  the  other  hand,  signifies  the  arti- 
ficial repfodnctioa  of  a  natural  phenomenon,  and 
the  examination  of  it  under  dreumstancss  which 
we  may  vary  at  pleasnrsk  Experimtnt  evidently 
jndndas  Obesrvation,  and  ofibrs  besides  vast  fed- 
HtieB  iar  the  analysb  of  complex  facts ;  but  each 
BWthod  has  its  legitimate  sphere  and  its  peculiar 
advantages  within  that  spliere.  When,  from 
ejboli^  we  desire  to  ascend  to  their  unknown 
enses,  it  is  plain  that  Observation  must  ever  be 
the  chief  mode  of  inquiry,  because,  so  long  as  the 
OBBse  is  unknown,  we  cannot — unless  tsntatively 

piuduoe  the  eflect;  and  efen  tentative  methods 
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must  rest  on  hvpothoMs  suggested  by  previous 
Observation.  ^^Hien,  on  the  other  hand,  a  cause 
is  producible,  and  we  desire  to  observe  it  under 
all  drcumstanoes  and  to  discover  the  pure  laws 
of  its  action  or  the  mods  In  which  it  inteimingles 
with  other  causes  in  evolving  the  complex  phe- 
nomena around  us,  our  precious  Instrument  is 
Experiment.  Thus,  while  Observation  is  required 
for  the  sucoessfol  pursuit  of  all  sciences,  the 
resources  of  Experiment  are  not  everywhere  avail- 
able. Astronomy,  fbr  instance,  rests  on  Obser- 
vation alone :  we  cannot  reproduce  the  celestial 
motions  within  our  phyrical  laboratories.  In  the 
field  of  physics*  again,  Experiment  is  our  power- 
Ail  arm;  In  that  field  we  have  the  freest  and 
ftdkst  choice  of  the  circumstances  within  which 
we  may  reproduce  and  therefore  analyze  the 
eautea  or  phenomena  under  scrutiny.  Cbemistiy 
ranks  qfisr  physics.  Nothing  can  be  accom- 
plished in  chemistry  unlew  by  Experiment ;  but 
ss  the  concurrence  of  certain  conditions  b  generally 
indispensable  to  the  success  of  chemical  experi- 
ments, our  choioe  of  circumstances  is  not  so  free 
nor  our  power  to  vary  them  so  complete,  as  in 
physics.  Experiment  is  also  applicable  to  the 
physiological  sciences,  but  under  restrictioiia 
much  more  serious.  In  all  experimental  inquiry 
In  this  wide  and  engaging  field,  it  is  imperative 
that  the  fimdamental  condition  of  ufb  be  main- 
tained,— life,  too,  in  its  normal  state ;  and  this 
denumds  a  coocumnoe  of  veiy  complex  oondi- 
tions  external  and  internal,  which  admit  of 
being  varied  only  within  extremely  narrow 
Hmits.— We  shall  remark  briefly  on  the  tuM' 
HaSa  of  the  two  methods. 

(1.)  Obaervatitm. — There  are  two  conditions 
under  which  we  obeerve  phenomena  ;^eith«r 
through  aid  of  instruments,  or  without  such  aid. 
If  we  obeerve  by  means  of  instruments,  it  is 
manilbst  that  the  accuracy  of  the  Instrument 
must,  in  the  Ant  plaos^  be  most  careAiIly  tested, 
— a  sutrject  already  considered  under  Corrsc- 
noN  and  Errors.  But  whether  the  Observer 
employs  the  wsJimsi  of  an  inelnnnent  or  not,  the 
accuracy  of  his  recorded  results  will  depend 
ultimately  on  the  accuracy  of  his  sswsss,  and  the 
CdMCMntfousasit  he  brings  to  the  task  engaging 
hfan.  There  are  two  dasses  of  delusions  against 
which  every  good  observer  must  be  ever  on  his 
guard.  Firttt  what  may  be  termed  wvobmiarw 
errort,  mure  depending  on  peaUianHe$  m  hi 
senses,  or  On  iewtperamenL  lliese  are  constant, 
and  may  be  measured  and  allowed  for.  ErroM 
arising  from  imperfections  of  the  Senses  att 
easily  dkcovered,  and  guarded  against;  for 
instance,  no  man  aiflicted  with  IkUtMitm  in  any 
of  its  varied  phases,  could  conscientiously  pro- 
nounce on  questions  involving  an  appreciation  of 
colour.  The  erroreofTemperament  are  less  esitly 
caught,  because  generally  they  are  not  suspeded. 
For  IBustrstiott  of  them,  sse  Pbrsoital  E^a- 
Tioy.  But  there  is  a  second  souros  of  errof  on 
the  part  of  the  Observer  that  cannot  be  ttfmed 
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inwbmiarff.  It  b  his  tendency  to  an  ihrngs  as 
he  desires  them,  his  lack  of  Sxnpartialitj,  the 
absence  in  his  case  of  that  grand  humility  which 
has  annihilated  self,  and  placed  the  soul  as  a 
child^like  learner  in  face  of  God's  Universe.  No 
man  worthy  of  the  name  of  Inquirer,  can  now  be 
found  within  the  sphere  of  the  physical  sciences 
at  least,  with  daring  enough  to  say  that  he  saw 
what  he  did  not  bdieve  he  saw.  Nevertheless, 
there  are  multitudes  who  have  not  acquired  this 
highest  knowledge,  viz.,thattheelaborate  descrip- 
tion of  a  thousand  so-called  facts  as  they  ap- 
pear through  their  cotenred  spectades — ie^  as 
modified  by  theoretical  views,  or  probably  by  oom- 
bativeness  and  bad  temper — avails  nothing,  in 
comparison  with  the  faithful  description  of  one 
solitary  phenomenon  as  it  really  is.  Bighteoudy 
however,  may  it  be  claimed  for  physical  science, 
that  within  its  domains  an  example  of  true  con- 
scientiousness has  been  set,  which  if  followed  in 
other  r^ons  of  inquiry  would  go  far  to  regene- 
rate the  world.  It  is  not  in  physics  that  a 
Han*s  bias  towards  the  Emission  Theory  of 
Light,  or  its  opponent  the  Wave  Theory,  would 
be  held  satisfactorily  or  respectably  accounted 
for,  by  the  circumstance  that  he  belonged  to  the 
Agricultural  or  to  the  Commercial  class  I  verb, 
sap,  tat .  Carefully  however  and  conscien- 
tiously as  the  observer  may  act,  he  is  still  to 
some  extent  deceived;  and  the  circumstances 
under  which  he  observes  are  more  or  less  £avour- 
able.  Hence  the  consideration  of  what  is  tech- 
nically termed  the  Weight  of  an  Ohttrvation. 
On  this  important  point  inibrmati(m  will  be 
found  under  Error,  Correchon,  Proba- 
BiLiTT,  and  Squares  thb  Lbast.  It  scarcely 
requires  to  be  remarked  that — all  things  else 
being  equal — a  man  is  a  good  Observer  in  pro- 
portion to  his  knowledge  of  his  subject  It  is 
that  al(me  that  can  instruct  him  as  to  the  spe- 
cialties of  the  complex  phenomena  to  which  atten- 
tion should  be  directed. 

(2.)  ExperimenL — Experiment  is  not  the  mere 
art  of  reproducing  or  manifesting  a  special  phe- 
nomenon. It  is  the  art  of  so  reproducing  or 
manifesting  it,  that  the  laws  to  which  it  is  sub- 
ject may  be  the  mors  readily  discerned.  The 
spheres  of  Observation  and  Expoiment  have  been 
already  defined;  it  remains  that  we  enunciate 
the  principles  which  govern  every  philosr^hical 
experimenter.  Those  laws  are  given  as  they  are 
stated  in  one  of  the  few  very  remarkable  books 
of  our  time — Mr.  Mill*s  Sytiem  of  Logic^ — a 
book  that  has  now  its  permanent  and  classic 
place  beside  the  great  Orgamom  of  former  ages. 
The  leading  methods  of  experimental  inquiry 
may  be  classed  as  (too,  viz.: — The  Method  of 
Agreement  and  the  Method  of  Difference.  Their 
Canons  are  as  follows : — First.  If  two  or  more 
instanoes  of  the  phenomenon  under  inotttigation 
have  onfy  one  circumstance  in  common,  the  dr- 
cunutance  in  which  alone  all  the  instances  agree, 
is  the  cause  (or  effect)  oftite  given  phent/menon. — 
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Wider  investigalion  occmts,  and 
K^tcA  it  does  not  occur,  have  every 
in  common  save  one,  that  one  occurring  on^as 
the  former;  the  circmnstance  in  wkiek  ahne  Ae 
two  instances  differ  is  the  effect,  or  eamse^  or  • 
necessary  part  qf  the  cause  qf  the  pkeuomenon, — 
Third.  ^  two  or  more  instances  in  wkiek  the 
phenomenon  occurs  have  ontg  one 
t'fi  oommofi,    whik   tsoo  or  more 
vAieh  it  does  not  oeair  have  notiang  in 
save    the   absence    of  that   drcnmstaasoe ;   the 
drcwnstanees  m  loAtcA  alone   the  two  sets  of 
instances  differ  is  the  effect,  or  oomm.   or  a 
necessary  part  of  ike  oouse  of  the  phessomenen, 
— Fourth.  Subduct  from  any  phenomienon  msA 
pari  as  is  known   by  previous   inductions  Is 
be  the  ^ect  qf  certain  antecedents^  and  the  re- 
sidue of  the  phenomenon  is  the  effect  <^  tiers- 
maining  antecedents. — Fifth.   Whatever  pkmo- 
menon  varies  in  any  manner 
phenomenon  varies  m  o  pariicmhr 
either  a  cause  or  an  effect  of  that  pkt 
is  connected  with  it  throt^  some  faet  t^ 
Hon. — Fh)m  the  foregoing  five  Canons  whidi  in- 
clude and  circumscribe  the  entire  subject,  aD 
practical  rules  for  productive  experimenting  mi^ 
at  once  be  deduced. 

Ob«erv«t«iy.  A  building  expressly  set  apart 
for  the  conduct  of  observations  conoeniing  any 
great  class  or  series  of  natural  phenomena.  Tbe 
Observatories  now  existing  are  of  three  kinds: — 

(1.)  O^istTvatory  AstronoimcaL — ^ObservaAories 
for  detecting  and  measuring  the  motions  of  the 
heavenly  bodies,  and  for  scrutinizing  their  phyn- 
cal  structure,  are  now  wide-spread  in  aB  cnldvatcd 
countries;  nor  is  the  triumph  of  the  medianical 
arts,  as  well  as  their  vast  importance  as  the  hand* 
maids  of  science,  anywhere  more  wnphatiraPy 
manifested. — The  prime  essential  of  an  astrooo- 
mical  observatory  is  jErii^.  Profoasing  as  its  aim, 
to  detect  extern^  changes  of  place  so  smaH  that 
they  may  almost  be  termed  evanescent,  it  is  dear 
that  the  instruments  with  which  it  b  fiinnahod 
must  themselves  be  stable.  Hence  the  impor- 
tance of  the  foundation  on  which  an  Aatroooniicai 
Observatory  rests.  The  best  of  aU  is  a  hard  and 
stiff  tSU  or  clay« — a  material  of  no  appreciabfe 
elasticity,  and  which  no  superincumbent  wdglit 
will  appreciably  oomprras.  Rock  is  not  ooiii> 
pressible,  but  it  is  more  elastic  than  tSM,  and 
therefore  transmits  tremors.  It  is  almoet  i 
to  say,  that  the  stone  pillars  on  which  the 
ments  are  placed,  must  be  wholly  iaolated  firam 
the  floors  or  other  parts  of  the  buikUng  that  ooven 
them  in.  But  after  all  precautions,  tlieee  instra^ 
mental  supports  wiU  seldom  be  found  wboBy  re- 
liable: in  cases  where  absolute  stability  miglil 
have  been  expected,  periodic  dianges  have  been 
traced, — or  irregular  expansbns  and  contnGCkaa 
foUowing  the  order  of  Uie  seasons.  It  b  for  the 
observer  to  determine  the  nature  and  amount  of 
these  in  each  case. — The  foundation  provided  f>M 
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and  its  exigendeB,  the  builder  of  an  Obeenratory 
will  next  search  for  a  good  horizon,  and  attempt 
to  secare  comparative  freedom  from  atmospheric 
obstructioDS.     The  reqoisite  horizon  is  not  now 
aooght,  as  formeriy,  by  placing  the  instmments  on 
loltv  towem,  to  the  great  and  manifest  detriment 
of  the  fint  requisite  of  stability:  it  is  obUined 
by  the  «<>1ectloa,  as  a  site,  of  a  broad  eminence  of 
mode-ate  deration;   bnt  which   is  sufficiently 
high  to  overtop  surrounding  buUdings.    Atmo- 
Ufibenc  obstructions   are   not   easily  avoided. 
Geoenlly  speaking.  Observatories  are  connected 
with  large  cities ;  and  it  is  for  the  engineer  to 
fix  on  a  site  as  free  aa  possible  from  the  fogs  that 
prevail  in  low  swampy  grounds,  or  the  smoke 
issuing  from  factories,  &c.   It  is  unfortunate  that 
a  ODuntry  like  Great  Britain  has  not  made  more 
•xlensive  uae  in  this  respect  of  the  unequalled 
opportunities  afitirded  by  its  colonies,  and  the 
other  possessions  which  compose  its  Empire. — 
The  imstntmenU  essential  to  a  well  furnished  As- 
trooomical  ObeenraUny  are  not  numerous,  but 
they  must  be  dioioe,  and  are  very  expensive. 
They  are  of  two  classes,  vis. ;  Bieridional  Instru- 
nents,  and  Extra-meridional  Instruments.    To 
the  former  dass  belong  the  TVomA  and  the 
Mural  ctrcJB,  or,  combining  both  in  one,  the 
Tramtii-drde   of  continental  Artists.      These 
exquisite  tools,  for  determining  what  may  be 
termed  the  vertical  and  horizontal  co-ordinates  of  a 
star,  are  described  under  Circlk  and  Trakbtt. 
Of  Extra-meridional  Instruments  the  Equatorial 
is  the  chiel^  whether  under  the  fonn  of  a  single 
Telescope  or  of  a  Hdiometer.    See  Equatorial^ 
and  Hbliometbb.    Subordinate,  although  hi  a* 
slight  degree,  ranks  the  Altitude  and  AanuUh 
Iiutrument  (jq.  v.)  under  its  various  forms — one 
of  which  Is  the  Unwertal  Jnttrument  (9.  o.)  of 
Ertel:  and  if  to  these  be  added  a  Comet-tedDer, 
the  furniture  of  an  Astronomkad  Observatory  may 
be  considered  oompleta    Thanks  to  the  recent 
laige  advances  in  the  medianical  arts — at  once 
perfecting  and  cheapening  such  instruments — 
effident  and  admirable  Observatories  of  this  kind 
are  now  widdy  diffused.   It  is  quite  unnecessaiy 
to  speak  of  Greenwich  or  the  other  institutions 
in  this  country.   But  in  referring  to  the  grandest 
of  European  establishments — ^that  of  /Wibotso, 
at  present  under  the  direction  of  M.  Stmve,  it 
nay  not  be  out  of  place  to  express  the  hope  tLat 
wherever  an  Observatory  may  be  built  and  fbr- 
alahed,  provision  win  also  be  made   for  the 
permanent  use  of  all  its  instruments. — ^Great 
institutions  of  this  kind  are  now  likewise  in 
energetic  and  prolific  action  across  the  Atlantic : 
— especially  let  us  signalize  the  Observatory  of 
Cambridge  near  Boston,  which,  under  the  con- 
duct of  Mr  George  Bond,  has  already  done  in- 
eatlroable  sen'ioe. 

(2.)  Obeervatory  Magnetical. — ^The  object  of 
Itt^tutiuns  so  named,  is  to  detect  and  record 
the  phenomena  of  Terrestrial  Magnetism.  Already 
ve  have  given,  uudvr  the  appropriate  article,  an 
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account  of  the  Instruments  recently  so  extensivdy 
employed,  and  of  the  results  to  which  Observation 
has  led.  Subsequently  to  the  labours  of  Gauss, 
many  modifications  were  proposed  in  the  details 
of.  his  Instruments,^-one  being  the  substitution 
of  small  magnetic  needles  instead  of  large  bars. 
The  student  is  referred  to  the  various  memoirs 
by  Professor  Lloyd,  and  to  a  most  interesting 
paper — reprinted  in  Taylor^s  collections — by  La- 
ment of  Munich.    We  do  not  enter  here  at  anv 
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length  on  this  sulgect,  because  of  our  belief  that 
the  constitution  and  conduct  of  Magnetical  Ob- 
servatories is  still  provisional.  The  inquiries 
instituted,  mainly  through  the  influence  of  the 
veteran  Humboldt,  were  the  first  of  their  kind, 
and  therefore  merely  laid  the  foundations  of  that 
knowledge  which  is  requisite  to  establish  what 
ought  to  he  obtervedy  and  how  f  Many  new  vistas 
are  already  l>eing  opened ;  and  there  is  no  reason 
to  doubt,  that  in  couive  of  a  fern  years,  govern- 
ments and  associations  will  find  themselves  at 
liberty  to  start  afresh. — The  standard  Magnetical 
Obeenratories  now  in  action  in  this  country  are 
those  of  Greenwich  and  Dublin.  The  labours  of 
the  Observatory  at  Makerstown  are  understood 
to  be  dosed— not  however  without  having  done 
vast  service  to  science. — The  self- registering 
faculties  of  photography,  have  been  made  elective 
with  regard  to  Magnetic  as  wdl  as  Meteorolo- 
gical changes. 

(3.)  Observatory  Ifeteoro/of^cal — There  are 
two  distinct  questions  connected  with  Meteorolo- 
gical Observatories, — the  question,  viz.,  as  to  the 
best  mode  of  realizing  the  precise  and  defined  in- 
tention of  the  Observatory ;  and,  second^,  the 
question  whether  that  intention  b  the  one  which 
ought  to  influence  Observers.  We  shall  discuss 
these  two  most  important  points  separately. 

(a.)  The  Aim  0/ Existing  Meteorological  Obser- 
vatories  and  tkdr  Apparatus. — The  objects  in 
view  of  the  present  Meteorological  observer,  may 
be  stated  as  follows; — to  ascertain  the  wdght  of 
the  oolunm  of  air  above  his  Station  and  its 
variaticNM ;  to  determine  the  condition  of  the  air 
as  to  temperature  humidity  dectrical  exdte- 
ment  and  ozone,  a  few  feet  above  the  ground; 
to  observe  and  value  the  agitations  of  the  air  or 
the  winds ;  and  to  discern,  if  possible,  relatkms 
among  these  various  demeota.  The  weight  of 
the  air  is  declared  by  the  Barometer,  which  is 
examined  at  stated  times;  the  temperature  of 
the  air  by  the  Thermometer;  its  humidity  by  the 
Hygrometer;  the  amount  of  solar  radiation  by 
some  form  of  Actinometer;  the  lain  that  fidls 
by  the  rain  gauge  or  PUwimeter;  the  direction 
and  force  of  the  wind  by  the  Anemometer;  the 
dectric  state  of  the  atmospheric  stratum  by  the 
Electrometer;  and  the  more  essential  relations  of 
the  air  to  vital  functions  by  the  Ozonometer: 
— all  which  instruments  are  described  and  dis- 
cussed under  appropriate  artides  in  this  Cydo« 
paedia. — Until  very  recently,  no  obeervatiuns, 
of  such  sort  could  be  conducted  continuously-* 
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at  least  without  an  expeoditiire  not  often  at  one's 
command.    The  states  of  the  air  were  noted, 
thereforBi  only  at  certain  hours;  and  the  grounds 
on  which  the  mean  atmospheric  tUUa  as  to  anv 
element,  was  ioferred  from  few  and  sparse  daily 
noticesi  is  explained  nnder  Mbait.    But  the  in- 
troducdon  of  the  principle  of  teif  registering^  has 
inaugurated  a  new  epoch  in  Meteorology.    By 
the  mechanical  skill  of  Mr.  Brooks  and  Mr. 
Ronalds  of  Kew  Observatory,  all  these  instru- 
ments have  been  made — ^through  assistance  of 
photography — to  leave  a  permanent  and  con- 
tinuous trace  of  their  fluctuations;  so  that  the 
diurnal  mean  can  now  be  most  accurately  ob- 
tained by  the  summation  of  the  states  of  the  air 
at  intervals  as  small  as  need  be  noticed.    Pro- 
fessor Johnson  of  Oxford,  has  recently  shown 
further,  the  great  importance  of  photographic 
rqilstration,  in  manifesting  sudden  and  irregular 
changes — during  ttorme  for  instance-— which 
might  altogether  escape  the  notice  of  observation 
at  stated  times. — Let  us  venture  to  impress  Iiere 
— UB  in  the  case  of  Astronomy — and  even  more  so, 
that  fiuality  of  observation  and  of  record,  rather 
augments  than  diminishes  the  need  for  devoted 
calculators.    Photographic  pictures  fh>m  all  the 
stations  in  the  world,  will  yield  little  unless  they 
are  compared ;  and,  as  a  first  step,  reduced  to  de- 
finite numbers  in  accordance  with  a  general  and 
fixed  scsle. 

(6.)  h  the  Present  Aim  of  3feteorological  Ob- 
HrvcUorieSf  the  Right  or  the  Beet  Aim  f  A  most 
instructive  discussion  on  this  suliject  recently 
took  place  in  the  French  Academy  of  Sdenoes. 
Opinion  was  divided,  but  we  cannot  escape  the 
feeling,  that  there  is  much  truth  in  the  views  so 
fbrdUy  put  forward  by  MM.  Regnault  and  Biot 
The  qmstion  is  so  important  that  we  have  thought 
fit  to  append  nearly  in  ftill  the  note  by  M.  Bkit 

"  The  complex  mass  of  physical  knowledge,  now 
called  Meteorology,  has  not  yet  been  constituted 
into  a  science.  Were  it  so,  we  should  find  it 
comprehending,  in  the  first  place,  the  chemical 
and  statical  constitution  of  Uie  atmosphere ;  the 
regular  laws  of  the  decrease  of  pressures,  of  den- 
sities, of  temperatures,  of  electrical  toision  at 
difitait  heights.  Next,  in  the  inferior  strata, 
perpetually  i^tated  by  uregular  movements,  the 
infinitely  varied  causes  would  reach  us,  or  at 
least  the  nature  of  the  local  accidents  which  pro- 
duce these :  the  formation  and  the  internal  con- 
stitution of  those  definite  groups  of  aqueous  vapour 
wtuch  are  called  clouds;  the  physical  drcum- 
stanoes  which  determine  these  vapours  to  oon- 
centnte  themselves  under  the  form  of  rain,  snow, 
hail,  with  the  ability,  nevertheless,  of  sustaining 
themselves  for  a  length  of  time^  suspended  and 
fi(«ting,  even  in  these  latter  conditions,  in  oppo- 
sition to  the  power  of  graWty.  Respecting  all 
these  general  phenomena,  we  are  in  almost  abso- 
lute ignorance;  and  the  little  that  we  know  of 
them,  is  due  to  the  individual  researches  of  a 
small  number  of  sagacious  observers,  who  have 
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applied  their  intelligence  spedally  to  the  atadj 
of  certain  peculiar  phenomena.     Tims  Dr.  Wdb 
has  admirably  elucidated  the  pbeoomeiion  off  tfan^ 
formation  of  dew,  and  the  eflfecta  of  noctomal' 
Radiation.     MM.  de  Humboldt  and  BoamB- 
ganlt,  by  their  bold  ascent  of  the  moontains  of  tbe 
Andes,  and  Gay-Luasac  by  his  memonble  aero- 
static voyage,  have  fbinialMd  the  only  data  of 
which  use  can  be  made,  to  determine  matbe- 
madcally,  the  true  law  of  the  aoperpoeitioo  of 
atmospherical  strata,  as  fer  up  as  these  Obeervere 
asoended^As  to  physical  meteors,  we  know 
nothing.    We  scarcely  know  what  a  doad  is; 
in  what  state  the  aqueous  partidea  an^  idrieh 
compose  it,  nor  how  they  are  held  fai  aggrega- 
tion.   It  may  even  be  said  with  truth,  that  tl»e 
instruments  employed  in  the  obeervatioB  of  the 
fhndamental  phenomena  of  meteorology,  ibr  ex- 
ample, pressure,  temperature,  the  hygromeUiual 
state  of  the  air,  have  been  radnced  to  mofsumj 
only  in  later  times ;  and  even  yet  the  detanni- 
nation  of  the  proper  temperature  of  the  air,  ac- 
cording to  the  indications  of  the  thennometer,  m 
the  different  conditions  in  which  It  is  plaoed— a 
determination  indispensable  to  practical  aalrs- 
nomy — is  surrounded  with  grave  nnoertaintieB.— 
We  have,  or  believe  we  have,  mndi  more  data 
concerning  the  general  distribution  over  the 
face  of  the  globe,  of  what  are  called 
peratores;  a  study  which  is  certainly  more  simple 
and  accessible  than  that  of  their  distiibntioQ 
through  the  superior  regions  of  the  atmosphere. 
These  data  have  been  prfaic^Mllj  collected,  as 
accessories  to  other  researcliea,  ddefly  fay 


nomen  In  fixed  obaervatoiieB,  where  the  oliaer- 
vations  of  the  barometer  and  thevmooietar  axe 
constantly  necessary  for  the  calcnlation  off  r»> 
fractions;  and,  again,  by  intelligent  nav^prton 
who  have  visited  countries  not  explored,  or  hot 
slightly  explored  previously;  finally,  by  aaakn 
belonging  to  the  navy,  who  might  render  seieDee 
the  highest  services  by  entering  their  daily  ob- 
servations in  the  ship*s  log  book.  To  there  ia- 
oessant  means  of  progieeo  which  leqnlre  esily 
hitelligence  and  zeal — means  whkdi  all  enlightened 
governments  mi^t  easily  Increaw  and  reodcr 
regular,  without  any  angmentation  off  eaiiiwiwe 
— we  may  add  as  a  powerful  auxiliary  fer  the 
future,  the  efibrts  of  free  aseoeiatlooa  fomed  by 
persons  eqiedally  instructed  on  snbfecta  con- 
nected with  meteOTology.  For,  If — as  will  neces- 
sarily happen,  men  thus  come  into  eontact  who 
are  addicted  to  divers  pursuits,  such  as  phyaie- 
ists,  geologists,  botanists,  agiknltarista,— neadi  of 
these  dasses  wQl  naturally  look  at  meteorelogical 
researches  from  the  point  off  view  of  their 
tions  with  the  pivgtws  of  the  ncressitisa  off 
fhvourite  scieneei  They  will  thus  teach 
other ;  and  this  concentration  of  diven  Ideas  to- 
wards a  common  end,  will  donbtkss,  lead  to  the 
desire  to  see  instruments  perfected  as  moch  as 
possible,  the  interpretation  of  their  indioation^ 
rendered  more  precise^  and  all  great  questiona 
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VHinw  to  uiB  gmierai  oonslitiitiOB  of  our  itnio- 
sphere  experimentally  attadced  or  rasolYed. — It 
has  ibr  some  time  been  bdleved  that  mneh  advanoe 
might  be  made  hi  this  direction  by  establishing 
in  a  laige  mmber  of  localitiesi  Obsw  v  atoi  lou 
specially  called  meteorologieal,  in  which  shall  be 
Tcguiariycdlected,  day  and  njg^t,  at  fixed  boon, 
the  local  faidicatioDs  of  the  banmeteri  thenno- 
metar,  and  hygrometer,  placed  in  permanent 
sttnatfams.    This  idea  was  tet  realized  over 
the  whole  sorlboe  of  Rnmia,  in  a  multiplicity  of 
aitoatbu,  proportionate  to  the  extent  of  that  vast 
empire.    There  has  been  o^eated  there  a  body^- 
an  actoal  army— of  Mcteorographerei  having  its 
general,  its  offloen,  its  soldierB;  theae  having  only 
to  fin,  at  the  boon  indicated,  the  sheets  of  ob- 
servations sent  to  them,  without  any  exercise  of 
intcUigenoe.— >A11  these  united  lists  are  afterwards 
printed,  and  constitnte  laige  quarto  volnmes,  filled 
with  figures,  the  puUicstion  of  which  must  nn- 
doobtedly  be  veiy  expensiTe.    Analogous  insti- 
tutiona  have  beoi  pleaded  for  or  established  in 
many  other  parts  of  Europe  with  kss  gigantic 
proportions*    nance  has  not  yet  adopted  them, 
or,  as  their  partisans  express  it,  they  hare  not 
yet  been  endowed  by  govemment — ^The  experi- 
ment which  has  been  made  by  Rnssh^  of  these 
special  meteorological  institutions,  is  complete. 
IMr  general  dirwtor  is  a  distingidafaed  savant; 
Us  principal  aseirtants  are  very  intelUgent  men ; 
he  and  they  are  in  poescssion  of  the  most  ap- 
proved and  recent  methods  of  observation. — The 
generosity  of  tho  Cian  has  nAised  nothing  which 
would  insure  the  success  of  the  Institutiona 
Notwithstanding,  nei&er  there  nor  elsewhere 
iMve  there  been  derived  any  real  fruits  from  those 
ooetly  publicatiana.  They  have  produced  nothing 
for  the  advance  of  meteorological  science,  as  It 
has  been  above  defined;  and  it  may  be  added 
not  through  the  fiuilt  of  the  men,  but  throng 
the  want  of  a  special  aim,  and  from  the  nature 
of  their  organization,  they  can  prodaee  nothing, 
except  masses  of  dhjointed  fiMts  without  any 
dertination  of  fareeian  utility,  either  tor  theoiy 
or  iu  applications.     The   first  part  of  this 
SBsmlhm  is  simply  the  announcement  of  a  fact : 
the  seeood  expresses  a  prophecy  easOy  Justified, 
la  the  first  place,  in  regard  to  the  goioal  laws 
which  regulate  the  statical  condition  of  the  at- 
mosphere, one  cannot  reasonably  eipect  that  they 
win  ever  be  unfolded,  or  even  indicated,  by  oty* 
servatioDS  made  in  the  lowest  stratum  of  air, 
where  all  the  causes  of  imaginable  perturbations 
have  their  particular  seat,  and  produce  at  the 
same  instant,  in  different  localities,  often  near 
each  other,  sudden  efikts  of  which  the  diArence 
is  extreme — even  from  a  calm  to  a  hurricane. 
What  can  be  kss  pfaUosophioal,  more  opposed 
to  simple  good  sense^  and  to  the  experimental 
method,  than  to  attack  so  complex  a  study  at  its 
most  irregular  point?   And  can  a  sini^e  branch 
of  physical  sdoice  be  quoted  that  has  been  pro- 
fitably txfknd  bk  sQch  a  way?    Is  it  hoped 
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that  by  means  of  noting  these  accidents,  some 
connection  will  be  discomed,  some  characteristic 
symptom  which  at  least  announces  them  ?   This 
is  dearly  to  purdiaae  a  hope  so  vague ;  and  as 
Sj-denbam  said  to  physicians  who  wished  to 
trace  out  the  principles  of  disease  by  the  de- 
Bcriptioo  of  the  invalids,  it  is  to  seek  the  dis- 
tinctive characters  of  a  plant  by  the  bites  of 
the  cateipillarB  that  are  therel      Bat  let  us 
admit   that  these   inquirers    aim    only    at   a 
simple  description  of  meteorological  phenomena 
which  take  place  in  the  bwer  region  of  the  atmo- 
sphere.   Even  then  yon  will  not  obtain  these  by 
barometrical,  thennometrical,  and  hygrometrical 
observations  made  at  fixed  hours.  It  is  necessary 
that  the  intelligence  of  the  obeerver  should  be 
applied  to  vary  the  intervals  of  obeervation  ac- 
cording to  the  more  or  less  rapid  mutability  of 
the  phenomena;  making,  for  example^  thoae  of 
the  barometer  more  frequent  at  the  times  at  the 
equinoxes,  and    repeating  them  nearly  every 
mxnnte   during  hurricanes,    as  all   intelligent 
persons  well  Imow  who  have  directed  their  at- 
tention to  such  meteorological  accidents.     The 
caprices  of  physical  phenomena  cannot  be  rogn- 
lated  by  ordomaneet;  none  of  their  laws  have 
been  established  by  rude  obeervations — ^the  plan 
of  which  was  prescribed  beforehand.    It  is  ne- 
cessary to  take  them  by  parts  with  much  instinct 
and  nicety,  in  order  to  perceive  their  laws,  to 
follow  them  and  disengage  them  fnm  the  mass, 
according  as  our  subtlest  judgment  may  en- 
able us  to  disentangle  them. — FaiUng  of  success 
in  the  discovery  of  general  laws,  we  are  next  re- 
ferred to  the  hope  founded  on  practical  applica- 
tions.   When,  it  has  been  said,  you  shall  have 
accumulated  during  many  years,  in  diven  locali- 
ties, masses  of  thennometrical  and  hygrometrical 
obeervations  regulariy  made  at  all  boon  of  the 
night  and  day,  we  dudl  deduce  ttom  them  mean 
v^uei  whidi  will  be  eminenUy  serviceable  in 
agriculture,  vegetable  phystology,  the  geognqAy 
of  plants,  and  consequentiy  in  the  sdeotion  of  the 
species  of  cultivation  which  may  be  suooessftilly 
introduced  into  each  locality.    All  this  is  yet 
ibund  to  be  mere  delusion,  and,  I  shall  add, 
that  it  will  never  prove  otherwise^— I  shaU  first 
prove  iht/oct: — It  is  carious  to  see  across  what 
hesitations,  with  what  respect  for  theoretical  pro- 
mises made  to  them,  agriculturists  and  botanists 
have  been  finally  led  to  acknowledge  their  almost 
entire  inutility.    They  have  exerted  all  their 
efibrts  to  establish,  according  to  the  tables  of 
mean  temperatures,  rules  that  slioold  define  the 
limits  of  ih&  territorial  zones  within  which  the 
difibrent  classes  of  vegetables  can  live  and  be 
cultivated  with  advantage.    They  have  found 
that,  in  fact,  these  rules  almost  always  fall  when 
applied.  Those  amongst  them  who  like  M.  6as- 
parin,  have  fixed  exactiy  the  limits  for  certain 
vegetable  species,  have  only  succeeded  by  apply- 
ing to  local  obeervations  of  temperature,  an  in- 
teUigent  crltiqne  of  the  modifications  rendered 
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necessary  by  a  crowd  of  physical  circnmstances 
peculiar  to  each  locality.  The  learned  work  re- 
cently published  by  M.  Alphonse  DecandoUe, 
entitled,  Geoffraphie  Botanique  Raisormie^  Is  filled 
with  such  considerations ;  the  epithet  even  which 
he  adds  to  his  title,  sufficiently  shows  that  the 
simple  employment  of  mean  temperatnres  as 
commonly  observed,  has  not  ftiinished  him  with 
data  sufficiently  approximate.  But  if  we  con- 
sider the  conditions  under  which  special  meteo- 
rological observatories  act,  such  as  they  are  now 
conceived  and  organized  at  great  expense,  their 
inefficiency  Ibr  such  applications  is  an  evident 
and  necessary  consequence,  because  the  pheno- 
menal indications  which  have  been  registered 
have  only  the  most  distant  and  incomplete  rela- 
tions with  accidents  affecting  the  lil%l  of  vegetables. 
Only  notice  how  humidity  and  heat  are  measured 
there — the  two  natural  agents  that  most  power- 
fully influence  vegetation.  At  such  places  they 
observe  at  fixed  hours  the  actual  temperature  of 
the  surrounding  air,  as  that  is  shown  by  a  ther- 
mometer placed  in  a  permanent  exposure,  sheltered 
from  the  solar  rays  and  celestial  radiation.  The 
tension  of  the  aqueous  vapour  is  determined  at 
the  same  moment  b}'  the  hygrometer  placed  in 
like  conditions ;  and  the  quantity  of  rain  fallen 
is  estimated  by  a  rain-gauge  fixed  in  the  proxi- 
mity of  the  observatory.  But  the  impressions 
which  the  plants  receive  in  the  free  air,  are  alto- 
gether different  from  what  these  instruments  in- 
dicate ;  terrestrial  vegetables  have,  so  to  speak, 
two  modes  of  life ;  the  one  subterranean,  by  their 
roots ;  the  other  aerial,  by  their  stalks ;  both  of 
which  meteorological  phenomena  offset  very  di- 
versely. The  action  of  the  solar  heat  and  that  of 
nocturnal  radiation  ar»  transmitted  to  the  spongy 
terminals  of  the  roots  only  progressively,  with  a 
slowness  proportioned  to  the  conductibility  of  the 
soil,  and  the  depths  to  which  these  penetrate.  The 
annual  epochs  of  their  summer  and  winter  are 
quite  other  from  those  of  the  external  air.  The 
rain  reaches  them  gradually  by  imbibition ;  and 
the  quantity  which  they  are  able  to  absoii)  de- 
pends on  the  aptitude  of  the  sub-soil  to  retain  or 
let  it  pass.  The  aerial  stalk,  on  the  contraiy, 
receives  immediately  and  suddenly  all  meteoro- 
logical impressions ;  the  calorific  and  chemical 
radiations  darted  firom  the  sun;  those  of  noc- 
turnal radiation ;  the  rain  which  falls  and  covers 
their  evaporating  oi^ns,  of  which  they  absorb  a 
portion,  and  transmit  it  interiorly,  until  they  have 
been  freed  from  it  by  the  heat  of  the  sun  and  the 
agitation  of  the  air. — What  is  there  in  all  these 
varied  phenomena  that  can  be  indicated  by  fixed 
instruments  placed  beyond  the  reach  of  the  dr- 
cumstances  in  which  they  take  place,'  marking 
neither  the  progressive  march  of  the  one  nor  the 
suddenness  of  the  other, — ^not  even  stating  the 
existence  of  the  physical  actions  by  which  the 
most  important  of  them  are  produced?  It  is, 
nevertheless,  under  the  influence  of  such  causes 
that  tlie  alimentation  of  the  plant  takes  place, 
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— ^that  it  is  vetained  in  a  oondidcm  to  develop 
its  leaves,  its  flowers,  its  fruits,  and  to  aoeom- 
plish  all  the  vital  fonctioos  which  are  proper 
to  if 

[M.  Biot  here  detuls  at  some  l«^g*h,  and  il- 
lustrates by  examples,  the  mode  in  which  the 
stndy  of  subterranean  and  aerial  life  of  vegs- 
tables  might  be  conducted,  and  wlial  meteoso* 
logical  obeervations  are  fitted  to  aid  in  such 
studies.     He  then  proceeds  as  follows : — "] 

"  I  have  presented  theae  details  here  f ram  tve 
motives.     Fv^  I  have  wished  to  show  that 
permanent  meteorological  observatiODa,  sodi  as 
have  been  established  up  to  the  present  time,  axe 
not  only  ill  adapted  to  throw  light  oo  the  iimda- 
mental  questions  of  sdentific  meteorology,  but 
still  more  so  to  furnish  the  means  of  goidivg 
vegetable  physiology  in  its  researches,  or  pne- 
tioal  agriculture  in  its  a^licatioiia.    Seeom^ 
I  have  thought  that  an  exact  plctmne  of  the 
natural  operations  whidi  take  place  in  the  ooocm 
of  the  life  of  a  vegetable,  may  be  mefany 
suited  by  persons  desirous  of  establishing : 
of  meteorological  observation,  by  whose  applica- 
tion snch  studies  might  profit. — ^In  all  that  H. 
Regnault  has  said  of  the  barrenness  of  eirisriag 
meteorological  institntioos,  and  of  the  caoses 
which  render  this  inevitable,  I  oompletdj  i^grae; 
and  we  can  at  least  allege  in  &voar  of  o«r 
opinion,  that  we  have  not  reached  it  without 
having  long,  and  from  dififerent  points  of 
contemplated  the  subject  to  whldi    it 
Nevertheless,  it  ought  to  be  remarked  tiiat  it 
applies  solely  to  what  is,  and  not  to  what  might 
be. — The  great  error  of  existing  systaiis  at 
meteorological  observation,  is  their  inevitakle 
want  of  a  defined  aim.     How,  indeed,  oonld  tliey 
fix  one?    How  oonld  they  divine  a  priori  the 
characteristic  data  of  general  laws  which  most 
from  the  first  be  presented  amid  a  chaos  of  nako- 
rsl  phenomoia,  and  of  which  the  detennining 
causes,  the  variations,  and  the  corTespoDdflDces 
are  almost  entirely  unknown?    Can  yon  pre- 
tend that  useful  applications  to  agricultare  may 
be  deduced,  although  the  physical  phenomena 
which  must  efficaciously  influence  vegetable  life 
do  not  at  all  enter  among  your  progrsmnnes? 
To  arrive  at  snch  applications,  it  is  neoessary  to 
study  intelligently  meteorological  phenomena  at 
the  places  themselves,  and  ih>m  th«  special  point 
of  view  indicated  by  a  dear  knowledge  of  what 
you  desire  to  discover. — Ask,  for  example,  fhu 
the  head  of  the   practical  departmeot  of  tlie 
mnsami — M.    D«»iaie,   five   or   six    sealons 
young  men  already  powessed  of  a  substantial 
knowledge  of  botany  and  vegetable  physioiogy ; 
let  him  instruct  them  for  some  months  in  meteor* 
ologicsl  observation  considered  in  its  relation 
to  vegetable  life,  and  let  him  give  them  general 
instructions  on  this  subject  of  stndy.    SopplT 
them  afterwards  with  a  small  nnmbor  of  physi- 
cal and  chemical  instrumenta,  which  are  all  that 
is  neoessary,  and  then  distribate  them  over  thn 
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eomrtrfyoa  desire  to  inriuninfti  After  a  year 
thus  emploved,  their  register  of  observations 
placed  in  the  hands  of  M.  Decaisne  will  give 
more  nsefol  ideas  conoeming  climatology  and 
•gricoltare,  than  can  be  supplied  by  twenty 
permanent  meteorological  obsoratories,  such  as 
at  present  organized;  and,  what  is  not  to  be  over^ 
looked,  these  young  traveUers  will  have  gained 
instruction  as  well  as  the  State;  Why  must  such 
a  sdieme  be  fruitful  ?  Simply  because  it  would 
have  a  special  and  determinate  aim,  and  the  sys- 
tem of  observations  would  be  oxganized  in  a  way 
to  accomplish  that  aim.  Neverthdess,  we  by  no 
means  pretend  that  to  study  any  point  whatsoever 
of  meteorological  phenomena,  it  is  necessary,  or 
e%*en  useful  to  employ  instruments  which  indicate 
atmoepherical  pressure  even  to  the  hundredth 
part  of  a  millimetre,  and  temperatures  to  the 
hundredth  part  of  a  degree.  We  only  ask  that 
the  indications  thus  reg^istered,  shaU  always  have 
a  relation  not  distant  and  unknown,  but  imme- 
diate and  certain,  with  the  physical  date  that  it 
is  desired  to  obtain.  We  ask,  above  all,  that 
the  end  of  the  research  shall  be  in  every  case 
plainly  defined,  and  that  the  S3r8tem  of  observar 
tioos  be  suitably  adapted  to  it  For  example, 
ilj  aa  M.  Le  Verrier  has  proposed,  the  statical 
conditkm  of  the  bwer  atmosphere  be  simultane- 
ously obtained  for  many  places  surrounding  a 
common  centre  at  whidi  the  results  shall'  be 
discussed,  we  do  not  at  all  think  that  such  a 
f'tudy  would  be  useless,  although  not  founded  on 
local  observations  of  the  barometer,  and  thermo- 
meter accomplished  with  the  utmost  precision. 
We  believe,  on  the  contrary,  that  without  this 
extreme  exactitude,  perhaps  even  without  being 
tubjected  to  an  absolute  continuity  but  merely 
to  the  establishment  of  local  phenomena  of  some 
iioportanoe,  we  would  deduce  therefrom  con- 
cerning the  great  accidental  convulsions  of  the 
lower  strata  of  the  atmosphere,  conditions  of  cor- 
rntpoodence  which  it  would  be  extremely  useful 
to  know,  and  which  might  lead  to  important  ap- 
plications to  the  practical  wante  of  society. — It 
is  because  of  their  want  of  an  aim — at  least  of 
ioroe  precise  aim — that  we  object  to  perma- 
nent Ob6er>'atoties,  such  as  have  been  hitherto 
organized." — Such  is  the  substance  of  H.  Blot's 
ilemoir.  Portions  of  it  are  very  open  to  criti- 
cism ;  but  there  is  much  truth  at  the  bottom  of 
his  rather  unceremonious  reclamations. 

Oec«luiiloH«  The  occulting  or  hiding  of  a 
star  by  the  moon  is  a  phenomenon  identical  in 
nature  with  a  solar  eclipee. — It  is  well  known 
tiiat  the  moon  describes  an  ellipse  round  the 
earth,  with  even  less  approximation  than  most  of 
the  heavenly  bodies  describe  their  orbits.  Hence, 
if  the  inclination  of  her  plane  be  6^  *  8'  •  48", 
she  will  pass  over  a  zone  of  Just  twice  this  ex- 
tent round  the  zodiac,  and  at  some  time  will  be 
upon  every  part  of  it  Also,  we  must  add  to 
the  6*^  8'  48''  the  amount  of  horizontal  par- 
allax—  that  is  the  greatest  angular  distance 
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which  her  radius  can  subtend  at  the  earth's 
centre ;  because,  evidently,  any  portion  of  the  dlic 
can  cause  the  disappearsnce  of  a  star  behind  it 
and  the  5^  only  refer  to  the  extreme  position 
possible  for  the  centre  of  the  disc.  Then  any  ster 
within  a  zone  whose  angular  diameter  is  twice 
their  total  amount  may  be  occulted  by  the  mooik 
— We  must  refer  to  Ecupse  for  a  detailed  ex- 
planation of  the  usual  phenomena.  It  is  clear 
that  an  oocultation  is  poetible  whenever  the 
moon's  course,  seen  from  the  earth's  centre, 
carries  her  within  a  distance  of  the  star  equal  to 
the  sum  of  her  semi-diameter  and  horizontal  par- 
allax; and  ii  wiO  happen  at  anyplace^  upon  her 
apparent  path,  as  seen  ikom  that  place,  if  her  centre 
is  at  a  less  distance  from  the  star's  than  the  sum  of 
her  augments  semi-diameter  and  her  actual  par- 
allax.— These  are  some  interesting  phenomena 
observable  at  oocoltations.  They  take  place  quite 
indifferently  whether  the  moon  be  dark  or  bright, 
and  either  at  her  visible  or  invisible  edge.  Thus, 
a  star  may  appear  extinguished  in  mid  air  when 
no  moon  is  shining,  and,  on  leaving  the  bright 
limb  of  the  moon,  a  luminous  point  appean 
actually  to  detach  itself  from  that  body.  The 
sudden  reappearance  of  a  star  on  emerging 
from  the  dark  edge  of  the  moon,  as  well  as  its 
sudden  disappearance  or  occultetion,  is  a  phe- 
nomenon sufficiently  striking.  A  remarkable 
optical  illusion— for  in  all  likelihood  it  is  so — 18 
sometimes  observed  at  occultetions.  The  star 
seems  to  advance  upon  and  to  penetrate  within 
the  edge  of  the  disc,  sometimes  to  a  considerable 
depth.  It  is  worthy  of  remark,  however,  that 
this  appearance  has  never  been  noticed  by 
thoroughly  practised  Observers. — The  main  dif- 
ference between  solar  eclipses  and  occultetions, 
as  win  be  at  once  seen,  consiste  in  the  feet  that 
the  star,  unlike  the  sun,  has  no  parallax,  and 
that  its  diameter  subtends  at  the  e^'e  no  per- 
ceptible angle.  The  reader,  who  wishes  only 
general  explanations  of  the  method  of  calcn- 
Ution,  may  refer,  therefore,  to  the  article  on 
Eclipses.  —  We  think  it  right,  however,  tc 
give  here  a  more  complete  solution  of  the  pro- 
blem, in  which  the  introduction  of  mathematical 
formuliB  to  a  very  considerable  extent  is  inevi- 
table. The  first  method  used  Is  that  of  projec- 
tion. It  will  be  clear  from  a  moment's  con- 
sideration that,  to  a  spectator  at  the  sun's  centre, 
the  axis  of  the  earth  appears  at  the  solstices 
inclined  23)^  on  different  skies  of  the  axis  of 
the  equator  plane,  and  at  the  equinoxes  as  co- 
incident with  that  line.  Hence  to  such  a  spec- 
tator the  extremities  of  thb  axis,  the  pole:^, 
will  soem  to  describe  circles  of  23}^  in  radium 
projected  on  the  sky. — In  order  to  project  an 
eclipse  of  the  sun  we  thus  see  what  processes 
are  necessary, — first  we  mnst  represent  the  earth 
as  it  would  appear  to  the  spectator  at  the  time 
proposed.  We  most  then  draw  the  parallel 
of  latitude  for  the  place  for  which  we  are  to 
determine  the  circumstances  of  the  edipse,  and 
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mnli  npoo  H  thi  pnaltion  of  Qw  given  plaM  fee 
dlSbimt  hoan  of  the  ity.  We  maH  then  ' 
(he  moon'i  appennt  p*tli  acron  the  eutb'a 
and  note  point!  which  It  oecnpiea  u  etch  boor  cl 
it>  CnosiL  We  mnst  tbeo  Bnd  the  point  of  the 
mooti'i  pith  and  that  al  the  spectator,  which,  for 
the  tame  mrnnent,  an  oaanL  At  that  time  tha 
edipiH  will  be  deepest  Thai  mud  Cbe  point 
where  the  distance  i«  jnM  equal  to  Iha  w 
the  nemi-dlaineCBn  of  the  ann  and  moon. 


g  Rod  cod  ri  tbe  ecllpee. 
■ball  giro  an  example  (torn  Lootnla'a  Pmelicai 
Ailnniomji,  Suppose  it  required  to  obtain  tbe 
tima  and  phasee  of  the  eolar  eclipae,  Uay  S6, 
ISM,  at  Boston,  Utltode  it"  11'  28"  S.,  kmgl- 
tuds  4^  44°>  If  W.  of  Gteeowlch.— The  time 
of  new  moon  ia  found  to  be  Hajr  SS,  at  4'-  SS^ 
mean  dow  at  Boeton.  Pbr  thia  dun  tha  fnnda- 
niental  eleinenti  of  the  calcolatioii  are, — 


,    W*^* 


The  EHXcntrie  latlia 
Tha  Tdallv*  poaitkKu  of  tl«  ton  and  mocn  wiD 
not  be  altered  if  we  aUribsle  to  ttte  macB  tbr 
effect  oF  the  dlSooKB  of  AA  parallaxaa,  aad 
, ,  ao  the  aon  to  lenudn  in  its  tme  pnAn. 
Thii  nlalint  panllut  br  Boston  is  M-  I»~-l,  a 
S!69"-I,  which  will  thereibre  npnmait  the 
qrpanot  semi-diameter  oT  the  eartb^  disc  if  atsi 
at  the  ^Btaace  of  tbe  mooa  titna  lbs  hiiIl 
Henoe  lbs  piupottion  of  M'  19"-1  to  II'  i3-i 
will  be  that  ^  tha  eaith'i  to  the  mooo'i  ffiaat 


magi'llnde.  T 
of  parts,  for  32,- 
the  DOTthem  half  of  the  (arth's  disc  seen  fnrni  Ihi 
MOO.  Ma^  off  am  DE,Dii{D  being  the  bisBc- 
tirai  of  the  arc),  equal  to  33°  28',  and  draw  B  H. 
Then  ■  K  is  the  are  vhieb  tbe  pole  of  tbe  earth 
apparently  deaaibea.  Heoce  if  p  be  the  actoal 
po^tHNi  at  the  time  given,  p  k  will  be  pro- 
poitioDal  to  the  reraed  sine  of  the  longitude  of 
the  Btm— that  is,  to  the  veisad  sine  of  66°  IS'  S2". 
Make  It  so,  and  draw  c  F  h.  Thia  will  represest 
the  Une  of  the  azia.  We  now  want  to  r^reaent 
tbe  parallel  of  latitods  of  Boston.  If  III  latitude 
were  Juat  equal  to  the  snn'a  declination,  the  aun 
at  nan  would  be  Terlical,  and  Boston  would  1m 
sem  predieiv  at  c.  But  dnce  the  latitude 
tetii  tbe  declfaiation  by  S0°  b»',  Bustou  will  be 
sseoatDoonatlS,  ifol2be  tbeBbieorsa''GB' 
tbr  radloa  a  c.  Sunilarif ,  if  tlie  earth  were 
transparent,  at  midnight  Boston  would  be  seen 
at  B,  where  c  s  la  piDportional  to  Che  alga  at  the 
mm  of  tbe  angles  of  dedinatlan.  and  latitude. — 
We  can  matk  the  podciou  of  anf  part  ol  tbe  day 
hy  marking  off  aloiig  tbe  longest  diametai  66, 
diitanDtB  T  16,  &c,  whldi  are  Ibr  the  radius  t  6 
ttie  sines  of  the  angks  Ifi",  80°,  &C.,  and  by  them 
drawing  ordinatee  perpendicular  to  the  line  66. 


The  dliptic  path  matfced  ant  nweti  the  cinia 
A  D  B  in  points  corrttponding  to  sttmlse  and  na- 
aeL  At  the  time  conddered  the^  are  41  a.M. 
and  7}  r.u.  We  now  wlah  to  rapsvseat  Ae 
moon's  apparent  path  amas  tbe  disc  Fna  tin 
saoK  scale  on  which  ac  was  rneaauFed,  take  • 
space  1290"  for  (ha  moon's  bUtods,  and  apply 


1,  hot  at 
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laCitnde  is  N.  Take  0  0  eqnal  ts  1663",  tbe 
hourly  motion  tn  longitude  arid  draw  o  K  pvp(f>- 
dicular  to  it,  and  equal  tn  107"  tho  motiiia  in 
latitude,  and  draw  cb.  This  re|itian»  oa  the 
relallve  orbit  the  hoiulj  motion  of  the  mocn  from 
Che  sun,  and  i.  a  s  parallel  to  it  wOl  faellienb. 
dve  orbit  of  tlie  moon — then  mark  off  pnJ^t~» 
before  and  after  coiijaiictian  by  nMsoa  at  the 

at  BcUon  talUag  exactly  open  tbe  point  0|  wban 
tha  new  moon  is  at  4^  6~.  We  can  do  tUs  br 
tbe  propoeitiaii  60^  ;  6"  :  :  the  Uiw  o  R  :  tbs 
tine  o  rv:^iv  being  the  place  o(  tlw  mooD  at 
four  o'dod:. — Thus  we  have  the  e' 
graphically  [H«entad.  Try  by  c 
find  two  points,  one  en  tbe  moon's  path  and  the 
other  mtfiat  of  Che  spectator,  both  of  wliUi  an 
maiked  with  the  same  tintes,  and  wtdch  ai«  at 
tbe  least  dtstanoe  (Mn  each  otbo',  Hwt  time— t* 
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this  ease  5^  44»— b  the  time  for  which  the 
acUpee  is  greatest  The  appearanoeof  the  moon, 
as  prqfected  on  the  earth's  disC|  mMj  be  seen 
by  describing  from  the  position  of  its  centre  at 
any  time  a  circle  with  the  apparent  semi- 
diameter  of  the  moon  at  that  time  for  radius. 
In  this  instance  the  radius  is  898'"6.  If  we 
describe  also  from  the  position  of  Boston  at 
the  same  instant,  a  circle  with  the  sun's  semi- 
diameter  as  radius—that  is  948'"9~we  shall 
itave  the  svn*s  disc  at  the  figure  for  the  moment 
uf  greatest  eclipse,  and  we  see  from  it  that  the 
eclipse  will  be  annular. — The  beginning  and  end 
of  the  eclipse  will  be  indicated  by  trying  to  find 
points  on  the  two  patlis  corresponding  to  the 
Msme  boor,  the  distance  between  which  is  just 
beginning  to  be  and  ceasing  to  be  as  gnait  as  the 
Mim  of  the  semi-diameters— that  is,  as  1842"*4. 

We  ftbuold  thus  have-*- 

n.  M. 

4  80  apparent  time  as  the  beginning, 

6  44        —  —        middle, 

e  61        —  -—end 

of  the  eclipeei  The  results  are  obtained  in 
apparent  time  becauae  the  points  1,  2,  8,  &&, 
on  tlie  parallel  of  Boston,  coirespond  to  that ;  and 
the  phases  of  the  moon  on  its  apparent  orbit  do 
so  likewise.  If  the  prqfectSon  be  caiefhUy  made 
we  can  determine  the  times  of  beginning  and  end 
within  one  or  two  minutes. — Tliere  are  other 
methods  of  graphical  prnjection  which  depend 
on  quite  sin^ar  principles.  It  is  evident  that 
this  method  labouB  under  the  grave  defect  of 
adding  to  the  chances  of  error  in  measurements 
of  natural  phenomena,  the  greater  ones  of  incorrect 
gBometrical  repreaentation.  Just  as  we  refect  in 
trigonomeUy  methods  ibr  the  description  of  a 
tringle  on  paper,  and  substitute  methods  for 
the  nomerical  estimation  of  the  elements  to  be 
fbund, — BO  here.  We  shall  give,  as  the  sub- 
ject Isiof  ao  much  importance,  Beasd's  method  of 
oompating  solar  edipees,  upon  wiiich  we  shall 
isund  tliat  of  computing  ooraltations.  The  dls- 
auMon  must  be  entirely  technkaL— Let  a  be  the 

H 


centre  of  the  son,  x  of  the  moon,  ■  of  the  earth, 
and  o  the  obserrer*s  plaosi  The  limbo  of  the  sun 
and  moon  will  evidently  appear  in  contact  when 
o  is  upon  the  snrfiu»  of  the  cones  circumscribing 
thaniL  TiMre  are  the  oonesV TV,  and  another 
whoie  side  paaees  along  v'  w.  If  o  be  on  the 
snriace  of  tbe  first  an  obwrver  at  o  will  witneas 
the  eatenial  contact  of  the  discs ;  and  when  on 
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the  other,  the  Internal  contact. — Let  us  seek 
the  equation  of  the  oonioal  suz&oes.  Take  a 
system  of  three  rectangular  axes — origin  b.  Let 
B  z  be  parallel  to  x  a,  and  assume  its  direction 
positive.  Suppose  the  positive  end  of  this  axis 
to  have  its  right  ascension  A  and  Its  declination 
D.  V  r  is  in  the  plane  through  b  z  and  the  north 
pole  of  the  equator. — The  li^t  ascension  of  tbe 
end  T  wQl  therefore  be  a  and  its  dedination 
90®  -|-  D.  B  X  is  perpendicular  to  the  plane  of 
the  hour  drde,  which  is  dearly  z  b  t,  and  lies  iu 
the  equator,  90®  from  the  intersection  of  the 
equator  with  z  b  r.  The  declination  for  the  end 
X  will  be  o®,  and  90  -|-  a  its  right  ascension. 
Let  xys,  x'^/^z'^  ^e(,  be  the  co-ordinates  of 
M,  a,  o.    Also  let  M  s  =  o, 

OT]c,or</TM,  the  semi-angle  of  the  cone  =/ 

the  distance  of  the  vertex  flrom  t  b  x        :=  « 

Then  since  m  a  is  iiareUd  to  b  z, 

a:'  =  «,  y'  =  y,  a'  =  s  +  o (1). 

Drew  T  Q,  o  B,  perpendicular  to  the  plane  x  b  y, 
and  in  it  q  l,  b  i  perpendicular  to  a  r,  and  i  k 
paralld  to  b  q. 

0B  =  {;,  Ei:=«,BI  =  (;  TQ  =  <,BL=y, 

QL  ^  X 
IL=ry —  «,  RL  =  QL  —  QB  =  QL  —  BI 

=  x-5. 

Draw  the  plane  m  o  k  parallel  to  t  b  x,  through 
o,  and  draw  on,  oh  paralld  to  k  v  and  bx. 
Draw  K  N  perpendicular  to  o  K. 

Then 

KII=RL^X —  I,  0]f=ILs=:y  —  n, 

and 


Also 


OK  =  V(x-|)«-|-(y-,)«. 
J.        OK  OK 

tang/=—    =  - 

TK        $  —  I 


v(s— C)"tang»/=OK«=: 

(*-0"-1-(f-a)' (2). 

which  gives  the  conical  anrflhoe  ibr  external  coih 
tact  For  internal  contact  we  should  have  a 
similar  result— We  may  consider  both  sun  and 
moon  to  be  spheres,  and  let  the  radius  be  ib  for 
the  moon  and  k'  fbr  the  sun. 


Then 


st:  ay 


MW 


BT'shiSTVrrav 

MT  *sfal  XTW  =  MW 

and  8  T  V  =  M  T  w  =/,- 

8T=:S'  — «;  MTS=«  —  S 
.*.  s'  —  it  t :  :  t  —  9i  k; 
and  o  8in/=:  k'  +  k. 

Similarly  fbr  the  oocultatiao  of  Intemal  contact 
we  have 
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and  o  wi/=  Is'  —  k. 

Tbereforc,  for  external  contact, 


zk'  +  z'k 

for  internal  contact, 

zk'  —  z  'k 
*—    k'^k 


8in/= 


»in/= 


t  +  k 


G 


l-'  — X- 


It  18  ea-ty  to  see  that  for  external  contact  the 
angle  /  is  always  acute.  For  Internal  contact  it 
18  so  alao  in  annular  eclipaes,  and  in  total  eclipses 
it  is  obtuse.  Eliminate  «  and  /from  the  equa- 
tion, and  "we  have 


tang»/=  -T 


(i"  T  ky 


-ik'  +  kr 


Hence, 


.,     jk'+ky 

X  Qt  _  (^  q:  jt)» 

and  reducing  —  (a?  —  D*  +  (y  —  •»)* 
—  G«  —  (k'  +  itT  ^' 


•(3), 


wlitch  iiicludes,  by  using  -|-  and  —  where  ihe 
double  sign  is,  both  external  and  internal  con- 
tacts.   Use  the  supplementary  fonctiona 

=     ^  ,  ■  ^-^  ^^---=.-  =  z  tang/  +  *  •  aec/ 
k'Tk 


Substituting  these,  and  introdudng  «  -|-  o  for  e' 
in  (3),  we  find 

and  ftom  (2)  we  see  that  /  =  a  tang/ 

which  represents  the  radius  of  the  circle  formed 
by  the  intersection  of  the  conical  shadow  with 
tlie  plane  through  the  centre  of  the  earth,  and 
perpendicular  to  b  z.— These  are  the  fundamental 
pt-ocessea,  but  the  elements  adopted  are  not 
X  directly  given  in  ephe- 

merides.  Let  us  see 
practically  how  we  may 
find  as,  I,  y,  n,  A  h 
and  |.  —  Conceive  a 
new  system  of  rectan- 
sgular  axes  through  e. 
Let  E  z  be  directed  to- 
ward the  north  pole  of 
the  equator,  e  z  be  in 
the  equator,  and  di- 
rected toward  a  point 
such  that  its  right  as- 
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earth.  Let  e  t  b^  directed  to  a  point  wfaQi> 
right  ascension  is  90^  -|-  a'.  Let  a,  1,  and  r  be 
the  tms  right  ascension,  dedination,  and  distance 
of  the  moon  s  centre  from  that  of  the  earth ;  and 
let  a%  I',  and  r  be  the  same  quantities  for  the  sim'a 

centre. From  m,  the  moon*8  oentvo  draw  on 

X  E  T  the  perpendicular  m n  =  a;  and  from  x, 
H  R  =  y,  B  B  =  X. — ^Tben,  from  the  triaqgie 

EMH, 

BN  =  roo8j,  a=:rsin3L 

Also  the  angle  KER  =  a  — «, 

therefore   iiR  =  y  =  BK8m(«  —  «0 

=  r  cos  2  '  sin  (a  —  aO 

EB=^a;  =  roos)'oo8(a  —  a^ 

which  give  us  the  co-ordmates  of  the  moon'i 
centre,  parallel  to 

BZ,  r  sin  *  2 

BT,  rcos*)-ttn(a  —  aO 

EX,roo82'OOB(a  —  of). 

Similarly,  since  s  x  has  the  same  b  -  a  '  with 
the  8nn*s  centre^  its  oo-ordinatOB  are 

Bsin^ 

o 

BOQS^. 

By  transferring  co-ordinates  to  u — so  that  the 
axis  of  z  shall  be  directed  towards  the  po^  that 
of « to  a  point  whose  r.  a.  is  a',  and  that  of  jf  to 
one  whose  e.  a.  is  90°  -f  a',  we  hare  new  axes 
parallel  to  the  old,  and  the  co-ordinatea  ef  tbe 
sun's  centre  are 

o  sin  D 

o  cos  D  *  sin  *  (a  —  oO 

O  008  D  COS  (a  —  oO- 

Since  a,  d,  o  are  the  right  aacenaon  of  the  son's 
centre  seen  from  that  of  the  moon,  its  dectiiwrioa 
and  its  distance.    Hence 

OBin*D=:B  'saay  —  rsln) 

G  cos  D  •  sin  (a  —  oO  =  —  r  C06 1  •  sin  (a  —  aO 

qco8Dcos(a  —  o')  =  RCos>'  —  roosJcos 

(a  —  a'). 

Dividing  each  by  r,  and  using  y  as  an  abbreria- 

o  1* 

tion  for  — ^  and  e  for  -— -,  we  find 

B  B 


.1 

am  I 


Fig.  8. 


cension  a'  is  equal  to  that  of  the  sun  from  the 


^sinD  =  8in)'  —  esinj 
^cosD*sin(A  —  0^)  =  —  ecos*} 

(«-«') 

^co8D*oob(a  —  a^=zcMy  — aoos)  I 
cos  (a  —  aO  J 

From  tbe  second  and  tlurd,  dividlnig,  we  ha^ 

—  ecoa^'see^siBCa  —  o^ 
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From  the  fint  and  third, 

(sin  %'  -^  ec(Mt)cm(a  —  aQ 
*"«'»=   owJ-  — «co8>cos(a-aO* 

And  from  the  third, 

coe  J'  —  e  cos  J  cos  (a  —  of) 


9  = 


ooe  D  COS  (a  —  a'; 


In  solar  eclipses  ooe  (a  —  a')  ie  almost  equal 
10  1,  and  therefore  It  may  be  suppressed — By 
easy  trigonometrical  processes  we  may  find  from 
theje  funnals, 

—    Bin  (^  — 50 

t«.g  (D  -  n = fZTTcos^cri^j'y 

Bat  %  —  {^  IS  a  vety  small  arc     Honce  nearly 


D  — i'rs 


1  — e 


Similarly, 

^ —  6  cos  5  •  sec  ^  (a -;-oO 

l  —  ecos)'nec2'       ' 

1  —  e  cos  )  sec  *  )' 

=  1  —  e  very  nearly. 

For  the  oompatation  of  as,  jr,  we  must  retom  to 
our  original  axes  of  oo-ordinates.  Suppose  about 
X  •    E  any  sphere  to  be  de- 

scribed, upon  which  M 
reprosents  the  moon*s 
place.  Let  P  be  the 
pole  of  the  equator, 
and  let  x,  t,  z  be  on 
the  sphere.  Then  p 
'will  be  on  the  plane 
of  the  great  circle  z  t, 
and  the  right  ascen- 
sions and  declinations 
of  M,z,Y,  zareaand 
I  A  and  D,  A  and  90" 
4-D,  90  + A  andO°. 
^The  co-ordinates  xfz  of  m  are  equal  to  the 
pmjections  of  B  M  =  r,  on  the  axes,  or  to  r 
multiplied  by  the  coeines  of  ^be  axes  z  u,  t  m, 
X  M,  which  may  be  obtained  from  tlie  triangles 
2PM,  TPJt,xpK,ln  which  z  p  =  90  —  D, 
MP  =  90  —  >,  YP  =  D,XP  =  90°,  z  P  M  = 
A  ~  a,  T  p  M  =  180  —  (a  —  a),  X  P  M  = 
90  +  A  —  a. — Hence,  by  spherical  trigone- 
metrr, 

t  z=  r  isin  d  *  sin  )  '  +  cos  d  -  cos  '  )  * 

cos  (a  —  a)|> 

y  :=zr   |cos  D  *  sin  )  —  sin  d  cos  ) 
(a  -  A)\ 

«  =  r  COS  )  '  sin  (a  —  a). 

We  can  rsadily  change  the  fint  two  expressions 
iuto 


Fl*4. 
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»  =  r  [cos  (i  —  d)  cos*  J  («  —  a)  ■-  «» 
(>  +  D)sin«i(«— A)l 

y  =  r  [sill  (}  —  d)  coe*  J  (a  —  a)  -I-  sin 

(J  +  d)  sin«  J  («  — -^)]- 

From  these  we  find  tyafhy  means  of  the  equa- 
tions 


COS 


V(7> 


s'rrjf-f  G,y'  = 


X'=iX 


Again,  suppose  M  to  represent  not  the  moon's 
centre  but  the  geocentric  aenith  of  the  observer, 
then  the  declination  of  m  will  be  equal  to  ^'  the 
geocentric  latitude  of  the  place;  and  the  b  •  A  • 
to  ft,  the  sidereal  time  of  the  observer,  expressed 
in  degrees.  If  tlie  observer's  distance  from  the 
earth's  centre  be  ^,  we  find  the  values  of  ^  ih  C 
by  substituting  in  (7),  ^,  fh  ^  for  r,  o,  h    Thus 

5  a=  ^  -{sin  D  •  sin  f '  +  cos  D  •  cos  ^  cos 

n  «  ^  |gos  d  -  sin  f '  —  shi  D  '  cos  f  COS 

|a=^C0B^8in(^  —  a). 

We  may  take  any  unit  of  length  for  r,  b,  ^ 
Bessel  chooses  the  equatorial  radius  of  the  earth. 
If  the  moon's  equatorial  horizontal  parallax  be 
represented  by  «■,  the  sun's  mean  horizontal 
parallax  by  «^,  and  the  distance  fhnn  the  earth 
to  the  sun's  centre  by  r*,  where  the  mean  disUnce 
of  the  earth  fhmi  Uie  sun  is  taken  as  unity,  we 
find 


sin 


"— sinw^ 


If  B  repwMont  the  8un*8  mean  radius  for  r'  =  1, 

sin  11 
then  the  linear  radius,  or  it  is  If  ss 


sin  iK 


Consequently,  for  all  solar  edipses, 

o  sin  ff^ 

ste  H  +  K  sin  y 


sfa/ 


WlO). 


i  tang  •/=  I  —  s  tang/ +  k  -  sec/ 

The  numerator  of  the  expression  for  sin  /is  con- 
stant for  all  solar  edipses.  Generally  we  find 
from  obaervation  and  tables. 


log  rin  w"  s=  5-6189407  "^ 

log  (dn  H  -f-  A  sin  w')  =  7-6688060     S  (11> 

log  (sfai  H  —  I;  sin  w')  »=  7-6666896   J 

There  are  additional  formulas  for  the  hourly 
variations,  times  of  commenoement,  and  end,  &c, 
which  are  hivestigated  in  quite  similar  ways. 
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We  8tT«  merely  their  results  In  the  foDowing 
reoipituladon  of  what  Bessel's  method  for  calca- 
lating  edipaes  requires  us  to  do. — Let  t  represent 
a  convenieot  assumed  time  near  ooojunction. 
Take  from  the  Natutieal  Almanack  for  tVro  or  three 
fall  hour?  before  and  after  t,  these  quantities 

«  «  moon's B  -A,  a'  =  sun's  a  •  a,  ) :»  moon's 

declination. 

^  ««  8un*s  dedinatbn,  «•  =  moon's  equatorial 
horizontal  parallax. 

r'  =B  earth's  radius  vector. 

Then  compute 


e  = 


sin  8"  •  5776 


r  B= 


»•  am  «•     '  Bin  «- 

We  find  log  sin  •  8"  •  5776  =  5-6189 107. 


Also    A  i»  a' 


e  cos  J  •  sec  J'  (a  —  a') 


1  —  eoos  )  *  sec  ^ 


)'  — 


6(^—^0 


1  — e 

1  —  g  cos  ?  •  sec  ^ 

^  ~      cos  D  *  sec  y 

«  =  r  008  )  *  sin  (a  —  a) 

^  =  r  ahi  ()  —  d)  cos*  J  (a  —  a)  +  r  sin 

(J  +  D)  8in«  i  (a  —  A) 
«  »  r  008  ()  —  d)  008*  4  (a  —  a)  -|-  r  cos 

(>  +  D)8ln«  l(a  —  r) 

.     .      7-6688050        7-6666896 
8»n/= -— -   or  — -r- — 

t  =  tang  •/ 

h  »  -2725 

/=«tang/+  Aaec/ 

Also,  for  the  q)ectal  place  of  observation^  look  up 

/H  =s  the  sidereal  time 

ft;  T=  the  same  for  Greenwich 

»  =s  the  longitude  £.  irom  Greenwich 

^  s  the  geocentric  latitude 

^  s  the  earth's  radiua  at  the  place. 

Also  compute  from  these 

I  r=  ^  008  ^  sin  (^  —  a) 

ii  =  ;8in^oosD  —  ^oofl^sinflfoosO*  —  a) 

1  =  ^sinf  sinD  -|--^<»sf  «md  *oos^^.  a) 

dl^fCM^  ooeQt  —  A)dO»—  a) 

dii  =  |8inD*dO  —  a)  —  ^do 
m  sin  M  =: »  —  ^ 

fllOOSM  =y  —  9 
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nain  v=B2^  —  )( 
neos  v  =  y'  —  )« 

0/  =s  the  hourly  Tariatioa  of  x 

y'  — the  same  for  y 

m  and  i»  being  taken  always  poeitiTe 

ain  T  =  — -  sin  (m  —  h) 

¥  being  in  the  first  or  fourth  quadrant 
Fur  beginning  of  edipse, 

«i  «= 008  (m  —  ■)  —  —  cos  T. 

For  end  of  eclipeoi 

<a= cos(m  —  ii)-4 008  ▼. 

Time  of  beginning  of  eclipse, 

=  T  +  «,  +  <i. 
Time  of  end  of  edipae, 

Angle  ^m  north  point  for  beiginiiiiig, 
=  180  +  H  —  Y  =  Qi. 
Angle  from  north  point  for  end. 

Angle  from  vertex, 

These  computations  need  only  a  few  moffifiea- 
tions  to  be  adapted  to  the  oocoItatiQo  of  a  star. 
There  is  for  tUs  case  no  diurnal  parallax,  and  so 
distant  is  the  star,  that  we  may  consider  tiie  imvs 
touching  the  moon's  disc  as  in  the  shapa  of  a 
cone  infinite  in  length  and  finite  in  brsadth,  tiutt 
is,  a  cylinder.  Hence  y;  i^  and  the  horiaootal 
parallax  of  the  star  become  eadi  zero,  a'  =  a. 
^  =  D,  /  =  K.  Also,  we  need  not  oomfNite  z 
or  {.  Since  a  besideB  is  invariable^  being  the 
B  ■  A  of  the  star.  d(j$  —  a)  =  «f  ^  which  in 
one  solar  hour  is  1^^  0"  9>  -  8565 ;— easily  n- 
duoed  to  degrees,  and  to  the  proportion  of  the 
arc  to  the  radios. — flxamples  of  the  ptmMkjtl 
working  of  eclipses  and  oocultations  oonsiat  of  tfafe 
mere  numerical  realization  of  these  results.  The 
reader  will  find  several  examples  frilly  wroqgbt 
out  in  Loorais's  ISvctical  Atirxmomf^  finm  which 
much  of  the  preceding  article  haa  been  tsksn. 
He  is  refened  also  to  a  moat  servioBable  and 
ingenious  memoir  by  the  Bev.  Temple  Chsfval- 
litf,  in  voL  xix.  Memoin  qf  ike  Aatrmmmioai 
Soeietjf,  finr  a  separate  method  of  flndlqg  the 
efi«Mt  of  diflbrenoes  of  paraUaz  in  ooooltatiaBa. 
This  enablea  us  to  dispense  with  the  move  laho- 
riouB  prooeas,  except  for  some  standard  |wwitiuii 
for  whidi  the  results  are  givpn  in  the  aimawf^ ; 
to  which  resolts  we  merely  lequirB  to  apply  oor- 
rectiona. 
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The  vast  oQUecdon  of  waters  on  the 
globes  For  the  most  fMut  thej  oocapy  the  lower 
or4leprened  flats, — which  in  our  globe  are  fonod 
io  greatest  namber  and  continnitj  in  the  Soathem 
Hemisphere,  Jost  as  the  oceanic  portion  of  the 
Moon  most  be  in  the  Hemisphere  tinned  away 
firom  ns.  By  calcolation  tlie  actoal  soifkce  of 
the  globe  is  about  197,000,000  sqoare  miles; 
and  of  this  146,000,000  are  covered  by  the  ocean. 
Tlie  depths  of  this  mass  of  water  greatly  varies ; 
a  Utt  of  great  importance  becaoae  of  its  influence 
oQ  the  tidal  wave.  Many  phenomena  of  the  ocean 
do  not  at  present  come  under  oar  cognizance — 
sodi  as  its  ssltncee,  Ac  The  regalar  nM>vements 
that  agitate  it,  are  described  under  Tidbs,  and 
the  ar^de  immediately  sabseqnent  to  this  one. 

Ocfic  Carreata.  Independently  of  the 
motions  of  the  waters  occasioned  by  the  tides, 
by  diflerences  of  level,  and  by  saltness,  the  sniv 
face  of  the  ocean  is  furrowed  by  currentB,  whose 
direction  it  Is  of  great  importance  the  navigator 
should  know,  that  he  may  foOow  or  avoid  them 
as  be  requires.  Althou^  these  phenomena — 
which  oonoem  navigatioii  and  terrestrial  physics 
in  tlie  highest  degree,  have  been  an  direct  of 
study  by  all  navigators,  we,  nevertheless,  do  not 
yet  know  the  whole  causes  at  their  production. 
Belbce  entering  into  details  on  this  sntject,  it  is 
necessary  to  ascertain  the  direction,  the  position, 
and  the  extent  of  the  diflteent  currents  which 
raaniftst  themselves  in  the  mass  of  the  ocean. — 
Currents  may  be  dassed  under  three  great  divi- 
sions, comprdiending,  1st,  Constant  Currents; 
2d,  Periodical  Currents;  8d,  Variable  and  Ac- 
cidental Currents. — ^The  currents  of  the  two  latter 
divisioDS  are  less  extended  than  those  which  con- 
stitute the  first ; — we  shall  pass  them  suooessively 
under  review. 

I.  ConttmU  Ourmts. — Captain  Duperrey,  in 
maildng  on  a  map,  his  own  observations,  and 
those  obtained  by  the  voyages  of  Cook,  Baudin, 
FKndflta,  and  other  navigatore,  has  succeeded  in 
finding  the  direction  of  the  great  currents  whidi 
drcniate  over  the  sorihce  of  the  sea,  and  in  con- 
necting all  tin  partial  currents  with  each  other.— 
We  are  about  to  endeavour  to  show  what,  accord- 
ing to  him,  b  the  distribution  of  those  currents 
whidi  act  so  important  a  part  in  the  transport  of 
all  organised  bodies  from  one  country  to  another. 
— ^The  South  Pole  is  the  starting  point  of  three 
currents  of  eold  water.  The  first,  is  directed 
towards  the  east,  and  strikes  the  western  coast 
flf  South  America,  where  it  divides  into,  two 
branciies  about  the  40®  of  south  latitude;  the 
soathem  biandi  coasts  along  Patagonia,  turns 
round  Cape  Horn  and  wanns  its  shores,  be- 
cause it  comes  fhnn  lower  latJtndes  and  runs 
into  colder  rqgions ;  the  nortlieni  branch,  which 
is  the  most  extended,  on  the  contrary,  coasts 
along  Pern  and  ChQi,  and  softens  the  cUmate 
uf  the  countries  near  the  equator,  which  dif- 
fers as  is  wen  known,  oonsiderably  ftom  that 
of  BnudL    This  northern  current,  after  having 


OCE 

coasted  akog  Peru,  takes  a  bend  through  the 
Pacific,  in  a  direction  from  east  to  west,  and  con- 
stitutes that  which  formeriy  was  called  the  great 
equatorial  current  New  Zealand  is  plac^  in 
the  midst  of  that  part  of  the  ocean  which  is  not 
afibcted  by  the  principal  current,  or  by  that  branch 
of  it  wliich  has  followed  the  equinoctial  line. 
— ^To  the  equatorial  current  of  the  southern 
hemisphere  another  is  Joined  in  the  same  direc- 
tion, coming  from  the  northern  hemisphere,  and 
which  is  separated  from  it  by  a  space  of  7®  in 
breadth,  mainly  situated  to  the  north  of  the  line, 
and  where  thoe  is  a  sort  of  eddy,  that  takes  a 
direction  contrary  to  that  of  the  currents.  Th««e 
two  currents  are  warmed  in  approaching  the 
Carolines,  and  their  path  is  continually  inter- 
fered with  by  the  various  islands.  In  the  vicinity 
of  the  great  Asiatic  Archipelago,  this  great  cur- 
rent divides  itself  into  two  branchee.  The  one 
flows  towards  the  north,  the  other  towards  the 
south.  The  first  branch  takes  a  directkm  pri- 
marily towards  the  north  and  north-east,  pass- 
ing between  the  Marianne  and  Japan  islands,  then 
coasting  along  the  Aleutian  islands,  but  without 
reediing  Kamtschatka;  before  coming  there  it 
turns  to  the  east,  then  to  the  south,  fi^g  back 
agahi  into  the  great  equinoctial  current  about 
the  termination  of  the  peninsula  of  California. — 
The  second  branch  flows  towards  the  eastern  side 
of  New  Holland,  turns  round  New  Zealand,  re- 
joins the  southern  oentral  current,  which  it  warms 
in  its  weetem  portion ;  extends  below  Van  Die- 
men's  Land,  and  mixes  with  a  branch  of  the 
«econ<l  Austral  polar  current  rising  in  the  meri- 
dian of  the  Indies,  and  dlrscting  itself  towards 
the  east,  like  all  currents  of  cold  water. — ^This 
tecond  great  current  of  cold  water,  situated  to  the 
west  of  the  oentral  current,  strikes  on  the  western 
ooast  of  New  Holland,  flowing  northward  to- 
wards the  islands  of  Java  and  Sumatra,  where 
it  Joins  that  part  of  the  great  equinoctial  cur- 
rent, which  has  not  been  arrested  in  the  Asiatic 
ardiipelago  by  the  numerous  obstacles  it  has 
met  in  its  courM.  This  current  flows  west- 
ward, takes  a  route  towards  the  south,  between 
Afrfcat  and  Madagascar,  and  turns  round  the  Cape 
of  Good  Hope,  where  it  is  a  current  of  hot  water. 
It  then  unites  again  with  the  third  southern 
current,  which  passes  along  the  western  ooast  of 
Africa.  It  serves  to  feed  the  equinootial  current 
of  the  Atlantic,  and  forms  the  Gulf  Stream,  for 
an  admirable  description  of  which  we  are  indebted 
to  Humboldt  This  current  enten  the  Gulf  of 
Mexico,  passes  round  it,  issues  by  the  Straits  of 
Bahama,  runs  from  the  south-west  to  the  north- 
east at  a  certain  distance  from  the  coast  of  the 
United  States,  preserving  a  more  or  less  consider- 
able portion  of  the  temperature  which  it  had  be- 
tween the  tropics.  It  then  divides  itself  into 
two  branches;  one  of  which  flows  northward, 
modifying  the  dlmate  of  Iceland,  the  Orkney 
and  the  Shetland  Islands,  and  Norway;  the  other 
branch  makes  a  gradual  sweep,  and  ends  by 
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letncing  iti  oohtm,  traveiring  the  Atlantic  from 
north  to  south,  sometimes  very  nearly  approach- 
ing the  shores  of  Spain  and  Portugal.  After  a 
long  drcoit,  the  waters  rgoin  the  equinoctial 
current  from  whence  they  issued. — This  great 
equinoctial  current  of  the  Atlantic  extends  over  a 
considerable  space  on  each  side  of  the  line,  vary- 
ing according  to  the  apparent  situation  of  the 
sun.  From  the  16°  to  the  30°  of  latitude  is  the 
limits  assigned  to  it  Beginning  to  be  perceptible 
at  the  south-west  of  the  Azores,  it  is  very  feeble 
at  the  15°  to  the  25°  of  latitude.  Near  the  Une 
its  direction  is  less  steady  than  towards  the  10° 
from  15°,  and  it  duects  itself  towards  the  Bay  of 
Honduras,  traverses  the  Gulf  of  Mexico,  and 
throws  itself  with'  impetuosity  into  the  straits  of 
Bahama,  with  a  velocity  of  two  miten  a  second, 
notwithstanding  the  north  winds  which  constantly 
prevail  in  this  region :  after  this,  it  follows  the 
direction  indicated  above. — ^About  the  33°  of 
latitude,  a  navigator  may,  according  to  Hum- 
boldt, pass  in  the  same  day  from  the  eastern  into 
the  western  current. — At  Cape  Blanco,  this  cur- 
rent, after  flowing  along  the  coast  of  Africa, 
takes  a  direction  first  towards  the  south-west, 
and  re-unites  itself  to  the  Great  Equatorial  cur- 
rent, called  the  Gulf  Streanu  The  two  currents 
are  separated  by  a  zone  of  140  leagues  in  breadth. 
It  is  estimated  that  the  waters  of  this  .great 
current,  according  to  the  velocities  observed,  go 
through  a  circuit  of  3,800  leagues  in  the  space 
of  three  years;  viz.,  thirteen  months  in  going 
from  the  Canary  Islands  to  the  coast  of  the 
Caraocas ;  ten  in  making  the  circuit  of  the  Gnlf 
of  Mexico ;  two  in  reaching  the  banks  of  New- 
foundland, and  from  ten  to  eleven  in  returning 
to  the  coast  of  Africa.  At  about  the  45°  or  50° 
of  latitude,  the  Gulf  Stream  directs  one  of  its 
branches  towards  the  north-east,  upon  the  coast 
of  Europe. — The  temperatures  of  this  immense 
current,  which  plays  so  important  a  part  in  navi* 
gation,  are  not  without  interest  Between  the 
40°  and  41°  of  latitude,  its  temperature  is  64° ; 
under  the  parallel  of  Charleston  it  is  68°,  and 
the  waters  outside  it  are  57°.  Near  the  banks  of 
Newfoundland  it  is  only  from  44°  to  46°.~Such, 
then,  according  to  Captain  Duperrey,  are  the 
effects  produced  by  the  great  Austral  central 
current,  whose  course  he  has  traced  over  the 
whole  surface  of  the  ocean  with  great  sagacity. 
Let  us  take  this  current  when  it  strikes  the  coast 
of  ChUi,  where  one  portion  of  it  ascends  towards 
the  equator,  and  the  other  descends  towards  Cape 
Horn.  That  wliich  directs  itself  towards  the 
south,  appears  to  have  cut  up  the  western  coasts 
of  Patagonia,  produced  the  islands  which  sur- 
round it,  and  separated  Terra  del  Fuego  fh>m 
the  continent  This  current  renders  the  passage 
round  Cape  Horn  very  difficult  To  escape  it,  it 
is  needful  to  sail  to  a  considerable  distance.  That 
portion  whidi  goes  northward  appears  to  have 
hollowed  out  that  great  indentation  on  the  western 
coast  of  America,  between  the  25°  and  the  15° 
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of  latitude,  thus  oontribnting  to  give  It  its  pnataat 
configuration.  The  current,  which  exerdses  ao 
great  an  influence  upon  the  floutbem  coasts  of 
South  America,  is  intimately  connected  with  the 
general  direction  of  the  vrinds,  and,  ia  ooose- 
quence,  with  the  progress  of  the  sun.  In  reality, 
it  has  been  observed  that  the  correot  ascends  to- 
wards the  north  when  our  luminary  is  in  the 
northern  hembphere,  whilst  it  descends  towards 
the  other  side  of  the  line  when  the  sun  is  in  the 
southern  hemisphere.  The  measures  of  the  tesc- 
perature  of  the  waters  of  this  current,  before  it 
reaches  the  shores  of  America,  leave  no  doobt  en 
this  point  In  &ct,  between  105°  and  90°  of 
longitude,  the  thermometer  indicates,  in  the 
month  of  Januai^',  39°,  whiliit  after  hav- 
ing touched  the  coast,  the  branch  which  mns 
in  the  direction  of  Cape  Horn,  has  a  tem- 
perature of  48°  in  the  very  offings  of  the  coast 
This  efiect  cannot  be  attributed  to  coDtineotal 
heat,  by  reason  of  its  low  temperature; — but  to 
thi8---tliat,  from  the  point  of  depoitore  of  this 
portion  of  the  current,  the  temperature  of  the  sea 
is  higher  than  that  of  the  air;  on  the  coasts  of 
Peru,  the  contrary  takes  place.  Thna,  the  prin* 
dpal  branch  of  the  cunrent  flowing  from  the 
South  pole,  becomes  so  far  warmed  in  approadi- 
ing  the  30°  of  latitude,  as  to  raise  U  to  a  tem- 
perature higher  than  that  of  Chili,  whose  dimate 
it  ameliorates,  whilst  the  portion  which  fiovs 
towards  the  north  being  inferior  to  that  of  Pera, 
necessarily  lowers  its  dimate.  The  inflaeooe 
which  the  heat  of  the  current  exerdses  upon 
the  temperature  of  the  coast,  has  explained  cer- 
tain frbcts  whidi  had  not  before  been  ondecstood. 
In  Peru,  where,  owing  to  the  action  of  the  cm^ 
rent,  the  temperature  is  very  ndld,  the  inhabi* 
tants  cultivate  the  gronnd  without  the  help  of 
slaves,  and  consequently,  the  Spanish  oohnieB 
have  been  preserved  intact — It  is  otherwise  In 
Brazil — under  the  same  paraUeb  of  latitude^  the 
excessive  heat  has  induced  the  Portuguese  to  call 
in  the  aid  of  the  African  in  the  cultivatiaa  of 
the  soil.  The  like  reason  explains  how  it  Is  that 
vegetation  presents  the  same  characteristic  fea- 
tures in  Chili  as  in  Terra  del  Fu^o,  and  that  the 
humming  bird  is  found  in  Chili  as  well  as  at  Cape 
Horn. — The  direction  of  the  currents  from  east 
to  west,  in  the  great  ocean,  also  shows  us  how  it 
is  that  the  natives  of  the  South  Sea  Islands  haw 
never  reached  America  with  their  canoes. — ^M^or 
Rennd  thinks  that  the  immense  mass  of  fucos 
which  covers  the  sea  to  the  west  of  the  Azoras, 
to  an  extent  eomparable  to  that  of  France  (which 
is  called  the  grassy  sea),  is  brought  by  the  Golf 
Stream  from  the  Gulf  of  Mexico.  The  opinkna^ 
however,  of  navigators  on  this  point,  are  by  no 
means  uniform.  Some  think  that  these  fud  may 
have  grown  upon  the  reefr  at  the  bottom  of  the 
ocean  in  its  shallower  parts,  and  that  they  Ytgt- 
tate  up  to  the  very  surface  of  the  waters.  Be-  ' 
sides,  aicoording  to  the  observations  of  Humboldt 
and  Mi(jor  Rennel,  this  grassy  sea,  idilch  was 
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fir  t  obrarved  by  ColmnbuB,  has  not  changed  its 
pUce  either  in  latitude  or  longitade..~Captaiii 
Duperrev  has  made  a  special  study,  in  his  navi- 
gation in  the  CoquUIe^  of  the  current  of  hot 
water  which  passes  between  New  Holland  and 
New  Zealand,  to  rejoin  the  central  southern  imr- 
rent — We  give  here  some  thermometrical  obser- 
vations which  he  has  made,  the  one  to  the  east, 
the  other  to  the  west,  of  New  Holland :— > 


DtCtlOtbCT^ 

1823. 

Atmaau 

Longitude. 

TMnp.  Air. 

Tcnp  8«iu 

«n»s. 

lOJTS'E. 

eiTC 

eriif 

»M 

150  32 

69  62 

71   6 

»10 

104  30 

£7  92 

68  64 

S7  61 

107  SI 

67  92 

68  64 

97  19 

lft3  33 

67  61 

67  28 

19  59 

100  89 

M76 

64  86 

49  « 

116  42 

33  78 

6196 

43  43 

194  :«i 

6136 

61  26 

4340 

15139 

68  46 

68  28 

4644 

14C07 

69  0 

64  86 

It  is  remarked  that  the  observations  on  the  east 
side  c^ve  much  higher  numbers  than  those  on 
the  west  coast  The  presence  of  the  current  is 
indicated  by  a  diiTerenee  of  more  than  7°  of 
temperature  in  passing  from  48^*40'  to  43^ 
At  the  latitude  of  46^44  the  current  has  a  velo- 
city of  21  miles  towards  the  south,  and  of  42 
miles  towards  the  east — The  following  table 
presents  the  results  of  other  thermometrical  ob- 
servations made  by  Captain  Duperrey,  re]sti\'e 
to  the  current  of  hot  water  between  the  Japan 
and  Marianne  islands.  Each  of  these  tempera- 
tures is  tlie  mean  of  all  the  obeervations  made 
every  two  horns  in  the  foni^and-twenty  hours : — 


,  1819. 

MJnne... 

SAnffOflt. 

1  July..., 

S  Anaost. 

4  July.... 
31  July... 

6JBly...< 
90  July.. .. 
10  July.... 
28  July..., 
]9Ja)y.... 
lu#nly.... 


Utihrf*. 

.-24«WN. 
..23  44 
..3616 
,J»  1 
,...3029 
...3039 
..JI2  69 
...83  66 

...J6  43 
..JklU 
,..41    9 


Lonffi|ii4». 

163*39' £. 
806  60 
166  66 
206  6 
160  29 
203  46 
160  47 
20317 
163  46 
20142 
186  6 
188  49 


T«mp>  Air. 

wnv 

73    4 

80  6 
71  6 
76  46 
7178 
76  46 
7178 
7214 
72110 
66  48 
66  92 


Ttnqi.  Sm. 

%YW 
73  76 
78  26 
72  60 
80  6 
7196 
76  46 
7196 
7124 
72  32 
6S92 
6183 


— ^The  currents  belonging  to  the  north  pole  pro- 
duce very  remarkable  effects.  It  is  they  which 
bring  down  upon  the  oosst  of  loeUmd  that 
cnonnotts  quantity  of  ice  filling  the  northern 
guHk  Sometimes,  instead  of  ice,  they  transport 
there  immense  masses  of  floating  wood.  These 
trees,  aooor^ng  to  all  appearance,  come  from 
Siberia  and  Northern  Amoica.  They  are  similar 
in  kind  with  those  found  growing  in  Mexico  and 
BraziL  They  are  generally  the  trunks  of  pines, 
fin,  and  some  of  resinous  and  mahogany  trees. 
These  last  are  invariably  pierced  by  the  teredo— 
a  testaceous  mollusc — We  shall  mention  a  few 
partial  currents  to  complete  the  sketch  we  have 
drawn  of  the  constant  currents  which  furrow  the 
ocean.  A  current  is  fimnd  in  Gascon^',  directed 
towaids  the  north-east,  which  is  probably  only  a 
portionof  the  Gulf  Stream.  In  the  Mediterranean 
there  esieti  another  which  washes  the  northern 
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shores  of  Africa.  This  current  flows  towards  the 
north-east  to  the  coasts  of  Syria,  seems  arrested 
at  the  island  of  Candia,  returns  upon  Sicily, 
and  thence  to  the  coast  of  Spain.  Is  this  cur- 
rent a  part  of  the  Gulf  Stream,  or  does  it  not 
rather  depend  on  the  unequal  evapomtion  of  tbe 
waters  of  the  Mediterranean  and  the  ocean  ?  The 
latter  hypothesis  is  the  more  probable.  Currents 
are  likewise  found  in  the  straits  of  Constantinople 
— in  the  Dardanelles,  and  in  the  Greek  Archi- 
pelago ;  all  directed  towards  the  Mediterranean. 

II.  Periodic  Currents, — The  equinoctial  current, 
as  we  have  said  above,  is  modified  in  approach- 
ing the  great  Asiatic  Archipelago,  by  the  mon- 
soons ;  this  afibrds  a  proof  of  the  influence  of  the 
displacement  of  masses  of  air  on  marine  currents. 
Numerous  examples  of  periodic  currents  are  found 
along  the  coasts,  especially  in  the  Indian  and 
Chineiie  Seas,  where  the  sun  b  in  his  southern  or 
northern  declination,  let  Thus,  in  the  Gulf  of 
Manar,  between  Ceybn  and  Cape  Comorin, 
there  is  a  current  directed  towards  the  north  from 
the  month  of  May  to  the  month  of  October,  and 
passes  to  the  south-west  or  south-sooth-west  dur- 
ing the  other  months;  its  ordinary  velocity  at 
the  coast  is  a  league  an  hour.  Along  th^  coast 
of  Ceylon,  from  Point  Pedro  on  the  north  of  the 
island  to  the  Point  de  Galle  on  the  south,  cur- 
rents prevail  directed  towards  the  south  and  south- 
east, and  along  the  line  of  the  coast^  and  which 
have  but  little  force  in  June  and  November.  In 
the  Bay  of  Bengal,  the  monsoons  give  rise  to 
marine  currents  during  their  continuance.  In 
the  Chinese  seas,  the  currents  are  generally  di- 
rected towards  the  north>«ast,  from  the  1 5th  of  May 
to  the  16th  of  August  and  havea  contrary  direction 
from  October  to  March  or  April.  The  velocity 
is  in  general  greater  during  October,  November, 
and  December,  than  that  of  the  opposite  currents 
in  May,  June,  and  J  uly.  The  strongest  current 
in  these  seas  is  that  which  is  near  the  coast  of 
Cambodia,  and  which  goes  southward  at  the  end 
of  November  with  a  velocity  of  a  metre  to  a 
metre  and  a-half  per  second.  These  currents  are 
felt  in  other  regi<ms  near  the  coast  of  Africa,  and 
in  America.  Examples  might  be  multiplied  of 
periodical  currents,  showing  tbe  influence  of  the 
seasons  on  their  direction ;  but  they  have  not  an 
extent  so  great  as  the  great  general  currents  of 
which  we  have  spoken.  Periodical  currents  are 
observed,  which  have  in  part  for  their  cause  the 
unusual  evaporation  of  the  waters,  combined  with 
the  effects  of  the  prevailing  winds.  It  is  thus, 
that  a  current  exists  from  the  ocean  into  the  Red 
Sea  from  October  to  May,  and  a  current  of  an 
opposite  direction  during  the  rest  of  the  year. 
The  watere  of  the  Persian  Gulf  present  an  in- 
verse effect;  from  October  to  May,  a  marine 
current  runs  iVom  the  gulf  into  the  ocean,  and 
from  May  to  October,  from  the  ocean  into  the 

golf. 

III.  VariabU  and  Aeddmtal   CmraiiM,— 
These  cunvntB  are  not  dependent  on  any  r^lar 
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law ;  thej  are  produced  either  bj  the  infloenoe 
of  variaUe  winids  which  prevail  along  a  coast 
during  many  days,  or  by  tempests,  or  water- 
spouts, &c  We  shall  notice  only  slighdy 
movements  which  are  independent  of  "winds  and 
of  tides,  and  which  sometimes  produce  small 
currents  in  the  sur&oe  of  the  sea;  Humboldt 
has  thus  described  them  in  his  travels  in 
America: — "When  the  sea  is  perfectly  calm, 
there  appear  on  its  smfaoe  narrow  belts,  like 
small  rivulets,  and  in  which  the  water  runs  with 
a  noise  veiy  perceptible  to  the  ear  of  an  experi- 
enced pilot  On  the  16th  of  June,  in  about  84° 
86'  of  north  latitude  we  found  ourselves  in  the 
midst  of  a  great  number  of  these  beds  of  currents ; 
we  were  able  to  determine  their  direction  by  the 
compass.  Some  wexe  ilowing  to  the  north-east, 
othins  to  the  east-north-east,  although  the  gene- 
ral motion  of  the  ocean  indicated  by  a  compari- 
son of  the  log  and  of  the  chronometrical  longi- 
tude continued  to  be  towards  the  south-east  It  is 
very  common  to  see  a  mass  of  motionless  water 
crossed  by  ridges  of  water,  which  run  in  difier- 
ent  directions.  This  phenomenon  may  be  ob- 
served every  day  in  the  surface  of  our  lakes ; 
bat  it  IS  more  rare  to  find  partial  movements, 
impressed  by  local  causes  on  small  portions  of 
water  in  the  midst  of  an  oceanic  river  occupying 
an  immense  space  and  moving  in  a  constant  di- 
rection, although  with  an  inconsiderable  velocity. 
In  this  conflict  of  currentB,  as  in  the  oscillation  of 
waves,  our  imagination  is  strudc  with  these 
movements  which  seem  to  penetrate  each  other, 
and  by  which  the  ocean  is  incessantly  agitated.'* 
lY .  Caute  ^Currents. — Many  causes  have  been 
assigned  by  BVanklin,  Benuet,  &c.  Bernouilli  has 
admitted  that  as  the  motion  of  the  rotation  of  the 
earth  must  leave  behind  it  the  waters  and  the 
atmosphere,  there  will  result  marine  and  atmo- 
spherical equatorial  currents  in  a  direction  con- 
trary to  the  movement  of  the  rotation  of  the  earth 
from  east  to  west  D'Alembert  and  La  Place 
have  not  found  the  reasons  of  Bernouilli  sufficient 
to  explain  marine  currents  and  trade  winds. 
Some  think  that  the  trade  winds— of  which  we 
shall  speak  under  Wnius  — which  blow  con- 
stantiy  in  the  equatorial  seas  tiom  east  to  west, 
produce  a  liquid  intumescence  in  the  vicinity  of 
the  equator  on  the  eastern  coast  of  Africa,  from 
which  results  an  accumulated  mass  of  water 
that  pours  without  ceasing  from  north  to  south 
by  the  straits  of  Mozambique.  Arrived  at  the 
Cape — being  there  no  longer  arrested  by  the 
African  coast — it  precipitates  towards  the  west 
Such  is  the  cause  which  has  been  assigned  for 
the  current  off  the  Cape  of  Good  Hope.  Ac- 
cording to  this  mode  of  viewing  it,  the  equinoc- 
tial current  of  the  Atiantic  would  have  a  similar 
origm ;  in  fact,  the  constant  impnlse  of  the  trade 
wind  upon  the  waters  which  adyoin  the  equator 
to  the  north  and  to  the  south,  must  also  produce 
a  great  accumulation  of  water  on  the  coast  of 
America ;  from  thence  arises  a  general  motion  of 
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the  Caribbean  Sea,  tofwards  the  atndt  which 
separates  the  eastern  point  of  Yucatan  finom  the 
western  point  of  Cuba;  wlicnce  an  devattoa 
of  the  level  of  Um  sea  in  the  Golf  of  MexioQ, 
and  consequentiy,  the  prodnction  of  that  concnt 
which,  in  iasuing  by  the  straits  of  Bahama,  fonas 
the  Gulf  Stream.  The  cuireDt  at  the  Straits  ef 
Gibraltar  is  attributed  to  the  lower  levd  of 
the  Mediterranean,  owing  to  an  abundant  ev;B|»- 
oration,  not  nearly  compensated  fi»r  by  the  waten 
delivertd  by  the  rivers  into  this  sea ;  an  evafion- 
tion  much  more  powerful  than  that  osnaDy  tak- 
ing place  in  consequence  of  the  elevated  ten|»> 
ratuxe  of  the  Meditenanean.  It  is  impoaabfe  Id 
give  a  complete  theovy  of  marine  corrmta,  igno- 
rant as  we  are  of  the  entire  causes  wiiich  combiBe 
in  producing  them.  It  is  not  enoo^  indeed,  fo 
know  merely  the  currents  which  fuirow  the  nr- 
face  of  the  seas,  but  we  ou^t  besides  to  hare 
some  idea  of  the  currents  produced  by  the  £fier- 
ences  of  temperatme  and  of  saltneae  at  difibtat 
depths,  and  of  these  sub-marine  cnneota,  in  coo- 
tact  with  the  bed  of  the  sea,  whidi  oonvey  tbeeoU 
waters  of  the  polar  i^ons  as  far  as  the  eqaatac 
On  the  other  hand,  the  waters  of  the  ocean,  near 
the  poles,  are  mox'ed  from  west  to  east  with  a 
very  feeble  velodty  in  consequenoe  of  the  diar- 
nal  motion;  in  making  their  way  towards  the 
temperate  and  hot  regions  their  motion  b  aoeeie- 
rated,  and  there  results  rdative  currents  dxreded 
from  the  east  towards  the  west  The  eomais 
that  we  have  described  are  thus  only  cflects  issa- 
ing  flpom  the  final  state  in  whidi  tiie  sazfiMX  of 
the  sea  is  found,  under  the  combined  inflncDoe  of 
many  very  complex  causes. 

OcisuM.  One  of  Lacaille's  ooBasftdlatfans 
round  the  south  pole.  It  haa  no  stars  lai|ser  than 
the  fifth  magnitod& 

Ociaat.  Properly  the  eighth  part  of  a  dr^ 
cular  aro  or  angle.  Hence  the  instnunent  called 
Hadley's  Quadrant — ^which  fitom  its  peculiar  con- 
stmction  is  of  the  form  of  an  octant — ^is  wnwnetimes 
called  alternatively  by  this  name.  The  woid  is 
also  used  m  astrology,  as  equivalent  to  the  odik 
9SpecL 

Odave.  In  mnsic,  is  the  sum  of  the  notes  of 
the  scale.  Hie  ratio  of  tiie  note  at  its  one  ex- 
tremity to  that  at  the  other  Is  2  to  1.  Itesnfanecs 
all  possible  primitive  sounds;  and  aJthoggh  we 
wish  to  have  any  higher  or  lower,  wa  cannot 
change  the  notes  essentially  in  character  as  per- 
ceived by  die  ear.  One  may  be  louder  than  the 
other,  but  the  same  note  is  repeated.  See  Aooca- 

TIC8. 

OpAcitf.    That  property  whidi matter  hasof 

withstanding  the  rays  of  light  AH  matter  doas 
to  some  extent  absori)  these  rays ;  and  some^  in- 
stead of  allowing  it  to  pass  or  abanbing  it, 
rather  to  throw  it  back  (RBFLacxioii). 
effects  are  quite  to  be  anticipated  ikora  the  tfaeoiy 
that  light  is  caused  by  the  rapid  vibratkan  er 
undulations  of  a  very  thin  ether.  The  metak 
are  the  meet  opaque  <^  all  existiBg  bodies.     The 
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full  csme  of  opacity  and  the  atate  of  the  Interior 
partkles  depeiuleQt  oo  U,  is  not  vet  nnderetood. 

•pp— iti— .  See  Conjumction  for  the 
AaCnnomical,  and  Abpict  for  the  Aatrological 
oonnecdoo  of  the  term. 

Optica.  The  scieooe  which  treats  of  the 
phcnomeDa  of  light.  It  is  oonoemed  with  the 
cansea  of  light,  and  the  changes  which  it  under- 
goes in  given  drcomstancea.  Many  of  the  em- 
ptrical  laws  of  these  changes  liad  been  dis- 
covered before  any  settled  theory  of  the  canses  of 
light  had  been  arrived  at,  and  are  even  still, 
bttter  expounded,  when  all  oonnderati<Ni  of  the 
intimate  cliancter  of  light,  and  lof  the  physical 
focts  whidi  truly  correspond  to  the  laws  which 
we  obeenre  and  deduce,  are  dismissed  from  the 
mind.  These  phenomena,  once  inferred  from  the 
empiiloal  laws,  take  their  proper  place  in  a  com- 
plete physical  theory,  along  with  these  laws. 
The  branch  of  optics  which  treats  of  such  laws 
and  plunomena,  dismlssbig  in  this  manner  all 
purely  physical  ideas,  is  appropriately  called 
gmmetnad  opHa.  Its  theorems  are,  in  fact,  just 
like  algebrslcal  theorems,  applicable  to  any  real 
quantideB,  by  the  proper  substitutions,  and  it  is 
only  in  ntaiiag  then  substitutions  tliat  the  science 
at  aU  di£Rns  frdn  pure  mathematics. — Optics 
treata  of  three  points, — ^the  reflection,  the  re- 
fraction, and  the  difiUsicMi  of  light  Tlie  former 
two  have  been  afaeady  disrnasfd  in  the  articles 
OB  Catoftbics  and  Dioftbics.  We  shall  pro- 
ceed very  liriefly  to  consider  the  latter.  Its 
snljeet  la  the  kUmtU^  of  light,  or  the  question 
aa  CO  tiie  number  of  equally  bright  rays  foil* 
ing  upon  aniCMses  of  equal  area.  This  gives  a 
measure  of  relative  intensity,  not  an  alisolute 
unit  of  intensity.  The  latter  might  be  readily 
fixed  by  taking  the  intensity  produced  by  a  light 
eaaHyprocnmble  of  a  fixed  amount — as  of  a  gas- 
light liavlng  a  fixed  sixe  of  jet,  and  burning  gas 
obtained  in  a  standard  way,  placed  at  a  standard 
distance.  For  lelative  intensity,  however,  the 
definition  above  given  is  suffident  —  One 
law,  upon  whldi  difiusion  depends  is  this, 
that  the  rays  of  Ugfat  proceed  through  uniform 
media  in  stndgfat  lines.  Assuming  this,  it  is 
easy  to  show  that  the  intensity  of  light  on  a 
amall  Illuminated  suifaoe.  Is  to  the  intensity  on 
aDother  such  small  surfooe  illuminated  from  Uie 
same  point,  inversely  as  the  squares  of  the  per- 
peDdkular  distances  of  the  surfaces  from  the 
point.  The  same  rays,  emerging  from  the 
point  spread  over  spaces,  at  difierent  distances 
proportional  to  the  squares  of  the  distances. 
— We  liave  supposed  that  the  light  fi^  per- 
pendicnlariy  on  the  snifoces.  It  often  does  not 
fl&  Suppose  it  to  fall  oUiqudy  on  a  little  sox^ 
Ihce.  Take  any  oblique  line  b  d,  and  let  a 
be  the  luminous  point  Then  the  rays  foiling 
upon  B  D  are  exactly  the  same  aa  those  which 
foil  upon  the  perpendicular  line,  b  o  — and 
if  B  c  and  b  d  be  amaD,  we  may  imagine  all 
the  rays  foiling  oo  b  o  to  be  peqiendicular  to 
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it  Then  the  rays  falling  upon  bd,  will  give  a 
less  intensity  at  every  pdnt  of  it,  than  the  same 
rays  give  upon  b  c,  in  the  proportion  of  b  o  to 
BO  (inverse  proportion  of  surfaces  on  which 
equal  amounts  of  light  £all).  But  bo  bears  to 
BD  the  ratio  of  the  cosine  of  the  angle  c  b  d  (or 
A  bo),  which  is  the  angle  of  incidence  of  the 
rays  upon  bi>,  to  one.  Hence  the  intensity  of 
the  light  on  any  small  space,  bd  will  be  propor- 
tional directly  to  the  cosine  of  the  angle  at  which 
the  luminous  rays  fall  upon  the  quice,  and  in- 
versely to  the  square  of  tlie  distance  of  any  point 
This  law  is  included  in  that  already  stated.— 
There  is  still  one  other  proposition.  It  is  this 
that  otgects  appear  equaUtf  Aimtiaotif  at  whatever 
distance  from  them  we  may  stand,  not  increasing 
in  luminosity  as  we  approach,  or  diminishing  as 
we  recede. — Aa  we  approach,  the  light  from  a 
suifoce^  caught  by  the  eye  mcreases,  and  as  we 
recede,  diminishes  as  the  square  of  the  distance 
undoubtedly— but  the  surlhoe  has  appeared  to 
increase  and  diminish  in  exactly  the  same  ratio. 
It  subtends  at  half  any  distance  from  the  eye, 
twice  aa  great  a  lineal  angle,  and  ibur  times  as 
great  a  solid  angle  asbefoane.  Hence^  though  the 
light  has  increased  to  four  times  its  original 
amount  yet  the  surface  on  which  it  is  spread, 
which  is  always  measured  by  the  solid  angle 
which  It  subtends  at  the  eye,  is  mcreased  by  an 
amount  exactly  proportionaL  Therefore  the  two 
•^the  apparent  surfoce,  and  the  real  amount  of 
light — increase  or  diminish  together  at  the  same 
rate,  and  the  body  appears  equally  luminous, 
whether  we  advance  or  recede  from  it— For  the 
FbjTsical  theory  of  Optics,  see  CoLOVBe,  Dif- 
FBACTTOir,  LxoHT,  PoLABiZATiOH,  and  Other 
special  articles. — We  recommend  especially  Sir 
David  Brewster's  general  treatise  on  Optics;  and 
beyond  everything  dse,  the  most  remarkable  aet 
of  diagrams  by  Engel  and  Sohellbach. 

Optlea*  PnwticaL  A  rather  v«gue  term 
for  that  branch  of  Optics  yet  open  to  experi- 
mental inquiry.  Thus  we  Imow  that  the  law  of 
refraction  gives  a  definite  refractive  index.  Prac- 
tical Optics  seeks  to  determine  for  each  body 
what  this  is.  like  all  other  sciences  called  prac- 
tical, it  is  connected  with  inquiries  which  no 
theoay  yet  ventures  almost  to  propose  .  such  as 
the  law  which  establishes  for  each  body  its 
especial  refractive  index.  It  is  ooncenied  also 
with  the  construction  and  use  of  optical  instru- 
ments, such  as  the  Camera,  the  Helioetat  Micro- 
scope, Teksoope^  &c  (9.9.);  and  all  those  branches 
of  what  we  have  called  geometrical  or  physical 
optics,  relating  to  the  yarious  contrivances  for 
dividing  and  sub-dividing  space  in  optical  in- 
struments, are  general^  aleo  included  within 
it 

Otfot  is  the  old  name  ibr  the  supposititious 
crystal  spheres  of  the  ancient  astronomy,  in 
which  the  planets  were  auppoaed  to  movew  It 
signified  originally  any  loond  body,  and  hence 
now  that  that  theory  la  axploded,  the  term  is 
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^nerolly  applied  to  the  mass  of  a  planet  or  satel- 
lite, or  of  the  sun — all  nearlv  drcalar. 

Orbit, — means  the  relative  path  in  which  a 
planet  travels  round  the  snn,  or  a  satellite  ronnd 
itH  primaiy.  In  explaining  the  heavenly  mo- 
tions, and  even  sometimes  in  conceiving  them, 
it  is  useful  to  take  for  the  really  complicated 
figures  through  which  the  various  bodies  pass, 
others  much  simpler  but  not  unlike  them  in  out- 
line. Thus  we  may  suppose  that  the  earth 
moves  in  an  uniform  circular  path  (see  Ano- 
maly), round  the  sun,  and  so  with  the  other 
planets  and  with  the  satellites.  In  more  deli- 
cate explanations  we  take  a  figure  still  more 
closely  resonbling  the  actual  orbit — the  ellipse 
in  which  each  planet  would  move  were  it  not  for 
the  perturbations,  or  attractive  influences  from 
other  planets.  When,  again,  we  seek  to  be 
still  more  exact,  we  suppose  that  the  planet  does 
actually  move  in  such  an  orbit,  which,  however, 
itself  undergoes  slight  occasional  changes.  Thus 
the  motion  would  be  represented  by  a  body 
whirling  round  an  elliptic  rod  of  iron  at  a  definite 
rate,  which  rod  sometimes  expands  or  contracts 
from  heat  while  the  motion  is  proceeding;  some- 
times is  tilted  round  a  little  way  in  one  or  another 
direction.  This  would  represent  with  tolerable 
accuracy  the  state  of  the  case.  The  circular 
path,  or  the  elliptic  path,  is  generally  called  the 
orbit  The  true  orbit  is  the  curiously  twisted 
spiral  curve  through  which  the  body  really  passes. 
— ^To  illustrate  this  subject,  let  us  reflect  on  the 
orbit  of  our  moon.  If  that  body  were  influenced 
solely  by  the  earth,  her  path  would  be  a  regular 
and  stable  ellipse;  but  sinoe  the  great  central 
orb  is  so  near  us,  and  acts  over  idl  the  sphere 
within  which  the  moon  moves,  with  a  power 
adequate  to  control  the  earth  as  his  subservient, 
it  must  be  evident  that  our  satellite  cannot  escape 
being  dUturbed,  or  greatly  affected,  by  the  pre- 
sence of  that  Luminary.  Again,  however,  if  the 
sun  acted  on  the  earth  and  moon  alike,  he  could 
not  disturb  by  such  action  the  tnutual  reloHons 
of  these  bodies ;  no  more,  indeed,  than  any  arti- 
ficial system,  placed  on  a  board,  would  be  dis- 
turbed by  the  board  on  which  it  lies  being  carried 
to  a  different  place.  But  inasmuch  as  the  moon's 
<li<ttAnce  from  the  sun  is  not  always  the  same  as 
ttie  earth's,  and,  moreover,  varies  regularly  as 
our  midnight  luminary  revolves  in  its  orbit,  the 
Sun  cannot  act  on  both  globes  with  the  same 
energy^  and  must  therefore,  by  disturbmg  their 
relations,  change  the  moon's  path.  Let  us  follow 
this  action  to  one  remarkable  consequence.  In 
tlie  figure  below,  suppose  e  the  earth,  m'  h''  V' 
M''''  the  moon's  orbit,  and  8  the  sun.  Now,  as 
the  sun's  power  over  any  body  increases  as  the 
distance  of  that  body  from  him  diminishes,  the 
moon  when  at  m'  must  be  attracted  by  that 
luminary  more  than  the  earth  is,  or  pulled  away 
from  the  earth ;  while,  on  the  contrary,  when  the 
moon  is  at  Wj  the  earth  will,  for  the  same  reason, 
be  pulled  away  from  her.    At  these  two  parts  of 
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the  orbit,  then,  the  mm  must  tend  to 
two  bodies;  or,  what  is  virtnallj  the 
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to  dmi$ttsh  the  aUradwe  poteer  qf  Ike  earlk  <cer 
Ut  eateUUe  at  new  and  fiill  moon.  Again,  irha 
the  moon  is  at  x"  and  x"",  or  at  the  same  dis- 
tance as  the  earth  fimm  the  son,  both  bodies  oust 
be  attracted  with  an  equaiybroe;  bat  the  dSneetiM 
of  that  force  is  not  the  same  in  the  two  eaies. 
Suppose  the  sun  to  have  the  power  of  makim; 
the  earth'  move  through  e  e  in  a  given  time,  he 
would  cause  the  moon  move  through  x'^m  in 
that  time ;  and  the  effiact  would  manilastly  be  to 
bring  the  two  bodies  nearer  eatk  idker^  becauav 
they  are  being  made  to  slide  along  within  a  wedgif 
which  grows  nanower  and  nanvwer.  The  cair 
would  be  the  same  at  x^";  so  tliat  we  mav  sav 
that  the  efi^t  of  the  disturbing  force  of  tiie  son 
on  the  moon  at  x"  and  x"",  or  when  she  b  u 
ifoarUr,  is  to  force  her  neartr  the  earth,  or,  what 
is  the  same  thing,  virtually  to  tnoreose  the  o/- 
tractive  power  nf  the  earth  over  her.  We  thus 
obtain  the  following  propositicm : — About  the  re- 
gion cfjitll  and  new  iTioon,  our  satellite  is  ku 
than  normally  attracted  by  the  earth,  becanse  of 
the  disturbing  effect  of  the  sun ;  while  aboat  the 
region  of  her  quadrature  the  earth's  power  over 
her  ia  increased  by  the  same  cause. — Tom  nor 
to  consideration  of  her  vdocities  at  tbew  parts  cf 
her  orbit :  and  suppose  her  travelling  in  the  di- 
rection from  X"''  to  x'.  While  passing  tram 
-hiL""  to  x',  she  is  plainly  drawn  forwxrd  by  the 
snn,  or  her  velodty  accordingly  is  augmented  br 
that  disturbing  force  until  she  reaches  x'.  Ic 
the  same  way,  while  passing  from  x'  to  x^,  sbe 
is  plainly  being  pvUed  bad:;  and  her  rdocity  is 
therefore  being  diminished  during  that  quaitsr 
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by  the  foregoing  distnrbiog  cause.    Now,  a1- 
thoogfa  not  80  evident  or  very  easily  made  pal- 
pable, it  is  equally  certain  that,  as  slie  is  passing 
Iran  M"  to  W»  she  is  accelerated  by  the  son ; 
and  that  daring  the  quarter  x"'  W"  she  is  again 
rdarded,   Samming  up  these  facts,  we  reach  the 
following  result: — About  the  region  offidl  moofi, 
wien  the  earUCe  attractive  pojcer  ut  dimiiMed, 
tke  moom^e  velocity  u  increaaed  b^  the  dttturbiiiff 
potter  of  the  nm;  and  through  ihe  eame  energy 
her  velocitg  it  (Xminithed  at  quadrature,  or  at 
thoee  regioHt  where  at  the  aame  time  the  earth^t 
attractvee  power  it  increated.     Observe  now  the 
•  necessary  efl^  of  these  disturbances  on  the  the^ 
of  the  moon's  orbit    The  curvature  or  bending 
of  any  orbit  evidently  depends  on  the  relation 
between  the  velocity  of  the  moving  body  and  the 
attraction  of  the  central  hody.    An  increase  of 
the  relative  force  of  the  former,  or,  what  is  the 
same  thing,  an  increase  of  the  body's  power  to 
ftUow  its  natural  rectilineal  ^th  through  space, 
would  necessarily ^tfcA  the  orbit;  whik,  on  the 
contrary,  a  relative  disturbance  of  the  central 
eoergy  would  increase  the  curvature  of  the  orbit. 
At  M'  and  m%  then,  the  moon*s  orbit  must  be 
proportionally /olfeiMd;  and  while  at  m"  and 
u*"'  its  curvature  must  be  correspondingly  in- 
creased ;  so  that  the  orbit  of  our  satellite  must 
always  be  an  oval,  with  its  Jht  tide  turned  to- 
wardt  the  tun, — ^One  step  farther.    Follow  this 
effect,  as  the  eirth,  along  with  the  moon,  passes 
through  its  annual  course.    At  1  in  the  diagram 
below,  the  flattened  orbit  of  the  moon  most  lie  as 
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really  describing,  instead  of  a  stable  ellipse,  the 
strange  curve  below  1 


represented ;  and  at  2,  also  as  represented  by  the 
unbroken  line;  so  that,  as  the  conjoined  bodies 
have  moved  fiom  the  position  1  to  the  position 
2,  the  lunar  orbit  has  changed  from  the  fqiright 
position  indicated  by  the  dotted  line,  to  the  hori- 
zontal position  of  the  continuous  one.  But  it  has 
not  done  this  by  a  tt4xrt;  the  change  must  have 
supervened  gradually  as  the  earth  passed  ftom  1 
to  2 :  the  orbit,  in  fact,  must  have  been  twitting 
round  during  that  whole  period,  and  the  moon 
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Not  for  one  moment,  however,  even  through 
these  singular  wanderinf^s,  is  our  luminary  Ic^t 
sight  of  by  the  eye  of  Science.  Complex  though 
her  path  may  appear,  it  is  as  clear  and  determi- 
nate as  her  nonnal  undisturbed  ellipse^  We  can 
follow  her  through  all  those  twistings  for  millions 
of  centuries ;  and  this  was  the  power  which  re- 
^-ealed  the  imposture  of  the  Bndimin,  who,  on 
the  ground  of  a  long  forged  list  of  eclipses,  ven- 
tured to  daim  a  fabulous  antiquity  for  bis  race. 
— ^The  modes  of  calculating  the  orbit  of  any 
celestial  body  from  a  given  number  of  observa- 
tions cannot  be  undertaken  here.  The  classical 
work  is  the  Thforia  Motut  by  Gauss.  The 
student  is  also  referred  to  a  most  perspicuous 
treatise  on  the  Orbits  of  Comets  by  Mr.  Milne 
Holmes. 

Orgsia.  The  invention  of  the  organ  is  at- 
tributed to  Archimedes,  about  220  B.C. ;  but  the 
hct  does  not  rest  on  sufficient  authoritv.  Am- 
monius  states  that  organs  were  used  in  the 
Western  churches  by  Pope  Vibatianns,  in  658. 
It  is  affirmed  that  the  organ  was  known  in 
France  in  the  time  of  Louis  I.,  in  815,  when  one 
was  constructed  by  an  Italian  priest.  The  organ 
at  Haerlem  is  one  of  the  largest  in  Europe ;  it 
has  sixty  stops,  and  8,000  pipes.  At  Seville  is 
one  with  100  stops,  and  6,800  pipes.  The  organ 
at  Amsterdam  has  a  set  of  pipes  that  imitate  a 
chorus  of  human  voices. 

OrtoB.  A  constellation  through  which  Uie 
equinoctial  plane  passes.  It  is  one  of  the  48  old 
constellations.  It  has  two  stan  of  the  first  mag- 
nitude, Jiigel^  upon  the  middle  of  the  left  foot,  and 
Betelgueute  upon  the  right  shoulder  of  the  ligure. 
There  are  four  of  the  second  magnitude.  One  of 
them  is  on  the  left  shoulder  near  JUgelj  named 
BellatriZf  and  the  other  throe  form  what  is  called 
the  Belt,  lying  nearly  in  a  straight  line,  and  at 
equal  distances  one  from  the  other.  The  andenta 
r^parded  this  constellation  as  one  of  terrible  omen ; 
his  rUiog  and  settiqg  being  attended  with  severe 
tempests.    It  is  in  Ocu>n— in  his  sword— that 
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ve  find  tlie  most  remarkable  and  famous  Ntbula 
yet  known. 

OrvMry.  An  astronomical  maclune  oonstructed 
to  show  conveniently  the  motions  of  the  different 
planets.  It  is  a  model  of  the  di£ferent  planetaiy 
orbits ;  the  arrangement  being  like  what  obtains 
in  reality.  The  use  of  orreries  for  explaining 
popularly  such  phenomena  as  the  seasons^-the 
phases  of  the  moon — the  oocultations  of  satellites 
and  the  eclipses  of  planets  and  satellites,  will  be 
veiy  apparent.  The  best  orreries  are  complicated 
dnd  expensive. — ^The  name  was  given  to  them 
instead  of  the  original  Planetarium,  from  the 
erroneous  idea  that  the  first  of  the  kind  had  been 
constructed  by  Mr.  Rowley,  for  the  Earl  of 
(>rrery.  An  orrery  was  first  constructed  by  Mr. 
George  Graham,  who  had  sent  his  model  to 
Rowley,  and  Rowley  copied  it  for  his  patron. 
OMb«goi^aL    See  PaojEcnoN 

OacJllsMi«Ba  Snail*  C#-exlsieBc«  af. — 
Prtaiclple  af  Daaicl  BcmaailU.    Tliis  re- 
markable and  most   important  principle  is  as 
follows : — If  any  stable  system  be  slightly  forced 
out  of  its  equilibrium,  it  returns  to  that  state  of 
rest  through  a  number  of  small  osdUationSi  and 
generally  these  are  of  many  difiersni  sorts — ^the 
issue  0/  various  disturbing  causes.    Now,  Ber- 
nouilli's  principle  is,  that  these  small  oscillations 
cO'txittj  and  are  simply  superimposed— one  oscil- 
lation in  nowise  interfering  with,  far  leas  destroy- 
ing another.    To  find  the  total  or  integral  move- 
ment or  oscillation  of  the  body  at  any  given  time, 
we  have  therefore,  merely  to  deduce  eadi  separate 
oscillation  firom  its  specific  cause,  and  then  to 
compose  these  various  movements,  or  to  find  their 
resultant    The  theorem  was  suggested  to  Ber- 
nouilU  by  the  fkct,  that  the  difieriuitial  equation 
which  expresses  such  mo\'ementB,  Is  a  /meor  one, 
and  therefore  belonging  to  that  class  of  equations 
wliose  general  integral  is  necessarily  the  fMrt  turn 
oftpeaal  integrals.    But  it  would  seem  to  have 
iis  roots  deeper — to  be  a  mere  expression  of  the 
universal  ikct  at  the  base  of  all  ratkmal  mechan- 
ics,— that  a  motion  impressed  on  a  body  in  one 
direction  never  interferes  with  another  motion 
impressed  on  the  same  body  in  another  direction. 
See  Laws  op  Monoir. — ^The  property  or  theo- 
rem in  question  readily  explains,  or  rather  ex- 
liibits  the  simple  root  of  a  numbor  of  phenomena 
that  have  sometimes  appeared  puzzling.    Such 
as  the  co-existence  of  waves  on  the  snriace  of  a 
liquid  agitated  at  the  same  time  at  various  points ; 
the  similarity  of  distinct  sounds  produced  by  vari- 
ous oscillations  of  the  air ;  &c;,  &c. 

Oam«Bieier«    See  Osmose. 

Onaawj  Osaaailc  Force}  BndaMaaact 
BxosBsaee.  The  remarkable  phenomena  which 
form  the  subject  of  this  artide  were  discovered 
by  Dutrochet  The  eadomumeter  or  otmometer 
renders  these  phenomena  sensible  and  measorable, 
and  is  as  follows : — A  narrow  tube  a  is  fitted  into 
a  cylinder  b  of  gktts  or  metal — ^the  lovrar  end  of 
which  edit  covered  by  some  animal  membrane, 
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or  some  porous  8<^d :  n  is  another  laigB  vend 
of  any  substance  into  which  the  airangemcDt  just 
described  may  be  plunged.     In 
illustration  of  the  phenomena, 
suppose  that  the  interior  vessel 
b  is  filled  with  alcohol,  and  that 
the  exterior  n  oontaiiis  sample 
distilled  water — ^the  two  liquids 
being  separated  bya  membrane 
at  c  d; — further,  let  a  be  the 
level  of  water  in  the  exterior 
reservoir,  and  a'  the  level  of  the 
alcohol  in  the  tnbe  a,  as  estab- 
lished mechanically  or  in  virtus 
of  the  law  of  hydrostatic,  pres- 
sures.    This   state  of  things* 
however,  does  not  continue  per^ 
manent.      In  the  coarse  qf  a 
quarter  of  an  hour  after  the  ar- 
rangement shown  in  the  wood- 
cnt  has   been  completed,   the 
level  n'  may  have  risen  a  fbll 
fifth  of  an  inch;  and  If  the  tnbe  a  is  obIj 
about  a  foot,  or  a  foot  and  a-half  in  kngth. 
the  liquid  will  in  the  coarse  of  a  day  readi  it* 
top  and  overflow.    The  intensity  or  amoont  of 
this  change  depends  of  course  on  the  dismeier  of 
the  tube  a,  the  nature  of  the  fluids  oompkting 
the  arrangement,  and  the  nature  of  tlie  wm- 
brane.    There  has,  however,  cJeariy  been  a  &nr 
of  water  from  the  exterior  to  the  interior  reeer- 
voir,  through  the  membrane,  in  a  wav  <pute 
oontraiy  to  all  bydrostatical  laws — a  flow  wbidi 
Dutrochet  named  an  Endosmcee  dwaUr  to  Ae 
cloohol:  had  the  fluids  been  reversed,  the  oppo- 
site would  have  occurred — the  water  would  hare 
flowed  fh>m  the  interior  reservoir,  or,  in  Datn>- 
cbet's  language,  there  would  have  been  an  £eo»- 
mose  of  water  towards  the  alctthoL    It  is  bettff, 
however,  to  dispense  altogether  with  these  twina, 
and  to  designate  the  phenomenon  genenlljbr 
the  single  name  ofmose.— What,  then,  is  tbe  coat 
of  oraioce— what  this  Osmo<»ejF>)rcef  Inthefim 
place,  it  must  be  careftdly  dintingnWifd  from 
simple  DirFUsiov  (see  that  artide  in  test  and 
in  Appendix).    If  a  saline  solution  were  in  tbe 
interior  reservoir,  there  would  be  a  movemeat  of 
diffwUm,  Liquid  salt  partideswocddooie  through 
the  membrane,  and  a  certain  qjoantity  of  water 
would  flow  back  and  take  their  plaoa    But  in 
no  case  could  the  water  flowing  back  be  abort 
five  or  six  times  the  wei^t  of  tbe  salt  eseapiBg, 
were  the  ptienomenon  one  of  djjyiajba;  whereas 
the  water  entering  the  osmometer  often  exceeds 
tbe  salt  leaving  it,  at  least  one  hundred  times. 
Besides,  difiuuon  is  always  a  double  movement- 
osmose  by  itself  isa  sinc^  movement,  one  flowii^' 
inwards  or  outwards,  never  both  ways.    Ncithtf 
can  osmose  be  attributed  to  capiUaiity.  Hie  gnat 
inequality  of  ascension  assumed  among  aqacciis 
fluids  is  found  not  to  exist  when  their  capiOarity 
is  correctly  observed :  and  many  of  the  sahns 
iK>lutioDS  which  give  rise  to  the  greatest  osmose, 
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are  nndiartngnhhaWe  in  capilUiy  asoensioii  fixmi 
pnra  water  ilselt  The  aalject,  Mlth»qgh  still 
obaenre,  has  neeotly  noeived  mooii  and  valuable 
rfnddation  from  Dr.  Thomaa  Graham.  This  dia- 
tiognUied  inqidnr  devoted  the  Bakerian  Leetme 
of  1854|  expranlj  to  inveetigationa  respecting 
the  Oaaiotio  Foroe.  He  had  peribrmed  a  vast 
niffBber  <tf  esEperimenta,  using  all  descriptions  of 
aobitioDa,  and  emfdoying  in  the  case  of  each, 
fint,  poioos  mineral  sejpta,  and  ti>en  animal  mem- 
bfaMB.  His  genend  eondnsioa  is  that  the  vit 
wuirix  is  cfaeidcal  actioa  Solutions  having  no 
chaniral  action  on  the  mineral  septa,  gave  no 
and  the  intensity  of  the  osmose  in  other 
bore  a  distinct  relation  to  the  chemical  ae- 
tioo  evolved.  It  was  very  macb  the  same  when 
the  internal  reservoir  was  closed  by  membrane. 
The  membiane  is  constantly  mideigoing  decom- 
position, and  ita  osmotic  action  is  ezhanstible. 
Dr.  Chaham's  main  eondoawn  seems  irresistible; 
80  the  piMDomena  of  osmose  are  simply  tiw  direct 
sabadtBtion,  for  one  of  tiie  great  forces  of  natnre, 
of  ita  eqaavaknt  in  another  fonn— the  oonver- 
aioQ  of  dismfeal  affinity  into  mechanical  eflbcL 
Nor  doea  this  theory  interfbre  with  the  prevalent 
idea  that  the«amotie  foroe  is  the  hidden  caose  of 
the  ascent  of  aap  in  trees,  and  many  analogous 
physiological  actiona.  All  parts  of  Hving  stmo- 
tares  are  in  a  state  of  incessant  change^  of  de- 
oompoeition  and  lenewaL  Now  what  more  is 
wanted  in  tiM  theory  of  animal  Amnions  than  a 
medMmsm  for  obtahiing  motive  power  ftom  the 
decomposition  of  the  tissues?  It  is  thus  even 
probable  that  the  osmotio  faijection  of  fluids  is 
tile  link  inter  veuiog  between  muscular  movement 
and  dhemical  deoompoeitiott. 

Omwmm.  A  very  poasling  aerial  snbetance 
iseently  discovered.  Into  the  question  of  its 
cbemiod  relations  we  do  not  at  present  inquireb 
In  die  opinion  of  Faraday,  oxygen  is  an  aQotro- 
pie  enbstanee — that  Is,  a  subetimoe  capable,  like 
csrbon,  of  appearing  in  various  physical  states ; 
and  he  coosiderB  osone  one  of  its  forms.  Dr. 
Banmert,  aloqg  with  othen,  on  the  other  hand, 
while  allowiqg  tiiat  oxygen  is  allotropic,  maln- 
taina  that  true  oaone  is  a  super-oxide  of  hydrogen. 
This  gas  or  substance  is  prepared  in  various  ways. 
If  the  electric  spark  be  pused  through  oxygen, 
saone  is  genemted;  and  it  is  to  it  that  the  pecn- 1 
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liar  odour  is  owing,  so  well  known  to  experi- 
mental Electricians.  Ozone  difllerB  from  oi^gen 
in  many  of  its  relations;  it  has  a  smell  as  we 
have  just  said;  it  bleaches;  it  oorrodes  silver  leaf; 
it  tinges  a  mixture  of  hydriodic  add  and  starch 
blue.  Oxygen  in  its  ordinary  state  has  none  of 
these  effects.  But  the  question  regarding  it,  of 
the  greatest  general  interest,  is  a  physiological 
one, — is  it  true,  as  suspected,  that  its  absence 
from  the  atmoq>here,  gives  rise,  or  at  least  free 
course  to  epidemics?  The  important  bearing  of 
sodi  an  inquiiy  on  the  laws  of  health,  renders  it 
next  to  imperative  that  an  Ozonomxtbe  be  made 
part  of  the  iqyparatus  of  every  physicsl  obser- 
vatory. The  instrument  is  described  in  next 
artfele. 

On— Mseier.  This  instrument  must  always 
depend  on  the  foct  that  osone,  or  oxygen  in  this 
fonn  if  it  be  so^  has  much  stronger  affinities  than 
oxygen  in  the  ordinary  fonn ;  and  that  throu^ 
thes6  affinities  we  may  detect  its  existence,  and 
approximate  to  its  quantity.  The  ozonometer 
therefore^  consists  of  slipe  of  test  paper,  suitably 
suspended,  whidi  are  coloured  by  ozone.  The 
first  is  Schonbein*s.  This  test  paper  is  prepared 
with  iodide  of  potassium  and  starch.  When  sus- 
pended in  the  firee  air,  but  screened  from  the  direct 
rays  of  the  sun,  the  paper  becomes  brown, — the 
oaone  combining  with  the  potassium  and  set- 
ting free  the  iodhie,  which  immediately  fonns  an 
iodide  of  stardL  The  intensity  of  the  colourings 
measures  the  quantity  of  ozone  present :  Schon- 
bein's  scale  has  ten  gradations.  An  instrument 
much  more  ddicate,  and  which  certainly  ought 
to  be  prefened,  has  been  proposed  by  Dr.  Moffiit 
of  Howarden,  and  is  already  extensively  em- 
I^oj'ed.  Dr.  Moffat  requires  that  his  test  paper 
be  suspended  in  a  box  so  perforated  as  to  admit 
a  free  passage  of  air,  but  not  of  light  When 
thus  eiqxMed  the  test  paper  becomes  very  sensi- 
tive, and  if  kept  hi  the  dariL,  it  will  retahi  its 
brown  tints  for  two  or  three  years.  The  p^ier 
should  be  had  from  Nogretti  and  Zamfara,  and 
Dr.  MofflU  himself  has  published  the  requisite 
directions.  An  elaborate  comparison  of  this  two 
ozonometers,  b  v  Dr.  BarlEer  of  Bedford,  leaves  no 
doubt  as  to  which  is  preforable;  and  Dr.  Baiier^s 
dedsion  is  confirmed  by  the  solid  authority  of 
Mr.  Glaidier. 


One  of  the  AsrnsnoiDa  (^.  v.) 

An  iostmment  by  aid  of 
which  a  plan  or  ilgure  of  given  dimensiona  may 
be  easfly  reduced  to  a  sinSlar  one  of  any  other 
l^veo  dimenskms.  Its  prindp&e  is  that  of  pn- 
poriiomtdcampaamt  A  new  and  exceedingly  oon- 
venisDt  form  waa  given  to  this  dass  of  instru- 
UMBta  by  the  late  Praftssor  WaUaoe  of  Edhi- 
bufgh:  his  invention  was  named  the  £ido- 
It,  cf  couae^  depends  easentiaDy  on 


the  same  prindple,  but  that  prindple  is  most  in- 
geniously wrought  out. 

PaptaB*a  INgeascr.    See  Diooteb. 

Pamkata.  One  of  the  conic  sections.  Its 
equation  is  y*  ^  p  «•  If  one  vertex  and  focus 
of  an  ellipse  be  given  whQe  the  mi^  axis  In- 
creases without  limit,  the  curve  will  becomea 
parabola. 

Pu«llax.  The  apparent  positiona  of  the 
heavenly  bodies  will  dearly  depend,  to  some  ex- 
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tent,  on  the  place  on  our  Robe's  snifaoe  from 
which  they  are  viewedf  and  a  oorrection  is  there- 
fore neceasaiy  to  reduce  these  apparent  positions 
to  what  they  would  be,  if  seen  from  tlie  centre  of 
the  earth.  This  oorrection  is  termed  parallax^ 
and  is  quite  analogous  to  the  process  in  geodesy 
technically  known  as  ^*  7^  reduction  to  the  centre 
of  the  Slatiork"  Parallax  changes  the  apparent 
position  of  evety  body,  in  the  plane  passing 
through  the  obeerrer's  senith,  depressing  the 
body*s  Altitude :  it  has  no  effect  on  the  body  in 
Azimuth,  For  any  given  body  whose  distance 
from  the  Earth  is  constant,  it  varies  as  the  tine  qf 
the  zenith  distance,  A  simple  geometrical  con- 
struction win  show  that  it  is  the  angle  subtended 
by  the  radius  of  the  Earth,  when  that  radius  is 
seen  from  the  star  whose  parallax  is  required. 
The  horizontal  parallax  b  the  greatest  angle 
subtended  by  the  radius — or  the  parallax  of  the 
body  when  in  the  horizon.  For  the  Moon  at  its 
mean  distance,  this  quantity  is  67'  6";  for  the 
Sun  again  it  is  only  8''*57;  for  Uranus  it  never 
reaches  half  a  second.  With  regard  to  nearer 
bodies— as  the  Moon — ^their  distance  from  the 
earth  may  be  deduced  by  means  of  observed 
parallax:  in  case  of  the  remote  planets,  the 
parallax  on  the  other  hand  must  be  deduced 
from  their  distances.  A  peculiar  application  to 
the  case  of  the  Sun  is  explained  under  Venus, 
Transit  of.  The  fixed  stars  have  evidently 
no  appreciable  parallax  of  the  kind  now  described; 
— ^the  radius  of  the  Earth  as  seen  from  their 
enormous  remoteness  shrinking  into  a  mere  point 
But  it  has  recently  been  found  that  the  diameter 
of  the  EartJCs  orbit  does  subtend  appreciable 
angles  from  these  bodies-,  and  from  this  datum 
the  distances  of  many  of  them  have  been  com- 
puted.   See  Stabs,  Distangbs  of. 

Pamllaz  BInocalar.  The  general  tenn 
parallax  signifies  the  apparent  displacement  of 
an  object  as  seen  from  two  different  stations. 
For  example,  in  fig.  1,  the  object  o,  as  observed 
fVom  8,  is  seen  in  the  direction  8  o,  whereas  if 
the  observer  move  to  8',  then  o  is  seen  in  the 
direction  s'  o^  and  the  difference  between  those 
two  directions,  viz.,  the  angle  s  o  8^  is  the  paral- 
lax for  these  positions.  It  is  evident  that  the 
magnitude  of  ^is  angle,  or  tlie  amount  of  paral- 
lax, depends  closely  on  the  dbtance  from  8  to  8', 
and  also  on  the  distance  from  these  two  stations 
to  the  object  o.  Geometry  traces  out  the  con- 
nection between  these  three  quantities,  viz.,  the 
distance  between  the  two  stations,  the  distance 
from  the  two  stations  to  the  object,  and  the 
parallax,  in  such  a  manner,  that  any  two  being 
known,  the  third  may  be  calculated.  It  is  in 
this  way  that  the  distance  of  inaccessible  objects 
is  made  out  The  distance  between  two  stations 
on  the  earth,  or  between  two  points  In  the  earth's 
orbit,  being  measured,  and  the  parallax  observed, 
it  beloomes  possible  to  compute  the  distances  of 
many  of  the  heavenly  bodies,  and  thence  their 
magnitudes,  and  the  speed  of  their  motioiis, — 
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calculations  whidi  oocapy  an  important  plaee  in 
the  science  of  astronomy.  In  the  case  of  diauoc 
obfectB,  the  base  or  distance  between  the  two 
stations  of  the  observer  must  be  oomiderable,  to 
render  the  parallax  seosihle;  bat,  for  near  oIk 
jects,  a  very  small  change  of  rtatkm  will  caase 
an  obvious  displacement  of  apparent  p^^timy. 
Even  slight  attention  will  point  ovt  to  any  one 
that  his  two  eyes  do  not  see  a  moderaielj  near 
object  hi  the  same  relative  position  with  regaiti 
to  the  points  of  the  background  on  whidi  It  is 
seen.    Thus,  in  ^ 

fig.   1,  if  8  re-  ^ o' 

present  one  eye, 
and  8'  the  other, 

the  distance  from  „    . 

8  to  8' being  sup- 
posed to  tie  about  2|  inofaes,  and  o  any  ob> 
ject  at  a  distance  of  a  few  feet  from  the  erm, 
then  on  noticing  the  point  of  a  waU,  for  imtmre, 
against  which  the  point  o  is  seen  projected  with 
the  eye  8,  while  the  eye  8'  is  shut,  and  if  a 
mark  be  made  at  o,  and  ogun  while  8  is  dut^  the 
same  observation  be  made,  without  mo?ing  the 
head,  by  means  of  the  eye  8',  and  the  cone^MBd- 
ing  place  o'  be  maiked,  it  will  be  fonnd  that  o 
is  a  dififarent  point  from  o'.  The  diatanoe  fion 
o  to  <y  will  depend  on  the  distance  of  the  woH 
from  o,  but  the  parallax,  or  the  angular  diqJace- 
ment  8  o  8',  has  no  connect&m  with  this,  \mt  is 
the  same,  however  fer  the  screen  nioj  be  renwvei^ 
as  long  as  the  distance  between  the  two  eyes 
remams  the  same,  and  the  distanoe  of  the  olfjeet 
from  the  eyes  does  not  diange. — ^Binoeolar,  or 
Two-eyed  Parallax,  then,  may  be  defined  to  be 
the  ai^ular  difference  of  position  of  an  obiect,  aa 
seen  by  the  two  eyes  of  an  observer,  the  bend 
being  kept  at  rest  As  any  object,  when  seen  by 
the  two  eyes,  occupies  two  different  peeitiaBB,  or 
is  seen  in  two  dififorent  directions,  n  qaastkn 
comes  to  be  raised,  how  it  is  tliAt  two  diffsent 
impressions  of  the  object  an  not  presented  to  the 
mind,  one  by  each  eye?  or,  in  other  wenl%  why 
objects  are  not  ordinarily  seen  doable  when 
looked  at  with  both  eyes?  Tliie  qaestkm  has 
been  long  the  sulgect  of  thought  to  phikeophr, 
and  even  now,  it  must  be  confessed,  that  It  is 
far  from  being  satiobtctarily  set  at  rest  Reeently 
it  has  risen  into  even  greater  importaaoe  from 
its  connection  with  the  tiieory  of  siew»Beu|Hc 
vision,  and  with  the  best  practical  modes  cf 
obtaining  binocular  pictures  by  means  of  the 
photographic  camera  obecnnu  In  order  to  ac- 
count for  the  fact,  that  when  the  two  eyn  are 
directed  toward  an  object,  only  one  impreasioa 
of  it  is  presented  to  the  mind,  thoagfa  we  know 
that  a  distinct  picture  of  it  is  fenoed  on  the 
retina  of  each  eye,  and  though.  In  tliecaee  of  near 
objects,  the  rays  fell  in  different  diractions  on  the 
two  eyes,  two  theories  have  been  pnipoaed,  and 
at  present  divide  the  sdentifie  worid.  Hie  first 
is  the  theoiy  of  corretpomding  potntM,  whidh 
supposes  that  each  point  in  the  vstina,  or 
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iid^  nerroaft  cwtam  of  one  eye,  has  a  oorre- 
■ponding  point  in  the  other  letioA,  which  givee 
ezncti^  the  same  impfession  of  position  or  direo- 
tioQ;  80  that  from  whatever  qnarter  an  impres- 
don  on  these  points  is  produced,  the  sensations 
will  appear  to  come  from  the  same  direction  in 
hoth,  cr  they  ^ivili  he  aeen  as  one  pomt    For 

example,  in  fig.  2,  if  a  a' 
he  two  corresponding  points, 
and  o'  (/'  be  t?ro  o£er  such 
points,  while  o  is  an  ezter- 
^r^        V^     '"^  o^ect,  fttMn  which  rays 
I       I       r\  J     ■"  entering  the  eyes,  as  re- 
VJj^i       Vj^    presented  by  the  lines  o  A, 
▲  -A.        gud  o  (y*,  then  the  otrject  o 

^*  ^  woold  be  seen  doable,  because 

the  eyes  are  so  turned  that  the  rays  from  o 
do  not  ftU  on  corresponding  points.  In  order 
that  there  should  he  only  one  impression.  It  is 
evidently  necessary  that  the  one  eye  should  be 
tamed  loond  in  such  a  manner  that  the  line  of 
light  o  &'  should  frtD  on  a',  or  that  the  other 
eye  should  be  so  turned  that  the  ray  o  A  should 
tenninate  on  &.  Every  one  is  fiunUiar  with  the 
doable  virion  which  results  fttnn  a  direction  of 
the  eyes  similar  to  that  shown  in  the  figure.  The 
stnight  line  passmg  through  the  centre  of  the 
pap^  and  the  centre  of  the  eyebill,  is  called  the 
optic  axis.  If,  terminates  on  the  foramen  cen- 
trak  (see  Etb)  of  the  retina,  wliich  Is  the  only 
point  where  the  vision  is  perfectly  dear  and  dis- 
tinct. Now,  it  is  certain,  that,  in  the  case  of 
these  two  points  at  least,  the  Iheoiy  of  corre- 
epwirting  points  holds,  for  it  is  impoasible  by 
oef  aMOM  to  get  two  impressions  on  the  points 
of  distinct  vision,  which  will  yet  appear  to  have 
diflbreot  directions  or  poeitions. — Before  going 
fbrther,  it  will  be  neoeesary  to  state  the  second 
theoty  of  single  vidon,  with  two  eyes,  which 
was  bcfiire  alluded  to.  It  is  supported  by  the 
hi^  authority  of  Sir  David  Brewster,  and  is  as 
follows: — **The  impressioa  prbduoed  on  any 
part  of  the  retina,  always  appears  to  come  from 
a  directbn  perpendicular  to  the  surface  at  that 
point,  what^rer  may  have  been  the  real  direc- 
tion of  the  impressfaig  rays  of  light  which  pn>- 
dnoed  it.  This  is  caUod  the  hiw  of  visible 
directloa.  An  object,  then,  is  seen  by  each  eye 
in  a  diflbrent  direction,  and  seems  to  the  mind 
to  be  phoed  where  these  two  directions  meet 

Thus,  in  fig.  8,  where  the 

\  /  two  opdo  axes  are  turned 

/  towards  the  object  o,  the 

\    /  lines  of  impression  from  a 

and  a',  perpendicular  to  the 

points  of  the  surface,  pass 

again  through  o,  and  the 

object  is  seen  in  each  of  the 

Erections  A  o  and  a'  o,  and 

of  course,  in  the  same  place 

or  point,  o.    This  seems  in 

audi  a  casepLauaible  enougli, 

hot  if  it  happens  always  that  an  object  q»pears 
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in  the  position  when  the  two  lines  of  its  visible 
directions  cross  eadi  other,  and  if  there  axe 
no  such  things  as  conesponding  points,  why 
does  it  not  occur  that  any  other  object,  such  as 
<y  is  seen  in  the  same  position  as  o,  when  their 
vidble  directions  h  o'  and  a'  o  cross  eadi  other 
at  I  ?  By  similar  reasoning  it  is  easy  to  per- 
ceive that  multitudes  of  different  ol^jects  ought 
to  appear  to  occupy  the  same  position,  or  to  be 
seen  in  the  same  direction  by  the  two  eyes, 
though,  in  reality,  they  occupy  very  difl^erent 
relative  positionB  in  external  space;  and,  in 
fiu!t,  that  confusion  must  result  if  there  were 
nothing  jelse  necessary,  in  order  to  identity  of 
position,  but  the  crossing  of  the  two  lines  of 
virible  direction.  The  theory  of  corresponding 
points  asserts,  that  from  whatever  direction  im- 
pulses arrive  at  corresponding  points  on  the  two 
retins,  the  impression  frraa  the  two  will 
appear  to  be  in  one  direction,  or  the  vision  of 
them  win  be  single.  For  example,  the  two 
points  of  distinct  visbn  are  corresponding  points, 
and  tiiey  always  give  the  same  direction  of 
vision,  however  varied  may  be  the  real  directions 
of  the  normals  to  the  sor&ces  or  the  axes  of  the 
eyes,  or  however  difierent  may  be  the  real  direc- 
tions of  the  rays  which  have  reached  them,  to 
produce  the  impressions.  In  the  ordinary  ad- 
justment of  the  eyes  for  the  distinct  vision  of 
any  point,  such  as  o,  in  fig.  4, 
the  two  eyeballs  would  be  so  °N  /^' 

turned,  that  the  optic  axis  con-     [  \       /'/ 
verged  on  o,  and  the  two  rays     j    \  /   / 
o  A  and  o  L,  £b11  on  the  two     |     A     j 
points  of  disUnct  vision  A  and     ;  /   ^^ 
a',  so  that  but  a  sin^^e  impres-  ^j^      ^jk 
rion  would  be  produced.    But  \U      vD^ 
if  by  pressure  on  one  of  the         v\    a^ 
eyes,  or  by  squinting,  or  other        ^' 
cause,  the  two  axes  are  not  brought  to  bear  on 
o,  but  one  of  them  is  directed  to  another  ob- 
ject (/,  then,  although  it  is  evident  that  a  o 
and  Af  &  never  meet,  still  the  ol^ect  </  will  be 
seen  on  the  point  of  distinct  vision  a',  and  will 
seem  to  occupy  exactly  the  same  position  or 
visible  directton  as  o,   which  oertahily  could 
not  be  the  case  if  the  theory  of  croesmg  direc- 
tions were  true;  while  it  is  only  wliat  might 
be  expected  from  tiie  theory  of  corresponding 
points.     It  may  be  stated  as  a  fkct,  all-im- 
portant in  such  a  question,  that  it  is  impossible 
by-  any  amount  of  divergence  of  the  (^tic  axis 
to  see  two  points  dUtinctly  which  do  not  seem  to 
occupy  the  same  position,  or  to  be  in  the  same 
direction.    Another  argument  in  tkvoor  of  the 
theory  of  corresponding  points  is  derivable  from 
the   phenomena  of   **  Ocular  Spectres."     See 
PEBazsTSNCB.     It  IS  ss  foUows: — If  the  eyes 
be  steadily  directed  towards  any  point  near  a 
bright  object,  sudi  as  a  gas  flame,  or  the  solar 
disc,  a  persistent  impression  will  be  produced 
whidi  can  for  a  consideralda  time  be  rendered 
visible  by  rapidly  dosing  and  opening  the  eye- 
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lids,  while  the  eret  are  diracCed  towards  any 
flat  snrfiMe,  aaeh  as  the  ceiling  or  wall  of  a  room. 
In  aaoh  a  case,  there  is  an  impressioa  on  the 
retina  of  each  eye,  and,  it  might  be  supposed 
that,  by  preasnre  on  the  eyeball,  or  by  squint- 
ing, and  thos  altering  the  lines  of  visible  direo- 
tiott,  those  two  impressions  oonld  be  separated 
from  each  other;  yet  it  is  not  so,  they  oontintte 
to  give  bat  the  impression  of  a  single  flame,  a 
fact  that  is  greatly  more  consistent  with  tiie 
theoiy  of  corresponding  points  than  with  that  of 
crossing  directions;  as,  by  pressure,  it  is  easy  to 
canse  the  lines  of  direction  to  cease  to  cross^ 
when,  of  course^  the  impressions  ooglit  to  sepa- 
rate, which  they  do  not.  Again,  on  the  theory 
of  ciusring  directioas,  it  is  diffiinilt  to  see  how 
even  in  one  eye,  there  should  not  be  inex- 
tricable conftision  of  images,  as  all  directions 
cross  each  other  in  the  centre  of  the  eyeball ;  and 
further,  aooording  to  the  same  theoiy,  it  is  dif- 
ficult to  see  how  in  any  case  we  can  have  double 
vision  of  any  ol^ect  by  means  of  the  two  qres, 
as  the  lines  of  visible  direction  axe  certain  for 
objects  in  the  same  plane^  to  cross  somewhere. 
For  example^  in  fig.  6,  where  the  two  optic 
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axes  are  directed  towards  the  point  o,  there  wUl 
be  single  vision  of  o  by  means  of  the  two  eyes, 
as  the  optic  axes  will  also  be  the  lines  of  visible 
direction  or  the  perpendiculars  to  the  suiftoe  of 
the  retina  at  the  pohits  of  impression.  But 
in  the  case  of  some  other  point,  </,  Che  incident 
rays  </  p  and  o  P'  strike  the  retinas  in  thdr  pofaxts 
p  and  p'.  The  perpendiculars  to  those  points, 
or  the  lines  Of  visible  direction,  p  l  and  p'  l 
ought  not  to  give  separate  images  though  they 
do  not  lUl  on  similar  points  of  the  retinas,  for 
they  must  cross  somewhere,  as  fki  l,  where  the 
single  image  ought  to  be.  But,  say  the  advo- 
cates of  this  theory,  the  lines  of  visible  direction 
must,  to  give  single  vision,  cross  in  the  position 
of  the  object  Ws&L  Now,  however  unfounded 
such  an  assertion  may  appear,  it  can  ibrther- 
more  be  directly  shown  to  be  untrue^  and  that 
single  vision  may  occur  though  the  lines  of 
visible  direction  do  not  cross  each  other  in  the 
actual  position  of  the  objects  themselves,  which 
appear  to  occupy  the  same  Ime  of  direction.  If 
one  eye  be  pressed  aside  so  as  to  cause  apparent 
diBplaoement  of  any  visible  ot(ject,  it  will  be 
noticed  that  the  displaced  object,  as  seen  by  the 
eye  on  which  pressure  is  exercised,  i^pean  to 
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overlap,  or  to  be  identical  in  position 
other  obrject  as  seen  by  the  other  eye,  and  not 
only  so,  but  that  the  whole  lines  of  directs  in 
the  directions  passing  from  dther  eye  through 
these  points,  seem  to  occupy  the  same  poettaoB, 
or  the  directions  seem  to  become  one,  whiA  the 
sli^teet  thought  will  show,  could  not  be  the 
case  if  the  appearance  of  unity  were  only  piD* 
duced  when  tiie  lines  of  visiMe  direction  ciqased 
each  other  in  the  actual  position  occupied  lyyths 
otrject  itselH    It  seems  on  the  whole^  then,  to  be 
a  Ikct  in  nature,  that  the  two  retinas  are  so  con- 
stituted, that  position  on  its  soz&ee  deCenniDa 
direction,  and  that  the  two  act  together  by 
means  oC  oorrespondii^  points,  in  only  givi^^ 
so  to  speak,  one  impresrion  of  suirouBdiag  space, 
and  not  two,  made  shigle  by  cnasiog  linsa 
With  regard  to  the  uses  derivable  Ihm  llie  two 
eyes  bemg  placed  so  &r  apart  as  to  gi^e  the 
Binocular  PeraUax  which  has  been  described, 
it  may  be  stated,  that,  to  a  conridecable  degree^ 
by  means  of  it,  judgment  is  Ibrmed  of  diftince. 
Any  one  may  convince  himself  of  this  by  the 
well  known  experiment  of  holding  up  a  ifag  at 
some  distance  in  ihmt  of  one  eye,  the  other  bong 
dosed;  and  whfle  the  edge  of  the  ring  only  is 
seen,  endeavouring  to  pass  the  finger  tibropgh  it 
There  is  no  doidyt  but  that  the  HPtwatiflnal  p9- 
c^ption  of  the  amount  of  oocvergence  given  to 
the  two  (^tic  axes,  in  order  so  to  airai^  tiisB 
that  a  distinct  single  view  of  any  ol^|ect  be  ob- 
tained by  means  of  both  eyes,  is  a  mode  by 
which  distance  is  Judged  ot    Tliisis  asnracha 
consequence  of  one  of  the  theories  discosBwi 
above,  as  of  the  other;  and  there  is  abo  bo 
doubt  but  that  the  double  images  of  all  obfeets 
whidi  are  not  at  the  same  distance  aa  the  oae 
to  which  the  optic  axes  are  directly  oonveqpd, 
are  a  chief  means  of  pointing  out  their  difBMwaje 
of  distance.    The  exoeptions  to  this  donbBi^ 
are  pointed  out  under  the  head  Hosoptbb,  and 
tiie  ftuther  eloddation  of  the  sid^ect  win  ftll 
more  properly  under  Stbbbosoopb. 

PuBllelUBM.  ThecharacteristKof  twn 
lines  in  the  same  plane,  to  which  the  name  of 
parallel  is  given  in  geometry,  is  simply  this,  that 
although  j^oduoed  ever  so  fiur  either  way  they 
win  never  meet  The  theoiy  of  these  fines  eeo- 
tinues  a  stain  on  our  Elementary  ScMBoe.  it  b 
easy  to  prove  that  if  certain  conditiooB  are  Ikd- 
filled  when  two  lines  cut  a  transverae  liae^  these 
two  will  never  meet,  or  must  be  paraDel ;  bat  to 
establish  the  converse— to  prove^  vhL  i  ^bax.  if 
the  two  Unes  are  parallel,  these  same  eosiditioBS 
are  lawfully  predicaUe^  has  hitherto  defied  the 
logic  of  all  geometers.  A  fiu^  oertaib][y  moet 
remarkable  in  this  pmdy  deductive  adencc: 
neverthdess,  its  causes  do  not  appear  remote. 
The  existence  of  such  a  defect,  nnqnfnihaialilj 
argues  some  oversight  in  the  list  of  geometrieal 
axioms, — ^the  oversight  of  the  nature  of  some  of 
our  primal  perceptions  regarding  magnitude: 
but  it  does  not  foOow  that  the  miasing 
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hat  immadiale  rdiUioii  to  panllelB,  or  that  It 
ood^  to  enable  os  to  neohndtrtctfy  the  epedflo 
ftopoMaa  at  which  the  ackiiowledged  diffienlty 
tot  appeaxk    On  the  veiy  contraiy,  it  may  lie 
aieerted  wkh  abnndant  confidence,  that  nothing 
bat  hSbut  toM  attend  the  efibrt — originated  by 
EocUd,  and  rinoe  his  time,  all  bat  nniyenally 
fblloirad — ^to  iapply  the  defidencj  by  new  poetn- 
hoee  or  aidons  Rgaidiag  paraUd  Imu.    To 
pivv«^  that  mder  certain  conditipna,  two  Usee 
will  never  meett  or  what  ie  the  same  thing,  that 
no  triangle  can  be  formed  in  nich  drcomatanoeB, 
inmolvee  no  conception  with  which  we  cannot 
leadfly  cope;  bat  to  dedooe  the  properties  of 
two  Ihwe  postnlated  as  paraUd,  involves  *  direct 
dealing  with  the/MMtiM  »d^  ^ei^bw^r-^  taelc 
otteriy  bqrood  reach  of  oar  ihcnlties.    Whether 
we  have  e  pceitive  Idea  of  tlie  infinite^  Is  a  qoes- 
tion  oooceming  wliich  the  proftwrndest  metaphy- 
sidana  have  diflered  and  continns  to  diffsr ;  bat 
conidemtion  cf  the  origin  and  formation  of  lan- 
guage, sofBoes  of  itsdf  to  leave  no  doobt  of  the 
flwt  that  we  cannot  tpeak  of  infinity  otherwiae 
than  as  a  n^ffoUtrnf  and,  thenfon^  that  no  posi- 
tive  axiom  can  be  laid  down  nspeetlng  it 
The  truth  is,  there  Is  an  onfortanste  andHlogl- 
eal  inveraion  in  the  first  book  of  the  Elements. 
The  propoeilion  vBipiired  by  Eodid,  is  the  thirty-' 
ttoomdf  viz.,  thai  the  mm  ofth$  ikrm  angles  of  a 
iHieiyfs  tf  equal  to  two  right  angles  f  given  that 
propoaition,  the  dlfllcnlty  aboat  pandlds  din* 
appears,  inswBiyh  as  their  properties  may  be 
dedooed  from  it  by  the  negative  prooees,  althoDgh 
with  a  oertain  diflknlty;  bat  Eadid  dedooee 
thk  propoeitioa  from  tiie  sabject  of  parallels,  hav- 
ing fint  assamed  their  theory  onder  gain  of  what 
he  most  ujostifiably  terms  an  axiom.    If  we 
are  eonect,  then,  tbeqoeition  tarns  on  this— 
can  we  logically  eetablish  the  thirlg-eectmdpn' 
poeiHom  withoot  appealing  to  the  doctrine  of 
panDeb?— Aeeoredly  then  Is  no  reason  on  the 
Ihoe  of  the  sol^ect  that  should  caose  geometers 
shrink  from  this  attempt;  bat  it  isjastas  oer^ 
tain,  that  the  apparent  difflcolty  of  soooeeding 
In  ilH-witneeeed  1^  innnmerable  fSdloree — iodi- 
oatee  a  defect  in  the  statement  of  the  nsoal  axi- 
oms, or  fundamental  pn|Kisitions  regarding  our 
primary  diecsnaments  concerning  space.     The 
dcfoct  is  a  veiy  important  one:   were  U  sap- 
plied,  a  great  change  would  pass  over  all  ar- 
rangements and  methods  of  development  in  oar 
Ekmentaiy  Geometiy.    The  defect  isin Eodid's 
ioadeqoate  cnnwfition  of  the  aeoeisari^  distine- 
tiee  natore  of  two  d^/imte  attributee  of  geometri- 
cal qjnantity—s^^nn  aiitf  ei^miMt.    Ihe  Qreek 
geometes  ^  not  trsce  oot  the  manner  in  wiiich 
we  aoinire  our  notfcms  of  these  attribatee ;  and 
be  did  not  therefore  recognize  it  ae  an  axiom, 
that  the  attribute  of /bnw  has  no  dependence  on 
theattribntBofifa^iNiMMfa.    The  phenomena  of 
vnivenal  Belief  hidsed  amply  eustain  the  propo- 
•**  ffmgfywe  exists  or  is  ooNOMooUe,  it 
or  be  conceivable  with  the  same  Jbrmt 
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lehatever  its  magnikide  ,* "  or  any  other  state- 
ment involving  tiieTrath,  that  m  oar  Perception 
of  the  geometrioal  qnaSties  <^  an  otjeet^  Form 

Hie  physical  process  of  FeroeplioQ  reveals  Uie 
root  of  tiiat  belief;  the  notion  of  Magnitade  hi- 
volving  an  eetimate  of  tiie  duteaee  of  the  object, 
while  the  notion  of  Form  is,  at  its  sooroe^  inde- 
pendent of  every  variable  qaantity.-*Theee  views 
may  be  sustained  by  the  high  authority  of  La- 
place.   The  following  is  a  note  attached  to  his 

^0^n^^s^9^m^^^w^^^r ^^^n^09^^^^9  &^^^^^      ^s^^v^r  ^^B^wn^ttn^^nF^^f  oi^^s^r  jy<>a^*^^^^p^r  %^w^ 

powr  dmoHtrer  Is  Poshilatum  d^EuM/s  sur 
ks  paraBHes  out  (U  jusqn'a  prisent  imitiks, 
Cepmdtmi  personne  ne  rUfoque  en  doute  ee  pos- 
TULATUic  et  lee  theorentee  qu'  EneKde  en  a 
dednits.  La  perc^tion  de  Petendue  renferme 
done  MM  prcpriete  speciale  eoidente  par  ette 
ineeie,  el  sane  hqudle  on  ne  put  rigoureueement 
etetbUr  its  proprietiee  dee  peraUdes,  Uidee  d* 
une^hndue  ftlwiVfe,  yor  eascwyfe  da  oarcfe^  »e  eon- 
tient  rien  qui  depwde  de  sa  grandeur  abeobte, 
se  nous  dimndions  pair  lapeuee^  eon  rojfon, 

w^wp^^w'^^^^r  n^%0w  B^^^r  ^w^wr  evo^^^w^e^^^F^^^a^^F  vn    ewepv^w^w^^p*    e<^WB^W9 

le  miete  rapert  ea  dreunifer^nee  et  lee  odtds  de 
Undee  lesjgures  tneeritee*  Cette  prcportiontUite 
me  parait  itre  un  vcnciATVU  been  f^  naUrel 
que  cdtd  <f  .Gbclfafe."— It  is  rsmaikable  that  Le- 
gendre's  eflbrt  to  deroonstrste  the  tliirty-oeeond 
proposition  by  aid  of  a  ftmctional  equation,  is 
nothing  else  at  its  root,  tlian  an  impUdt  state- 
ment of  the  veq^  axiom  we  contend  for.  Sir  John 
Leslie's  dijections  to  the  process  of  Legendre 
wen  poerile;  the  Edinburgh  Geometer  wholly 
foigot  that  oodetants  mi^t  enter  into  the  equa- 
tion ;  and  that  while  tlMre  aie  constants  among 
angles,  there  are  none  among  fioes.  But  theee 
oljections  are  not  a  whit  more  puerile  than 
the  subsequent  defences  of  the  Frsnchman's  pro- 
oem  by  Baron  Manrioe  of  Qeneva. — The  efibrt 
to  remodel  geometry  by  the  lights  now  given, 
would  aasuredly  not  be  an  unworthy  one. 

FMnlM  BfoelMk  A  contrivance  of  Watfe 
for  eonverdng  rectilinear  into  dreular  motion. 
The  piston  n^  whoee  motion  was  the  soaroe  of 
moving  power,  went  straigfat  np  and  down,  and 
it  was  attached  to  the  beam,  which,  being  fixed 
at  its  centre,  described  a  drcnlar  arc  It  was 
impossible,  therefore,  that  this  dreular  arc  should 
be  aocorataly  deecrlbed  If  the  beam  and  piston 
rod  had  been  directly  connected.  The  contriv- 
ance through  which  they  are  connected  bdi- 
rectly,  so  as  to  convert  the  rectiUnear  into  the 
drcidar  movement  is  called  the  parallel  motiai. 

Panurieve.  A  mock  moon.  A  meteor  ad- 
jacent to  the  moon  in  the  form  of  a  luminons 
ring,  whereby  two  or  more  imagee  of  the  moon 
are  sometimee  eeen.    See  HAiOBa,  &c 

Parfedte,  or  n^ck  Bmbbi  A  phenomenon 
in  which  one  or  seversl  mock  euns  appear  beside 
the  real  ooa  The  exact  fonn  whidi  the  mock 
sun  assumes  is  not  generally  Identical,  except  in 
breadth,  with  the  real  sun ;  and  very  frequently 
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fbete  am  eoloond  xfags  ammd  the  mode  sttn 
like  haloes,  sometimeB  with  Inminoiu  tails.  "En- 
queatly  a  number  of  them  appear  at  once.  Many 
exact  dflscriptiona  of  these  appearances  will  be 
fbmid  in  books  of  astronomy.  No  yery  aocmrate 
theory  of  their  origin  or  canae  has  been  assigned. 
It  is  supposed  that  the  cause  is  the  reflection  of 
the  son  upon  douda  sitoate  so  as  to  receive  it 
partially,  whidi  again  throvm  it  back  npon 
others,  until  idtimately  it  ia  shown  on  the  sides 
of  donds  visible  to  us.    See  Aktbslia. 

Parthcnopet  One  of  the  Aateroids.  For 
Elements,  &c.,  see  Aistbroids. 

Paachal  Cycle.    See  Otglb. 

Pata.  One  of  Bayer's  oonstellatiotts  between 
Sagittarius  and  the  South  Pole. 

PmicII.  An  optical  term,  ^[iplied  to  a  num- 
ber of  rays  whidi  converge  to.  or<Hveige  frQm,the 
same  point.  The  same  term  is  applied  by  ana- 
logy to  a  pencil  of  lines.  Harmonic  PeneUt  are 
referred  to  and  their  character  explained  under 
Ratio  Ashabmorig. 

PcBdailam.  The  pendulum  is  Mtnpb  or 
maierial:  i&,  it  may  be  conceived  as  a  mathe- 
matical point  having  wdght  affixed  to  one  end 
of  a  mathematical  line,  and  constrained  to  oedl- 
late  or  vibrate — the  other  extremity  of  the  line 
being  fixed ;  or  it  may  be  conceived  as  a  rod  or 
other  ibrm  of  material  suspended  by  one  of  its 
ends,  and  made  to  vibrate.  The  latter  is  some- 
times called  the  compound  pendulum.  Further, 
the  pendulum  may  vibrate  fax  vacuo^  or  within 
some  resisting  medium.  These  considerations 
explain  the  reason  of  the  divisions  and  sub- 
divisions of  the  following  short  article. 

I.  Of  thb  YiBBATioirs  of  Pendulums  nr 
Vacuo. 

(1.)  T%e  Theory  of  ihe  BimpU  Pendukmu-^ 
The  vibration  of  the  simple  pendulum  may  be 
confined  widtin  one  pUmt^  or  the  heavy  point 
may  describe  some  coinparat»tw2^  complex  curve, 

a.  The  former  or  simplest  case  amounts  to 
this : — A  heavy  point  is  constrained  to  move  to 
and  fro  within  Uie  ooncav6  circumference  of  a 
fixed  drde,  and  on  dther  side  of  a  fixed  point 
in  that  circumference, — required  the  laws  of  such 
motion?  The  foUowing  is  the  simplest  most 
general  investigation. 

If  K  be  the  normal  force  whidi  the  curve 
exerts  upon  the  point,  and  X,  /«,  v  the  angles  which 
it  makes  with  the  axes,  horizontal  and  vertical, 
we  have  these  equations  of  motion^ 

^  N  cos  X^  -s— ^  ^  N  COB  Ml 
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dt* 

d,v*^^tgdx 
.•.0*8  ..2^;s-f-o.andif  forzs=A,  vssK. 

This  iq[>plie8  to  the  general  ease  of  a  body 
moving  upon  a  curve.  Let  the  ennne  be  a  dida 
Then^BO,  x*  -|-2* — 2o«=Ba,  iftheaxk 
of  X  be  the  tangent  at  the  lowest  poiiit    Heoee 

dt*  ^^    —2  a— ««   di^' 


But 
theiefoie 

•\-  adz 


i,»  =  fc»  +  2^(&— *> 


dt=. 


(2.) 


i/2az^z*  ^k*+2gh~^2y* 

This  latter  equation  cannot  genenfly  je  inie- 
grated.— From  (1.),  it  is  evident  that  v  is  amasi- 
mum  for  z  =o,  and  is  equal  for  equal  lM|g|iia 
on  the  two  sides  of  c  Also  its  wiiiiim—  vatae 
of  V,  comsponds  to  the  maximum  of  a,  that  is 
2  a,  if  that  value  be  a  poesible  one,  that  ia  Jb*  + 

2gh — 4^abenot  negative,  or  if  ~  ^^  be 

72a.    Ifitbenotso,the  velocity  beecmas  o^ 

at  2  =  — "I"    ^    and  the  point  turns  tine  and 

re-bcghis  its  motion.    If  ^!-±i-2i  =  2  a  it 

za 

may  be  shown  that  the  point  will  appcoadi  ia- 
finitdy  to  the  summit  of  the  drcle  witboat 
reaching  it. 
Equation  (2.),  reduces  to 

^*  1         /~        dz 

x(.-,^)- 

which  may  be  devdoped  by  the  binomial 

dz 


dt 


2  V   JVA^ 

x(^^T-2-^+S 

and  this  may  be  integrated  tenn  by  term.  H« 
for  the  entire  oscillation  from  « c=  A,  0=0, 
back  to  that  on  the  other  side 

(wycA)--} 
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If  ■—  be  very  small 

^'=  ^  \   /JLjfbra  small  osdllation. 

V  9 

Keglecting  all  after  the  second  term 

'"\/r('*«^)- 

It  is  evident  how  the  value  of  ^  may  be  dHa- 
cnvered  by  actual  observation  from  this,  and  also 
the  length  (a)  of  a  simple  pendulum  to  beat 
seconds.  The  following  five  theorems  may  be 
readily  deduced  from  these  formnlss:— 1.  What- 
eter  tie  ampStvde  qf  tke  are  ((f  osoUlationf 
provided  tkai  are  le  tmaUj  the  period  qf  the 
otdUatioH  viR  ie  invariable — other  thir^  re- 
maimng  the  tame,  2.  The  lewftht  of  two  pen- 
dabtrnt  beating  the  tame  time — «^y  seconds — are 
proportional  to  the  accelerating  force  qf  gravity. 
It  is  tlirough  this  theorem  ^t  the  pendulum 
haa  eome  to  be  employed  as  a  means  of  determin- 
ing the  figure  of  the  earth.  8.  The  times  qf 
vihration  are  proportional  to  the  square  roots  ff 
the  aceekrating  forces.  4.  The  periods  ofosd- 
lation  are  proportional  to  the  square  roots  qf  the 
length  qfike  pendulums.  5.  The  squares  qf  the 
mimber  qf  osdllations  nuwh  in  the  same  time  hy 
Asp  pendulums  qf  the  same  length  areastheao- 
celerating  forces. 

b.  But  the  vibration  of  the  pendulnm  may  not 
be  confined  to  one  plane.  Suppose  the  point  of 
SQspensioB  to  be  the  centre  of  a  hollow  sphere,  it 
U  manifest  that  the  general  problem  may  be  ex- 
pressed thus, — What  are  the  conditions  of  the 
motions  of  a  heavy  point  constrained  to  move  on 
the  concave  surface  of  that  sphere  ?  A  pendu- 
lnm not  confined  to  one  plane,  but  simply  to  the 
concaTB  eaiSace  of  a  hollow  sphere,  is  termed 
the  conical  pendulum.  We  cannot  ofier  more 
Uum  the  veriest  outline  of  the  theoxy  of  such 
motions.  The  student  wfll  find  many  admir- 
able researdies  in  recent  numbers  of  the  Phtb- 

eophical  Magasdne  and 
other  scientific  periodicals. 
Take  for  origin  a,  for  axis 
of  e  the  vertical  down- 
wards, and  let  X  z  pass 
throqgh  the  central  posi- 
tion ▲  B.  Let  X  be  the 
position  at  any  epoch,  of 
Ihe  point  r,  its  projection  on  z  t;  c  that 

ofB.        LetBAZ»MAZ=#,    PAZ 

ss^AXBsa,AP»r,  and  call  the  initial 
velocity  x.  Decompose  now  the  iniUal  oondi- 
tioo  into  the  two  following: — Suppose,  in  the 
fint,  the  material  pcdnt  placed  at  b,  and  with- 
out velocity;  and,  in  the  second,  suppose  it  in 
A  z,  and  havmg  the  initial  given  velocity  The 
composition  of  these  two  mutually  independent 
dMplaoemeBts  at  any  epoch,  will  show  us  the 
diqilaoeaMBt  of  aH  which  is  wanted.    Ii;  in  the 


first,  ^  be  the  variable  angle  which  the  ptedulum 
forms  with  a  z,  we  shall  have  this  approximatie 
result. 


aoos  / 


v^ 


If,  in  the  second,  «  be  the  angle  formed  by  the 
pendulnm  with  a  z,  and  if  the  direction  of  the 
axis  of  ^f  has  been  taken  so  that  the  initinl 
vdodty  K  carries  the  pendulum  in  the  angle 
z  A  T,  corresponding  to  positive  values  of  «k  we 
shall  have 


^9  I 


—  an  f 
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These  two  equations  give  the  position  of  the 
point  at  every  instant,  and  therefore  determine 
all  the  lawa  of  its  motion. 

(2.)  The  Theory  <f  ihe  Material  or  the  Com- 
pound Penduban. — If  instead  of  a  heavy  mathe- 
matical point  and  a  mathCTnatical  line  of  snspen- 
sbn,  we  require  to  treat  the  case  of  a  vibrating 
material  rod,  it  is  dear  that  new  considerations 
must  arise.  Bat  these  are  readily  evaded,  through 
effect  of  the  theoxy  of  the  Cbstbb  of  Oscilla- 
tion (gv.).  By  aid  of  the  doctrine  of  the  Centre 
of  Oscillation,  the  case  of  a  material  or  compound 
pendulum  may  be  at  once  reduced  to  a  eorre- 
spooding  case  of  the  simple  pendulum. 

11.  TbB  YiBRATIONB  of  PSNIlULITlb  WTTHUr 

Rbsisiing  Mkdia. — It  is  well  known  that  a 
body  plunged  into  any  fluid  loses  part  of  iu 
weight, — aa  much,  viL,  as  the  volume  of  the 
fluid  displaced  by  it  wcdghs.  Hence,  a  pendu- 
lum vibrating  in  the  air  will  execute  iewer  vibra- 
tiuns  in  the  same  time  than  if  it  oscillated  in 
vacuo.  This  eiiect,  or  the  co-efficient  qf  buoy- 
oncy,  will  of  couree  be  constant  for  the  aame 
medium.  No  doubt  could  exist  as  to  the  oer* 
tainty  of  the  forsgoing  result;  but  Bonquer  was 
the  first  to  announce  the  foUovring  general 
theorem,  viz.,  whatever  the  resistance  qf  the 
medium  the  oscillations  of  a  pendulum  within  it 
are  isochronous:  the  lesistanoe  merely  diminish- 
ing the  amplitude  of  the  vibrations,  and  finally 
destroying  or  stopping  them  altogether.  Borda 
proposed  to  demonstrate  this  truUi ;  but  it  is  to 
Poisson  that  we  owe  a  mathematical  analysis  of 
the  subject  so  complete,  that,  considered  from  his 
point  of  view,  nothing  further  could  be  desired. 
The  subject,  however,  was  recently  taken  up  by 
Mr.  Baily,  and  examined  experimentally  with 
all  the  care,  conscientiousness,  and  precision 
which  this  excelleDt  physicist  knew  so  well 
to  bestow  on  delicate  inqmries.  And  it  did 
not  appear  that  the  theoretical  results  ade- 
quately agreed  with  the  results  of  his  observa- 
tion. According  to  Poisson,  the  fiictor  by  which 
the  eoiTection  for  buoyancy  must  be  multiplied  to 
give  the  whole  effect  observed,  is  1  -6 ;  Mr.  Baily*s 
experiments,  on  the  other  hand,  gave  an  average 
fsetat  of  1*8.  The  discrepancy  has  since  been 
removed  by  Professor  Stokes,  who  haa  reviewed 
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tho  6Blin  Bat|J6ct|  and  tflksD  cspociAl  toodiiiit  of 
tkeintmwdJnaUonoftheJhddarmedmm.  Thb 
mflmoir  l^  Ur.  StolcM,  is  imerted  among  the 
tnosactioDA  of  the  Cambridge  PhUotopkieal  At- 
dety;  and  is  in  many  ways  very  remariEable. 
Limiting  his  researches  to  the  case  of  a  ball  pen- 
dnlom,  he  fbond  that  the  resistance  encountered 
is  (MoportioDa],  not  to  the  soiftoe,  hat  to  the 
radios  of  the  sphere;  and,  therefore,  that  the 
quotient  of  the  resistance  divided  by^the  mass 
increases  very  rapidly  as  the  radhis  decreases. 
Accordingly,  the  terminal  velocity  of  a  minute 
globule  of  water  descendhig  tlirougfa  the  air,  de- 
pends almost  wholly  on  the  internal  friction  of 
air:  but  sfaioe  the  Index  of  Friction  is  known 
from  Sally's  experiments,  this  terminal  velodty 
can  be  calculated  numerically  Har  a  globule  of 
given  diameter.  This  velod^  proves  to  be  so 
small  in  the  case  of  globules,  sndi  as  those  of 
which  the  donds  are  probably  formed,  that  Mr. 
Stokes  states,  the  tutpmnm  qf  ehucb  need  not 
ofibr  any  difficulty.  He  has  farther  applied  this 
theory  of  internal  frietion  to  the  calculation  of  die 
snbsidenoe  of  a  series  of  any  osciUatory  waves. 

III.  Afpucatiovs  or  tbb  Femdulum. — ^The 
a{q»]ications  of  the  pendulum  in  scientific  research 
are  manifold  and  replete  with  highest  interest 
If  its  mvariabiStjf  as  to  length  is  secured,  it  is 
the  best  measurer  of  Tknef  as  wdl  as  of  the 
variation  of  Gravity  at  diffisrent  parts  of  the  earth. 
The  modes  of  securing  that  invariability  now  in 
use,  have  been  alreidy  faXty  explained  under 
Chromometeb. — But  it  is  capable  of  fanportant 
applications  of  another  kind,  where  no  compensa- 
tion has  been  employed,  and  no  eflbrtnuuleto 
secure  invariainlUjf,  Suppose,  for  instance,  it  is 
a  mere  metallic  rod,  the  rate  of  whose  expansi- 
bility by  heat  has  been  rigorously  determined. 
The  dock  regulated  by  such  a  pendulum,  will 
not  keep  accurate  time :  it  will  go  quick  in  cold 
weather,  and  slow  in  hot  weather;  and  these 
seeming  irregularities  will  exactly  follow  the 
changes  of  temperature.  If  a  clock  of  this  kind 
has,  in  a  certain  period  of  time,  lost  or  gained  a 
definite  quantity,  that  quantity  wHl  probably  be 
our  best  and  easiest  indication  of  the  mean  tern- 
penOure  during  the  period :— it  will  plamly  be 
the  exact  mtegral  qf  aU  the  mammtary  effects. — 
So,  lilcewise,  as  has  been  several  times  proposed, 
a  dock  may  be  constructed  to  present  fm  any 
given  time  the  mean  pressure  of  the  ah*,  or  the 
exact  integral  of  all  momentary  changes  of  this 
paramount  meteorological  dement  It  simply  re- 
quires that  the  pendulum  rod  consist  of  a  sjphon 
barometer.  The  rise  and  fall  of  the  mercury  in 
this  barometer  would  evidently  influence  at  every 
moment  the  position  of  the  centre  of  oscillation, 
and  thereby  alter  the  clock's  rate.  See  a  ftill  and 
oondusive  investigatioii  of  the  nature  of  such  an 
instrument  by  Pn^essor  Ranklne^  in  PhUo9qphieai 
Magazine  for  December,  1858. 

Penamteii*  The  meaning  of  the  astrono- 
mical terms  />0iit»iira  and  utnbra  has  been  ex- 
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plained  at  anfficient  length  in  die  tftide  EcupsB, 
to  whkdi  we  refor.  Wo  merely  wish  here  to 
notice  the  very  remaikable  phenoaieoa  viriUe  ia 
the  case  ti  a  hmar  ecBpae^  when  the  nooo 
passes  through  the  umbra  sod  the  pemmahnL 
We  have  seen  that  the  sdar  Bgitt,  by  the  icdee- 
tionof  whidi  the  moon  shines,  b  provqiled  fnm. 
readiing  tier  by  the  interpoahig  body  ef  the  caitlk 
We  must  consider  the  earth,  how«iv«r,  as  ser- 
nnmded  with  a  refraetiQg  atmoepherek  aiid&iB^ 
illuminated  at  all  parts  by  the  sunli^t  which  it 
absorbs  in  tiiediqr  and  gives  off  in  the  dailL  The 
efl^  of  the  first  fiict  will  evidntly  be  to  throw 
the  visible  ray  that  bounds  the  umbra,  ncarvtbe 
moon.  The  upper  and  lower  ooramon  tangents  (sec 
figure  ibr  edipse)  donot  proceed  in  atn^bt  Iine% 
but  are  first  refiveted  on  entering  the  atmcephcre, 
and  then  again  on  leavfaig  it  The  resolt  is  that 
these  rays  are  bent  inwards,  and  a  Ifwiyning  of 
the  cone  of  the  umbra  is  the  result  The  odber 
pair  of  common  tangents,  whidi  are  die  IsnitB  of 
tlie  penumbral  oone^  are  also  bent  inward,  kasm- 
ing  its  bulk.  Here,  also,  the  result  is  simply  a 
diminution  of  the  pennmbcal  cone.  If  tiw  afr, 
then,  were  a  homogeneons  reftactii^  mass,  the 
efl^  in  both  cases,  would  merely  be  snefa  dimi- 
nution. But  the  paralld  rays  that  streara 
tlirou^  the  ni^wr  and  lower  regions  of  the  at- 
mosphere am  not  equally  refracted.  In  the 
fonner  th^  meet  with  enormondy  ttln  airY 
whidi  scarody  refracts  them  at  all ;  in  tkelattv, 
they  are  powerfully  refracted.  Henee  these  re- 
fracted rays  are  spread  in  unequal  amounts  ever 
the  space  which  is  thus  cut  off  from  the  mnhnl 
and  penumbral  cones.  At  the  ootdde^  where  we 
are  near  the  borders  of  the  geometrkal  vmbta 
and  penumbra,  there  is  most  additional  H^  due 
to  refraction,  in  the  inside,  near  the  inner  bortes 
of  these  cones,  this  refivcted  light  darkois  and 
disappears.  In  thelower  strata  of  our  asmoapboe 
there  are  always  hangmg  however,  qfnantitSes  of 
watery  vapour,  whetiier  visible  in  mists  and 
douds,  or  not  visible.  This  transmito  bat  very 
few  of  the  rays  of  the  sun,  andof  these  the  red  mjt 
almost  alone.  Hence  at  tills  point  of  its  passage 
the  moon  is  likdy  to  assume^  and  in  citiL  does 
assume  a  deep  blood-red  tint,  aa  we  sometimes  see 
the  sun  himsdf  struggling  through  tiiiek  nuat  in 
autumn  mornings.  Then  agam,  all  the  layve 
of  the  atmoephere  act  as  prismatic  diipewers  of 
the  white  ray.  They  do  not  refimct  etpiaUy  the 
difibrent  coloured  rays.  There  is  an  uneqinal  dis- 
persion of  light  thoefore,  o^er  tlie  whole  apnoe 
between  tlie  geometrical  and  the  tme  nmbra  and 
penumbra,  and  the  general  tint  is  a  fidnt  blnidi- 
green.  Aecordfaig  to  these  remarloi  it  wiH  be 
readfly  perodved  that  die  state  of  the  weather  (Oe 
meteorological  condition  of  the  atmosphere)  wfll 
exercise  very  dedded  e^cts  on  the  phcDoineBa 
of  a  lunar  edipse.  When  donds  are  ioatisg 
high  up  in  broken  masses,  there  win  be  a  dispei^ 
don  of  irregular  partides  of  red  Ught  over  tlie 
inner  half  of  the  space  Just  described.    If  il  he 


648 


^ 


qalta  dttr  io  ftr  «  we  aw,  thenwtQbeAaliglit 
mnddj  tint,  as  the  moon  pesBes  along  the  edge 
of  the  umbra  or  pennmbn;  and  the  mcNMi  in 
ita  iriiole  puaage  throqgh  the  faitervening  gpaoe 
win  appear  of  m  dim  nnoertain  Uoish  tint 
While  the  moon  is  paseing  throogfa  the  penom- 
h^^  or  this  apace  between  the  geometrical  and 
the  tme  mnlm— these  refiracted  solar  rajB,  or 
the  partial  solar  illuminstion  preceding  them — 
enable  na  to  see  her  orb.  When  Ae  passes 
completely  into  the  nmbra,  she  appears  at  first 
dark,  and  remains  so  to  the  naked  eye  for  some 
time.  All  this  time  a  tdeseope  can  distingoish 
her  mass»  faintly  iUnmlnated  by  Hght  from  the 
earth;  aa  she  passes  in,  tlie  eye,  getting  ao- 
eoatomed  to  the  loas  of  the  more  powerful  refleo- 
tkn  of  the  solar  rayt,  becomes  mnch  more  sensi- 
tive than  it  was  to  feeble  impressions,  and  eren 
by  the  telescope,  it  can  discern  the 
passing  through  all  delicate  gndatkms  of 
coloors  up  to  a  ilaiy  copper  glow,  like  that  of 
doU  red  hot  iron,  which  lias  been  left  to  oooL 
The  iMe  of  the  moon,  tamed  fiom  the  sm  at  the 
tfane^  has  absorbed  at  previous  periods  an  amount 
of  l%fat  which  it  now  throws  upon  every  body 
capable  of  recdTing  its  impreasbns,  and  to  which 
the  eye  beoomes  more  and  mors  sensitive,  as  the 
eommoo  moonlight  iSMles.  These  phenomena 
are  all  observable  in  a  Imiar  edipse. 

Ses  Cbhteb  or. 
The  pofat  of  the  moon's  oibit 
the  earth. 

PeHkeltoa.  The  point  of  the  earth's,  or  of 
a  planet's  orbit  nearest  the  son. 

Ptertoeci.  Those  inhabitants  of  the  earth 
who  live  mder  the  same  latitndes,  bat  at  180'' 
of  loogftade  distant  from  one  anotlier — that  is, 
at  diametrically  oppoeite  points  of  Uie  same 
parslkloflatitade.  They  have  the  same  common 
seasons,  because  tlisy  are  in  the  same  relation 
to  the  edtptie,  and  having  the  pole  in  the  same 
posiiioa  they  have  idendttl  celestial  phenomena. 
When,  however,  it  is  noon  with  the  one^  it  is 
midnigfat  with  the  other,  and  vice  serso. 

Pcviaell.  The  inhabitants  of  dther  frigid 
sons,  where  in  the  summer  the  son  moves  simply 
nmnd  about  them  without  setting,  and  wlwre 
the  shadow  consequently  tonis  round  successively 
to  all  points  of  the  compass. 

PcHacople  Bptiftlee.  Generally  speak- 
ing distfaict  vision  tluough  spectsdes  doei  not 
take  place  vnlees  one  lodes  through  the  axis  of 
the  kns.  Dr.  Wotlaston  suggested,  that,  by  the 
use  of  wewiitfi,  or  concavo-convex  lenses,  objects 
mi^it  be  looked  at  oMijue^,  without  being  much 
distorted,  so  that  wearers  of  spectacles  might 
tarn  tlie  eye,  without  turning  the  head,  as  in 
cases  of  natarai  nnassisted  vision.  These  are  the 
petisooptc  iptctaeut, 

PcnwstatlMsa.  The  idea  of  combmation  is 
one  of  the  earliest  we  have.  Suppose  that  we 
have  a  number  of  artidsa,  and  that  it  is  pro- 
posed to  arrange  them  in  all  the  forms  of  a  given 


FEB 

kind  that  ore  possible,  the  q^ustion  Is  evidently 
snggeeted,  how  many  of  such  fonns  are  pos- 
sible? This  may  be  answered  by  actually  ex- 
hausting all  of  tfaeoL  Ii;  however,  some  al{^l«aic 
formula  could  be  obtained  to  give  the  result 
of  this  exhaustion  for  every  case^  the  general 
problem  woidd  be  sdved.— Suppose  we  have  m 
thingB,  which  call  a,  6^  e^  (ft  and  that  we 
are  required  to  find  out  bow  many  combinations 
of  thcae^  two  and  two  together,  are  possible^ — It 
is  evident  that  any  one  of  the  things  a  can  be 
put  once  before  any  of  the  others  h^  c,  dt  iuo. 
TbiA  will  give  m  —  1  eombinations  in  which  a 
is  first  Again,  any  otlier  of  the  things  h  can 
be  put  before  each  of  the  others  (i^Ctd,  &c.,  and 
every  member  of  tliis  dass  will  not  only  differ 
from  each  of  its  own  dass,  but  firom  eveiy  mem- 
ber of  the  former.  Thns  repeating  the  procees 
for  each  of  the  m  quantities,  we  shall  have  m 
dasses  of  combinations,  each  oontafaiing  m  —  1 
ibrms;  that  is  m  *  (m  — .  1)  combinations^ 
Agahi,  if  we  are  to  have  all  the  fimns  obtain« 
aUe  by  taldng  the  quantities,  three  and  three^ 
together.  Count  off  one  of  them,  as  a.  Then 
the  others,  which  are  m  —  1  hi  number,  can 
be  arranged  t#o  and  two  together,  by  the  proof 
above  (m  _  1)  (si  —  1  —  1)  $  that  is  («  —  1> 
(si  —  8)^timeB.  Suppose  we  put  a  before 
each  of  these.  Then  we  shall  have  (m  —  1) 
(m  —  2)  fonns  of  arrangement  of  the  ocfginal 
quantities  1^  threes,  in  all  of  whidi  a  is  first. 
Sindlarly  oonnting  off  every  one  of  the  es  quan- 
tities soccessivdy,  and  npeating  the  Identical 
process  here  gone  through  we  should  have  m 
series  of  arrangements,  in  each  of  wlikfa  are 
(m  —  1)  (w  —  2)  indhridual  arrangements,  all 
difiteing,  daseee  and  Individuals.  Theae  are, 
therefore,  m  (m—  1)  (s>  —  2)  of  theee  arrange- 
ments. See,  then,  if  we  can  gness  at  the  law 
which  seems  to  prevaiL  A  law  whidi  evidenUy 
doeshold  for  such  combinations  of  si  (any  number) 
of  things  taken  two  together,  and  also  taken  three 
together,  is  that 

m  .  (m  —  1)  (m  —  2) (m  —  n  +  1) 

is  the  number,  if  the  thbigs  be  taken  n  togetiier, 
— ^where  eadi  of  the  soccesnve  focton  decreases 
by  1,  untH  the  last,  m  —  »  -f-  1  is  reached. 
We  have  readied  the  law  by  induction  then. 
But  we  can  show  by  matlieinatical  proo^  that 
there  Is  such  a  law;  that  if  it  do  actually  hdd 
fiv  any  given  number  «,  it  will  actually  hold 
for  the  number  immedhitdy  above  it  «  -|-  1. 
For  suppose  one  of  the  m  things,  a,  to  be  counted 
off;  then  by  the  law  supposed  to  hdd  for  » thingtt, 
we  shall  have  all  the  combinations  of  the  remainr- 
ing  m  —  1  things  taken  •  together  aa 

(»  —  1)  (m  —  2) (m  —  1  —  •  +  ^) 

which  is  equal  to 

(m  -  1)  («  -  2) (SI  -  (•  -I-  1)  4-  1) 

If  to  each  of  these  a  be  prefixed,  we  shall  have 

(SI  -  1)  («  -  2) («  -  (a  i- 1)  +  1) 

combhiations  of  m  things,  taken  •  -f- 1  together 
in  which  a  is  first    Shnilariy  we  should  have  % 
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like  mmiber  of  them  in  wliidi  6  is  flnt— in  wliich 
Cf  df  &e.,  are  so.  These  are,  therefore,  m  deaees 
— 4tt  many,  tliat  is,  aa  the  number  of  things— 
each  consisting  of 

(m  -  1)  (m  -2) (m  -  (n  +  1)  +  1) 

forms  of  combination.  Hence  there  will  be 
altogether 

m(s»-l)(m-2) (m-(n  +  l)  +  l) 

forms  of  combination  of  m  things,  taken  m  -|-  1 
together,  if  the  Uw.above  stated  hold  for  them 
taken  n  together.  That  is,  the  same  law  (for 
this  is  identical  with  the  old),  if  it  hold  for  any 
one  number  n,  will  hold  for  that  immediately 
above  it  Bat  it  holds  for  the  number  8,  there- 
fore it  will  for  4.  But  it  holds  for  4,  therefore 
for  6.  But  for  5,  therefore  for  6,  and  so  on  evi- 
dently ad  im/trntttm.  That  is,  the  law  holds  for 
any  number  of  forms  of  combinations.  There- 
fore, the  number  of  forms  of  oombination  of  m 
things,  taken  n  together  is 

m(i»  — 1)(»  — 2) (m  —  n  +  1) (1). 

In  this  discussion,  as  will  be  seen  on  looking  bade 
at  it,  such  a  form  as  6  a  has  been  taken  as  dif- 
ferent from  ab\  bacaa  different  from  c  6  a,  and 
soon.  But  it  might  well  happen,  that  the  orcfer  of 
events  oocuzring  might  be  immaterial  to  the  calcor 
later.  He  woi^d  then  count  6  a  as  equivalent  to 
ab<,bactoebaj  and  so  on.  How  diall  we  ob- 
tain the  number  of  such  combinations  itidepen- 
dmt  of  order  f  Suppose,  for  example,  we  have 
m  things,  taken  n  together,  and  we  widi  to  find 
only  the  number  of  such  fundamentally  different 
combinations.  Take  any  one  of  them,  consisting 
of  »  definite  quantities.  *^Then  instead  of  the  totid 
number,  in  whidi  these  same  »  quantities  suffer 
all  dlfforent  kinds  of  arrangement,  we  shaU  have 
<mly  one.  Can  we  find  the  value  of  this  whole 
number?  That  is,  can  we  find  the  number  of 
combinations  dependent  on  order  of  n  things, 
taken  n  together?  The  reply  is  evident  Sub- 
stitute in  formula  (1)  n  for  m.    We  have  then 

.     n  •  (»  —  1)  (»  —  2) (n  —  »  +  1) 

or      «(n  — 1)(«  — 2) 1, 

or       1  •  2    8  •  4 n  (2), 

as  the  number  of  snch  combinations.    Instead, 

therefore,  of  the  1  *  2  *  8  ■  4 a  combuiations 

independent  of  order  into  which  any  n  definite 
things  can  be  arranged,  we  shall  have  only  one. 
We  should  have  the  same  result  for  any  other  n 
definite  things.  We  thus  arrange  the  whole  num- 
ber into  groups,  each  consisting  of  1  ■  2  *  8  *  4 

n  individuals,   and  count  tlie  number  of 

groups.    That  number  is  evidently,  therefore, 

ai'(m--l)(m-.2) (m  —  n  4-1) 

(3). 


2 
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The  formula  (8)  can  be  put  into  a  different  form, 
that  will  give  dear  confirmation  of  its  truth. 
Let  its  numerator  and  denominator  each  be  mul- 
tiplied by  the  number 

(»  — n)(m  — n— 1) 8*2    1', 

and  we  obtain  the  equivalent  form 
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i»  .  (m  —  1) (at  —  tt  4-  1) 

1  •    2 m 

•Jii»--_^» -- «  —  1) 3  -21 

1       2 ;.  ■•— ■. 

Now  the  numerator  is  evidently — changing  the 
order  of  factors — the  quantity 

1-2    3 m. 

Hence  we  have,  equivalent  to  (3),  the  fiirm  (4) 

1  •  2  •  3 m 

(I), 

1  •  2  •  3 n  *  1  •  2  •  3  - m  —  a 

Let  us  oonuder  what  the  meanings  of  tlie  sefoal 
parts  of  this  formula,  would  indicate  aa  its  totsl 
meaning.  Suppose  m  things  arranged  m  together 
in  any  way,  and  divided  into  two  classea,  sayaa 
accepted  set,  consisting  of  fi,  and  rgected  set  of 
m  —  A  individuals  always.  Then  the  number  sf 
combinations  m  together,  regardless  of  ordo',  is 

1  •  2  •  3 flk 

Now,  of  these,  if  we  take  the  number  of  oom- 
binations  of  a  things  n  together,  regaidksB  of  Ibnn, 
and  of  m  —  a  things  aa  —  a  tog^her,  vqgaidlMs 
of  form,  we  shall  evidently  have  by  combining 
the  two  sets  the  whole  number  of  comhinationa, 
which  we  must  in  the  actual  case  (ai  thingi  • 
together,  taking  order  into  aoooont),  coasider  as 
for  our  purposes  only  one  groop.  That  m^  we 
have,  for  every 

1    2  •  8 A  X  1  *  S  -  a a  —  A 

forms,  out  of  the  whole 

1    2-3 M 

only  one  group.  The  total  nomber  tliaelbie 
of  these  groups,  that  is  of  oombinatioas,  takiag 
the  order  into  aooount,  is  the  formula  (4).  It  is 
dear  that  we  may  dther  call  the  a  accepted  the 
class  actually  considered — and  the  ai — a  icfectBd, 
thrown  off  and  not  to  be  actually  oonsidend,  er 
reverady  call  the  m  —  a  accepted,  and  the  a  re- 
jected. That  is,  the  number  of  such  combinatioas 
of  lA  things  A  together  is  the  same  as  that  of  m 
things,  m  —  a  together.  We  have  used  tlie 
genersl  term  oojn&mo^ioRff.  What  are  tedinically 
called  Combinations  are  ihoat  arramfemenie  w 
wkkk  the  OBDEB  is  mot  taken  mio  aeeota^  m  a 
detemaning  elemenL  Those  in  which  it  b  80. 
are  called  Yariahoxs  or  Pbbmutatioics.  The 
latter  term  is  often  restricted  to  the  single  esse 
for  which  formula  (2)  applies,— that,  naaady, 
where  the  number  of  oomUnations  ivgardkas  of 
form — that  is,  variations  of  a  things,  a  together, 
is  to  be  considered. — We  may  ganoEalize  the  idea 
of  combinations,  by  the  consideration  above  of 
dasses— hito  which  the  total  nnmbv  of  thh^gi  h 
to  be  divided.  Suppose  we  have  a  group  of 
m  -\-n  -{-  p  things  which  are  to  be  combined 
into  three  partial  groups,  oompiising  respective^ 
IN,  n,  j9,  in  each,  we  shsU  have 

I  •  2  •  8 (lA  -^  A  ~hjai) 

1  •  2  •  8 m  •  1  •  2  •  8 A  •  1  •  2  •  8  ..^ 

as  the  number  of  ways  in  which  the  distiibiitiiA 
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mif^  bo  awdei  and  so  whaterer  be  tho  nmnber 
of  gnwps,  each  containing,  suppooe  a,  &,  o^  &c., 
UMmben^  wa  Iiava  tbe  general  ezpieaaion 

1  •»  -8 a+h+e+  Sec) 

I't'  8 a  •  1  •  2  •  8 6  •  1  •  2  •  8 c  &c. 

Tbis  will  be  tbe  best  place  to  indicate  several 
oCber  tbeoreuis  of  arrangement  and  combination. 
U;  in  the  results,  we  are  not  excluded  from  repe- 
tition of  tbe  same  nmnber — thus,  if  a  a  be  con- 
sidered a  combination  as  well  as  a  6,  we  should 
have  m'  combinations  a<iyab,  ac,  &c,  6  a,  6  6, 
6  Cf  &C.,  because  in  each  of  these  groups  there  is 
M»  and  these  are  ■»  groups.  Similarly  if  the 
groaps  are  to  consist  of  n  individnals,  in  which 
any  one  individnal  being  repeated,  may  combine 
with  any*  or  no  otliers,  we  shall  have  m»  as  the 
mmber  of  combinations.  Again,  if  we  are  to 
have  only  absdnte  combinations  regardless  of 
Older,  we  have  a  more  difficult  problem. 


1  —b* 


1  ^  c» 


^  l+oa-J-c^  s^'\-&Cf 


T ■   X  ^    ■  ,  ■    X  = X  Ac 

1  —  aa        1 — ox        1  —  ex 

=  (  1 -|-ax4-a«  x» +&C,)  l+6» 
+  fi*«»&c.,)&c. 

Here  evidently  the  oo-efficient  of  x  will  be  the 
sum  of  tlie  combinations  one  and  one  together ; 
of  tlw  quantities  a,bfC,  ftc, — that  of  x*  the  sum 
of  those  two  and  two  together,  indnding  repetitions 
of  each  individnal  ir,  i^,  &c., — and  so  on.  The 
co-eiBcient  of  a^  wHl  be  tliesnm  of  the  oombina- 
tkoa  of  the  M  quantities  a,  6,  c,  &c.,  taken  n 
together.  We  want,  however,  to  find  the  num- 
ber. Evidently  that  will  not  alter,  whatever 
the  special  values  of  a,  6,  e,  &c.,  may  be.  Sup- 
pose, then,  an  to  become  1,  then  clearly  the 
aotoal  value  of  the  co-effldent  of  x*  will  be  the 
same  as  the  number  of  oo-effidents,  because  each 
of  the  quantitiee  a.,  a— '  6,  &a,  which  make 
up  the  total  number,  becomes  equal  to  1.  Now 
ft>  And  the  value  of  this  factor. 


1  — 


X torn  times 


1  —  *        1  — » 
=  (1— «)—»  =  l  +  &c 

^1-2  n  • 

Tberefi>re,  the  total  number  of  comUnations, 
when  order  is  left  out  of  account,  but  repetition 
[wsinittfiil,  18 

— (6). 

1-      2-  8- n 

The  special  formula  of  the  subject  will  be  at 
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once  remembered  by  those  who  are  familiar  with 
those  of  the  binomial  theorem.  In  fact,  the  oo- 
effldents  in  the  latter  merdy  consist  of  them ; 
this  theorem  at  bottom  founding  upon  those  per- 
mutation formulsB  which  we  have  been  exhibit^ 
ing. — ^A  very  fluent  application  of  this  theory 
is  to  the  number  of  times  that  a  spedal  number 
can  be  thrown  with  dice  cast  any  given  number 
of  times.  Thus,  suppose,  we  are  to  have  the 
number  of  times  that  the  number  n  can  be  thrown 
by  throwing  dice  m  times.  Evidently  the  results 
of  two  throws  will  be  all  comprised  in  the  formuLe 

(3.4.  «»-|.  xi+ x«4.  a!»-f  «^, 
and  of  la  throws  in 

(,+ x»-f  a».+ *•+ x»  + a>, 

that  IB,  the  number  of  times  that  n  may  be 
thrown  in  m  throws,  will  be  represented  by  the 
co-effident  of  x»  in  this  expansion.  That  is,  of 
a^~*  in  the  expansion  of 

(1  +  X+ *»-{-««+»* -far*), 

,orof(l  — aO*(l— »)-". 

This  sulject  will  come  out  into  distincter  prac- 
tical importance  in  the  doctrine  of  Pbobabi- 
UTIB8,  to  which,  indeed,  that  of  permutations 
just  treated,  serves  chiefly  as  introduction. 

Pcrpecaal  n«ttoM*  If  tliis  famous  appel- 
lation had  simply  meant  perpetuity  or  indestruc- 
tibility of  Force,  it  would  have  stood  for  an  im- 
portant and  undeniable  truth.  No  force  is  lost 
in  the  Universe;  we  never  discern  the  lots,  but 
only  the  comwsioit  of  force,  e.  g.,  when  a  machine 
is  brought  to  a  stand  through  friction,  all  that 
has  occurred  is — ^the  force  applied  to  move  the 
madiine,  has^throogh  the  resistance  we  call 
friction — been  converted  into  a  mechanical  equi- 
valent of  Beat;  and  this  Heat,  by  communi- 
cation and  radiation,  is  in  existence  playing  its 
equivalent  mechanical  i^ut.  But  this  is  not  the 
common  or  practical  conception  attadied  to  the 
term  perpetual  motion.  It  has  ever  signified  as 
follows :—  a  machine,  whose  characteristic  is,  that 
the  initial  or  primary  force  shall  be  restored  or 
replaced  by  the  very  movement  it  produces.  Now, 
setting  aside  the  fact,  that,  in  every  machine  of 
earthly  materials,  part  of  the  initial  force  must 
ever  be  converted  into  heat  and  dissipated 
through  effect  of  friction,  it  is  dear  that,  were 
such  a  machine  consummated,  the  eflbct  would 
benotmoCu>ii,bute9iM2i6ruiinorres<.  A  machine 
is  a  mere  medium  of  connection  between  jNnser 
at  one  end,  and  effect  at  tbe  other;  and  were 
these  two  equal,  the  machine  would  simply  stand 
stiU.  The  negation  of  the  possibility  of  per- 
petual motion  may  therefore  be  accepted  as  an 
axiom  in  mechanical  science.  Mr.  Grove  has 
recently  shown,  in  a  most  ingenious  essay  read 
before  the  Royal  Institution  of  London,  that 
important  uses  may  be  made  of  this  axiom  aa 
an  aid  in  sdentific  research.   He  has  illnstnted, 
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by  many  importaat  JmtanceB,  that,  oonridered  as 
a  test,  it  might  enable  as  to  discern  in  any  ex- 
periment, to  what  degree  of  approzimation  we 
have  obtained,  ftom  any  given  natnnd  ibree,  the 
total  quantity  of  power  it  is  capable  of  affording ; 
and  that  it  might  also  serve,  on  the  diaooveiy  of 
any  new  phenomenon,  to  show,  up  to  what  point, 
that  phenomenon  m^l^ht  be  put  in  relation  with 
phenomena  formerly  known.  Mr.  Grove's  essay 
well  merits  the  attention  of  every  one  intererted 
in  the  philoaophy  of  the  sdenoes. 

Perec—.  A  constellation  suiroanded  by 
Andromeda,  Aries,  Taoms,  Auriga,  Camelopar* 
dalis,  and  Cassiopeia.  Its  principal  stars  « 
Persei,  and  jS  Penei  (Algol)  are  between  the 
second  and  third  magnitude,  and  the  stars,  9^,  }, 
s,  I,  Penei,  are  of  the  third  magnitude 

servation  and  experiment  ooncnr  to  prove  that 
the  visual  perception  of  an  olject  does  not  oeass 
for  some  tiine  after  the  rays  of  light,  proceeding 
from  it,  have  ceased  to  enter  the  eye.  To  this 
phenomenon  the  name  persistence  of  vision  has 
beengiven.  Many  appearances,  in  nature  and  in 
optical  experiments,  are  explained  by  reference 
to  this  fact  It  is  most  easily  observed  in  the 
common  amusement  of  children,  when  a  glowing 
ember  is  moved  to  and  firo  in  the  air  so  rapidly 
as  to  give  rise  to  the  appearance  of  continuous 
ribband-like  Imes  of  light  In  sudi  a  case  it  is 
evident  that  the  luminous  point  can  only  be  in 
one  position  at  a  time,  and  it  is  known  that  the 
velocity  of  light  is,  in  comparison  to  sudi  small 
spaces,  infinitely  great  "Die  rays  whidi  leave 
the  ol^ect  while  occupying  one  of  its  positions 
must  enter  the  eye  and  make  their  impression  in- 
stantaneously, so  that  if  the  impression  vanished 
ftx>m  the  sense  of'  vision  as  rapidly,  the  object, 
however  quickly  it  moved,  would  only  appear  in 
one  position  at  a  time;  and,  as  this  is  not  the  case, 
it  follows  that  the  visual  impression  must  con- 
tinue or  be  persistent  for  some  time  after  the  rays 
of  light  prodndng  it  have  ceased  to  impinge  on 
the  sensitive  surfiice.  If  a  white  spot  be  made 
on  the  circumference  of  any  revolving  wheel, 
such  for  instance  as  the  flywheel  of  an  engine, 
it  will  be  found  that  as  the  speed  of  revolution 
increases  the  appearance  of  the  spot  will  be  more 
and  more  elongated,  till  at  last  it  seems  to  extend 
over  the  whole  drcumforenoe.  When  this  happens, 
it  is  evident  that  the  duration  of  the  impression 
on  the  eye  must  have  continued  fh>m  the  moment 
that  the  spot  left  any  one  pohit  in  its  track  till  it 
returned  to  it  again,  or,  in  other  words,  during 
one  entire  revolution  of  the  wheeL  llus  will 
happen  at  the  same  speed  on  whatever  part  of  the 
wheel  the  mark  has  been  made.  For  instance,  if 
it  be  made  on  one  of  the  spokes  near  the  centre,  it 
might  at  first  seem  that  as  the  motion  is  so  much 
slower  there  than  at  the  circumference  the  revo- 
lution would  require  to  be  more  rapid  in  order 
that  appearance  of  a  complete  circle  of  light  might 
be  seen;  but  it  must  be  recollected  that  tfao^;h 
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the  motion  is  dow,  in  the  same  pwpoiHou  a 
shorter  space  has  to  be  tiavcteed,  and  in  buck 
cases  exactiy  the  same  time  will  timpm  beftie 
each  point  again  crosses  any  of  its  fenner  por- 
tions in  space,  or,  what  is  the  same  thii^»  any 
point  of  the  image  again  passes  over  tiie  aaoK 
position  on  the  sensitive  cnrtatn  or  redna  of  the 
ey&    In  this  way  we  see  that  one  entire  nifisl 
line  whitened  would,  at  the  same  q)eed  of  rei*- 
Intion,  give  the  appearance  of  a  fiat  white  &c 
With  regard  to  the  afaeolnte  time  of  dnratkn  sf 
the  impression,  it  is  evident  that  the  time  oesa- 
pied  in  one  revolution,  when  the  speed  is  jast 
great  enough  to  render  the  circle  of  Ugfat  coo- 
plete,  is  the  period  in  question.     Expenamt 
proves  that  on  an  average  audi  a  wheel  reqaires 
to  revolve  eight  times  in  a  seoood,  ao  that  Uh  of 
a  second  is  the  time  during  which  the  vinal  kn- 
pression  persists  after  the  olfject  producing  It  eenses 
to  send  rays  to  the  eye.    It  U  foond,  howenr, 
that  the  more  intense  the  li^^t  is,  tlieloi^ger  does 
its  impression  contiiiue;  and  also  tiiat  the  ogbms 
of  the  light  produce  variatkms  in  tlie  time  sf 
duration— thus,  ted  continues  longest,  then  6Bov 
yellow  and  blue,  and  die  most  refrangible  or  viokc 
rays  leave  impressians  whidi  peniat  for  a  aiiiek 
shorter  period. 

The  cause  producing  this  pecaistenoe  of  im- 
pressions is  no  doubt  tiie  nature  of  the  physicsl 
action  which  ooostitntaB  the  impression  itsdfl 
Since  the  recent  experiments  of  Pkean  on  the 
velocity  of  Ught  in  traversing  diflfenut  mtdoM, 
have  left  no  doubt  but  that  a  imy  of  H^ 
consists  of  a  progressive  nndnlatioo  hi  tiie  fine 
of  its  dhection,  it  foOows  that  the  ntiaa  sT 
the  eye  must  itself  be  c^Mthk  of  -vibntian,  and 
must  therefore  consist  of  a  snrfiue  exqnsiiiljf 
sensitive  to  such  undulatoiy  movenscnt  It  can 
easily  be  oaderstood  ftom  theaudogyof  tiaesar- 
fiuie  of  a  pool  of  water  wliidi  has  from  some  ciph 
been  agitated,  where  the  motion  cootinies  fhr  a 
longer  or  shorter  interval,  depenidBng  in  bobs 
degree  on  the  sizengtiiof  the  distnrfaing 
before  undulation  ceases,  so  likewise  tiie  trsi 
snzfoce  of  the  retina  itodf  oontinnBa  to 
after  the  undnlatoiy  line  of  U^  ceases  to  db- 
turb  its  surface.  After  ordinaiy  erliihirtnna  of 
thi^  persistence  the  appearaDoes  vanish,  ae  has 
been  said,  inaperiodof  aboiit)thof  aseeOBdof 
time,  but  if  the  luminous  impreeskm  haa 
very  intense^  and  man  especially  if  it  has 
tinned  on  the  same  spot  of  the  retina  Ibr  a  gresit 
length  of  time,  another  variety  of  persistatne^  to 
which  the  name  of  ocular  spectre  has  been  given, 
makes  its  q>peanuice.  lif  the  eya  has  been 
steadily  directed  to  the  ana  or  to  a  bright  o^ed, 
sndi  as  a  candle  or  gas  flame,  on  looking  ««iy 
at  first  a  general  haas  of  incUstinctnesa  ummiii'i 
the  fidd  St  viskm,  but  after  a  few  aecondi  the 
spectre  appears  in  the  shape  of  an  image  of  the 
sun  or  other  Inmmoos  ol^Ject,  prcgected  on  what- 
ever sorfiMe  the  eyes  are  diiected  to^  and  fie* 
quenUy  appearing  even  if  the  egr^da  aie^alto* 
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gellMr  dosed.  A  aCifldiig  pecnUarity  of  fliese 
ocolar  qwctim  ii  the  diTairity  of  ooloor  thnmgfa 
wUdi  thej  puB,  at  fint  appewiiig  of  a  timiliir 
■bads  to  tfao  oferjeot  pradndng  them,  and  ehortlj 
afterwaidi  beoomlog  of  ezaeUytbe  oomplementaiy 
ooloor;  for  tnntancis  if  a  red  ionaet  has  been 
looked  at  aadtheeyee  doeod,  a  green  oolonred 
•on  and  donds  oocapj  ite  place  on  tho  retina, 
wUch,  however,  r^)idlycliaoge8  ooloor  to  violet, 
potple,  and  even  Uadc,  the  ehado  being  modified 
hj  the  boo  of  the  sarfiioe  on  wbkh  the  spectre  Is 
cast  b^^  the  movement  of  theme.  TboievaiTing 
hoes  are  called  acddental  odioan,  and  are  gen- 
endlj  aoooonted  for  by  soppoefaig  that  the  portion 
of  the  retina,  on  which  the  Inmlnoos  impreeeion 
has  been  long  and  powerfolly  cast,  beoomes  ao 
fiittgaad  as  to  be  ino^able  for  eome  time  of  again 
beii^  ezdted  by  the  impression  of  the  same  odour 
of  Bgfat  as  that  which  has  prodneed  it,  while  at 
the  same  time  it  retains  the  capabflity  of  being 
ozcited  by  the  other  odoors  which  oonstitate 
Qght, — ^henoe^  when  the  eye  is  withdrawn  from 
gasing  at  a  red  smi,  and  directed  to  a  white  smv 
foee,  the  green  oolonn  of  the  white  light  can  alone 
allbct  the  retina,  and  therefore  the  iSH^pied  portion 
of  the  enfooe  shows  only  impreseions  of  a  green 
odour,  whereas,  if  the  eye  had  been  cast  npon  the 
bine  sky,  an  impreseion  of  the  son  of  a  bloe  ooloor 
alone  woold  have  appeared.  In  some  cases  thoee 
epeotral  Impresdons  have  remained  for  many  days, 
and  hnve  at  last  only  been  removed  by  keeping  the 
eye  at  reet  and  hi  darkness.  One  atriking  pecn- 
Barity  of  theee  phenomena  ooosbts  in  thb,  that 
kng  after  they  have  ceased  to  be  obeervaUe, 
whoi  the  vision  is  directed  steadily  at  any  sor- 
foo^  they  can  yet  be  recalled  by  rapidly  opening 
and  shntting  the  ejdids,  or  moving  to  and  fto 
some  object  before  tlis  eyes,  so  as  to  raiy  the 
appearance  of  the  screen  on  which  the  spectre 
is  thrown  in  the  visual  Add,  a  drcnmstanoe  pro- 
bably to  be  explained  by  the  snppodtion  that 
the  abnormal  vibration  of  those  points  of  the 
retinn  in  which  the  epectre  exists  (so  to  speak, 
In  a  latent  state),  thoogh  really  continning,  ia  yet 
ao  foeUe  as  only  to  be  seen  in  the  interval  between 
its  a^Qstment  from  one  state  of  vibration  to  that 
which  ie  neoeeeary  to  be  eetaUished  when  vidon 
ie  directed  to  another  kind  of  sorfooe. — There  can 
be  little  doobt  that  the  phenomena,  of  which 
aoooont  has  now  been  given,  have  been  the  red 
ori^  of  many  of  the  eo^adled  spectrd  apparitions 
wUch  manageehavehaqntedthefieklof  homan 
vfakn  in  the  sQenoe  of  nij^t,  when  the  eye,  left 
to  repoee  npon  darkneee  or  to  wander  among  the 
dim  ehapee  of  donbtftd  ol:jects,  bodies  forth  on 
nlgfaft's  doody  cortain  the  shapee  of  otijecte  de- 
picted on  its  enrfooe  in  the  boors  of  ennshine. — 
To  retam  to  the  first  mentioned,  viz.,  the  ordi- 
nary kind  of  viRul  perdstenoe,  when  the  impres- 
don  lasts  only  during  4th  of  a  second.  It  may  be 
statsd  that  this  is  one  of  the  ibw  phenomena  in  the 
animal  eoooomy,  to  whidi  no  important  benefldd 
eubatraoed.  Indeed,  it  may  be  regarded 
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rather  as  a  dei^  of  vidon  than  anytUog  like  a 
proviskMi  in  itselfl  If  it  had  been  of  greater 
magnitnde,  rapid  and  dirtinct  vidon  would  hare 
been  impoadble.  As  only  one  pofait  of  any  object 
can  be  seen  distinctly  at  a  t^oe,  it  follows  that 
perfect  dght  of  it  can  only  be  got  by  a  rapid 
glanoe  fitmi  point  to  point,  a  dreumstanoe  which 
woold  have  prodnoed  complete  confodon  if  the 
viand  impresdons  had  rsmdned  long  on  the  dngle 
point  of  the  redna  which  commnnicates  distinct 
visfan.  We  are  rather  led,  therefore,  to  regard 
the  persistence  of  ImprBBsions  aa  a  defect  of  vision, 
nsnlting  necessarily  from  the  nature  of  the  retina 
as  a  vibratoiy  smfoee^  and  to  admire  the  fodlity 
which  it  haa  of  again  coming  eo  fkr  to  reet  as  to  re- 
cdvea  new  Impnadon  sJtogether  distinct  so  as  to 
produce  the  perfection  of  vidon  wliidi  the  hmnan 
eye  ie  known  to  eqfoy. — While  ite  effects  are  thus 
of  short  duration,  tiMy  are  yet  abundutly  trace- 
able in  natnrd  lypearances.  Tbns  the  fallmg 
nJn-drop  ia  globular,  yet  it  appears  as  a  con- 
tinnooa  arrow  or  line  of  water.  The  lightning 
oondsta  but  of  a  single  spaik  of  small  sise,  yet 
it  is  seen,  aa  a  oonthtnoos  Ibrked  line  at  the  eame 
faistant  over  the  whde  of  its  tnu^  The  re- 
volving apokes  of  a  whed  appear  as  a  semi- 
transparsnt  sheet.  Theodoursonaievdvingduc 
appear  to  be  so  perfectly  oombined  as  if  they  had 
been  mixed  in  the  paint  The  flight  of  a  rocket, 
or  of  a  lighted  bomh-ohdl,  is  perodved  dong  lu 
whde  tra^  at  ono&  The  ol^Jects  on  the  em- 
bankment appear,  to  the  rapidly  moving  railway 
paeeengem,  lengthened  out  into  long  linee.  All 
soflh  eases,  whfle  they  are  easily  undcntood,  show 
at  the  same  time  the  confodon  of  appearances 
whldi  might  arise  from  this  peculiarity  of  the  eye 
and  the  necesdty  for  guarding  against  its  undue 
extension  In  the  oonstmction  of  the  oigan. 

Several  phUosophiod  toys  are  based  npon  the 
persistence  of  ocular  imagee.  The  Thanmatrope, 
or  the  wonder-turner,  oondsts  of  a  piece  of  card 
board,  on  one  eide  oif  which  is  pafaited  pari  of 
any  figure  or  flgoree,  what  is  neoeeeary  to  con- 
pkie  the  figure  befaig  pdnted  on  the  oppodte 
side,  so  that  when  the  card  remalna  at  rest,  only 
part  of  the  figure  can  be  eeen  at  a  time;  but  if 
it  be  sospendfid  by  a  thread,  and  whiried  rapidly 


round,  both  ddee  will  be  aeen  at  onoe^  and  the 
picture  will  appear  eomplete. — The  Phenakiate- 
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eope  consists  of  a  piece  of  card  board  ten  or  twdve 
incheB  in  diameter,  with  slits  cut  in  its  drcam- 
ferenoe  aboat  half-an-inch  broad  and  one  inch 
deep.  In  the  interrals  between  these  slits  are 
painted  the  snocessiye  positions  of  a  figure  sup- 
posed to  be  in  motion.  When  the  card  is  placed 
before  a  mirror,  and  while  the  eye  is  placed  be- 
hind the  slits,  it  is  rapidlj  whirled  round  on  a 
pivot  at  its  centre.  The  images  of  the  figure  in 
Buoeessive  positions  come  upon  the  retina  so  that 
the  one  appears  Just  as  the  other  Tanishes, — the 
figure  seems  actually  to  change  its  position  by 
an  act  of  animated  motion,  so^  as  in  no  small 
degree  to  imitate  the  appearance  of  a  living 
ot))ect. — ^The  following  curious  experiment  also 
finds  its  explanation  in  the  principle  of  persist- 
ence. A  wheel,  which  may  be  a  disc  of  paste- 
board, with  stiaigbt  radial  lines  drawn  on  it  as 
in  fig.  3,  or  any  kind  of  spoked  wheel,  is  made 
to  revolve,  and  while  it  is  in  motion  a  straight 
barred  grating  which  may  be  such  as  in  fig.  8, 
or  the  fingers  of  the  hand  slightly  separated,  is 
interposed  between  the  eye  and  the  disc.  As 
long  as  the  grating  i3  kept  at  rest  the  rays  ap- 
pear straight,  but 
when  it  is  moved  in 
a  direction  transverse 
to  the  bars  the  imys 
appear  carved  as  in 
fig.  4.  When  the 
motion  of  the  grat- 
ing is  reversed,  the 
eorves  take  an  op- 
posite curvature  as 
at  fig.  6 In  en- 
deavouring to  ascer- 
tain the  cause  of  this 
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curious  appearance,  it  soon  beoomes  obvious  that, 
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Fig  8. 

while  the  grating  moves  uniformly  in  all  the 

length  of  its  bars,  the 
rays  of  the  wheel,  on 
the  contrary,  move 
more  and  more  ra- 
pidly as  the  distance 
firom  the  centre  in- 
creases, so  that  while 
the  vertical  ray  o  ▲, 
fig.  6,  starts  from  ▲ 
and  passes  over  the 
arc  A  B,  the  bar  ao' 
onlj  reaches  b  ft', 
and  now  cuts  the  ray 
in  the  position  of  the  first  dot  Again,  when 
the  ray  goes  over  an  equal  angle  and  is  at  c, 
the  bar  is  at  c  </,  and  cuts  the  ray  in  the  second 
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position  maiked,  and  so  on.  Kow,  hy  tlie  peiw 
sistenoe  of  the  images  on  the  retina,  then  8b> 
cessive  positioDS  of 
intersection  are  all 
perceived  at  onoeand 
constitute  the  curves 
^That  this  IS  the 
true  explanation  can 
easily  bs  proved  ma- 
thematicallj  by  in- 
vestigating the  pro- 
perties of  a  curve 
which  would  be 
formed  by  the  inter- 
section of  such  an  Flff.A. 
advancing  line  and  a  revolving  nufiua 
examining  its  properties,  or  ctmstntdng  H  by 
points,  and  obsorving  that  it  is  the  same  aathe 
one  aUnded  to.  The  polar  eqnatua  of  saeh  a 
curve  is  easily  proved  to  be 

9       i 
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where  I*  is  the  radius  vector 
centre  as  origin,  v  the  \'elocity  of  the 
bars,  to  the  angular 
velocity  of  the  re- 
volving ray,  and  i 
the  angle  which  the 
radios  vector  makes 
with«ome  fixed  line 
of  rrferenoe,  in  this 
case  the  vertical  It 
will  be  seen  at  once 
tiiat  for  i  =z  180O 
the  value  of  1'  is  in- 
finite, so  that  the 
downward  branches 
in  figure  8  would  ex- 
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tend  infinitely  downward  without 
the  vertical  again,  if  the  bars  and  rays  were  loag 
enough.  If  instud  of  a  series  of  atra^ght  bats, 
another  wiied  be  interposed  between  the  eye  and 
the  revolving  rays,  other  cnrioos  eorres  an  pv> 
ceived  when  it  is  set  in  motk»,  ftnniqg  a  sm- 
gular  spectacle  when  thrown  on  a  soven  by 
means  of  a  magic  lantern,  and  afifordB^g  ampk 
scope  for  mathematical  research. 

Recently,  Mr.  Rose  of  Glasgow  has  nda  a 
very  important  and  ingenioos  addition  to  te 
means  of  illustrating  perslitenoe.  Hia 
consists  in  the  employment  of  an 
throwing  flashes  oif  light,  at  regular 
intervals,  on  revolving  discs  placed  wtiBally  fa 
front  of  the  source  of  QlaminatHXL  Tba  iam 
may  be  made  of  large  sise,  and  witli  tlia  !&!»• 
trations  used  in  the  thaninatrope  dqi 
them.  When  they  are  put  into  rapid 
in  ordinary  light,  the  usual  appearance  of 
fusion  or  blending  of  the  revolving  flgvrea 
place ;  but  if  the  apartment  be  dariDened,  aad  by 
means  of  slits  in  a  disc  placed  at  the  apotsra  1^ 
whidi  light  is  admitted  to  the  revolving  tgara, 
flashes,  rapidly  aoooeeding  each  other  vfii 
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Tab  of  daikDMB,  be  thrown  on  it,  all  the  appear- 
anoet  exhibited  by  the  thaomatrope  may  be  shown 
to  a  latge  andience.  The  sunlight  might  be  need 
for  this  purpose,  when  admitted  through  the  con- 
densing lenses  d  a  solar  microeoope ;  or  the  magic 
lantern  may  be  employed  to  throw  artificial  li^t 
on  the  revolving  figure.  The  disc,  having  the 
slits  cut  in  its  drcumferenoe.  Being  placed  in 
front  of,  and  dose  to  the  olject-lens  of  the  Ian- 
ton,  it  is  put  into  rotation  with  greater  or  less 
r^idity,  tOl  the  flashes  of  light  reach  the  revolv- 
ing thaiunatrope  figure  in  such  numbers  as  to 
develop  the  deshcd  effect  It  is  easy  thus  to 
exhibit  a  rapidly  revolving  wheel  as  if  it  were  at 
perfect  rest,  and,  as  has  hem  said,  to  produce  on  a 
laige  scale  all  the  other  effects  of  the  thanmatrope. 

Still  more  recently,  Mr.  Edmund  Hunt  has 
exhibited  the  effects  of  persbtenoe  under  another 
fontt,  by  means  of  what  has  been  called  the  eohur 
top,  Tlds  top  consists  of  a  metallic  disc,  fitted 
with  ft  spindle  projecting  from  its  centre  on  both 
sfdes— one  end  forming  the  point  on  which  it 
tams^  and  the  other  the  means  by  which  it  is  set 
into  rapid  rotation,  by  the  nnwindmg  of  a  oord, 
as  in  thoooaimon  top.  Disds,  with  radial  ban  of 
diflbnnt  odloutt,  an  fixed  by  a  binding  nut  on  the 
upper  ride  of  the  top;  and  after  it  is  in  motion, 
anotlier  disc,  liaving  a  central  aperture  rather 
hnger  than  tlie  spfaidle  of  the  top,  is  allowed  to 
slide  down  on  this  spindle.  This  latter  dbo  is  so 
ooDstmeted  as  to  have  little  weight,  that  it  may 
be  retarded  in  its  rotation  to  some  extent  by  ti£e 
alDospiierei.  It  is  bladened,  and  has  apertnrss 
of  diArent  fimns  cut  in  it,  so  as  to  exhibit  the 
ocdoared  disc  revolving  beueath.  Great  variety 
can  be  given  to  the  tons  of  the  coloured  spaces 
on  the  under  disc,  and  also  to  the  apertures  or 
sliti  in  the  n|^)er  disc;  and  by  this  means  many 
beantiftd  effBcta  of  graduated  and  continually 
dianging  colours  are  produced,  constituting  a  most 
attractive  as  well  as  instructive  optical  exhibition. 

Pcvapecthre.  The  olject  of  perspective  is  to 
make  soch  a  representation  of  an  olject  upon  a 
snfiice  as  shall  present  to  the  eye,  situated  at  a 
particnlar  pobt,  the  same  ^>peannce  that  the  ob- 
ject ItMlf  would  present  were  the  surfiioe  removed. 
— Perspective  consists  of  two  parts: — Fir$i,  the 
aeoDimta  delineation  of  the  principal  lines  of  the 
picture;  and  $eeond^  the  shading  and  colouring 
of  the  picture  so  as  to  produce  the  desired  effect 
of  distance,  &C.  The  first  part,  called  JMear^Mr- 
tpeetwef  is  purely  mathematical,  and  this  part 
ooiy  will  be  ooiuddered.  Perspective  drawings 
may  be  made  upon  any  surface,  but  we  shall 
only  oonsider  them  made  upon  a  plane.  The 
pime  upon  which  the  representation  is  made  is 
called  ib»  perspective  pkoMy  and  is  generally  sup- 
posed to  be  vertieal.  The  point  at  which  the  eye 
k  supposed  to  be  situated  is  called  the  point  of 
ngkL  All  that  part  of  space  situated  on  the  same 
aUe  of  the  pcnpisctive  plane  with  the  eye,  is  said 
to  be  inJroiU  oi  the  perspective  plane;  all  on  the 
etfaerdde  isaikl  to  be  MUmf  tiw  perspective  plane. 
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— A  vitudlrt^  is  any  straight  line  passing  throogh 
the  pohit  of  sight  A  vuiuUplane  is  a  plane  pass- 
ing through  tiie  point  of  sight  A  visual  com  is 
a  cone  whose  vortex  is  at  the  point  of  sight — 
The  penpecHve  of  a  point  is  the  point  in  which 
a  visual  ray  through  the  point  pierces  the  per^ 
spective  plane.  If  the  given  point  and  its  per- 
spective are  on  the  same  side  of  the  eye  the  per- 
spective is  sud  to  be  retd^  if  on  opposite  sides  it 
is  virtuaL — The  pertpeetwe  of  a  ttraighi  Kne  is 
the  intersection  of  the  perspective  plsne  with 
the  visual  plane  passing  through  the  line. — 
The  perspective  of  a  curved  lim  is  the  inter- 
section of  the  perspective  plane  with  tiie  visual 
cone  passing  through  the  line. — The  outiine  of 
the  perspective  of  any  body,  b  the  faiterseo- 
tion  of  the  perspective  plane  with  the  enveloping 
visual  oone;  the  line  of  contact  of  this  envelop- 
ing cone  with  the  body,  b  called  the  apparent 
contour  of  the  body.  The  term  cone  b  here 
used  in  its  most  enlarged  sense.  It  may  some- 
times happen  that  t^  enveloping  visual  sur- 
face may  be  pyramidal,  as  b  the  case  in  finding 
the  perspective  of  a  cube,  or  other  polyhedron,  or 
it  may  be  oompoeed  of  both  conical  and  pyra- 
midal surfaces;  all  of  these  surfaces  come  under 
the  general  denomination  of  corneal  aurfaeee,—^ 
The  perspective  of  a  body  b  gencnlly  obtained 
by  finding  the  perspective  of  tile  principal  lines 
of  the  body,  embradng  all  thoee  indnded  within 
the  apparent  contour.  The  perspective  of  any 
point  of  a  body  may  be  found  by  drawing  a  vbuaJ 
ray  through  it,  and  determining  the  point  in  which 
it  pierces  the  perspective  plane.  Thb  operation 
b  tedious,  and  to  shorten  the  process,  other  methods 
have  been  devised,  the  best  of  which  b  that  of 
dtagouali  and  perpendiculara.  The  following 
definitions  of  terms  are  given  aa  necessary  to 
a  complete  understanding  of  the  method: — 
A  perpendieular  is  a  straight  line  perpendicular 
to  the  perspective  plane.  A  diagonal  b  a  hori- 
aontal  line  making  an  angle  of  45®  with  the 
perspective  plane.  Through  any  point  b  space 
one  perpendicular  and  two  diagonds  can  alwavs 
be  drawn. — ^The  centre  aftkepieture  b  the  point 
in  which  the  perpendicular,  through  the  point 
of  sight,  pierces  the  perspective  plane.  The  Aori- 
zon  b  the  intersection  of  the  perspective  plane 
with  a  horizontal  visual  plane.  It  passes  through 
the  centre  of  the  picture  and  b  horizontaL — 
The  vanishing  point  of  a  line  b  the  point  in 
which  a  line  drawn  parallel  to  it,  through  the 
point  of  sight,  pierces  the  perspective  plane. 
Every  8}-stem  of  parallel  lines  has  the  same 
vanishing  point,  which  b  a  point  common  to  the 
perspectives  of  all  the  lines  of  the  system.  The 
centre  of  the  picture  b  the  vanishing  point  of  all 
perpendiculars.  If  a  Ifaie  b  paralld  to  the  pei^ 
spective  plane,  its  vanbhing  point  b  at  an  infinite 
distance.  The  vanishing  pomtt  qf  diagonals  are 
the  pomts  in  which  the  diagonds,  through  the 
pointof  sight,  pierce  the  perspective  plane.  They 
are  in  the  lu»izon  of  the  picture  and  at  distances 
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flnm  the  centre  of  the  pHstiire«]iial  to  the  distaaoe 
ftom  the  point  of  dght  to  the  perspective  plane. 
—Ifi^tades,  to  be  pat  Ui  povpective,  are  given 
by  tbir  prqjectionsi  or  by  their  distanoes  above  a 
horiaontal  visual  plane,  and  from  the  pevqieetive 
plane.   To  find  tlM  perspective  of  any  point  draw 
any  two  lines  tfanragh  Uie  point,  and  find  their 
perspectives;  their  pointof  intenection  isthe  per- 
spective required.  The  most  convenient  anxiliary 
lines  are  tlM  perpendicalar  and  a  diagonal  tliroogh 
the  point— To  find  the  perspective  of  the  pet^ 
pendWakr,  find  the  point  where  it  pierces  the 
perspective  plane,  and  join  it  by  a  straight  line 
with  the  oentreof  the  picture;  this  will  be  the  per- 
spective.— ^To  find  the  perspective  of  a  diagonal, 
find  the  pohit  where  the  diagonal  pierces  the 
pewpective  plane,  and  join  it  by  a  straight  line 
with  the  preper  vanishing  point  of  diagonals; 
this  win  be  the  perspective  of  the  diagonal — 
To  ascertain  the  proper  vanlahing  point  of  any 
diagonal,  oonoeive  it  produced  till  a  part  of  the 
diagonal  comes  in  tooi  of  the  perspective  plane^ 
then  if  this  line  indines  to  the  right,  it  vanishes 
at  the  right  hand  vimishing  point  of  diagonal, 
otherwise  it  vanishes  at  the  left  hand  one. — 
Hie  vanishing  point  of  rays  is  the  point  in 
which  a  ray  of  l^^ht,  tlinmgh  the  point  of  sight, 
pierces  the  penpeetive  plane;  the  vanishing  point 
of  horizontal  pro||ections  is  the  point  in  whidi  the 
pnjection  of  the  same  ray  on  the  horiasontal  plane 
thioog;h  tiie  point  of  sl^t  intersects  the  horiaon 
of-  the  pietare.     These  two  pohits  are  in  the 
same  straight  liAe,  perpendioDlar  to  the  horizoo. 
When  the  former  is  assomed  or  given,  the  latter 
can  be  found  by  drawing  throng^  it  a  straight 
line  peipendicalar  to  the  horiaon,  and  finding 
the  point  in  whicb  it  intersects  the  horiaon^ — 
The  shadow  which  any  point  casts  upon  any 
sorftoe,  lies  upon  the  ray  of  B^^t,  and  upon  the 
projection  of  that  ray  upon  the  soiftoe.    Hence, 
to  find  the  perspective  of  the  shadow  cast  by  any 
point  upon  a  horiaontal  plane,  find  the  perspec- 
tive of  the  projection  of  the  point  upon  the  plane, 
and  join  it  by  a  straight  line  with  the  vanishing 
point  of  horizontal  projections  of  rays,  join  the 
perspective  of  the  point  with  the  vanishing  point 
of  rays;  the  point  in  which  these  two  lines  inter- 
sect is  the  perspective  reqoired.    These  principles 
are  enough  to  find  the  perspective  of  all  bodies, 
and   tlie   perspective   of  their   shadows;   but 
certain  constructions,  in  particular  cases,  serve 
to  iiftcilitate  the  operations  of  finding  the  per-* 
spectives  of  bodies  and  of  tiidr  shadows. — 
The  principles  of  mathematical  perspective  are 
intimately  connected  with  tlie  arts  of  design,  and 
a  knowledge  of  theur  application  is  indispensable 
to  the  ardiitect,  the  engraver,  and  thi  sldlfol 
mechanic.    The  practice  of  perspective  is  parti- 
cularly necessary  to  the  pafaiter  and  the  sculptor. 
Penpeetive  alone  enables  us  to  represent  fixre- 
shortanbgs  with  aoeuraey,  and  its  aid  is  required 
in  the  accurate  delineation  of  even  the  simplest 
ofnatmslolslects. 
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Under  GRATiTAiKnr  and 
Kepler's  Laws,  thoee  cooffitions  bave  beaa 
explained,  to  which  one  celestial  body  Bior> 
ing  around  another  must  be  solgect;  and  in 
LuKAB  Thbort,  a  detailed  expoeitioD  is  gtrea 
of  the  leading  changes  impressed  osi  these  eos- 
ditions,  in  case  of  the  presence  of  a   tiiird  or 
disturMng  body  unequally  affecting  the  two  eoa- 
stituents  of  a  double  system.    This  latter,  or  the 
material  of  the  celebrated  problem  of  the  Tina 
Bodies,  may  serve  as  an  introduction  to  tbegeaenl 
problem  of  Flanetaiy  Perturbatiasis — a  pnUoa 
of  the  greatest  complicacy,  and  presentiiig  £fi- 
culties  so  great,  that  we  are  fidn  to  reacb 
cal  and  practical  results  byway  of  i 
If  the  reader  picture  to  himself  tbe 
as  it  is — composed  of  so  many  orbs  ever  siiiftiag 
their  relative  distances  and  poaitioiis— and  if  he 
reooDeets  at  the  same  time  that  every  out  of 
these  bodies  is  at  eveiy  moment  actbig  upm 
every  other  with  a  force  varying  with  d^mga 
of  distance  and  podtion,  he  will  ooooeive  wr 
readily  how  arduous  the  task  to  estimate  ail 
these  infiuences,  and  so  to  follow  the  coarse  of 
any  one  planet  through  its  oomploc  path !    It 
is  a  fortunate  circumstance — that  indeed,  wbicii 
alone  rendere  the  problem  resolvable  under  oor 
present  analytic  means — ^that  the  mans  of  the 
Sun  so  enormously  exceeds  that  of  any  planetary 
or^    The  influenoe  of  the  grand  centre  of  tlie 
system  on  each  planet,  on  this  account  ao  greedy 
transcends  the  influences  (always  confiiclqg)af 
its  companion  planets,  that  in  the  main  oatr 
Luminary  is  stfll  the  controller  of  every  orbit 
It  is  allowed  us  therefore  to  repreeent  &e  per- 
turbations as  slight  deviations  only  fiom  Kep- 
ler^s  Laws ;  and  still  to  assume  these  laws  as  the 
normal  conditions  of  every  body's  ooursa.    The 
problem  of  perturbations  then  takes  the  foOow^ 
shape : — ^tbe  tkouuI  orbit  and  habitudes  of  every 
planet  are  known,  how  can  we  best  detenalas 
the  small  deviadona  fixun  these?      Ev«n  sAsr 
this  simplification,  however,  enough  of  difBcakv 
remains ;  and  to  overcome  it  we  mutt  reaoit  i 
artyice$  ot  amventumt.    The  ftmdamental  osa- 
oeption  adopted  almost  umvenally  by  geoiwteH 
is  termed  the  VanaHom  of  Ike  Eiematb,    Tte 
meaning  of  the  phrase  bdng  as  IbDowa: — ^Am 
ellipse  is  determined  by  a  few  data,  termed  its 
eiemenU,   Now,  a  planet  having,  as  stated  abore, 
to  move  in  an  ellipee  according  to  Kepkr*8  LavN 
everjr  element  of  tliat  sfiijpfe  isM^Med  m  a  jflslr 
<lf  dow  bid  perpetmdjba ;  ao  that  thedUpseia 
whidi  the  earth  is  moving  st  the  present  raomait 
exists  for  the  present  moment  only ;  at  the  next 
moment  theelements  having  been  altered,  thrapgh 
effect  of  perturlMtions,  the  ellipee  constitntiii^  its 
orbitwiU  have  altered  also,    llie  proUem  is  tfaas 
transfonned  into  the  followitig — ^in  what  manner, 
or  according  to  what  law,  are  these  cienmts 
constrained  to  vary  through  the  said  efl^  of 
perturbations?    By  tfab  conventian,  the  iBqaiiy 
appeazs  pot  into  an  intelfigible  and  n«<»niM|^ij 
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nanageftUe  form.    But  now  the  analytical  dif- 
tienltiet  begin.     It  is  impoaible  to  present  at 
oooe  and  completely  the  law  of  the  variations  of 
the  dements  iat  any  one  planet    Just  as  illas- 
tnted  in  the  case  of  the  Lonar  Theory,  this  is 
accompliahed  only  by  a  sammalbn  of  separate 
changes  or  details, — now  the  efiect  of  one  class  of 
pertnibatioQs  being  estimated,  and  now  another ; 
and  the  sepaimte  and  special  values  are  arranged 
In  separate  tables.     It  were  vain  to  attempt 
to  entsr  ikither  on  this  portion  of  the  subject 
Hie  student  most  apply  to  tlie  works  of  Pon- 
taeoulant,  of   Airy,  and  of   Hansen:    among 
separate   memoin,  we  woold  specify  those  of 
Enoke,  especially  his  recent  important  and  veiy 
carious  one,  on  the  perturbations  of  the  Asteroids. 
»There  are  two  dasaes  of  perturbations,  whose 
difTereooe  Is  well  marked — ^the  Periodical  and 
the  Secmlar.    The  Jint  and  simplest  class  com- 
prises the  effects  produced  on  any  planet  by  its 
companion  orbs,  in  so  far  as  these  depend  on 
tlMir  directwm  with  regard  to  it,  and  of  oooTBe 
on  their   magnitndes    and   average  distances. 
Now,  as  the  relative  directions  of  any  two  orbs 
win  always  recur  within  a  oomparadvely  short 
time,  and,  after  recurring,  again  pass  through  all 
their  variationa,  this  class  is  called  as  above,  the 
Ptriodic  IneqmUkiei.     Their  periods,  generally 
speaking,  are  not  long,  and  their  general  effect  is 
aUgbtly  to  accelerate  or  retard  a  planet  in  its 
oriMt    The  mcomd  dass  again  takee  into  aooonnt 
the  peadiarUiet  of  the  j^Uht  hi  which  the  die- 
torbed  and  disturbing  bodies  are  moving,  pe- 
caliaritiea  which  immenady  prolong  the  cyde 
of  variations,  and  which  may  even  be  conceived 
to  poa^iKne  the  period  of  the  recurrence  of  ex- 
actly the  same  rdations,  for  centuries.    These  as 
above  un  termed  the  Seador  InequaUtiet.    Nor 
are  the  changes  they  produce  less  complex  than 
prolonged.    Instead  of  the  mere  aooelemtioa  or 
ittardation  of  a  planet  in  its  orbit,  they  bring 
bdbre  the  mind's  eye,  our  system  slowly  chang- 
ing In  every  dement;  orbits  enlarging  and  again 
eontncting;  paths  dmost  dicular  gradually  flat- 
tening faito  well  marked  ovals,  and  those  that 
were  most  dllptied  veiging  towards  dreles;  the 
podtiona  of  the  ovals  changing  with  regard  to 
the  sun  and  to  each  other,  «.«.,  their  perihelia 
ahtfting  neoesaaiily  and  detemdnaldy  through 
apaee;    the  indinatkia  of  the   planee  of  the 
orbits  to  the  plane  of  the  sun's  equator  under- 
going change;  and  the  directions  in  which  these 
planes  lie,  also  snl^eet  to  the  same  singular  re- 
vocation of  the  nodee  which  enters  as  so  essential 
an  eksment  in  the  theory  of  tlie  edipees  of  the 
Moon.    Surely  when  one  gases  on  a  scene  so  in- 
tricate and  so  restless,  astonishment  wiU  not  be 
experienced  that  the  immortal  Kewton,  wlien 
tiie  necessity  of  thdr  incessant  mutations  first 
appeared  to  him,  gave  way  for  a  moment  to 
the  dread  that  throng  eAot  of  what  seemed 
an  endless  and  ever^angmenting  confusion,  tlie 
onler  of  our  great  system  might  one  day  oome 
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to  a  dose,  and  require,  to  restore  it  thf  in- 
tervention of  the  Creative  hand!     But  as  is 
ever  the  case,  our  discovery  of  this  apparent 
confiidon  has  only  led  to  the   peroq)tioQ  of  a 
loftier  and  nobler  dmplidty.    Tiiis  is  manifested 
by  the  following  two  general  propositions  with 
which  we  dose  this  notice: — L    The  Law  of 
Areas  as  stated  by  Kepler,  if  disturbed  with 
regard  to  every  dngle  planet,  holds  meet  accu- 
rately with  regard  to  the  aggregate  motions  of 
the  System  projected  on  any  plane;  and  this 
haa  further  led  to  the  discovery  of  that  great 
equator  pkmt,  whose  changes,  innumenble  cen- 
turies hence,  will  record  in  a  literature  intelligible 
by  dl  the  universe,  wtry  momentous  phase  in 
the  destiny  of  our  system.    The  nature  of  this 
extendon  of  Kepler's  Law,  and  the  character  of 
the  great  Equator  Plane  have  been  already  de- 
tailed  under  Abbis. — II.   But  notwithstand- 
ing this  permanence  of  the  Law  of  Areas  for 
the  entire  system,  might  not  individud  planet 
come,  in  the  course  of  ages,  to  coalesce  with  in- 
dividud planet,  through  the  accumulated  effect 
of  separate  but  incessant  changes ;  or,  at  the  very 
least,  might  not  the  orbits  of  the  different  globes 
undergo  such  enlargement  or  diminution  as  would 
utterly  destroy  thdr  existing  adaptation  to  the 
oiganisms  and  vitality  on  thehr  surfaces?    This 
question  has  been  answered  and  uneasiness  all 
dispelled.    Under  Nebular  Htpotbbsis,  we 
have  spoken  of  certain  constituent  dements  of 
our  planetary  scheme,  as  for  instanoe,  the  facts 
that  the  Earth  and  its  companions  move  in 
ori>Its  of  but   small  eoosntridty,  or  dmost  in 
cirdes,  that  the  indination  of  the  planea  of  their 
orbits  are  small,  and  that  they  revolve  around  our 
Luminary  in  one  uniform  direction.    Now  it  ^h 
peared  to  Lagrange  (a  defect  in  whoee  process 
has  dnce  beoi  supplied  by  Poisaon)  that  the 
existence  of  such  primd  arrangements,  impresses 
upon  the  efiects  of  perturl>ation  a  condition, 
which,  in  the  happy  phrase  of  Sir  John  Ilerschd, 
may  wdl  be  tenned  the  Maoma  Cuarta  of  our 
system.    Subvjecting  the  entire  question,  taken 
in  its  highest  genenlity,  to  treatment  by  his 
masterly  and  moat  penetrating  andysis,  La- 
grange diBoovered  that  all  changes  df  the  es- 
eeiUial  elemmtt  of  any  orbit  which  can  arise 
from  perturbations,  must  be  periodieaL      The 
mqfor  <ud«s  of  the  orbita,  for  instance,  can  ndther 
increase  nor  decrease  indefinitdy;   nay,  tlieir 
variations  are  confined  as  if  by  ordinance  within 
the  narrowest  limits.    But  upon  the  dae  of  the 
major  axis  the  period  of  revolution  depends ;  so 
that  we  are  entitled  to  condude  that,  through 
effect  of  disturbing  agendes,  no  orb  can  ever  be 
withdrawn  by  more  than  a  quantity  nearly  un- 
important from  ita  normd  podtion  in  reference  to 
the  aun,  and  that  ita  cardind  period,  or  ita  ybab, 
must  through  the  long  sucoesaion  of  agea  abide 
nearly  as  it  is.    It  issiudy  worthy  of  highest  ad- 
miration, this  aimplidty  amid  so  much  that 
seems  complex,  this  assured  stability,  with  ao 
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■unj  Tujliig  Ginwa  around  thnatening  dit- 
uto-l  Nb;,  odi  fteluiga  much  triuMeud  men 
admintioo — tlte;  bdong  nthar  to  IfaU  Mata  of 
mind  which  leads  OM  (o  adura  I 

■•huws  or  Uakikvaae. — We  owe  mtinlj 
to  iha  illiutrioDi  Frewal  the  beat  and 
|)Tacticabl*ideaofUie  mode  of  conatnicliug 
that  will  throw  an  artificial  Ught  to  a  yarj  great 
distance,  and  so  enable  mariiMts  to  diacttu  thdi 
preoiaa  poaition  amid  the  rodu  and  ahoala  at 
the  coaaL  The  fignre  below  repreaenta  aa  an- 
nular boa  cut  through  the  middle;  it  is  com- 
lioaed  of  liw  MgmanI  of  a  apture  a,  around  which 
aeveral  tioga  fr,  s,  d  are  placed — a  aectii 
which  ii  aeok  aa  ouIk  f,  er,  f .— The  en 
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thaw  nngi  ia  so  caknlatad  that  each  of  them  bars 
the  same  fxina/  «  ihs  safcniant  a  has,  so  that  if 
a  light  be  pUoed  at  ^  the  whde  rajn  &'" 
from  It  on   Ihe  lens  ahall  fiinn  ■  set  of 
nearly  parallel : — they  wouU  be  rigoroosl}'  par- 
allel if  the  eouree  of  light  were  a  simple  pn' 
and  ibettfora  exactly  ia  the  focos  J".    The 
(Kbliug  of  the  iulendt;  of  the  tranamittsd  li^^t 
bidag  simply  due  to  the  Ssrgmet  of  the  In 
mitled  raja,  it  foUnra  from  the  sli^t  aoioim 
divergenoe  under  lach  atrangementa,  that 
lumiooaa  baama  may  thua  be  thiowD,  nearly  un- 
impjipaj^  throogh  great  diataneea.—  It  is  by  tide 
principle  and  by  varying  the  fetma  of  tike  nfiing- 
■it  glaaiM.  that  Fraanal  baa  finindad  tiut  new 
■yatam  of  lighthotiaea  now  ac«qit«d  hy  Uie  chief 
maritime  powan  of  Europe.     By  adding  amodou 
of  RJtatiDa,  tin  Pharoa  may  be  made  to  pmBnt 
,  lea,  or  a  xuxBssion  d  o^onred 
la. — On  this  subject  we  refer  also  to  Mr. 


X  do  his  coatrivanaes  itand  alone.  There  ia  a 
line  and  most  cAollTa  Uglithoaae  in  the  aroall 
Soottialt  harbour  of  Eirkaldy,  doe  to  one  of  oar 
beM  and  iDoet  ingeniooa  Inquirers  and  Enginean 
— Ur.  Edward  Sang. 

PbewiklaiaHwpe.  An  bitercsting  toy  de- 
fined by  a.  Plateau,  and  depending  on  the  ptin- 
cijile  of  the  fMrtuteneiv  ^  ioprtuiont,  Ita 
structure  is  well  luiown,  aa  also  tlie  aiugular 
effects  prodaeed  by  it ;  inch  as  the  lepnat 
tiun  of  actual  motloni — leaping,  flying,  £c 

Pkaua.     One  of  the  Aalemida.     For 
menla,  Ac,  Eae  AanaoiDS. 

PbKuU.     One  of  Bayer'a  aontheni  com 
lotioo*!      It  ia  ckee  to  Acbemar,  the  bright 
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y  PhotBida  «/  Hie  VbM,  wid  $  Phaoilda  br 

tween  lite  third  and  fbonh. 

PkaaapaphTi  or  U^  Writbg,  aa  the  vn4 
lilenlly  implka,  moat  be  reckoned  ooa  of  the  nuA 
■dmind^  diaoorerlea  of  the  piuetut  aget  It  is 
whcdly  of  i««it  origin,  and  cwi  be  traced  to  aome 
acodoDtal  obasraliiiDa  of  Sir  Bomphny  ^^"T 
and  H.  Dagnem,  «i  the  bladiening  of  aalu  of 
ailinr,  aa  ia  liunillarly  aecn  In  tfaa  «aae  of  mnktag 
ink,  as  it  ia  called,  or  tiK  Hqntd  oaad  for  psMa- 
Doitly  wriling  on  lluai  or  eottoa  dalh.  Ha 
saperiority  of  this  apeda  of  delimatioo  over  aH 
oHiOT,  is  it»abaotaHiflddityaiooolraiistincai*ifl 
from  dn  work  of  VTOi  the  moat  acoompliAcdaad 
aoonnua  artist  who,  aotwIthBlandiiw  all  hb  (Ana 
to  Ihe  contrary,  yet  invariably  impniaee  Ua  jic- 
tumwith  themantaiamwhiebdiwingnhWaMi 
s^la,  as  is  provad  by  the  fact  (hat  tlMj  an  eady 
reoogniied  aa  Ilia  the  Instant  they  are  aeoL  Thni, 
then  la  aboot  pliotogn4ilia  a  certain  dfgne  of 
reliable  vendtj  wUch  pre  tliem,  in  naaiy  m- 
Btancas,  incaloilaUe  valaa.  The  aniat  nan- 
■ciaoaly  aelecta,  cooceala,  Aattss,  or  oahwtJMuty 
displays;  hot  the  tuthful  eye  of  tha  oameaa  n- 
oonia  aU  alike,  ondtting  no  arrrmtrj  cr  detiC 
however  appaieully  votthleaa,  and  thoa  tnek 
IHCtuna  are  Uhe  natnn  Itself  arable  of  bang 
reliabed  byalldaaassof  iidnd,eacliseafagiBlbem 
what  it  looks  fcr,  feHtesa  of  daoat    Aki^ 

-■ tphy  has  been  tnnied  to  ■  nnllipBiat^  if 

■applying  Edthftd  ncoids  ef  iIm  hniM 


may  ba  aaid,  almoet  wltfaont  oeaL    What 

uld  we  not  give  fcr  sodi  expcuaila  rf  the 

liviog  featona  irf  tbs  great  and  uUa  of  fmL 

tgtt,  or  of  Ibechkf  actors  inennta  wUdi  Ua- 

bxy  haaiwderedaaeiad?  In  aflbnttog-peAct  r» 


alnady,  to  a  gml  axleat,  aupj^ed  t 
rhom  extmrfve  tniTriUng  la  ImpoasOta,  the 
Kana  of  eqjoying  at  laaat  «h  rf  ka  nuaiy 
dvanlagea  and  gralificalinna ;  and  (re  Icog  Ihare 
is  little  donbt  but  that,  so  to  apeak,  withool  the 
toil  of  travel,  but  merely  by  peering  tlnos^  O* 
ubiquitous  eye  of  tbe  camera,  It  wiB  ba  jiiiaialilii 
to  view  the  natural  and  aniOdal  ptodaiiiiBs  of 
every  dimats  of  the  ^obe,  vbetbcc  1^  aea  v 
land,  and  thla  with  a  degree  of  vividneaa  and 
aocnraoywhldiflnnopeciodoftbawarld'ahiatBaT, 
wosld  Ull  now  have  bean  by  poaaibiHty  attaii- 
able.  Already  photogrqih  J,  in  procsriug  BoonMs 
details  and  materials  Ibr  Ida  Hadia^  ha*  dosM 
great  things  fcr  tha  senlptor  and  lot  tbe  painta. 
It  i^llsters  by  night  and  day  to  the  metacnkgist 
inotaat  motansnla  of  all  his  tnaUumuu. 
Litioncsuer  la  now  enllsiing  it  In  bis  sarrini 
It  ia  tha  wHUng  alave  of  tbe  PoUm^  uid,  p«MM 
it  all,  it  |Hwidaes  in  allbtdiag  endlcas  nnana  of 
UlUBlntion  lo  tha  Lsctarer  and  tbe  lilaailiiiaWii, 
tobeamoatpowtrtidassiataiit  in  tbagiaatwiptk 
of  ediKiUioD.    It  la  scarcely,  tUsi,  loo  mnch  u 
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Mj,  that  its  pnctioe  must  become  all  bat  nnl- 
vmal,  and  that  every  improvement  in  its  pro- 
oeiMi  is  of  public  importance. 

Recently  it  has  been  discovered,  that  many  sub- 
stances besides  silver  are  sen^tive  to  the  action  of 
light,  and,  indeed,  that  there  are  few  kinds  of  mat- 
ter which  are  not  acted  on  by  it,  although,  In  most 
instances,  not  with  snfficient  rapidity  to  render 
them  eligible  as  photographic  agents.  As  might 
from  this  be  expected,  photographic  processw  are 
already  numeroos,  and,  ftilly  to  describe  them, 
would  require  a  considerable  volume. —Under  the 
heads  Gollodioh,  Calottfb,  and  Daouerbe- 
OTTPB,  win  be  found  descriptions  of  some  of  the 
most  useAil  modificatioos.  Here,  all  that  will  be 
done  is  to  describe  two  processes  not  there  alluded 
to,  which  are  yet,  from  their  applicability  to  land- 
scape delineation,  the  portability  of  the  materials, 
and  the  ease  andcertidnty  with  which  a  traveller 
can  by  these  means  obtain  what  are  called  nega- 
tive pictures  of  whatever  he  desires  on  his  route, 
exceedingly  valuable  and  interesting.  The  most 
inoqiortant  photogra]^iic  processes  at  present 
known  agree  in  this,  that  they  all  consbt 
essentially  in  four  steps,  1st,  the  preparation  of 
the  sensitive  surface ;  2d,  the  exposure  of  that 
surface  to  the  image  fiormed  by  the  lenses  of  the 
camera  obscura;  8d,  the  development  or  bring- 
iqg  out,  by  some  chemical  means,  of  the  latent 
image;  and,  lastly,  the  fixing  of  the  image  so  as 
to  render  it  no  longer  liable  to  be  afiteted  by  light, 
and,  at  the  same  time,  protecdng  it  from  the  in- 
jurious actkxn  of  the  air  and  other  foreign  agents. 
Thin  iDms  of  some  of  the  more  sensitive  ssJts  of 
silver,  such  as  the  diloride,  bromide,  or  iodide, 
spread  on  paper,  or,  by  means  of  some  vehicle  on 
^ass  plates,  constitute,  along  with  the  pure  silver 
plate  of  the  dagnerreoQrpe,  the  chief  modifications 
of  sensitive  suifiboe  at  present  employed.  The 
diArenoe  between  these  processes  oonrists  in  the 
varioos  dsgress  of  rapidity  with  which  the  expo- 
sure in  the  camera  can  be  completed,  and  the  fkct 
that  some  of  them,  such  as  the  collodion  process 
and  the  daguefreotype,  give  what  are  called  posi- 
tive or  complete  pictures  at  once,  in  which  the 
lights  and  shades  appear  as  in  nature, — whereas 
tlie  calotype,  and  the  two  other  prooesses  about 
to  be  described,  are  slow  in  tbehr  operation,  pro- 
duce negative  pictures,  which  therefore  require  to 
be  again  used  in  sn  operation  of  printing,  whereby 
tlieir  lights  and  shades  are  reversed,  and  then 
appear  in  their  natural  aspects.  They  have, 
however,  the  great  advantage  of  simplicity  and 
predsion  in  their  details,  which  admit  of  being 
performed,  all  except  the  exposure  in  the  camera 
obecura,  in  the  operating-room  at  home.  The 
plates  may  then  be  praerved  in  boxes,  so  as  to 
be  transported  in  a  dry  state  over  long  journeys, 
and  for  many  weeks,  and  developed  and  finished 
at  convenience. — The  simplest  of  these  negative 
TwidH^p^t^**^  is  that  known  as  the  albumen  pro- 
cess, fhrni  albumen  forming  the  veliicle  by  which 
the  fckiide  of  silver  is  spread  and  retained  on  the 
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glass  plate.    Its  details  are  as  follows: — the 
whites  of  as  many  fi«sh  eggs  as  may  be  neces- 
sary are  beaten  up  in  a  basin,  with  a  glav  rod 
till  they  form  a  complete  froth,  four  grains  of 
iodide  of  ammonium  having   previously  been 
mixed  with  them  for  each  egg  used.    When  this 
froth  has  subsided  for  a  few  hours,  and  the  limpid 
albumen  has  collected  in  sufficient  quantity  at 
the  bottom,  it  is  to  be  poured  on  the  carefolly 
cleaned  glass  plate,  and  spread  by  means  of  a 
feather,  till  it  covers  the  whole  surface;  after 
which,  the  plate  is  to  be  held  in  a  vertical  posi- 
tion for  half  a  minute  or  so,  to  allow  of  the 
superfluous  albumen  running  ofL    It  is  then  to  be 
levelled  carefhlly  by  means  of  a  spirit-level,  and 
allowed  to  dry,  being  kept  tnb  fipom  dust    The 
most  difficult  part  of  this  process  consists  in 
getting  the  plate  fiat  and  level,  so  as  to  secure  a 
perfectly  equable  coating  of  idbumen  over  the 
whole  surface, — great  care  and  the  use  of  the 
best  plate  glass  can,  however,  generally  secure 
this.    A  simpler  plan  consists  in  fixing  to  the 
bade  of  the  glass  plate  a  piece  of  gutta  percha, 
to  which  is  attached  a  rounded  stick,  and  then 
having  poured  on  and  spread  the  albumen  as 
before,  to  whiri  the  plate  round  in  a  vertical 
position  before  a  pretty  strong  fire  so  rapidly  as 
to  prevent  the  liquid  running  more  to  one  edge 
than  another  during  the  few  seconds  occupied  in 
drying.   The  subsequent  operations  are  to  be  done 
only  by  the  light  of  a  candle.    Ha\'ing  got  the 
albumen  film  properly  formed  by  either  mode, 
the  next  proceeding  is  to  render  it  sensiti^'e  by 
immersion  for  twenty  seconds  in  a  bath  composed 
of  thirty  grains  of  nitrate  of  silver  and  half  a 
drachm  of  glacial  acetic  add  to  each  ounce  of 
water.    Having  removed  it  tnm.  this  hath,  it  is 
to  be  careftdly  washed  in  a  stream  of  water,  and 
dther  immediately  expoeed  in  the  camera  or  put 
aside  in  a  dark  place  to  dry.    The  exposure  in 
the  camera  must  be  prolonged  fbr  at  least  half  an 
hour  even  in  a  good  light,  and  in  feeble  li^t,  or 
with  a  small  aperture  of  lens,  a  much  bnger  time 
must  be  glven,-~the  great  error  bdng  generally 
too  short,  rather  than  too  long,  an  exposure. 
The  image  is  to  be  developed,  dther  immediatdy 
after  exposure,  or  at  a  fbture  time  as  may  best 
suit,  by  immersing  the  plate  in  a  saturated  solu- 
tion of  common  oystallized  gallic  add  In  water, 
to  which  four  drops  of  the  same  mixture  $b  com- 
posed the  silver  bath,  is  to  be  added  for  each  ounce 
6t  water.    The  gallic  add  ou^t  to  be  dissolved, 
and  the  sflver  adided  to  it  only  before  udng,  as  it 
does  notkesp  fit  for  use  in  a  state  of  solution.  In 
the  course  of  half  an  hour  or  an  hour,  the  picture 
will  make  its  appearance  in  the  fbrm  of  dark 
diades  where  the  lights  of  the  camera  acted  on 
the  glass,  and  generally  with  exquidte  sharpness 
and  preddon.    If  the  development  is  not  suffi- 
cient, sfter  a  fbw  hours,  to  give  opadty  enough  to 
enable  the  hi^  lights  to  print  wdl,  fifssh  de- 
veloping solution  can  be  used,  and  continued  tOl 
this  rerah  is  obtained.    The  fixing  procesB  is 
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then  to  be  gone  throagh,  by  fint  washing  the 
plate  in  water,  and  then  immersing  it  in  a  mix- 
ture of  one  part  of  a  aatorated  solution  of  hypo- 
sulphite of  soda  in  water,  with  two  more  parts 
of  water  to  render  it  weak  enough  not  to  cause 
the  lifting  of  the  film  finm  the  plate,  which  is 
apt  otherwise  to  occur.    In  the  course  of  half  an 
hour,  the  milky-like  opalescence  will  be  dissolved 
out  by  means  of  the  soda,  after  which  water  is  to 
be  fMy  and  repeatedly  applied,  so  as  to  remove 
completely  the  soda  fhmi  the  film.   The  negative 
picture  is  now  complete,  and  may  be  used  for 
printing  on  paper,  as  described  in  Galottpb, 
or  may  be  applied  over  another  prepared  albumen 
plate,  and  the  two  exposed  to  light  and  finished, 
as  has  now  been  described,  so  as  to  give  the  kind 
of  transparent  picture  now  so  mudi  used  as  a 
means  of  illustration  In  the  stereoscope.    The 
chief  inconvenience  of  the  albumen  process,  is  the 
great  length  of  exposure  required  iu  the  camera, 
precluding  the  introduction  of  living  figures  into 
the  views  so  taken,  and  thus  giving  the  streets, 
of  even  the  roost  busy  dties,  a  death-like  deser- 
tion.   In  September,  1866,  M.  Taupenot  of  Paris, 
invented  a  modification  of  the  albumen  process, 
which  has  since  come  deservedly  into  esteem,  and 
is  now  known  by  his  name.     Its  advantages  are 
chiefly  in  the  facility  with  which  the  film  can  be 
ibrmed,  the  absence  of  the  necessity  of  levelling 
the  plate  during  the  drying,  and  the  much  greater 
sensibility  it  possesses  compared  with  the  common 
albumen,  only  about  one-tenth  of  the  time  of  ex- 
posure being  necessary.   Taupenot's  process  may 
be  briefly  described  thus: — A  collodion  plate  is 
prepared  in  the  manner  stated  in  Collodion, 
till  it  is  ready  for  the  camera ;  but  instead  of 
exposing  it,  it  is  washed  well  in  water,  and  then, 
while  moist,  is  used  exactly  as  the  common  glass 
pkte  would  be  in  the  albumen  process,  that  is, 
the  albumen  prepared  in  the  same  way,  is  poured 
over  it,  but  instead  of  being  levelled,  it  is  held 
before  a  fire  in  a  vertical  position  to  dry,  after 
¥rfaich  it  is  sensitized  in  the  same  bath,  and  for 
the  same  time  as  the  albumen  plate,  and  subse- 
quently treated  in  the  same  manner.   Taupenofs 
process,  as  will  be  at  once  obvious,  is  nothing 
more  than  this,  viz.,  spreading  the  albumen  film 
over  a  layer  of  collodion,  containing  iodide  of 
silver,  instead  of  over  the  bare  eurtux  of  the 
glass.    It  is  certain  that  the  iodide  of  silver  is 
not  in  this  case  the  sensitive  filmi  as  it  may  be 
freely  exposed  to  common  daylight  before  the 
albumen  is  applied  without  any  ii^uiy  to  the 
picture,  and  it  is  also  all  subsequently  removed 
in  the  fixing  process.    Whenee,  then,  comes  the 
increased  smdtiveness  ?    Taupenot  himself  sup- 
poses that  the  presence  of  the  iodide  of  silver  in 
an  active  state,  in  dosft  proximity  to  the  albumen 
film,  hastens,  by  some  catalytic  action,  the  efiect 
of  the  light,  but  it  seems  to  the  present  writer, 
more  likdy  that  the  true  cause  consists  in  the 
fact  that  the  white  film  of  iodide  of  silver,  imme- 
diately behind  the  transparent  albumen,  reflects 
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the  light  back,  and  enables  it  to  expend  itsdf  la 
efieeting  the  chemical  change,  whereas  it  would 
have  o&erwise  been  in  a  great  degree  ktt  on  the 
black  surface  of  the  camera  slide. 

Phatonseicr.  Ai^  instrument  intended  ts 
enable  the  observer  to  compare  the  intensity  of 
the  light  of  difierent  luminous  points,  the 
photometer  is  far  from  being  so  perfect  or  re- 
liable, under  any  of  its  forms,  as  the  tbemoaie- 
ter ;  its  indicati(»is  are  still  ultimatdy  depeodnt 
for  evaluation  on  a  Judgment  by  the  eye;  sod 
there  is  a  material  difllcnlty  in  the  war  of  cor- 
rect determination,  in  the  fact  that  bright  objects 
difier  in  the  qu4dily  as  well  as  in  the  ^wnrti^ 
of  the  light  they  emit,  L  e.,  they  are  of  t^ftr- 
ent  colours.  This  latter  difficulty,  indeed,  esa 
scarcely  be  surmounted ;  we  have  no  means  of 
estimating  different  d^;rees  of  brilliaacy  with 
any  approach  to  correctness  unless  the  siiining 
points  are  of  the  same  colour,  or  very  nwriy  m. 
— Several  photometers  ha\*e  been  propoeed, — ^tfae 
chief  ones  being  as  follows : — 1.  Bumjard' g  fk»- 
tometer.  The  indications  of  this  instnunent  de- 
pend on  our  power  of  estimating  the  cfna&y  vf 
shadows.  It  consists  of  a  white  screenf  behisd 
which  two  equal  opaque  (»bjects  are  placed  at  the 
same  distance.  If  two  lights  are  to  be  con- 
pared,  it  is  so  arranged  that  each  of  them  throw 
upon  the  screen  the  shadow  of  one  of  the  opaqot 
ejects.  The  lights  are  then  so  placed,  that  the 
two  shadows  seem  uniform;  which  being  at- 
tained, the  intensities  of  the  two  luminous  pointi 
will  be  as  the  squares  of  their  distances  fimn  the 
screen. — 2.  RitcfMs  photometer.  Thin  instru- 
ment is  extremely  simple.  By  aid  of  two  re- 
flecting surfaces.  Joined  at  (he  apex  as  bekw, 
rays  from  the  two  luminous  points  are  refiseted 
upwards  to  meet  the 
e}-e  at  G,  so  that  ? 

images  of  both  are  /\ 

seen.  The  brighter 
light  is  then  with-  ""* 
drawn  until  the  two  images  appear  eqaaJly  hn^ 
UofU;  in  which  event  the  relative  brightnesMi 
are  estimated  by  the  same  proportion  as  befcre. 
This  instrument  may  be  termed  the  revene  d 
Count  Rumford*s. — 8.  Wkeatstone'g  photometer. 
A  small  sphere,  with  a  reflecting  snifaoe,  beiag 
placed  between  the  two  lights,  each  lig^ht  is  seen 
in  it  by  the  spectator— the  two  bein^  reflected 
from  difierent  points  of  the  sphere^s  sorfiice.  By 
an  ingenious  but  simple  mechanical  cootrivaiioe, 
a  rapid  looped  motion  is  communicated  to  the 
ball ;  and  by  the  principle  of  the  pernstmoe  ^ 
impresnons,  the  spectator  immediatdy  sees  two 
looped  curves  of  difierent  brigfatnenes.  The 
brighter  light  is  removed  until  these  cmres 
seem  of  the  same  brightness,  and  the  inteassities 
of  the  luminous  points  are  then  as  the  squares  of 
the  distances,  tlnquestionably  this  species  of 
photometer  enables  the  eye  to  Judge  more  accs- 
rately  of  the  equality  of  two  a((l|aoent  lights, 
ttuin  any  other  oontriviiiioe  hitherto  propoMd.— 9 
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4.  BMuft  polarizing  photometer.  In  this  tbtt 
beAntifol  iostrumeot  the  two  lights  are  ad  placed 
that  the  rays  from  a  small  dbc,  illuminated  by 
OM  of  them,  fdiall  be  polarized  by  rejketum  from 
a  hmkUe  of  plates  of  glass,  while  the  rays  from 
«  rimilar  di^  illaminated  by  the  other  ptniit 
tirough  the  plates,  and  therefore  polarized  b}*  re- 

Jhaetkm,  proceed  along  the  same  line  with  the 
other  polarized  rays.  Both  sets  of  rays  pass 
toisether  throagh  a  plate  of  qnartz  of  double 
rocatioii,  and  are  then  seen  by  the  experimenter 
looking  throagh  a  doubly  refracting  achromatic 
prism.  Since  the  plane  of  polarizatton  by  reflec- 
tion is  at  right  an^es  to  the  plane  of  polarization 
by  refracdoa,  it  is  evident  that  the  plate  of  quartz 
win  be  presented  to  the  eye,  by  the  two  sets  of 
l■y^  with  complementary  colours.  If  the  lights 
•re  of  equal  intensity,  these  complementary  col- 
imra  on  blendmg,  should  give  a  white  image  of 
the  quartz  plate ;  if  they  are  not  equal,  the  plate 
will  appear  tinted.  Let  the  brighter  light  be 
remoTed  until  all  tint  disappeare,  and  the  relative 
brilliancies  %rill  result  as  a  consequence  of  the  pro- 
portion already  laid  down.— It  is  dear,  that  in 
all  these  photometers,  no  provision  whatever  is 
made  for  diflerenoes  of  colour  in  the  luminous 
paints  whose  intensities  are  to  be  measured. — 

5.  Pkotometere  for  meaewrimg  Hfte  rtioHve  hril- 
ikmeg  of  the  Stare. — ^Theee  contrivances  and  in- 
struments an  quite  as  imperfect  as  the  previous 
ones.  A  very  complex  although  apparently 
eflbctire  apparatus,  was  devised  some  years  ago 
by  Steinhfiil  of  Munich,  but  its  complexity,  pro- 
bably, has  prevented  Its  being  put  to  use.  The 
principle  of  all  the  methods  generally  employed 
is  the  following: — The  brillUncy  of  the  image 
ef  a  star  seen  through  a  telescope,  depends — 
other  things  being  equal^^m  the  size  of  the 
ol^lect-glass.  By  obscuring  the  outer  rings  of 
the  olject^glaaBi  the  image  of  a  star  of  a  high 
magnitude  can  readily  be  reduced  to  the  light  of 
a  star  of  any  lower  magnitude  seen  through  the 
ectire  object-glaas.  The  relative  brilliancy  of 
the  two  bodies  may  tlien  be  inferred  from  the 
diameters  of  the  ft«e  object-glasses  employed. 
Much  better  is  the  use  of  two  corresponding 
telescopes  at  the  same  time,  as  the  eye  can 
bettor  oompare  two  images  actually  before  it 
tiian  estimate  fh)m  recollection.  Or,  the  size 
of  tiie  object-glass  may  be  noted,  which  suffices 
to  endow  a  small  star  with  the  brilliancy  of 
another  star  as  it  appears  to  the  naked  eye. 
Professor  Manuel  Johnson  of  Oxford  at  one 
time  empbyed  with  much  success,  a  method 
founded  on  the  degree  of  illumination  neces- 
sary for  tlie  observation  of  a  star :  but  he  has 
since  largely  used,  for  this  purpose,  the  great 
Oxfocd  UeUometer.  In  measuring  the  distance 
between  two  unequal  stars,  it  is  necessary  to 
redooe  the  aperture  of  one  of  the  segments  of 
the  divided  ofaject-glasa.  If  then  the  aperture 
ef  the  segment,  through  which  the  brighter  star 
is  secB,  be  mdnoed  unUi  both  stan  appear  of  the 
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same  magnitude,  the  ratio  of  light  will  be  in- 
versely as  the  diametere  of  the  apertures.  We 
already  owe  much  invaluable  information  to 
researches  thus  conducted. — See  Stars. 

Phf  ■suif.  The  brandi  of  science  con- 
cerned with  the  methods  of  estimating  the  bril- 
liancy of  different  lights,  and  the  results  of  such 
inquiries.  Nothing  can  be  added  here  to  the 
contents  of  the  forgoing  article. 

Pbyalca.  A  general  term  which  applies  to 
the  study  of  those  laws  of  natural  phenomena  in 
the  appearance  of  which  the  dement  of  life  is 
not  largely  intermingled.  It  is  in  this  country 
synonymous  with  the  phrase  Natural  Philosophy. 
It  indudes  also  ordinarily  the  science  of  mecha- 
nics, «'.€.,  the  application  of  force  to  inanimate 
matter—the  force  being  that  evident  one  which 
voluntary  exertion  or  impact  gives.  All  other 
developments  of  the  action  of  forces  on  inanimate 
matter,  vital  forces  excepted,  are  treated  of  under 
this  same  name. 

Piemoni«t«r.  An  instrument  (invented  by 
Oersted)  for  measuring  the  compressibility  of 
liquids.  It  is  a  vessd  of  glass,  consisting,  like  a 
thermometer,  of  a  bulb  and  a  stem,  and  having 
a  graduated  scale  attached  along  the  stem.  The 
upper  end  of  the  stem  is  open.  The  liquid 
whose  compressibility  is  to  be  measured  is  in- 
troduced into  the  piecometer,  so  as  not  quite  to 
611  it ;  and  on  the  upper  surfeoe  of  the  liquid  in 
the  stem  is  placed  a  globule  of  mercury  to  serve 
as  an  index.  The  piezometer,  with  its  endosed 
liquid,  is  then  immersed  upright  in  a  veiy  strong 
doeed  glass  cylinder,  which  is  oompletdy  fillrd 
with  water,  and  to  this  water  pressure  is  applied 
by  means  of  a  screw.  The  amount  of  the  pres- 
sure is  ascertained  by  observing  the  compression 
of  the  air  contained  in  a  glass  tube,  which  is  also 
immersed  upright  in  the  cylinder,  with  Uie  upper 
end  dosed,  and  the  lower  end  open.  The  water 
in  the  cylinder  presses  on  the  piezometer  and  its 
enclosed  liquid  equally  in  aU  directions;  and  the 
descent  of  the  mercurial  index  in  the  stem  shows 
the  excess  of  the  compressibility  ti  the  liquid 
above  that  of  the  glass  of  which  the  bulb  is  made. 
Piezometers  with  bulbs  of  different  materials, 
filled  with  some  liquid  whoae  compressibility  is 
known,  have  been  used  to  ascertain  the  cubic  com- 
pressibility of  the  material  of  the  bulbs.  In  this 
manner  it  was  discovered  by  Dr.  J.  D.  Forbes 
that  the  cubic  compresribility  of  caoutchouc  is 
nearly  the  same  with  that  ii  water ;  for  when 
a  piezometer  with  a  caoutchouc  bulb,  filled  with 
water,  is  compressed,  the  index  remains  neariy 
stationary  in  the  stem. 

Ptocea.  The  last  oonstellatioii  of  the  zodiac 
It  consists  of  two  fishes  linked  together  by  a 
string  tied  to  thdr  tails,  the  upper  being  close  to 
Andromeda,  and  the  lower  doae  under  the  wing 
of  Pegasus.  The  laigeet  star,  •  Pisdum,  is  St 
the  third  magnitude. 

Ptecia  AaainAto.  Also  called  PIsds  Ans- 
trinos,  the  Soathem  Fish.    It  is  one  of  the  an- 
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cient  ottDSteOatloDf  directly  under  Aqnarios,  'by 
whom  it  leeme  to  be  in  the  act  of  being  sap- 
plied  with  water.  It  has  one  star,  Fom^bant, 
of  the  first  roagnitade. 

PlMla  T^lMM.  The  Fljing  Fish.  A 
Boothem  oonstellatioD  of  Bayer's,  between  the 
north  pole  and  the  constellation  Aigo.  It  has 
no  Stan  above  the  fifth  magnitude. 

Platoa.  A  solid  beam  whose  lower  part  per- 
forms the  office  of  a  oork  closing  the  body  of  a 
cylindrical  yeasel  in  which  it  moves,  wherever  it 
is  applied  along  the  length.  To  this,  in  the 
centre^  a  rod  is  fastened,  which  rises  or  Calls  with 
it;  and  with  this  rising  or  falling,  the  motion  of 
the  madiines  which  nse  the  piston,  is  connected 
directly.  In  engines,  the  piston  is  moved  by  the 
expansi^  force  of  steam  (in  steam  engines),  or 
heated  gas  (in  air  engines);  and  the  motion  of 
the  rod  being  oommunicatod,  the  engine  is  set 
moving.  It  is  of  every  importance  that  the  piston 
should  exactly  fit  the  cylinder.  If  it  do  not, 
it  is  manifest,  that  the  escpanding  steam  or  gases 
will  not  act  exdnsively  on  the  piston,  which 
is  to  be  moved,  bot  wiU  make  their  escape  by 
the  easier  passages.  In  order  that  it  should  fit, 
various  ingenious  contrivances  have  been  made^ 
the  best  of  which  appears  to  be  that  now  used — 
where^  round  an  aocnrate  circular  rim,  a  leather 
rim  is  put,  kept  distended  and  applied  very  closely 
to  the  cylinder  by  steel  springs.  Other  methods 
also  are  employed. 

PIsuscisutaas.    See  Obbibt. 

Plaalaseicr.  A  name  given  to  instruments 
designed  to  measure  hj  mechanical  means  and  at 
once,  the  area  of  any  plane  figure  drawn  on 
paper.  We  owe  an  accurate  and  effective  one, 
easy  of  management,  and  of  quite  transportable 
weight  and  dimcnsiMis  to  HL  Amsler  of  Scliaff- 
hsn^n.  There  are  others,  likewise,  especially 
an  excellent  one  by  Mr.  John  Sang  of  Kinaldy. 
He  names  it  a  Platombtbb. 

Platea  Thick  «md  nixed,  Cetoars  of. 
The  phenomena  now  referred  to,  are  very  various 
and  remarkably  beautiful  They  are  explicable 
by  the  Wave-Theory  of  Light  in  a  way  quite 
analogous  to  the  subject  of  the  following  article ; 
but  as  that  article  has  assumed  a  considerable 
extension,  we  shall  only  briefly  allude  to  these 
other  appearances. — The  colours  of  thick  pkUet 
?rere  first  observed  by  Newton,  and  may  be  pro* 
duoed  by  the  following  simple  contrivance. 
Having  covered  the  interior  of  a  shutter  with  a 
sheet  of  white  paper,  make  a  circular  hole  in  it, 
and  through  this  admit  a  ray  of  light  into  the 
room.  If  that  ray  is  permitted  to  fiall  on  a  glass 
mirror  about  a  quarter  of  an  inch  thick,  and  quick- 
silvered behind — ^both  surfaces  having  a  radius 
of  curvature  equal  to  the  distance  of  the  mirror 
from  the  shutter — a  series  of  four  or  five  coloured 
rings  will  be  reflected  on  the  paper ;  the  colours 
succeeding  each  other  in  the  order  observed  in 
the  transmitted  system  in  the  case  of  thin  plates. 
Sir  DavidBrewsterproduoed  thesaine  phenomena  i  partides, 
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by  using  two  plates  of  ^ass  of  equal  tfawtoessi 
for  an  account  of  which  experiment  we  mustrefer 
to  his  treatise  on  Optict.  Tbb  isalao  a  ftoecaae 
of  interference,  and  admirably  fitted  to  iDnstnte 
the  cause  of  this  whole  class  of  appesranoea. — 
The  phenomena  <tf  Mixed  Plata  are  still  nun 
remarkable,  and  snsoq>tible  of  inoumerable  vari- 
ations. They  were  known  to  Dr.  Thomas  Too^ 
who  produced  them  by  pressing  portknis  of  wsiii', 
butter^  or  tofibiD,  between  two  {dales  of  giassj  or 
between  two  object-glasses  that  give  tlss  enfi- 
nary  rings  of  thin  plates.  The  rings  tbna^fohed 
are  very  laige.  Seen  by  the  direct  Ught  of  s 
candle,  they  b<^  from  a  white  oenfx«;  hot  ca 
the  dark  space  next  the  edge  of  the  plate  then  is 
another  set  complementary  to  the  first  and  bcgn- 
ning  from  a  black  centra.  For  tbe  oosnpleCe  de- 
velopment of  this  curious  suited,  and  Buusy  fiae 
contrivances  for  rendering  the  phenomeDn  s|ip»> 
dable  in  all  their  varieties  of  forma,  we  must  agsia 
simply  refer  to  the  Memoirs  and  other  wiitiogssf 
Sir  David  Brewster. 

Pkitea  TMa,  C«lMa«  mi.  The  colnvt 
of  fAm  pkau  were  first  noticed  by  Bog^  sad 
Hooke.  They  are  displayed  in  eveiy  inarsMfe  in 
which  transparent  bodies  are  reduced  to  filias  of 
great  tenuity.  Boyle  succeeded  in  blowiqg  ^as 
so  thin  as  to  exhibit  tbe  pbenomeoa;  tfainr  sic 
more  readily  developed  in  mica,  and  some  othir 
transparent  minenib,  which  possess  a  lamellar 
structure;  but  the  most  fimiliar  instance  of  thdr 
exhibition  is  in  the  froth  of  liquids — tke  flad 
envelope  of  the  bubbles  whidi  compose  it  beiqg 
in  general  of  extreme  thinness^  These  oolema 
vary  with  the  thickness  of  the  film,  and  disap- 
pear altogether  when  it  passes  certain  limicsb 
When  the  film  exceeds  a  certain  thirkiwsa  all 
the  colours  are  equally  refleded,  and  the  re- 
flected light  is  therefore  vhiU.  On  the  eoutrart, 
when  tbe  thickness  &ll8  below  a  certain  limit,  b» 
light  whatever  reaches  the  eye,  and  the 
of  the  film  appears  absolutely  Uocfc. 
may  be  observed  in  the  common  soap-bnbUe^ 
when  properly  defended  from  the  dfatvrhsu^  in- 
fluence of  currents  of  air.  If  the  motttk  of  a 
wine-glass  be  suddenly  dipped  in  water,  vittdi 
has  been  rendered  somewhat  viscid  by  the  mix- 
ture of  soap,  the  aqueous  film  wfaidi  remains  in 
contact  with  it  after  immersion  will  displi^  fkm 
whole  succession  of  these  phenomena, 
held  in  a  vertical  plane,  it  will  at  fiiat 
uniformly  white  over  its  entire  surfiMse ;  bates  it 
grows  thinner  by  the  descent  of  the  fluid  partides, 
colours  begin  to  be  exhibited  at  the  top,  whenit 
is  thinnest  These  colours  annange  themselves 
in  horisontal  bands,  and  become  more  and  mora 

brilliant  as  the  thidoiess   diminidies imttl, 

finally,  when  the  thic^ess  is  redaoed  to  a  cei^ 
tain  limit,  the  upper  part  of  the  film  beoaoMB 
completely  bhi^  Whim  the  bubble  baa  anived 
at  this  stage  of  tenuity  cohenon  is  no  longer  sbls 
to  unite  tiie  other  forces  which  are  actiug  on  its 
and  it  butsta.     Similar  phenomena 


with  the  tfaicknesB  of  the  film,  and  this 
hitter  with  the  degree  of  heat,  th«l  artists  are  in 
the  habit  of  menwring  the  temperature  by  the 
oohmr  d^v^ped.    Tlras  eted,  in  tlie  proeess  of 
tenperiogf  isiaid  to  have  reeeived  a  yeUow  heat, 
•  blue  hittf  Ae.    The  same  appearances  are  dis- 
played in  a  still  more  striking  manner  by  air 
itadr,  or  cren  by  a  yaenom.    If -two  plates  of 
glaas  be  pressed  togeAer  by  the  flngersi  we  shall 
observe  round  tlie  point  of  nearest  approach,  a 
sooceaskm  of  eoloored  bands  of  great  brilliancy, 
which  dOate  as  the  pressore  is  increaaed,  and  the 
enclosed  plate  rednoed  in  tfaiekneBB. — Bnt,  in 
onler  to  observe  these  phenomena,  in  soch  a 
nasuNT  as  to  be  enabled  to  trace  their  laws  we 
most  ibllow  Newton.    Newton's  experiment  con- 
aisled  simply  fai  laying  a  convex  lens  of  glass 
upon  a  plane  sar€aee  of  the  same  mateiiaL    The 
thickness  of  the  plate  of  air  increases  u  the 
aqoare  of  the  distance  from  the  point  of  contact, 
and  is  therefore  the  same  at  all  equal  distances 
fiom  that  point    Hence,  as  the  reflected  ooloar 
depends  on  the  thickness,  the  bands  of  the  same 
coioar  wifl  be  arranged  In  concentric  drdes  of 
which  that  point  is  the  centre.    The  same  soe- 
oeasion  of  coloors  Is  produced  when  any  other 
transparent  fluid  is  endoeed  between  the  glasses. 
The  odottrs,  however,  are  more  vivid,  the  more 
the  raftactlve  power  nf  the  plate  diflers  from  that 
of  the  sniMtaiices  within  which  it  is  endooed. 
When  we  look  attentively  at  these  rings,  the 
light  being  reflected  always  at  the  same  angle, 
we  obeMTve  that  the  central  one  is  not  a  mere 
annulns,  but  a  complete  drde  of  nearly  uni- 
fiifm  eokmr. — If  then  we  diminish  the  tUdmees 
of  the  plate  of  air,  by  pressing  the  two  glasses 
more  dosdy  together,  the  eentrd  drde  is  observed 
to  dilate,  and  a  new  drde  of  a  diflerent  colour  to 
spring  up  in  its  centre.    This  will  dilate  in  turn, 
drivl^  the  former  before  it,  and  another  drde 
aiipear  within  it;  until  at  length  a  bituk  tpoi 
shows  Itself  in  the  centre  of  the  system,  after 
which  no  farther  diminution  of  thickness  will 
alter  the   succession.     When  the  black  spot 
makee  its  appearance,  we  have  obtained  a  plate 
of  air  so  thin  as  no  longer  to  reflect  any  colours, 
and  the  phenomenon  b  then  complete.    Newton 
trsoed  seven  coloured  rings  round  this  spot,  the 
colour*  of  which  were  said  to  be  of  the  first, 
aecond,  third,  Ac.,  order,  according  to  the  order 
of  the  ring  to  which  they  bdong.    Thus,  the 
nd  of  the  third  order  id  the  red  which  is  foand 
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in  the  third  ring  from  the  central  black,  Ac 
The  whole  snooession  of  colours  is  called  NtwUm*a 
seofe. — ^The  prindpal  laws  of  these  phenomena 
are  included  in  the  following  propodtions: — 1. 
In  homogeneous  light  the  rings  are  alternately 
hrigkt  and  Monfc;  the  thicknesses  corresponding 
to  the  bright  rings  of  succeeding  orders  being  as 
the  odd  numbers  of  the  natural  series,  and  those 
oomsponding  to  the  black  rings  as  the  interme- 
diate SMU  numbers. — 2.   The  thickness  oorre- 
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may  be  observed  when  a  drop  of  oH  is  let  fidl  on 

water — as  it  spreads  rapidly  over  the  surCsoe,  it  is 

noon  reduced  to  a  very  thin  film,  which  displays 

the  spectral  colours.  Every  one  hasnotloedthefiict 

that  sted  and  other  metals  when  pdished,  acquire 

vaiiooB  shades  of  cdoor  bj  exposure  to  the  air. 

Theae  edewrs  ars  produced  by  a  thin  coating  of 

metallic  oxide  which  is  gradually  Ibrmed  on  the 

surface.    The  formation  of  this  oxide  is  greatly 

aeederated  by  an  augmentation  of  temperature, 

and  tiM  cdour  thus  formed  is  so  invariably  con-  |  sponding  to  the  ring  of  any  given  order  varies 

with  the  colour  of  delight, — befaig  greatest  in 
red  light,  least  in  videt,  and  of  mtermediate 
magnitude  in  light  of  intermediate  refrangibility. 
In  white  or  compound  light,  therefore^  cMdk  ring 
wfD  be  composed  of  the  rings  of  diflerent  cdoura, 
sneoeeding  one  another  in  tlie  order  of  their  re- 
ftangihility. — 8.  The  thicknesB  corresponding  to 
the  ring  of  any  given  order  varies  with  the  oh- 
Hqm/y,  behig  very  nearly  proportional  to  the 
secant  of  the  angle  of  inddenoe. — 4.  The  thick- 
ness corresponding  to  the  ring  of  any  given 
order  raries  with  the  tmbttaiwe  of  the  reflecting 
plate,  and  in  the  inverse  rario  of  its  refractive 
index. — In  order  to  establish  the  first  of  these 
laws,  it  is  neoessary  to  employ  homogeneous 
light.  This  may  be  obtained  by  means  of  the 
prism ;  or  we  may  adopt  the  method  suggested  by 
Mr.  Talbot  ,and  illnminate  the  glass  with  a  spirit 
lamp  having  a  salted  wick.  The  light  of  such  a 
lamp  being  a  jrellow  of  almost  perfect  homogene- 
ity, the  rings  will  beultimatdy  Modkand  yeUow; 
and  thdr  number  ia  so  great  as  to  battle  any  at- 
tempt to  determine  it  The  law  of  the  thfek- 
nesses  corresponding  to  the  successive  rings  is 
easily  established.  Let  o  be  the  point  of  contact  of 
the  plane  and  spherical  suifoce,  and  a  a',  6  6',c  e', 
Ac,  the  diameters  of  the  sucoesdve  rings  formed 
round  that  point  as  a  centre.  It  is  evident  that 
the  thicknewes  cf  the  plate  of  air  at  the  point 
wliere  thess  rings  are  formed  a  «,  6 /3,eyv^f''i* 
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as  the  squares  of  the  distances,  o  a,  o  5,  o  c  Ac, 
or  as  the  squares  of  the  diameters  of  the  rings. 
To  determine  the  law  of  the  thicknesses,  there- 
fore, we  have  only  to  measure  these  diameters. 
This  was  done  byNewton  with  great  accuracy, 
and  it  was  found  that  thdr  squares  were  in  ariiA' 
meHeal  progrtuitm,  consequently  the  tfaicknesNS 
at  whidi  the  sucoesdve  rings  were  formed  in- 
creased in  a  similar  progresdon.  But  Newton 
did  not  stop  hersi  He  ascertained,  further  tlie 
oAsoftrfs  cMdbiesf  of  the  plate  of  air  at  which  each 
ring  was  formed,  and  that  in  the  mont  exact 
manner.  It  is  manifest  that  if  the  thickueNt  of 
the  plate  be  datemiined  for  any  one  of  the  rings, 
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that  oofresponding  to-the  otbexB  will  be  given  br 
the  law  JQst  atated.  Newton,  aoooidingly,  pro- 
oeeded  to  ascertain  this  thickness  for  the  dark 
ring  of  the^fth  order.  This  was  done  by  measur- 
ing its  diameter  accnratelyi  and  determining  the 
radius  of  tlte  sphericalsur&oe  from  the  focal  length 
of  the  lens  and  its  refractive  index.  These  two 
elements  being  obtained,  the  thickness  isimmedi- 
atelj  dedooed;  for  it  is  equal  to  the  square  of  the 
nuliiis  of  the  ring  divided  by  the  diameter  of  tlie 
spherical  surface.  The  value  thus  dedooed  being 
suitably  corrected,  it  was  found  that  the  thickness 
of  the  plate  of  air  was  the  yttqv  ^  <^  ^^^^  ^ 
the  dark  ring  of  the  fifth  order,  and  this  tliickness 
being  decuple  of  tliat  corresponding  to  the  first 
bright  ring,  it  followed  that  the  thi^ess  of  the 
plate  of  air,  where  thuftni  bright  ring  was  formed, 

was  ther7Tinnr^<^  '°^  Thusthe(r^A< rmga 
of  the  sueoedsive  orders  are  formed  at  the  thick- 

"**"*  TvArnr*  "mfcrn*  ii^oof  itJooo^  **^ 
and  the  intermediate  dark  rmg$  at  the  thick- 
nesses  17^00*    Ifg^Ofl*   17AoO»    1 7 g^gO»  ^^ 

These  determinations  bdong  to  the  most  lumin- 
ous rays  of  tiie  spectrum,  or  those  at  the  con- 
fines of  the  orange  and  yellow.  The  variation 
of  the  diameters  of  tlie  rings  (or  of  the  thickness 
of  the  plate  of  air  at  whidi  they  are  exhibited) 
with  the  colour  of  the  light  may  be  observed  by 
illuminating  the  glasses  with  difierent  portions 
of  the  spectrum  in  sncoesdon;  or,  yet  more 
simply,  by  looking  at  the  rings  through  ookmred 
glasses ;  and  it  will  be  found  that  the  magnitude 
of  the  rings  is  greater,  the  less  the  refnmgibility 
of  the  light. — Tins  behig  understood,  it  is  easy  to 
comprehend  the  succession  of  colours  in  each  ring, 
when  wiiite  or  compound  light  is  used.  For  the 
rings  in  this  case  are  the  aggregate  of  the  rings 
of  diflfermt  colours ;  and  these  being  of  diflferent 
magnitudes,  the  compound  ring  will  be  vari- 
ously coloured,  the  rowe  refrangible  rays  occu- 
pying the  interior  and  the  less  refrangible  the 
exterior  parts  of  the  ring.  It  is  easy  to  see  also, 
that,  in  this  case,  all  phenomena  of  colour  must 
disappear  after  a  few  sucoeasions,  the  rings  of 
dilTerent  colours,  bdonging  to  diflbrent  orders, 

bdng  at  length  superposed The  vaiiati(Ki  of  the 

rings  with  the  obliqtdty  of  the  incident  light  may 
be  observed  by  depressing  the  eye.  The  rings  are 
then  seen  to  dilate  rapidly  with  the  obliquity  of 
the  reflected  pencil;  the  thickness  of  the  plate  of 
air  at  which  they  are  exhibited  being  nearly  as 
the  secant  of  the  angle  of  incidence  or  refiection. 
— The  fourth  and  last  law,  which  expresses  the 
dependence  of  the  thickness  at  which  any  ring  is 
formed  upon  the  j  tractive  power  of  the  plate,  is 
easily  verified  by  introducing  a  drop  of  water 
between  the  glasses.  The  rings  are  then  observed 
to  contract,  and  if  we  compare  their  diameters  in 
air  and  in  water,  it  will  be  found  that  the  cor- 
reaponding  thiclmesses  of  the  plate  are  as  four  to 
three,  or  in  the  inverse  ratk>  of  the  refractive 
indices.  We  have  hitherto  spoken  only  of  the 
xellecttd  riiig?.    There  is  another  system  of  rings 
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formed  by  trwuimmon,  bat  mucii  ficmter  fhaa 
the  former.  The  transmitted  rings  are  found  t» 
observe  the  same  laws  as  the  reflected  rings,  with 
this  remarkaUe  exoepUon,  thai  the  coloor  trsn- 
mitted  at  any  partknxlar  tbidcDesB  of  the  plate  is 
always  eompUn^eakxry  to  that  reflected  at  the 
same  thickness;  so  that,  in  bomogcDwme  fight, 
the  bright  transmitted  rii^  is  always  at  tbe  \ 
distance  fivm  the  centre  as  the 
dark  one  si  the  refiected  system. 


the  phenomena,  the  qoestko  artaea  as  to 
pby^^  theory.  Already  oo  several 
(see  Liokt)  we  have  noticed  KewtoQ*a  vciy  arti- 
ficial theory  of  jSte.  The  theofy  luy  be  said  to 
have  been  originally  suggested  by  tie  ookon  of 
thin  plates;  but  as  it  is  now  quise  discrefitod 
and  has  been  found  wholly  ioefficieDt  to  explun 
thefiiets,  we  shall  ventmv  to  lay  it  entirely  asidei 
It  soon  appeared  that  the  light  reOeeted  fiem 
hath  surfaces  of  the  pkte  is  ceeentfal  to  the  pro- 
duction of  the  phenomena ;  and  tlua  foot  led  id 
the  very  threshold  of  the  tineeapiaimtiow.  Ths 
light  incklent  on  the  first  surfiuse  of  the  plate  ■ 
in  part  reflected,  and  in  part. also  tnuiMDitted. 
The  transmitted  portion  ondeigoes  a  amilar  aob- 
divisu>n  at  the  second  sorfaoe;  and  part  of  the 
portion  reflected  at  that  surfiaee  will  eonge 
through  the  first,  and  reach  the  eye  aloqg  with 
that  originally  reflected  there.  Thna  the  re- 
flected H^t  consists  of  two  portioDB,  one  reflected 
at  the  upper,  and  the  other  at  the  lower  aai&oe 
of  the  plate;  and  these  two  portioiie  one  re- 
flected at  the  upper,  and  the  other  at  tlie  lower 
surface  of  the  [date— will  mterfer^  and  reta- 
ibroe  or  weaken  eadi  other*8  cfiects  aoeordk^as 
they  readi  the  eye  in  the  same  or  in  eppoale 
phases.  Tliie  mode  of  explaining  the  pheno- 
mena of  thin  plates  was  pointed  oat  by  Heoke  ia 
his  AUcrvgnqthiOf  some  yean  before  the  sab§eet 
was  taken  up  by  Newton.  In  this  passage  ha 
very  clearly  describes  the  manner  in  -which  the 
rings  of  successive  orders  depend  on  the  in- 
terval of  reUrdatkm  of  the  second  **  poise'* 
or  wave,  with  respect  to  the  flnt,  and  there- 
fore on  the  tMckness  of  the  plateu  Bat  he 
does  not  seem  to  have  had  any  distmci  idea 
of  the  principle  of  inteiforenoe  itself;  and  bi» 
conception  of  the  mode  in  which  the  colouia 
resulted  from  tlw  "  duplicated  pulse**  is  entirely 
erreneons.  Euler  was  the  next  wlio  attempted 
to  connect  the  phenomena  of  thin  plates  with 
the  wave  theory  of  light,  bat  the  attempt,  like 
all  the  physical  speculations  of  this  great  aia- 
thematidan,  was  signally  nnsucoesafol,  and  the 
subject  remained  in  this  unsettled  state  nntil 
the  principle  of  interference  was  dieoovered  by 
Toung.  When  this  principle  was  cnmbiwd 
with  the  suggestion  of  Hooke,  the  whole  mys- 
tery vanished.  The  application  was  made  by 
Young  himaeli^  and  all  the  principal  laws  of 
the  phenomena  were  readily  and  simply  ex- 
plained. Let  m  0  a  be  the  course  of  a  ray  reflect- 
ed at  the  first  surface  of  a  plate;  mopQ'  wf  that 
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ef  the  ray  re6ected  at  the  second  soiftce,  and 
twice  transmitted  through  the  fint.    From  the 

point  o'  let  fall  the 
perpendicular  to  o'  r', 
upon  the  reflected  ray 
Q  n;  it  will  be  abo 
perpendicular  to  &  n', 
and  will  thereforo  be 
parallel  to  the  front 
of  the  two  reflected 
waTes.  Now,  let  us 
conceive  a  wave  re- 
flected at  the  firrt  sor^ 
face,  hi  the  position 
o  K,  to  meet  at  ^  same  place  an  anterior 
wave  reflected  at  Uie  second  sorfue,  and  let 
us  calculate  the  original  interval  between  them. 
IVom  the  time  that  they  reached  the  first  sur^ 
lace  at  o,  one  has  travelled  over  the  space  o  t^ 
and  the  other  over  the  space  op  +  p</.  But, 
if  we  let  fall  the  perpendicular  o  r  upon  p  & 
it  ia  evident  from  th?  law  d  refraction  that  the 
•paces  o  rand  </  r  are  traversed  in  the  same  time 
in  the  two  media ;  and,  consequently,  that  the  in< 
terval  of  retardation  is  the  time  of  describing  o  p 
-f-p  r.  Now pr  SB  0 p  ooA^  opq^  and  there- 
fore op  +prsaop(l-|-oos2  opq)  mm  2  op 
cot*  op  q.  But  o/»  cos  o^  goapg;  and  con- 
•eqi  eatly,  the  inter\'al  vi  2  pq  co&  op  q.  Or,  if 
we  denote  that  interval  by  ),  the  thickness  of  the 
plate  (jp  q)  by  <,  and  the  angle  opqhy  i, 

}  =»  2  (  cos  ^. 
Now,  the  two  waves  are  in  complete  accordance 
cr  discordance,  when  the  interval  of  retardation 
b  an  exact  multiple  of  the  length  of  half  a  wave, 
Le^  when 

2 
•  being  any  number  of  the  natural  series.  Equat- 
ing these  values  of  ),  therefore,  we  have,  for  the 
values  of  the  thtckness  of  the  plate  which  wiU  pro- 
duce a  complete  accordance  or  discordance  of  the 
two  waves, 

l=a  }aX  seel. 

We  lean,  then,  Ist,  that  the  successive  thidi- 
nesses  of  the  plate,  for  which  the  intensity  of  the 
reflected  light  is  greatest  or  least,  are  as  the  num- 
bers of  the  natural  series;  2dly,  that,  for  diflfer- 
ent  species  of  sunple  light,  these  thicknesses  are 
proportional  to  the  length  of  the  wave;  8dly, 
that,  for  diflerent  obliquities,  they  vary  as  the 
trcant  of  the  angle  of  incidence  on  the  exterior 
medium ;  and,  4thly,  that,  for  plates  of  differ- 
ent sutKtanoes,  they  are  proportional  to  x,  and 
therefore  in  the  direct  ratio  of  the  velocity  of  pro- 
pagation, or  in  the  inverse  ratio  of  the  refractive 
uidex  of  the  substance  of  which  the  plate  is 
composed.  There  is  one  part  of  the  preceding 
explanation  which  will  require  a  little  considera- 
tion. The  two  waves  being  in  complete  accord- 
amce  when  the  interval  of  retardation  is  an  even 
multiple  of  the  length  of  tuilf  a  wave,  and  in  com- 
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plete  diuioorcZimcewhen  that  interval  is  an  odd  mul- 
tiple of  the  same  quantity,  it  would  seem,  from  tlie 
foregoing  account,  that  the  bright  rings  should 
be  formed  at  all  those  points  tor  which  n  is  an 
even  number  in  the  formula  above  given  (or  the 
thickness  an  even  multiple  of  ^  X  sec  /)i  ^^d  the 
dark  rings  at  those  points  for  which  it  is  odd«  If 
this  were  true,  the  point  of  contact  should  be  a 
point  of  accordance,  and  the  rings  should  com- 
mence from  a  bright  centre,  instead  of  a  dark 
one.  This  apparoit  discrepancy  is  explained  by 
the  fact,  that  the  two  reflections  take  place  under 
opposite  circumstances;  one  of  the  rays  being 
reflected  at  the  surface  of  a  denser,  and  the  other 
at  that  of  a  rarer  medium.  The  eflfect  of  this 
difference  will  be  best  underBtood  by  a  simple 
illustration.  When  one  elastic  ball  strikes  an- 
other at  rest,  it  communicates  motion  to  it  in  all 
cases;  but  its  own  condition  after  the  shock  will 
depend  on  the  relative  masses  of  the  two  balls. 
If  the  balls  be  equal,  the  first  will  remain  at  rest 
after  the  shock.  If  they  be  unequal,  it  will  move ; 
and  its  motion  will  hem  the  directum  of  its  fonner 
motion  when  its  mass  exceedt  that  of  the  second 
ball ;  it  will  be  in  the  opposite  directi<m  when  it 
is  leaa.  Tliis  will  help  us  to  understand  what 
passes  when  a  wave  reaches  the  suiface,  separat- 
ing two  media.  The  particles  of  ether  next  the 
bounding  surface  communicate  motion  to  the  ad- 
jacent panicles  of  the  second  medium,  and  thus 
give  rise  to  the  refracted  wave.  But  the  fonner 
panicles  will  not  remain  at  rest  afterwards,  unless 
the  density  and  elasticity  of  the  ether  be  the  same 
in  the  two  media.  When  this  is  not  the  case, 
the  particles  of  the  first  medium  will  move,  after 
communicating  motion  to  those  of  the  second, 
and  in  moving  give  rise  to  the  refected  imuw. 
Thus  refraction  is  always  accompanied  by  re- 
Jkction ;  and  this  reflection  is  greater,  the  greater 
the  difference  of  the  densities  of  the  ether  in  the 
two  media.  It  appears  also,  from  what  has  been 
said,  that  the  direction  of  the  motions,  or  the  par- 
ticl«  of  the  flret  medium,  after  they  oMnmunicate 
motion  to  those  of  the  second,  will  be  different^ 
according  as  the  ether  is  denier  or  rarer  in  the 
first  medium.  In  the  former  case  the  vibration 
of  the  panicles  is  in  the  tame  direction  that  it 
was  before ;  in  the  latter  it  is  in  the  of^pofile  direc* 
tion.  Thus  there  will  be  a  reflected  wave  in  both 
cases ;  but  in  one  case  this  reflected  wave  is  caused 
by  a  vibration  hi  the  same  direction  as  that  of 
the  incident  wave,  in  the  other  by  a  vibratHw  in 
an  opposite  direction.  The  result  of  this  difler- 
ence  is  obvbusly  the  same  as  if  one  of  the  systems 
of  waves  were  to  gain  or  lose  half  an  undiilatkm 
on  the  other;  so  that  when  the  two  waves,  re- 
flected from  the  two  suHWces  of  the  plate,  should 
be  in  complete  accordance,  as  fir  as  depended  on 
the  difierence  of  the  lengths  of  their  pathis  they 
will  actually  be  incomplete  discordance,  and  n'os 
versa.  Thus  the  dark  rings  will  be  formed  where 
the  thickness  of  the  plate  is  an  even  multiple  of 
i  X  sec  #;  and  the  bright  ones  where  that  .thick- 
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pern  b  an  odd  multiple  of  the  same  quantify ;  and 
tbiu  the  facts  and  the  theoiy  are  reooociled.  We 
have  spoken  of  another  set  of  rings  visible  by 
tnmsmission.  These  are  produced  by  the  inters 
fereDoe  of  the  rays  directiy  transmitted  throogh 
the  plate  with  those  which  penetrate  it  after  ttoo 
inierior  r^fiectiotu.  It  follows  from  the  preceding 
oonsideradonB  that  they  must  be  conqtlemtntary 
to  those  seen  by  reflection ;  and  this  is  observed 
to  be  the  case.  The  extreme  paleness  of  the 
transmitted  rings  arises  ttom  the  g^reat  difierenoe 
in  the  intensity  of  the  interiering  pencils.  The 
theory  of  thin  plates,  as  it  came  from  the  hands 
of  Young,  laboured  under  an  imperfection,  which 
was,  however,  soon  removed.  It  is  ob\ioDS  that 
the  intensity  of  the  two  portions  of  light,  reflected 
from  the  upper  and  under  surfaces  of  the  plate, 
can  never  be  the  same, — ^the  Ught  incident  on 
the  second  suiftoe  being  already  weakened  by 
partial  reflection  at  the  first  These  two  portions, 
therefore,  could  never  wholly  destroy  one  an- 
other by  interference,  and  the  intensity  of  the  light 
in  the  dark  rings  oould  never  entirely  vanish,  as 
it  appears  to  do  when  homogeneous  light  is  em- 
ployed. BL  Poisson  was  the  first  to  point  ont 
and  to  remedy  this  defect  in  the  theoiy.  It  is 
evident,  in  fkct,  that  there  must  be  an  infinite 
number  of  partial  reflections  within  the  plate,  at 
each  of  which  a  portion  is  transmitted ;  and  that 
it  is  the  sum  of  all  these  portions,  and  not  the 
two  flrst  terms  of  the  series  only,  which  is  to  be 
considered  in  the  calculation  of  the  effort  When 
the  problem  is  taken  up  in  this  more  general 
form,  it  is  found  that  where  the  efiisctive  thick- 
ness of  the  plate  is  an  exact  multiple  of  the  length 
of  half  a  wave,  the  intensity  of  tlie  reflected  and 
transmitted  lights  wHl  be  the  same  as  if  it  were 
removed  altogether,  and  the  bounding  media 
placed  in  absolute  contact;  so  that  when  these 
media  are  of  the  same  refiiactive  power,  the  re- 
flected light  must  vanish  altogether,  and  the 
transmitted  light  be  equal  to  the  incident. — It 
ought  to  be  added  that  the  finest  illustrations  of 
the  iridescent  lines  on  the  surfaces  of  metals, 
alluded  to  above,  are  produced  when  thin  films 
of  peroxide  of  lead  are  fbnned  upon  steel  plates 
by  the  electrolytic  decomposition  of  acetate  of 
lead.  These  gorgeous  tints  were  discovered  by 
M.  Nobili,  and  are  common!  r  known  Ba^XobiSs 
tnetailochrotnes.  See  Taylor's  Scientific  Mt- 
moirsy  voL  i. 

Pleiades.  A  constellation  in  the  sign 
Taurus,  near  Hyades.  The  latter  form  the  fore- 
head and  eye  of  the  bull ;  the  Pleiades  form  the 
shoulder.  Their  name  is  said  to  be  derived  from 
the  daughters  of  Pleione  and  Atlas ;  more  pro- 
bably from  irJCuity  to  sail.  There  are  said  to  be 
seven  of  them  \'isible,  but  they  are  so  dose  that 
the  unaided  e^'e,  in  our  latitudes,  can  never  make 
cut  more  than  six ;  the  telescope  reveals  multi- 
tudes more.  In  the  catalogue  of  Flamsteed,  they 
rank  as  17,  19,  20,  23,  26,  26  TaurL  The  star 
Alcyone  is  the  brightest  of  the  Pleiades.    This 
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is  the  star  aronnd  which  as  thetr 
oentn  Dr.  Madler  of  Docpat  oonaidecs  that  the 
whole  orba  of  the  finnuunent  nvolva  See 
Stars. 

Ple»ehretsiia«  P^irduvteaa.     Under  ar- 
ticle DicHROiSM,  th«  nature  of  the  pbeDoaMDoa 
now  referred  to,  has  been  explained.     The  latter 
term  was  first  used  to  designate  the  phenomena 
of  two  difibrent  colours  observed  throogh  a  per- 
fectly homogeneous  oystal,  when  that  is  tannd 
in  different  dhections;  and,  aUhoog^  these  tvs 
principal  colours  are  united — the  one  to  Urn 
other  by  intermediate  tints — the  tenn 
is  still  retained  when  we  speak  of  crrelals 
one  optical  axis.    More  teoently,   Soiet  and 
others  have  noticed  in  topaz  and  other  tptOBit 
three  well  marked  tints,  along  three  recCnqgdv 
axes, — a  phenomenon  tanned  Tbicbbosol    If 
the  crystals  in  question  are  cot  in  the  fira  «f 
a  sphere,  we  may  notice  at  the  aides  of  tiie 
pure  or  limiting  tints,  all  intermediate  tintB:  tiis 
name  pleochroitm  or  poUfckroismj  lias  therefae 
been  proposed  to  des^ate  the  entfav  pbeooa»- 
non,— -of  course  comimhending  l>oth  diakrmww 
and  trichroiam. — ^The  following  aie  some  of  tlia 
ooodnsions  drawn  by  M.  Haidinger,  regardB^ 
this  curious  snltject:  for  fuller  infiiaBatMn  lit 
student  must  refer  to  the  original  memoiis  <f 
this  eminent  mineralogist    In  ciTatala,  with  tws 
optical  axes,  the  separation  and  distiibatioB  of 
shades  or  odoun,  depend  as  macfa  upon  their 
structure  as  in  the  case  of  oystals  with  one 
optical  axis ; — ^it  takes  place  along  the  axes  of 
e!astidty,wfaich  are  always  rectangular.  Inortfao- 
typic  forms,  these  axes  ooindde  with  the  ciystal- 
lographic  axes :  in  angitic  forms,  with  the  prin- 
cipal axis,  the  transvene  axis,  and  the  nonnsl 
to  these  two:   in  anorthic  fjarma,  one  of  the 
axes  of  elastidty  ooinddes  with  tlie  priac^ 
axis,  the  second  is  perpendicular  to  tlie  loogi- 
tudinal  face,  and  the  tldrd  is  perpendicnlar  Is 
these  two.    A  crystal,  with  one  optical 
placed  vertically  before  the  opening  of  the 
9cope  (see  Migbosoofx  Dichboic),  yields  aa 
onUnsiy  superior  imsge  0|  and  an  extnonUnaiy 
inferior  one  b  ;  these  two  images  are  somettmes 
differently  tinted,  and  each  preserves  its  ooioar 
while  the  crj'stal  is  turned  round  its  axis.   Often, 
honrever,  the  colour  of  the  two  inuiges  b  the 
same.     If  a  crystal,  with  two  optical  axes,  ii 
examined  in  a  similar  way — placing  the  thrae 
axes  of  dasticity  snccesdvely  in  a  vertictd  posa- 
tion — it  will  be  found  that  the  extraocdinarf 
image  preserves  its  colour  during  the  lotatiaay 
while  the  ordinaiy  image  changes  ita  tint  in  two 
directicms  mutually  perpendicular.    Bat  in  tBn»- 
ing  the  ciystal,  with  reference  to  a  hoclaoBtil 
axis  placed  troMvenehf^  the  infitfior  ovdinaiT 
image  preserves  its  colour,  while  the  extnon^ 
nary  ray,  indicated  in  the  didirosoope  by  tvo 
inferior  images  of  diflisrent  colours,  gives  a  maxi- 
mum and  a  minimum.    Uaidinger  has  carried 
out  these  researches  in  the  case  of  a  great  varisiy 
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of  cryitaU ;  but  oar  limits  do  not  pennlt  ns  to 
enter  OQ  them. 

See  Raik-oauob. 
We  propose  to  give  a  mere 
oatUne  of  the  general  laws  of  pneamatical 
Mienoe^that  is,  of  the  mechanics  of  elastic 
llaida.  For  tlieir  vaiioos  practical  applications  we 
most  T&hr  to  artides  under  which  pneamatical 
raachines,  sach  as  Air  Ptmp,  Baboxbtbb,  &c., 
are  specillcally  treated. 

1.  Ths  Statics  ob  Laws  or  Equilibbium 
OF  Elabhc  Fluids.    These  laws  an  four  in 


(1*)  The  Law  of  Bogle  or  MarrioUe^  expres- 
sing the  rebtlon  between  the  elastic  force  and 
volooia  wlm  tha  temperatnre  is  constant  It 
is  that  the  preesnra  of  an  eh»tio  fluid  at  a 
constant  temperature,  yaries  inversely  as  the 
spaoe  which  it  occupies,  and  directly  as  the 
density.  Experimental  proof  of  this  can  readily 
be  obtained.  Thus,  let  a  glass  tube  a  b  d, 
dosed  at  a,  be  placed  with  the  axis 
Tertical.  Pour  a  little  mercuiy  into 
B  D,  and  let  a  little  air  be  withdrawn 
flnom  the  tube  a  b,  so  that  the  mer- 
cury may  stand  at  the  same  level  p 
in  the  two  sections.  Then  pour  in 
dowfjf  more  mercury  into  D,  until  the 
level  readies,  suppose  c  in  the  one  and 
M  hi  the  other  tube.  Then  if  A  be  the 
height  of  the  atmospheric  column  of 
mercniy,  tlie  preesure  in  the  tube,  a  m, 
will  evidetttly  be  representable  by  A  4- 
M  c ;  that  in  the  tube  a  p  by  A.  Now, 
it  win  be  found  by  measurement  that 
the  spaos  A  p  bean  to  the  space  a  m 
theratiDof  A-f-MCtoA.  The  spaces  a  m,  a  p 
will  be  best  measured  by  fllling  them 
rsspectivdy  with  mercury  and  com- 
paring the  amounts  which  they  re- 
spectively contain.  We  thus  find  that 
wlien  idr  is  more  compressed  tlian  the 
atmospheric  air,  the  law  holds.  Sup- 
pose.again  a  great  deal  of  air  with- 
drawn from  tlM  tube,  so  that  the  origi- 
nal levd  p  may  be  very  high.  If, 
by  means  of  a  siphon,,  a  consideraUe 
portion  of  the  mereniy  be  withdrawn 
— the  levd  in  the  two  arms  will  fall 
to  M  and  c  rsspectivdy.  The  pres- 
sure in  A  p  will  evidently  vary  with  A,  and 
that  in  A  M  will  be  A  —  Ma  It  will  be 
found  by  similar  measurements  that  the 
space  A  P  ill  to  the  space  a  M  as  A  ~  m  c 
is  to  A.  Hence  in  the  case  cirarefied  air 
also,  and  Aerefore  m  all  oaset,  the  pres- 
sure, when  the  temperature  is  constant, 
varies  directly  as  the  space  the  elastic  fluid 
occupies.  It  will  vary,  therefore,  directly 
with  the  dcndty.  Hence  if  r  represent  the 
pressnra  at  0%  and  ^^  the  density  *  =  f» 
^°,  where  ft  is  constant.  We  have  also  w 
nc>IL  =  ^  r  A,  where  r  is  the  dendty.    By 
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comparing  these  two,  we  find  from  Biot  and 
Dumas*  experiments  V|»  =  916*188. 

(2.)  The  Sboomd  law  is  that  of  DaUon  amd  Gay 
Luitae,  This  gives  :be  relaticn  between  the  vol- 
ume or  density  and  rmperature  when  the  elastic 
force  is  constant:— If  n  r^  be  the  dendties  of 

mercury  at  <**,  0**  Centigrade  rt  =   -J—  »    ^^^ 

X  — T"e# 

density  therefore  diminishing  as  the  tempera- 
ture faicreases.  The  quantity  e  is  constant,  and 
for  Centigrade  degrees  is  'O60I8OI8.  Since  in 
aU  practicd  cases  e  <  is  a  very  small  quantity 

=  ro  (1  —  «0»  •Pproximatdy. 
(8.)  The  Thibd  great  law  iaAtnonton't,  which 
states  that  to  obtain  tlie  relation  of  the  elastic 
force  and  temperatnre  when  the  density  is  con- 
stant, we  may  compound  the  two  laws,  which 
each  refer  to  part  of  the  total  phenomenon,  Into 
one.  Thus:— Let  n',  r',  H',  be  a  given  volume, 
temperature  and  pressure,  «,  r,  n  be  the  nmikr 
standard  quantities ;  then  the  volumes  of  the  two 
gases  at  temperature  0°  under  the  actual  pne- 
sures  will  be 


r-l »    r-i ^*"*"  •  =  -003666  ;  this 

number  bdng  the  expansion  of  air  for  one  ccn- 
tennal  degree.  Now  these  volumes  are  in- 
versdy  as  the  pressures ;  therefore 


n 

«-    «' 

u 

n' 

l+.r'    •    1 

IV 

_n     1+1^ 

n'     l  +  tr 

which  expresses  the  proportion  of  the  volume  of 
a  given  quantity  of  sir  at  any  given  temperature 
ai^  pressure  to  that  at  tlie  stan'^  ^rd  temperature 
and  pressure. — We  have  said  in  the  experiments 
illustrating  Boyle^s  law,  that  the  operations*must 
be  dow.  This  is  necessary  to  allow  the  heat 
that  is  generated  on  compression  and  the  cold  of 
dilatation  to  disappear.  Let  us  condder  the 
case  of  ordinary  dilatation  and  oompresdon.  Let 
^1  V',  f  ,  be  temperaturei  pressure,  dendty,  at  any 
pven  moment, 

n-|-)ll,r-f<iv,  ^-|-(f^  those  immediately 
after 

n     ln  =  ^(fH.*^)(i4  ir+,dr) 

Dividing  by 

dn  * f  1^  *^^ .  Llil2^ 


=— + 
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Now  whore  «  Is  a  oonstaat  quatititj 

d  T  r=  w  (  JjU. 1  ss  -^ — z-  "where  « 

Is  constant,  thus  giving  the  expression  which 
connects  the  sudden  changes  of  temperature  and 
duusitv.    Hence 


rfn_«r, 


11 


T+tr 


1l 


"l^C^rr:;) 


Now  it  appeals  from  experiment  that     ~-  ,— 

1  -f- 1  r 

Ls  constant,  that  Is,  that  •»  is  proportional  to 
1  -f  I  r.     Call  it  K.     Then 

Integrating  logi  n  =  k  logi  f  -f~  ^ 

If  n',  be  anj  other  pressure,  f'  any  other  density 

iQgi  n'  =  K  log<  {-{■  Q 
. .  log*  _  s=  K  log*  J» 


-o=(f) 


But  we  have  shown  already  that 
n""  ^  *  l  +  iT 


The  probable  value  for  k  is  found  to  be  about  1  42. 
Let  us  examine  the  physical  meaning  of  this 
quantity  k.— Let  r*,  ^',  n'  represent  an  initial 
state,  add  •  in  heat,  and  let  r,  ^,  n  be  the  new 
state; 


then   L=?±ir 
1  +  ir. 


because  the  pressure  is  on- 


e' 

changed. 

Suppose  the  air  now  compreseed  till  it  comes 

back  to  the  density  ^';  the  heat  evolved  will  be 

Hence  the  temperature  of  the  air  has  been  in- 
creased by  (r' -  r)  ^i  +  q^V 

Under  the  constant  pressure,  i  increases  the  tem- 
perature by  t'  —  r.    Hence 


1+tm     _ 

l  +  ."r 
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specific  heat  of  air 
pressure* 


specific  beat  under 
nme. 


oooatant  to!- 


These  three  laws  of  Marriotte,   Gmy 
and  Amontons  then,  express   the  rdatioaa  be- 
tween elastic  force,  density,  aad  tempentore. 

(4.)  A  Fourth  Law  is  required  howervr.  Is 
express  the  relation  between  the  volume  and  tfat 
temperature  when  the  quantity  of  beat  »  eon- 
stent  The  experimental  result  ia,  that  in  aH 
cases  of  sudden  rarefaction  or  oondenaatioo,  tkt 
difierenoe  of  temperature  varies  astliacttbeof  the 
rarefaction.  Thus,  if  «|  ^  be  the  <Kffeieie  cf 
temperature  for  1,  and  )  of  rarriactioo,  raipectiv^^ 
— these  expressing  the  proportiocu  of  the  inocaae 
of  vdame  to  the  original  volama,  thaa«— 

m   =  «i  )• 

This  we  may  lay  down  as  a  fooitfa  law.    «]  ■ 

found  experimentally  by  Professor  Potter  (Pkt- 

hsopldcal  MaffoxitUf  September,    1853)  t0  bt 

•2077. 

To  find  the  ratio  of  the  two  specific  heats  apokea 

of  above. 

Let  c  =  capacity  of  air  for  heat  at  a 

pressure. 
„  =  quantity  of  heat  which  raiees  I 

ofairl°Fahr. 
And  r  =  quantity  of  heat  to  raise  it  i**  Fahr. 

Then  r  «  e  g. 
Let  c'  =s  capacity  of  air  for  heat  at  eoBstanft 

volume. 
Bs  qnantitv  of  heat  which  faiaes  1  gnfai 

of  air    l""    Fahr.    under    eooalaBi 

volume. 
Then  r  will  raise  it  higher  than  t  do|;iuc^  be- 
caufie  expansion  is  not  here  allowed,  let  it  be 
•  -[-•.    Thenr  =  c'(«+»)=c«. 

Now  if  no  heat  be  lost,  «  is  the  teiiipHaiMe 
which  would  be  lost  when  expansiaa  tMhmt^  pjaot 
down  to  the  original  pressure  and 

Let  Vg  W  be  temperatures  at  freenng.  ^  above 

freezing,  and  (0  -)-  s)®  above  freezing,  ofanygas 

Then  r  «  0^  (1  -f  •  /) 

1^  =  0,(1  +  . (/+.)) 

And  },  the  rarefoction 


v  —  V  ^  j5- 1 


•  c 


l-\-mi 
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>a+«o 


e  m 

...    ;^«1+  1   + 


mx'i*  a 


U1  +  -0 


IleDoe  pnttbg  m  •»  -TqT  t  for  Falur.  dogrera,  sa 

*S665  for  Ceotignde,  aa  above  noted,  and  uBm,; 
mi  +  2077,  we  have 

A  formnla  in  which  we  have  Tarring  values  for 
the  ratio  of  specific  heat  Where  tlie  rarefac- 
tioQ  is  vary  small  or  invendy,  the  condensa* 

laws  Qoostitate  what  we  may  call  the  Statics  of 
this  subject. 

IL  A  ftw  wonls  remain  to  be  said  as  to  the 
Dthamigb  of  elastic  fluids.  In  Hydrodynamics, 
tbt  theorem  of  Torricelli  states  that  molecules  of 
floid  hi  leaving  an  orifice,  issue  with  a  velocity 
the  same  as  if  they  liad  fallen  freely  in  the  va^ 
cuom  from  a  hdght  equal  to  that  of  the  level 
above  the  centre  of  the  orifice.  Arauming  thifl 
to  hold  for  air  and  gases,  Bemouilli  deduced  the 
feUowfaig  expresrion  :•— 

Where  o  is  the  velocity  of  flow  per  second,  g  is 
the  expression  for  gravity,  82*2  in  feet ;  p  the 
hejgfat  of  the  liquid  column  which  measures  the 
normal  pressure  of  the  ehistic  fluids ;  S  ff  the 
weights  of  unit  volumes  of  the  liquid  which  serves 
aa  standard  for  measuring  the  normal  pressures 
of  the  eUstio  fluids  and  of  the  gas  at  0^  and 
■nder  that  pressure ;  a  the  co-efficient  of  dilata- 
tkn  for  the  gas — t  the  teroperature^A  h'  the 
Intoior  and  exterior  pressurss.  Introdndng  d 
for  density  of  anv  gas  different  for  air,  knd  sub- 
•titntittg  the  usual  constants,  we  find 


V 


-""V"-V-  ('-?) 


Calculathig  for  air  at  0^  and  at  barometric 
heights  near  760  millimetres,  which  is  the  stan«- 
dard;  we  find  these  results  :^ 
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As  hi  the  ease  of  fluids  however,  tliis  is  not 
found  accurately  true.  Call  v  the  theoretical 
velocity,  and  t/  the  experimentaL    Then 

o'  =  .  66  V  for  orifices  in  thin  walL 
=  .  98  V  for  cylindrical  spouts. 
=  .  94  o  for  conical,  and  narrowhig  from  the 
wall  of  the  gasometer. 

The  hypothesis  about  the  narrowing  of  the  stream 
of  air  aiter  emission  which  reconciles  theory  with 
experiment  for  fluids,  may  be  repeated  here. — 
We  may  compare  the  foregoing  velocities  with  a 
rough  tabular  estinute  of  velocities  of  wind : — 

Velocity  In 
mainw. 

Wind  Just  sensible, I 

Moderate, 8 

Fresh  breeie— extending  Bails, 6 

"Wind  most  suitable  formula, 7 

Good  breeze, 9 

Stiff  breexe,  requiring  topsails  to  be  reefed,  19 

Very  strong  wind, • 16 

Great  tempest, 27 

Hurricane, 86 

Hurxlcaae  which  OTertoms  bolldlnga, 45 

Bemouilli's  formnla  answers  for  the  case  of  open- 
ings in  thin  walls,  but  not  well  for  bug  tubes. 
No  very  accurate  theoretical  account  can  be  given 
either  for  those  cases,  or  where  the  difiereoce  of 
exterior  and  interior  pressures  is  great,  or  for  the 
changes  which  are  to  be  made  for  gases  differ* 
ent  from  air. 

III.  We  sliall  trace  a  fow  applications  of  these 
principles. 

(1 .)  Let  two  gases  under  pressures  n,  n,  occupy 
spaces  tt,  V,  and  let  them  be  allowed  to  inter- 
permeate — there  being  no  diemical  action.  Sup- 
pose we  have  to  find  the  volume  of  the  mixtures 
under  the  pressure  p 

«  under  pressure  p  becomes  «    ^ 

p 


n 


,*.  When  mixed,  under  preasure  p,  we  shall  have 

**  ' — ~  as  the  total  volume. 

p 

(2.)  Our  space  does  not  permit  us  to  rrpeat 
the  statements  regarding  vapours,  elsewhere  fully 
illustrated.  We  shall  assume  them  to  be  known. 
They  hold  with  regard  to  all  fluids  in  varying 
degree.  The  fundamental  principle  is  that  all 
fluids  whose  surfaces  are  op^  only  cease  eva- 
porating when  a  layer  of  their  own  vapour  of 
given  amount  for  each  temperature  lies  above 
them.  Suppose  we  take  the  important  problem,  to 
discuss  the  comparative  denaiQr  of  diy  and  moist 
air  under  the  same  temperature  and  pressure. — 
Let  n  be  the  total  pressure,  and  T  that  due  to 
aqueous  vapours.  Then  n  —  T  is  the  pressure 
of  the  Aur ;  and  if  ^  be  the  density  of  dry  ur  at 
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n.  then 


n  — T 


n 


e  is  the  density  of  the  air. 
The  density  of  vaponr  nnder  pressure  r  is 
"  •  m^  where  m  is  the  ratio  of  specific  gravi- 
ties of  air  and  yaponr.  fienoe  the  mass,  a  vol- 
ume y  of  the  mixtare,  will  be  equal  to  a  mass. 


n  — T 


^,  of  diy  air  -}- 


V.  r 


»  of 


n  n 

vflpoar.  Bot  the  mass  is  v  (;  therefore  the 
deiiaities—proportional  to  the  masses— are  propor- 
tional to  n— T+wr     j^  ^  ^^y  necessaiy  to 

vary  the  conditions  of  the  question  to  frame  as 
many  questions  npon  this  sul^ect  as  we  choose. 
Fn  all  of  them  we  liave  merely  tlie  application  of 
Boyle's  and  Dalton*s  simple  temperatore  kw. 

(8.)  We  shall  give  the  process  by  means  of 
which  heights  are  calculated  by  means  of  the 
barometer,  as  a  last  Ulostration. 

Let  H,  IT,  K  be  the  pressures  at  n,  p  k,  s  the 
temperature  at  h,  t  at  k  ;  p  q  a^aoent  points, 
M  p^zxpQ^dx,  Then  the  excess  of  pressure 
at  Q  over  that  at  p  is  ultimately  d  n.  We  may 
suppose  the  temperature  between  r  and  k  to  be 
uttifofm  and  mean  between  s  and  t.    Hence  the 


deusityoftheairatpis—         ^ 
But  the  excess  of  pressure  at 
P=^.PQ  . — ;-7--.  (#+t) 


a+T). 


_  __    n 
dn 


dx 
1+' 


0+'} 


¥ 

dot 


logt  n  = ^' 


+  0 


(' 


Hence  for  a  -|- o,  a:  =  A,  where  A  =  h  k 

ffh  +c 


lo3«  K  =  — 


'( 

logi  H  ^  O  +  O 


l+i(«  +  ') 


') 


l<«c.l=** 


K     /•  /i+j('+r) 


( 


) 


which,  suoe  H,  K  are  given  by  the  barometer,  win 
give  A,  r,  and  r  being  Imown  by  the  thermometer. 
P^teta.  Had  space  pennitted,  we  should  have 
ducouned  here  at  some  length  on  the  subject  indi- 
cated under  Involutiojt.  The  reader,  however, 
must  be  referred  to  Ratio  AnHARMoaia    The 
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relations  of  systems  of  points  imw  ffafms  an 
portent  part  in  the  modem  Geometiy. 
Chaales  and  Mulcahy. 

for  positions  and  magnitndes  wliidi,  as  of  tlie 
highest  importance  in  analytical  we  give  fase. 
Suppose  a  p<^t  o,  and  a  fine  o  a  be  taken  as 
fixed.  Then  one  refen  any  point  P,  to  o  a 
and  o  by  specifying  op  ^r,  foa^/ 
For  several  Imes  in  the  same  plane  tliat  haw 
previously  been  referred  to  oo-oitiinate  axes 
o  X,  o  T,  we  have,  ifzOA=  ff,x  =  reas 
(^7-«)t.  y  =  r  sin  (/— «).~.Where  we  bare 

points  in  space  referred  to  polar  oo-«ttfinate> 

snppoee,  fiir  instance,  ox,ot,  oztobetbe 
ordinary  lines  of  referenocL  Then  the  polar 
quantities  for  tlw  point  Pare  or  ^  r^zoF^  i, 
and  if  a  plane  be  passed  throagfa  z  <\  o  r^  ita 
line  of  section  withoxy,  makes  an  angle,  xox, 
which  is  the  other  polar  dictum  =.  f.  It  ■ 
easy  to  show  thatz  =  «oos  #,  jr=  r  sin^sia  ^ 
X  =  r  sin  #008  fL 

P^faw  FMreca.    There  are  two  iawm  of 
Forces  at  the  root  of  Natural  Phenomena,  of  wfaieh 
we  have  now  a  distinct  idea.    The  fizat,  t^k 
Forces  such  as  Impulse  or  Gravity;  foress  that 
impress  one  sm^e  and  simple  efied.  Tlie«rani 
class  is  much  more  complex;  and  the  rise  «f 
clear  conceptions  rei;arding  than  may  be  *«"  to 
be  omnddent  with  the  rise  and  development  of 
all  modem  Physical  Sdenoe.   Tbeae  aeeond  fones 
are  teraied  Po2ar  Foreet;  and  their  chaneteristfe 
is  this; — they  are  developed  and  act  m  pmr. 
No  force  bzlonging  to  this  daaa  can  act  or  even 
exist  singly:  for  histanoe,  one  Hagaetle  Fone 
cannot  be  developed  withont  the  «— !•— rrtt 
devel<^ment  of  its  <^po8ite:  ao  likewjae  with 
Electricity ;  there  is  no  snch  thing  aaan  Eketrie 
attractaon  unaccompanied  by  a  oomapondh^  or 
equal  repulsion,  nor  can  a  voltaic  cmscnt  be  de- 
veloped without  an  aooompanyii^  <9peaito  or 
poiar  camnL  These  Polar  Focoea  gown  Mariv 
the  entire  domain  of  Physics.    To  them  mast  be 
referred  all  phenomena  of  liagnetism,  Elecliidtv 
and  Chemical  Action;  nor  does  their  miti—i'til 
stop  with  the  limits  of  these  scienoee  :-.their  pare 
application  to  the  phenomena  of  light,  will  vet 
suffice  to  disembarrass  this  bnnch  of  phvsScs*  of 
\he  hypotheses  that  now  encumber  it.^One  of 
the  most  clamant  desidemda  of  oar  TIbm^  Ss  a 
pure  iVmc^ta  of  Polar  Forces.    Exfatii^  modes 
of  treating  them  are  only  **-titiTH|     rmadsi  im 
of  expedients  suggested  by  actual  difficaliieiL 
System  and  adequate  MeUiods  wlU  asaandly 
and  duly  come ;  but  they  must  bting  along  with 
them  an  entire  remodelling  of  onr  Analytical 
Sciences. — See  next  article. 

Palsurlecope  t  PtftlarlaMier.  The  "»«*** 
given  to  instruments  meant  to  disoovv  and 
estimate  Polarized  Light  See  PoiABiZAitosi. 
Eveiy  such  instrament  oonasts  oi  a  PkAnisar 
and  an  Ana^fzer;  the  former  polarisea  the  mv, 
the  latter  discerns  that  it  is  polarized,  and  mahke 
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ottotmoelticluiracteristioB.  Of  eomw  the  means 
ara  vaiioua.  'llie  polariaer  may  be  a  redecting 
platei— A  buodk  of  transparent  platea — a  pUte 
of  MMh  a  crystal  as  tlie  ConrmaUne—or  a  doably 
nlFacting  rhomb.  The  analyser,  agab,  is  gene- 
nlly  another  reflecting  plate,  capable  of  being 
placed  in  any  azlmath  and  inclination  to  the 
plane  of  the  polarised  ray, — a  second  plate  of 
toormalfaie.—or  another  dooUy  redecthig  ciya- 
tal — say  «  Nieoft  prism  (q.  r.)  The  details  of 
the  ittstraments  greatly  diflte,  as  weU  as  their 
expflneCi  Some  of  them,  Ibr  ordinary  nee 
soffidenft  to  show  the  saperi)  colonn  developed 
by  the  polarised  ray — are  simple  and  dieap; 
but  the  best  instmments  cannot  be  obtained  at 
a  low  prices  Their  forms  and  prices  may  now 
be  sesn  in  any  catalogne  of  optical  instroments. 
The  student  is  again  referred  to  Bb  David  Brew- 
sterns  OpHfa;  and  mier  oHot  to  recent  Memcin 
hyDov^ 

P«terii7*  The  conception  of  Polari^  in  re- 
ference to  Natural  Phenomena  is,  in  its  parity,  of 
birth  so  recent  that  it  may  well  be  questioned 
wliethcr  it  has  yet  attained  to  due  di^thictness, 
and  been  ftiUy  disembarrassed  of  acceasary  con- 
aiderationsi  in  the  minds  of  many  inquirers^  Sug- 
gested orfghiaOy  by  special  fhcti— e.^.,  the  pheno- 
uMoa  of  Magnetism^it  long  retained,  connected 
with  it  and  apparently  inseparable,  the  notion  of 
POLsa,  or  distinct  seats  of  action ;  and,  more  or 
lees,  it  has  been  encumbered  ever  sbice,  in  all  the 
departments  of  physics  of  which  it  constitutes  an 
essentisl  part,  with  dlflerent  and  limited  hypo- 
thetical snbsumptiona.  Separatedfiom  everything 
tetitlous,  the  idea  of  Polarity  is  simply  that  ^ 
epml  and  oppotiu  powen  caOed  uUo  exiMenee 
if  a  eammom  emtdUion ;  or,  as  Dr.  WheweU  ez- 
preaics  it  still  more  generally,  it  is  a  condition 
under  whidi  we  have  a  amtroti  qf  propmtitt 
eorrtipomdmg  to  a  eontraai  qf  potUimu.  Be- 
garded  hi  this  light,  the  idea  of  Pohurity  is  as 
patdy  radoHol  as  the  Laws  of  Motion,  and  may 
be  equally  made  the  foundation  of  a  RaHoikd 
Dfttamia^  It  has  nothing  to  do  with  the  foncy 
of  Tenwtrial  Magnets,  wiUi  Hypotheses  concern- 
ing Impalpable  and  incognosdble  Fluids,  with 
Atoms  having  Poles,  or  with  doctrines  concerning 
Ethereal  vibrations.  Hypotheses  like  these  are 
tile  MHfiere  part  of  our  modem  physics,  although 
they  have^  doubtless,  often  assisted  the  Inquirer; 
and  they  are  deariy  quite  separable  fiom  the 
ttotSoQ  of  Pobuity  hi  itseU;--the  notion  which 
haa  really  given  these  hypotheses  by  for  the 
larger  portion  of  the  efficacy  they  possess. — ^The 
domain  of  the  idea  of  Polarity,  discerned  simply 
and  abstractly,  stretches  very  for.  It  includes  the 
entire  plicnomena  of  Magnetism,  of  Electricity,  of 
Chemical  Affinity,  of  Ciystallization,  and  the 
mi^  part  of  the  phenomena  of  Light  In  these 
vafioas  departments  of  physics  it  manifests  itself 
hi  various  ways, — ^waya,  however,  not  necessarily 
divma.  In  liict,  most  of  the  grandest  discoveries 
of  recent  times,  lis  in  the  dirertion  of  establishing 
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what  Dr.  Whewdl  has  happily  called  the  eom* 
nection  qfPolariiiet ;  by  which  is  meant  the  dis- 
cernment of  a  correlation  among  dlflerent  mani- 
festations of  Polar  Forces.  It  Is  in  this  research 
that  Ampere  achieved  his  signal  triumph.  That 
a  connection  exists  between  the  Msgnetic  and 
Klectric  Polarities,  could  no  longer  be  doubted 
after  the  brilliant  experiment  by  Oersted;  but 
Ampere  determined  the  nature  of  that  conneciton, 
laid  down  its  fondamental  laws,  and  showed  how 
to  deduce  its  inevitable  results.  The  essay  of 
Ampere  was  the  eariiest,  and  may  still  be  termed 
the  only  raiumal  attempt  to  deal  largely  with 
Polar  Forces.  Hence,  he  has  not  unworthily 
been  termed  the  Newton  of  Magnetism  and 
Ekctridty. — In  the  essays  of  our  illustrious 
Faraday,  there  are  endless  materials  and  sug- 
gestions of  Inappreciable  value,  towards  the  pur- 
suit of  the  same  difficult  course.  Nor  can  we 
omit  notice  of  the  remarkable  contributions  of  Pith 
feesor  WilUam  Thomson.  Nevertheless  there  is  a 
great  void.  Oeneral  methods  are  wanting;  and 
to  supply  these  our  modem  geometry  and  our 
analytiad  resources  must  be  stirred  to  their 
depdbs. — For  forther  Ulustntlons  see  Pouuu- 

ZATIOir. 

PwterlaBtfoa*  A  name  applied  to  a  class  of 
very  peculiar  phenomena,  the  nature  of  whidi  is 
described  in  the  articles  below. 

^•faurlHitloa  •£  Hcst.  Radiant  Heat  ap- 
pears subject  to  all  the  changes  incident  to 
Radiant  Light:  it  Is  reflected,  refhuited,  doubly 
refracted,  and  polarked.  Likewise  something 
akin  to  Polarization  of  Heat  by  the  Atmosphere, 
seems  to  exist  We  do  not  as  vet  know  anr- 
thing  similar  to  coloured  Polarization,  in  the 
case  of  Radiant  Heat ;  although  the  discoveries 
of  MeUoni  faidicate  that  a  Ray  of  ordfaiary  Heat 
is — ^in  analogy  with  a  sunbcMn  — rather  a  sheaf 
of  dive*'se  n}'S.  Revelations  on  this  difficult  and 
deUeate  ml^ect,  will  doubtless  be  portion  of  the 
harvest  of  the  Future. 

PstawisailMi  •rUght.  Under  this  term 
is  comprehended  a  variety  of  phenomena  cf  a 
singular  description  which  are  presented  by  a 
Ray  of  Light  under  certain  drenmstances.  The 
subject  is  now  so  extensive  and  complex,  that  it 
were  vain  to  attempt  a  complete  survey  of  it 
withm  the  Ihnits  of  this  CydopmUa:  we  shall 
essay  to  sketdi  merely  its  kadiog  features  under 
appropriate  heads. 

I.  Tub  sioHiFicATxoir  or  ths  tbbm  Polab- 
iZATioM. — ^The  adoption  of  this  name  has  un- 
qnesrionably  been  fodlitatsd  by  certain  physical 
theories  concerning  the  ctuue  of  the  phenomena 
it  indicates.  But  the  primary  foct  which  the 
term  marlcs  out  and  disttnguihes,  may  be  pre- 
sented and  the  name  Justified,  apart  ftom  all 
physical  theory  or  hypothetical  substratum.  That 
fact,  in  its  simple  purity.  Is  the  following: — 
under  certain  drcumstanoea,  a  ray  of  ord^ry 
or  indeed  of  any  Light,  appears  to  assume  what 
may  be  designated  as  sMfos,  and,  therefore^  to 
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f«re88Dt  oppfmU  or  polar  properties  according  as 
t'bese  tidet  happen  to  lie  towards  the  obsenrer. 
For  iostaDoe,  no  solid  body  except  a  sphere,  will 
appear  of  the  same  uniform  shape,  wherever  the 
(^server's  eye  in  placed; — a  flat  scale,  looked  at 
edgeways,  is  a  tliin  line ;  looked  at  sideways,  it 
is  a  flat  parallelogram.  The  word  side,  as  at 
present  employed,  is  not  intended  to  involve  any 
theoretical  notion  whatsoever:  it  is  used  only  as 
a  convenient  exprenion  by  which  the  existence 
of  oppoeito  or  polar  properties  in  the  Rays  of 
IJghl,  may  be  indicated. — But  the  subject  will 
become  clearer,  if^  from  general  illustration,  we 
descend  to  the  actual  facts  of  the  case.  There  is 
a  crystal  called  the  Tourmaline,  dark  but  stall 
transparent,  especially  in  thin  plates.  If  a  direct 
ray  of  ordinary  Light  is  looked  at  through  a  thin 
plate  of  Tourmaline  which  has  been  suitably  cut, 
it  will  appear  rigorously  of  the  same  colour  and 
brilliancy,  whatwer  the  position  of  the  TourmaUne. 
But  with  a  ray,  affected  by  various  circumstanoes, 
this  by  no  means  holds.  Should  the  obsen^er 
look  through  the  Tourmalbie  plate,  not  at  a  direct 
Fay,  but  a  reflected  one, — say  reflected  from  the 
surface  of  a  sheet  of  polished  glass — he  will  find 
(at  certain  angles  of  reflection),  that,  while  on  the 
Tourmaline  being  held  in  one  position  the  whole 
reflected  ray  is  transmitted,  the  very  reverse  takes 
place  when  the  crystalline  plate  is  turned  round 
ninety  degrees : — i.e.,  no  iiffht  tohcUever  it  then 
trafumittid.  By  that  act  of  reflexion  then,  the 
ray  of  Light  has  been  endowed  with  a  certain 
determinate  peculiarity.  It  passes  through  the 
Tourmaline  plate,  if  that  plate  is  held  in  one 
position ;  but  if  the  plate  be  turned  round  ninety 
degrees  the  ray  cannot  at  all  pass  through  it. 
Instead  of  being  as  formerly  utdiffereni  to  the  po- 
sition of  the  Tourmaline,  the  Ray  now  manifests 
opposite  qualities  in  its  relations  to  that  plate :  it 
seems  to  have  obtained  sides,  or  a  polar  charac- 
ter; ie.,  it  has  been  polabizbd. — One  otlier 
fact  will  enable  the  student  to  fix  this  curious 
change  more  firmly  in  his  mind.  It  is  well  known 
that  certain  crystals  divide  a  ray  of  IJght  that 
passes  through  them,  into  two  distinct  parts;  and 
this  not  through  any  dispersive  efficacy,  because 
the  two  rays  that  issue  continue  tohite  if  the 
intrant  light  were  white.  Of  these  crystals 
Iceland  Spar  is  an  available  instance.  Place 
a  rhomb  of  that  spar  over  a  clearly  marked 
point,  and  two  images  of  the  point  will  usually 
appear, — ia.,  the  ray  issuing  ih)m  the  point  has 
btion  divided  by  the  spar  into  two  parts  or  rays 
pursuing  two  distinct  directions.  Now,  if  these 
two  rays  are  looked  at  through  a  Tounnaline 
plate,  it  will  be  found  universally  that  one  oer- 
tein  position  of  the  plate  extinguishes  or  refuses 
transit  to  one  ray,  while  it  fully  transmits  the 
other  ray,  and  tnce  versa.  These  two  rays 
therefore,  have  properties  with  regard  to  the 
Tourmaline  quite  as  opposite  as  the  two  poles  of 
a  Magnet:  in  the  true  and  only  pure  sense  of 
the  word  they  are  ogpositeljf  Polarizedi  and  as 

6 


POL 

It  is  ezpresaed  technically,  they  are  pnliiTtiBed  b 
planes  at  ri^^  angles  to  each  other. 

II.   ClBGUMSTANCBB    UKDEB    WHICH  ▲  EaT 

OP  Light  is  Polabizbd. — ^Theae  drcomstaiioeB 
are  mainly  the  following : — 

(l.)PolarizaiionbyDoubfyR^ractmffCnfstab. 
— ^This,  as  being  the  most  efiectlTe  mode  of  polar- 
izing Light  over  which  the  phyaiciait  at  presoat 
has  command,  is  mentioned  first.  The  pbeDooKBa 
of  Double  Befiractioa  are  veiy  varknia,  and  an 
explained  under  RsFBAcnoN.  Two  phenomaia 
alone,  require  description  here;  and  thiese  ou^  be 
discerned  by  any  student  in  poeeeaaion  of  two  gaoi 
Rhombs  of  lodimd  Spar.  Let  the  two  images— 
eitherof  a  black  or  of  a  bright  point — seen  thraagk 
one  Rhomb,  be  looked  at  throogh  another  jAuss 
position  with  rsgard  to  the  first  Riiomb  nav  be 
altered  at  wilL  Several  important  cliai^  m 
respect  of  these  two  images  occur  as  the  aeeood 
Rhomb  is  tamed  ronnd.  GeDerally  apeikmg^ 
one  finds  four  images  presented  to  the  eye,  co- 
dowed  with  diflerent  intensities  of  Light,  Kil 
when  the  two  Rhombs  are  placed  in  eertain  rela- 
tions there  are  only  two  images.  If,  for  fmitTr*^ 
the  second  Rhomb  is  placed  with  jta  priaapsl 
plane  parallel  to  the  principal  plane  of  the  frit 
Rhomb,  that  ray  whidi  was  ordinarily  reftacled 
before  is  only  ordinarily  refracted  again  (i^ 
according  to  Snell's  Law) ;  while  the  other  rsy, 
extraordinarily  refracted  before,  ia  again  extraor- 
dinarily refhicted.  Reverse  the  positkas  of  the 
Rhombs — that  is,  place  their  principal  pianet  at 
right  angles  to  eacji  other — and  the  reverse  takes 
place.  The  ordinary  ray  through  the  first  RhflBsb 
is  now  extraordinarily  refracted  as  it  passes 
through  the  second;  while  the  extraordliHiy 
ray  of  the  first  is  now  refracted  in  strictest  ac- 
cordance with  SneWs  Law  Several  impostaDt 
and  direct  inferences  are  sustained  by  this  pfaeDo- 
menon.  First,  it  cannot  be  doubted  that — as  by 
the  Tourmaline,  so  by  the  new  test  of  the  sccoad 
Rhomb — it  is  established  that  these  two  i«^ 
issuing  from  the  doubly  refiracting  aabwtance^  aSt 
in  the  most  strict  sense  of  the  word,  poiarizedi 
and,  stUl  further,  that  these  planes  of  polarisa- 
tion are  at  right  angles  to  each  other. — Aeowi^ 
the  second  Rhomb---ov«r  whose  poaitiooa  we  may 
have  the  oompletest  command— serves  as  a  ready 
and  unquestionable  ana^fzer  of  the  Light  trans- 
mitted through  the  first;  Ce.,  it  ia  aa  eapable 
as  the  Tourmaline  to  inform  ua,  whether,  and 
in  what  plane,  any  ray  is  polarized. — Tkird^ 
the  dose  relation  between  theae  Mmgnimr  pbeuH 
mens,  and  the  axes  of  crystals — ^whether  maai* 
fested  by  the  Tourmaline^  or  by  the  action  of  the 
Iceland  Rhomb— induces  us  to  connect  them  with 
crystalline  structure,  or  with  the  efasrictifiisr  that 
prevail  in  various  directioos  within  ayBtaUiae 
minerals,  lliesa  varying  dasticitiea  cannot  bnt 
influence  the  character  of  anj/  mods  of  propaga- 
tion through  them. — It  may  be  mentioned,  Jjiifg. 
that  while  we  obtain,  through  eflect  of  the  lodaad 
Spar,  a  complete,  entire,  and  entirely  opposite 
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pQlarizatlon  of  Rajv,  the  sepantion  of  these  Rays 
may  be  made  so  pure  and  compkis  by  the  thick- 
nest  of  the  cfystal,  that,  as  already  stated,  no 
agency  need  be  expected  more  capable  of  bringing 
wider  the  power  of  the  experimenting  physicist, 
Rays  of  Light  in  these  remaikaUe  and  opposite 
states. — See  Prism,  Niool's. 

(2.)  Polarization  6y  Re/hctiotk-^lt  has  been 
explained  above,  that  a  Ray  of  Light  reflected 
flmn  many  surfaces  is  fomid  to  have  undergone 
an  important  change.  That  this  change  be  com- 
plete, or  rather  that  it  reach  its  maximum,  the 
eitHiiaiy  Ray  must  fall  on  the  reflecting  surface 
at  an  angle  depending  on  the  nature  of  that  sor- 
hct.  The  discovery  A  the  Law  which  determines 
the  amount  of  this  angle  is  due  to  Sir  David 
Brewster.  The  Law  is  this:— 7^  index  ofR&- 
Jraetian  dUnxtelaieing  the  r^heting  mb$Umoe  it 
the  iamgeni  of  th$  angle  ofmaaeimmn  polarization. 
Rom  which  it  IbOows,  that  the  refracted  position 
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of  the  Incident  light  puntues  a  path  at  right  angles 
to  the  reflected  polarized  parts.  On  reaching  the 
second  sur&oe  of  bodies,  a  second  reflection  takes 
place,  and  a  new  polarization,  of  which  the  law 
is  the  following: — The  polarizing  angle  at  the 
second  turfaoe  is  equal  to  the  convenient  of  thn 
polarizing  angle  at  the  first  surface,  or  to  the 
angle  of  refrwtition, — There  are  two  special  pointa 
demanding  notice.  1.  The  differeni  rags  of  the 
ipectrum  have  different  angles  of  polarization. 
When  homogeneous  light  is  used — say  the  red 
or  yellow  ray — the  polarization  may  be  made 
complete, — 1.&,  no  light  whatever  will  pass 
through  the  analysing  plate  of  Tourmaline :  but 
when  white  or  common  light  is  employed,  the 
polarization  is  never  compete.  The  following 
table,  given  by  Sir  David  Brewster,  shows  the 
amount  of  this  difienoce  in  the  ease  of  the  yarions 
simple  rays :— 


Index  of 
Refractloa 

Mazlmam  Polar- 
ising Angle. 

Dlfltoencet  between  the 

greatest  and  leait 

Polarizing   Angles. 

<Red  rava. 

1*880 
1*886 
1-842 
1-515 
1-526 
1*585 
1597 
1*642 
1*687 

58®     4' ) 
53     11  Y 
58     19  ) 
56     84) 

56  45  y 
66     55) 

57  57) 

58  40  y 

59  21) 

15' 

21' 

r  24' 

Water.            ^MMn  ravYf.«......r...rtrt. . 

•  Violet  mvs. 

fRed  rava. 

i*""*"  'w^^ •••..•■••••••••••• 

Plate  iriaaSi    KMean  ravst.......... 

1  Violet  ravs, 

iRedrmvs, 

OQofcasda.  <  Mean  ravs. 

-   iVioletravs. 

2.~Light  is  always  polarized  in  degree,  al- 
though the  Incident  ray  does  not  fall  on  the  re- 
fleeting  surfiioe  at  the  maximum  angle.  And 
what  is  veiy  peculiar,  it  can  be  polarized  to  Its 
naximmii,  in  that  case,  by  svooeMtpe  reflections. 
The  following  taUe,  also  given  by  Sir  David 
Brewster,  exhibits  the  number  of  reflections  re- 
quired to  eflfiKt  maximum  pdlarizatioo  at  dlfler- 
cBt  angles  of  incidence: — 


BSLOW  TBB 

POLanizxxo  aroia. 

ABOVS  THB 
POLABIZINO  ARGIA. 

^llB.rf 

luftoatwhieh 
tk«LMitto 

roUrUs. 

^  Wftef 

AnSteatwhkh 
OwUgbtlt 

1 

60    26 

46  ao 

48   61 

41    48 
40     0 
18    66 
67    80 

56°  46^ 
6S    60 
65    66 
67    66 

69  1 

70  0 

71  6 
71    61 

The  important  question  here  Is — what  is  the  eon- 
ditkn  of  tUs  partially  polarised  ray?  Is  that 
ray  a  eompound  of  a  ray  pezftctly  ptdarised,  and 
of  A  beam  of  ordinary  light?  Or  is  It  a  compound 
of  two  or  more  imys  perfbctly  polarized,  but  so 
lacHBod  to  oMh  other  that  in  no  case  can  pei^ 


fectly  polarized  light  be  detected  by  the  Tour- 
maline? Further  notice  of  this  question,  in  con- 
nection with  the  phenomena  of  metalUc  reflexion 
will  be  found  elsewhere  in  our  Dictionary.  See 
especially  Rbflbzion. 

(8.)  Polarization  bg  Simple  Refraction,-^That 
light  is  polarized  by  refraction  may  be  said  to 
have  been  ascertained  by  Huyghens.  He  exa- 
mined indeed  only  the  two  rays,  or  the  divided 
ray,  through  Iceland  spar:  nevertheless  it  was 
his  observation  that  induced  Newton  to  say, 
**This  fiict  implies,  m  the  sides  of  the  ny,*a 
(iMulty  of  disposition  liaving  relations  of  corre- 
spondence with,  or  a  sympathy,  correlative  dis- 
positions in  the  crystal :  it  is  thus  that  the  poles 
of  two  magnets  mutually  correspond."  About 
the  year  1811,  however,  it  was  discovered  through 
independent  obeervation  by  Sir  David  Brewster, 
Malus,  and  Biot,  that  the  peculiar  change  Im- 
pressed on  an  ordinary  ray  of  light  by  r^lexion, 
can  also  be  impressed  on  it  by  simple  refrao-' 
iion.  We  cannot  do  better,  in  explanation  of 
this  mode  of  polarizing  light,  and  its  laws,  than 
reproduce  a  few  pages  fktnn  Sir  David  Brewster's 
recent  and  almost  exhanstive  wotk  on  Phoko- 
menal  Optics  >^ 

'*To  explain  this  property  of  light,  let  r  r, 
fig;  1,  be  a  beam  of  U^  hiddait  at  a  great 
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Mgle  between  80°  and  90^  on  a  horizontal  plate 
of  fi^aMi  Na  1;  a  portion  of  it  wUl  be  mflected 


at  ita  two  snifaoea,  r  and  a,  and  the  rafinacted 
beam  a  ia  found  to  contain  f  small  portion  of 
polarized  light — ^If  thie  beam  a  again  falls  npon 
a  seoond  plate,  No.  2,  parallel  to  t^  first,  it  will 
safkt  two  reflections;  and  the  reficacted  pencil 
b  will  contain  motte  polarized  light  than  q.    In 


Fig.  2. 

like  manner,  by  transmitting  it  through  the 
plates,  Kos.  8,  4,  5,  and  6,  the  last  refracted 
pencil,/^,  will  be  found  to  consist  entirely,  so  far 
as  the  eye  can  judge,  of  polarized  Kght.  But, 
what  is  voiy  interesting,  the  beam  f  g  la  not 
polarized  in  the  plane  of  refraction  or  reflection, 
but  in  a  plane  at  right  angles  to  it ;  that  is,  its 
plane  of  polarization  is  not  represented  by  the 
ordinary  ray  in  Iceland  spar,  or  as  light  polar- 
ized by  reflection,  but  by  the  extraovdinary  ray 
in  Icdand  spar.  From  a  great  number  of  ex- 
periments, I  found  that  the  light  of  a  wax 
candle  at  the  distance  of  ten  or  twelve  feet  was 
polarized  at  the  following  angles,  by  the  follow- 
ing number  of  plates  of  crown  glass  :— 


NaofPIiktM 

or  Grown 

OlaM. 

Oteerred  An- 

glw«t  which  1 

Ui«  F«ncU  U 

poUriaod. 

So.  of  PUt« 

of  Crown 

OUm. 

Obaenrod  An- 

flliM  at  whtoh 

thoPonUlU 

poUrized. 

8 
12 
16 
31 
24 

790  11' 
74      0 

e»    4 

63    SI 

60    a 

27 
31 
85 

41 
47 

67"  W 
6.1    28 
fiO     5 
4&    85 
41    41 

It  follows  from  the  above  experiments,  that  if 
we  divide  the  number  41  'Si  by  any  number  of 
crown  glass  plates,  we  shall,  have  the  tangent  of 
the  angle  at  which  the  beam  is  polarized  by  that 
number. — Hence  it  is  obvious  that  the  power  of 
polarizmg  the  refracted  Ught  increases  with  the 
angle  of  incidence,  being  nothing  or  a  minimum 
at  a  perpendicular  incidence,  or  0°,  and  the  great- 
est possible  or  a  maximum  at  90°  of  incidence. 
I  found  likewise,  by  various  experiments,  that 
the  power  of  polarizing  the  light  at  any  given 
angio  increased  with  the  refractive  power  ^  the 
body,  and  consequently  that  a  smaUer  number  of 
plates  of  a  highly  refracting  body  was  necessary 
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than  of  a  rafraeting  ho^y  of  low  power,  tlie  «n|^ 
of  incidence  being  the  aame. — As  Mains,  Biot, 
and  Arago  oonsidwed  the  beams  a,  &,  &c^  befiwa 
they  were  oompletety  polarised*  mpariialfy  polar- 
feerf^andasooffiisringofapOirtionofpolariaBdsBMl 
a  portian  of  nnpoUi&ed  light ;  ao,  oo  the  other 
hand,  I  concluded  from  the  following  manning 
that  the  urqHflanud  light  had  aaffiared  a  pbysi- 
cal  change,  which  made  it  afproach  to  the  stats 
of  complete  polarization.  For  since  sixteen  |datea 
are  reqniied  to  poiarize  oompleCely  a  beam  ti 


light  incident  at  an  anc^  of  €9'',  it  is  dear  thit 
eight  plates  will  not  polarize  the  whole  beam  tH 
the  same  angle,  but  will  leave  a  povtioo  leyohr 
ixed.  Now,  if  this  portion  were  abaoivtehr  on- 
polarized  like  common  Ught,  it  would  leqwe  to 
paai  through  other  stxtsen  platee,  at  an  aaglft  of 
69°,  in  Older  lo  be  completely  polarised ;  hut  the 
troth  is,  that  it  rsqyires  to  paaa  thrai^  only 
eight  plates  to  be  oomipletely  polarised.  Heaci 
I  conclude  that  the  beam  has  been  nesriy  half 
polarized  by  the  first  eight  plates,  and  the  polari- 
zation completed  by  the  other  eight.  This  coe- 
dasion,  though  r^eoted  by  both  the  Fiendi  and 
English  philosophers.  Is  capable  of  rigid  denen- 
stration,  as  wiU  appear  from  the  following  obiep- 
vations : — In  order  to  determine  the  diange  whidi 
refiraction  produced  in  the  plane  of  poSarizaiaoo 
of  a  polarized  rays  I  ^iMd  prisma  and  plates  ef 
glass,  plates  of  water,  and  a  plate  of  ah^Uy  re- 
fractive metalline  glass;  and  I  frnmd  that  a 
refracting  surface  produced  the  greatest  chanse 
at  the  moat  obliqoe  incidence,  or  tiiBt  ef  90^; 
and  that  the  change  gradually  dimlnisfaed  to  a 
perpendicalar  incidence,  or  0®,  where  it  was  no- 
thing. I  found  also  that  the  greatest  efiect  pro- 
duced by  a  single  plate  of  glaaa  was  aboat  16^ 
89',  at  an  angle  of  B$°  \  that  it  was  S^  d'  at  an 
angle  of  55^  1^  12^  at  an  an^  of  3d%  and  (P 
at  an  angle  of  0^ — A  beam  of  QonmoB  Ught, 
therefore  constituted  as  in  fig.  2,  Kow  1,  with 
each  of  its  planes  a  b,  o  i>  molined  45®  to  the 
plane  of  refraction,  will  have  tliose  planes  ofisael 
16^  89'  each,  by  one  plate  of  glaaa  at  an  isGi- 
dcnce  of  86° ;  that  is,  their  indination,  in  plaes 
of  90""  will  be  128''  IS'  as  m  Na  2.  By  the 
action  of  the  other  two  or  three  plates  tfacj  will 
be  opened  wider,  as  in  No.  3 ;  and  bv  seven  or 


eight  plates  they  will  be  opened  to 


180' 


so  that  A  B,  c  D  nearly  coindde  as  in  No*  4,  m 
as  to  form  a  smgle  polarized  beam,  whose  plane 
of  polarization  is  perpendicular  to  the  pi^—  ef 
refraction.  I  have  shown,  in  another  piyi»^  that 
these  planes  can  never  be  bnra^t  into  metbe- 
matical  cdnddence  by  any  number  of  lefractioos ; 
but  they  approadi  so  near  to  it  that  the  pencd 
is,  to  all  appearance,  completdy  polarised  with 
lights  of  ordinaiy  stroagth.  AH  the  light  polar- 
ized by  refhiction  is  only  pntiaUy  polarized,  and 
it  has  the  same  properties  as  that  which  ia  par- 
tial^ polarized  by  reflection.  A  ovtaia  por- 
tion of  the  Ught  of  a  beam  thus  partially  pehv- 
ized,  wiU  disMVear  when  reflected  at  the 
74 
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lug  angle;  and  tliia  quantity,  irliicb  I  ha^e 
elMwlm  shown  how  to  calcolate,  ia  given  in 
the  following  table  for  a  iingle  sttrfaoB  of  glaiB, 
whote  index  of  refraction  is  1*526  :^* 
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r      «• 

MP     V 
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W    M 
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0 
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**  Although  the  quantity  of  Ugfat  polarized  by 
nA«ction,  ae  given  in  the  last  column  of  thie 
table,  is  calculated  by  a  formula  essentially 
diflerent  from  that  by  which  the  quantity  of 
light  polarized  by  reflection  was  calculated ;  yet 
it  is  cnriona  to  see  that  the  two  quantities  are 
predsdy  equaL  Hence  we  obtain  the  following 
Uw : — Whm  a  rag  of  commtm  Ught  u  reflected 
uad  refiracted  Ay  aay  nnyoce,  tie  qwmtUy  ofhgkt 
polarwed  In/  refraction  is  exaedy  equal  to  that 
polarized  bj/  refieetioju — This  law  is  not  at  all 
applicable  to  plates,  as  it  appeared  to  be  from 
the  experiments  of  H.  Arago. — ^When  the  pre- 
ceding method  of  anal3r8is  is  applied  to  the  light 
reflected  by  the  second  snrfiioe  of  plates,  we  ob- 
tain the  following  curious  law: — A  pencil  of 
l^kt  reJUcttd  frofn  the  second  surfaces  of  trons- 
paraU  plates,  and  reaching  the  eye  ajUr  two  re- 
jractions  and  an  intermediaie  re/lectUm,  contains 
at  all  angles  t^  incidence,  from  Q'^  to  the  maxin 
mam  polarizing  angle^  a  portion  of  light  polar- 
ized M  the  plane  of  reflection.  Above  the  polar- 
ized anglsy  the  part  of  the  pencil  polarized  in  the 
plme  <^  rejection  dinUnisheSj  till  the  incidence 
heeomes  78^  T  4n  gltus,  when  it  disappears,  and 
tita  whole  pencil  has  tlte  character  of  conunon 
UghL  Above  this  last  angle  the  pencil  contains  a 
tjuantity  fif  light  pofarized  perpendiculttrfy  to  the 
plane  qjfr^ection,  tthich  increases  to  a  maxMRum, 
and  then  diminishes  to  nothing  at  90°. — As  a 
bundle  of  glass  plates  acts  upon  light,  and  pidar- 
izes  it  as  eiSeetnally  as  reflection  from  the  snr- 
f;ice  of  glass  at  the  polarixiug  angle,  we  may 
Rab<itute  a  bundle  of  glass  plates  in  place  of 
]ilates  of  glads.    Thus,  iif  a,  fig.  8,  is  a  bundle  of 
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gla*  plates  which  polarizes  the  transmitted  rsy 
s  C,  then  if  the  seoond  tmndle  b,  is  placed  as  in 
the  figure,  with  the  planes  of  refraction  of  its 
plates  parallel  to  the  planes  of  refraction  of 
the  plates  of  a,  the  ray  «  /  will  peneciaie  the 
second  Imodle ;  and  if  «  <  is  Incident  on  b  at 
the  polarizing  angle,  not  a  ray  of  it  will  be 
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reflected  by  the  plates  of  b.  If  b  is  now  turned 
round  its  axis,, the  transmitted  light  v  «  will 
gradually  diminish,  and  mors  and  more  light 
will  be  nflected  by  the  plato  of  the  bundle,  till, 
after  a  rotation  of  90°,  the  ray  v  to  will  disap- 
pear, and  all  the  light  will  be  reflected.  By 
continuing  to  turn  round  b,  the  ray  v  v  will  re- 
appear, and  readi  Ua  maximum  brightness  at 
180°,  its  minimum  at  270°,  and  its  maximum  at 
0°,  after  having  made  one  complete  revolution.*' 
(4.)  Among  other  modes  by  which  polarization 
may  be  efiected,  we  may  just  refer  the  action  of 
certain  crystal  plates,  such  as  plates  of  tourmar 
line  and  agate,  and  the  phenomena  of  what  has 
been  termed  LameUar  Polarization.  The  student 
must  consult  the  essay  by  Biot,  and  Sir  David 
Brewster's  rosoardies. 

III.  GmBBAL  View   OF   THS  ThBORT  OV 

PoLABiZATioir.— When  Sir  Isaac  Newton  first 
became  aware  of  the  existence  of  phenomena  like 
thoee  of  polarization,  he  considered  it  a  conclu- 
sive argument  against  the  conception  which  had 
been  powerfully  advocated  even  in  his  time,  that 
the  propagation  of  light  is  due  to  the  propaga- 
tion of  waves.  Nor  can  it  be  doubted  that  the  ex- 
istence of  siiles  in  a  ray,  is  Irreooncileable  with 
propagation  by  waves  akin  to  the  waves  of  soMid 
These  latter  waves  or  undulations  take  place 
along  the  line  qf  propagation — that  Is  to  say,  the 
vibimUiig  or  oscillating  m(decule  of  air  moves  to 
and  fro  in  the  direction  in  which  the  waves  i  f 
sound  pass ;  and  one  cannot  discern  the  possi- 
bility of  impressing  on  such  motions  any  change 
or  modification  that  would  cause  them  possess 
sides,  or  appear  diftrent  whether  looked  at  trwa 
above  or  frum  below,  fW>m  one  side  or  another. 
No  such  change,  indeed,  is  conceivable,  unless 
the  vibrations  take  place  athwart  the  line  of 
general  propagation,  or  are  Teak8vxs8e;  and 
therefore  rather  resemble  the  vibrations  that  pass 
from  one  end  to  another  of  a  musical  striog. 
Bat  the  general  conception  of  the  undulatory 
theory  of  light,  places  no  restriction  whatsoever 
on  the  nature  of  the  waves  it  subsumes;  this 
on  the  contrary,  has  to  be  discerned  through 
phenomena.  And  although  it  is  not  to  be  d^ 
guised  tiiat  difficulties  still  attend  the  applica- 
tion of  that  theory  in  some  cases— difficulties, 
however,  meetly  appertaining  to  the  inadequacy, 
w  rather  intractability  of  our  transoendental 
anal^nsis— the  assertMU  may  safely  be  hazarded, 
that,  on  the  ground  of  certain  snbsnmptions  re- 
garding the  nature  of  these  vibrations,  which  iii 
no  case  can  be  refused,  as  mechanically  or  ab- 
stractly inadmissible,  a  fabric  of  deductive  science 
lias  been  reared,  which,  measured  by  its  power  not 
merely  to  explain  but  to  predict  phenomena,  has 
not  at  present  any  superior  unless  it  be  the  sub- 
ject of  Celestial  Dynamics  itself. — To  obtain  clear 
possession  of  this  remarkable  theoty  the  student 
must,  in  the  first  place,  reach  a  disUnct  idea  of  the 
nature  of  a  transversal  vibration.  In  the  ether, 
whose  wa\'e3  give  rise  to  the  onward  propagation 
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and  to  all  the  molecular  phenomena  of  light,  fhe 
moleculea  are  supposed  to  oscillate  across  the  on- 
vxxrd  path  qf  the  wave.  Am  already  said,  this 
onwaid  motion  is  propagated  somewhat  in  the 
way  in  which  vibrations  proceed  along  an  elastic 
string  held  in  high  tension.  Now,  so  soon  as 
this  conception  is  exactly  attained,  it  will  be 
clear  that  no  restriction  is  thereby  placed  on  the 
manner  of  the  motion  of  each  or  of  all  the  mole- 
cules, save  the  very  general  one  that  eadi  mole- 
cole  must  vibrate  ']n  a  plane  at  right  angles  to 
the  direction  of  the  propagation  of  ti^e  ray.  Con- 
sistently with  this  only  fundamental  restriction, 
the  molecules  may  describe  various  ourves  in  sudi 
a  plane;  they  may  all  describe  one  curve,  or 
each  may  describe  its  own;  or  they  may  de- 
scribe no  curve  at  all  but  each  oscillate  to  and 
fro  in  a  straight  line,  athwart  the  directbn  of  the 
ray.  It  will  be  seen  on  a  glance  that  as  every 
such  modification  of  oedllation  must  cany  with  it 
mechanical  consequences — altering  the  relations 
of  a  luminous  ray  to  the  bodies  through  which  it 
passes^-how  fertile  is  the  ondulatory  theory  at 
its  foundation ;  and  how  it  may  be  capable  of 
reducing  within  law,  numerous  varied  and  even 
apparently  conflicting  classes  of  phenomena.— 
Let  us  briefly  and  very  generally  explain  tlie 
leading  modes  of  molecular  osoillation— -(tf  which 
at  present  that  theory  takes  account. 

(1.)  The  case  of  a  Ray  qf  Ordinary  lighL — 
The  most  probable  form  of  such  wave-oedlla- 
tions  around  the  axis  of  a  ray  and  in  the  plane 
perpendicular  to  it,  is  when  the  molecule  de- 
scribes an  ellipfle,  and  when  the  major  axis  of 
these  various  iJtipses  do  not  preserve  one  in- 
variable direction,  but  shift  round  and  round 
like  tlie  apsides  of  the  planets.  There  is  no- 
thing whatever  in  such  a  wave  to  impress  on  it 
ntfes,  or  to  cause  it  manifest  polarides,  nnder 
whatever  mode  it  is  viewed  or  by  whatever  test 
it  is  examined.  Such  a  ray  will  be  sutrject  to 
the  ordinary  influences  of  r^exion  and  r^firac- 
turn ;  it  will,  under  suitable  droumstanoes,  mani- 
iiast  tlie  phenomena  to  be  expected  l^m  inter- 
feremoe  ;  and  if  it  is  made  up  of  sets  of  molecules 
moving  with  difierent  velocities,  we  would  expect 
also  the  phenomena  of  dispersion.  It  is  not  to 
be  supposed,  however,  that  in  passing  through 
various  bodies,  or  on  being  subjected  to  various  in* 
fluences,  such  a  system  of  vibraUons  would  escape 
without  serious  and  often  clearly  distinguishable 
modifications. 

(2.)  Pkme  Polarized  Light,— It  is  easy  to 
conceive,  in  the  first  instance,  that  in  passing 
through  certain  media,  or  being  subjected,  say  to 
certain  reflexions — the  libcrtv  of  these  mole- 
cales  to  oscillate  in  a  curve  is  impaired — ^in 
other  words,  that  one  side  of  their  motion  is  en- 
feebled or  even  destroyed ;  so  that  the  wave  comes 
to  oonsist  of  rectilineal  motions  in  some  plane 
perpendicular  to  the  axis  of  the  ray.  Or  it  may 
farther  be  conceived  that  on  the  curvilineal  oscil- 
lation entering  a  medium,  it  is  divided  into  two 
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sets  of  nctilineal  oscillations  perpcndicnlar  to 
each  other  as  well  as  to  the  direction  of  the  ray, 
and  propagated  along  difierent  patlia.    In  the 
former  simple  case  we  should  have  the  ordinary 
ray  converted  Into  one  ray  with  tides ;  and  fai 
the  latter  case  we  should  have  what  ocean  in 
doable  refractioo,  the  ordinary  ray  ea^ergmg  ia 
the  form  of  two  distinct  rays  oppositely  polar- 
ized.   The  student  will  observe  two  impoftaot 
truths  connected  with  this  remaricable  hot  veiy 
simple  theory.    First,  the  view  it  givea,  doeeiy 
appertains  to  the  molecular  stroctnre  of  the  bodioi 
which  are  supposed  to  impress  such  cfaangei  on 
tiie  oscillations  constituting  the  waves  of  Ughi; 
and  we  should  expect  aooovdingly,  as  has  toned 
out,  to  find  the  phenomena  of  polarization  by  aid 
of  crystals,  indissdiably  connected  with  the  axes 
of  elasticity  of  these  bodies.    JSeoomdfy^  the  ca> 
tire  subject  is  thus  converted  into  a  nBecfaasieil 
one ;  and  we  are  entitled  to  demand  of  tlie  theorf 
a  fiill  and  a  priori  deduction  of  those  variaos 
and  fimdamental  empirical  laws  of  its  pheno- 
mena,  whose   discovery  so  distingniahed  the 
career  of  Sir  David  Brewster.   And  a  reply  most 
adequate  has  been  given,  in  the  first  place,  by  the 
masterly  analysis  of  FresneL    An  ootliDeof  tiist 
analysis,  or  rather  of  the  march  of  its  resolts  has 
long  been  before  the  Englbh  inquirer  in  the  most 
lucid  work  by  Professor  Llo}-d,  whose  iOnslia* 
tions  are  repeated  in  the  Repertoirt  of  Ahb^ 
Moiguo;  and  we  observe  with  pleasare  that 
Professor  Powell,  to  whom  the  theory  of  l|gfat  in 
many  respects  owes  so  much,  has  recently  ander- 
taken  a  firesh  review  of  the  suljeet,  part  of  wiiieh 
he  has  already  communicated  to  the  PiWbxytf- 
cal  Magazine.   With  a  reference  to  these  semal 
works,  we  must  in  the  meantime  be  cootait  to 
rest;  only  remaridng  further,  that  the  tiieoiy  has 
accomplished  mom  than  ofliering  a  groond  Ibr 
existing  laws ;  it  has  gone  a-head  of  disooven*, 
and  been  ever  prepared  to  grasp  and  resolvs  new 
unexpected  fects. 

(8.)  drcular  P6ktrizaHon.—Thb  student  has 
now  to  be  introduced  to  another  set  of  plKWH 
mena.  The  modification  impressed  npon  a  ray 
of  light  by  the  mere  suppressfaa  of  one  of  tlis 
axes  of  the  ordinsiy  elliptic  wave^  or  its  i»- 
duction  to  the  state  of  AjUane  wave.  Is  evideBtly 
only  one  of  the  changes  to  which  we  may  sa|H 
pose  a  set  of  oedllatioos  of  such  a  kind  to  be 
subject  It  is  easy  to  conceive  that,  tfaioqgh 
effbct  of  some  other  descriptions  of  action,  the  axes 
of  the  cUipees  may  become  equal — or  that  the 
ellipse  is  changed  into  a  oirde.  When  the  vi- 
bration assumes  this  form,  the  ray  is  said  to  be 
dreularhf  polarized.  It  is  dear  that  to  sach  a 
ray  peciUiar  properties  must  belong,  distingoish- 
ing  it  veiy  broadly  from  common  Uglit  as  weO 
as  from  plane  polarised  light  According  to  the 
rigid  significance  of  the  word  polaritff  that  term 
can  evidently  not  be  applied  to  sndi  a  ray  except 
in  one  limited  and  spedal  sense:  a  wave  so  pro- 
pagated can  have  so  sides,  imleas  in  leftiguce  to 
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the  Arectkns  in  which  the  partidw  of  the  ether 
are  moving — that  ia,  whether  they  are  moving  in 
the  directirm  of  tlie  handa  of  a  watclif  or  in  the 
contrary  direction,  constitnting  the  distinction  of 
a  kft'handed  and  a  right-handed  cireular  polai^ 
ization.  The  mode  of  discriminating  between 
Light  in  this  condition,  and  Light  in  any  other 
eonidition,  has  been  already  described  under  Cih- 
cui^AR  Polarization,  ao  that  we  shall  not 
recor  to  that  sabject  It  is  right,  however,  to 
aUiide  once  more  to  the  fondamental  truth  on 
which  Fretnel  rested  his  memorable  theory  of 
Circnlarly  Polarised  Light,  and  from  which  he 
deduced  the  neoeuity,  according  to  the  Undu- 
lating Theory,  of  a  large  and  most  peculiar  class 
of  phenomena  that  might  have  seemed  utterly 
pnzzUng.  The  Truth  or  Law  in  question  ia  this: 
tf  two  ra§$  i^  plane  polarized  Ugkty  v^ote  planet 
<^  polarisation  are  at  right  angle*  to  each  othety 
wteety  or  are  Mvperimpoeed^  m  phases  difper- 

IKO  fSOM  BACH  OTHER  BT  OXB-FOURTH  OP  A 

TIBBAHOW,  a  cireular  oecillatum  immediate^  re- 
mUtSj  or  the  wave  is  drcularig  polarized, — ^Two 
things  must  be  evident  Firtt^  if  this  Uw  be 
true,  the  theory  of  the  phenomena  of  cireular 
polarization^  must  be  at  once  reducible  to  the 
theory  of  plane  polaritation,  because  every  dr- 
cular  wave  must  comport  itself  in  all  circum- 
stances, as  two  plane  waves  in  the  foregoing 
Illative  conditions,  inasmuch  as  it  may  always 
be  retohod  into  the  elements  of  which  it  is  coi»- 
pounded.  And,  tecondlg^  the  law  itself  must  be 
soaoeptible  of  mathematical  demonstration,  for  it 
involves  nothing  other  than  a  question  of  the 
composition  of  definite  motions.  It  is  confessedly 
difficult,  however,  for  the  student  to  eonoeioe  how 
A  combination  of  two  such  rectilineal  motions 
must  produce  a  dradar  one;  on  which  account, 
we  esteem  the  whole  subject  largely  indebted  to 
Phifessor  Powell  for  the  following  illustrative 
mechanical  device.  Let  an  arm  f  attached  to  any 
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«oamlent  support  terminate  In  two  branehes, 
CO  which,  hy  the  points  o  o',  a  small  frame 
swingts  in  this  frame,  by  the  points  H  r',  whose 
•ads  Is  at  right  angles  to  o  o\  a  pendulum  r. 
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with  a  weight  at  the  lower  end,  can  vibrate. 
Now,  on  the  pivots  h  b!,  the  pendulum  can  evi- 
dently only  vibrate  in  the  plane  of  c  d  :  and  by 
the  pivots  o  o'  it  can  only  vibrate  in  the  plane 
of  A  B,  at  right  angles  to  the  former.  But  if 
motion  be  communicated  to  it  in  one  of  these 
planes,  and,  at  €m  instant  afttr^  in  the  other  also, 
the  result  of  the  compound  motion  hi  this  dis- 
cordance, wfll  be  that  it  vibrate  in  a  circus,  if 
the  interval  between  giving  the  two  impulses  be 
exactly  one  quarter  the  time  of  its  vibration  m 
the  first  plane.  If  the  interval  be  diflerent,  the 
pendulum  will  vibrate  in  an  elupsb. — ^The  cir- 
cular vibration  or  oscUlation,  depends,  therefore, 
essentially  on  the  phases  t^f  vibralum  that  an 
combined. 

(4).  ElUptieal  Polarisation, — One  other  pro- 
bable modification  of  the  ordinaiy  ray  of  light 
remains  to  be  noticed.  The  waves  may  be  neither 
circular  nor  plane,  but  elliptical  only  with  this 
modification  distinguishing  them  from  ordinary 
light — there  may  be  no  apsidal  motion,  in  other 
words,  the  two  axes  of  the  elliptic  wave  may 
continue  in  the  same  planes.  In  case  of  such  a 
wave,  there  must  clearly  be  a  polarity  of  two 
kinds:  first,  the  two  sides  of  the  wave  will  not 
be  the  same;  and,  secondly,  as  in  the  former 
case,  there  may  be  a  right-handed  and  a  left- 
handed  revolution  or  oscillation  of  the  ethereal 
particles.  The  treatment  of  this  new  phase  of 
the  subject  is  necessarily  much  more  complex 
than  that  of  the  former;  but  the  remark  made 
at  the  condusion  of  last  sectton  indicates  the 
scientific  key, — ElUptioal^  as  well  as  Circular 
Polarisation,  is  the  result  of  the  combination  or 
compositfon  of  two  rectangular  plane  waves,  ta 
different  phases  qf  vibraSon,  The  reflecting 
student  will  not  foil  to  remark,  that  notwith- 
standing the  order  in  which  we  have  arranged 
these  diflerent  polarizations,  the  form  or  mode 
last  mentioned,  is  that  which  every  consideration 
of  probability,  would  induce  as  to  expect  to  find 
moet  frequently  in  Nature.  Vibration  in  a  single 
plane,  and  vibration  in  a  pore  eirde,  ought  to 
be  about  as  rare  an  oceorrenoe  as  a  pertisctly 
cireular  orbit  amid  planetary  motions.  They 
are  but  the  incidents,  the  axoepfKNM;  while  Ellip- 
tical Polarisation,  as  the  result  of  drcnmstances 
so  much  more  likely  to  occur,  ought  to  be  found 
to  be  the  rule.  As  minuter  discoveiry  advances, 
this  foct  will  doubtless  become  generally  descried ; 
nor  even  now  is  there  want  of  sufficient  ground 
for  the  foregoing  assertion,  as  we  shall  show 
abundantly  under  Rbflbxiox  and  Befbao- 
noN. 

(6).  Lastly,  one  other  diange  may  be  supposed 
to  be  impressed  on  a  polarised  ray  of  light, — ^let 
us  say,  for  purposes  of  distinctness,  a  ray  plane 
polariaed.  Is  it  not  possible  that  sudi  a  ray  may, 
under  certain  circumstances,  constantly  change 
its  planef  Or,  that  instesd  of  proceeding  on- 
wards like  a  straight  flat  rod,  it  may,  as  it  passes 
through  certain  media,  take  on  the  form  of  a  flat 
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rod,  twisted  like  a  coTk-8crew,««or  into  the  shape 
of  A  spiral  staircase?  The  extraordinary  pheno- 
menon now  referred  to  is  a  real  one,  and  seems 
reducible  to  the  foregoing  geometrical  conditions. 
It  is  the  phenomenon  termed  Rotatory  Poloarvxt^ 
tion^  or,  as  Is  preferable,  the  Rotation  of  the  Plane 
ofPokurization,  It  is  clear  that  a  change  of  this 
sort  is  altogether  di^rtingnishable  from  Circular 
Polarization,  although  some  writers  have  chosen 
to  treat  it  under  that  head, — nor  is  it  to  be  denied 
that  by  an  analytical  axliflce  the  two  changes 
may  in  so  far  be  assimilated.  The  essential  dis- 
tinction is  this;  in  Rotatory  Polarization  the 
vibrations  are  plane,  bnt  the  plane  of  the  wave 
has  become  a  twisted  surface ;  while  the  vibra- 
tions are  themselves  circular  in  the  otiiercase, 
and  there  is  no  plane  of  polarization.  The  ftcts 
that  led  to  a  suspicion  c^  the  existence  of  such 
a  change,  were,  we  believe,  first  noticed  by  M. 
Arago.  The  subject  has  been  cultivated  by  many 
distinguished  inqulrem:  but  it  is  due  to  M.  Blot 
to  distinguish  him  from  all  others ;  for  to  him  is 
owing  that  continuous  and  succeasftil  series  of 
eflbrts  to  convert  the  phenomena  now  referred  to, 
into  a  Icey  to  the  molecular  or  chemical  constitu- 
tion of  solutions.  See  e9pe(iiaUy  his  Memowr 
reprinted  in  the  Messrs.  Taylor's  Repertory, 

Such,  in  outline,  the  Theoretical  view  taken  by 
the  Undulatory  Hypothesis,  of  the  immense,  com- 
plex, and  distinctive  class  of  phenomena,  ranged 
under  the  term  Polarized  Light.  That,  in  our 
present  condition  of  knowledge,  this  theory  is 
encumbered  and  obstructed  by  difficulties,  may 
well  be  conceded :  the  Modem  Analysis  with  all 
its  grasp  is  unequal  to  the  requirements  of  the 
problems  that  ever  and  anon  oome  up;  and  over 
the  intimate  or  molecular  causes  of  tlie  changes 
supposed  to  be  impressed  upon  the  mode  of 
vibration,  a  profound  pbecurity — in  some  cases 
probably  impenetrable— still  hangs.  But  not^ 
withstanding  these  difficulties,  how  wonderftil  its 
triumphs,  and  eflfected  by  how  simple  means! 
'  The  foregohig  few  hypotheses  have  been  capable 
of  grasping  and  grouping  a  multitude  of  ph^ 
nomena  such  as  never  have  been  brought  within 
the  power  of  any  individual  Prindpto  since  the 
discovery  of  the  Law  of  QravitsStion.  If  it 
must  be  acknowledged,  that,  even  in  presence  of 
these  triumphs,  an  air  of  imsubstantiality  con- 
tinues to  overshadow  these  curious  and  ethereal 
subsnmptions — a  degree  of  artifidaliiy  not  alto- 
gether agreeable  in  solid  physical  science;  no 
doubt  n^  be  entertained  that,  however  hypo- 
thetical their  form,  they  muft  be  the  precursors 
of  mighty  and  unshakeable  Truths.  Even  when 
we  shall  have  entered  the  Temple,  we  shall 
assuredly  never  forget  the  services  that  con- 
ducted us  to  its  Threshold. 

IV.  EVOLUTIOK  OF  COLOITBS  DT  TBB  TbKAT- 

tiENT  OF  Polarized  Light. — The  subject  on 
which  we  now  briefly  enter  may  be  termed  in 
one  respect  a  special  one — t.  e.,  its  results  are  no 
part  of  the  general  theor}'  of  polarizatioii,  they 
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merely  foUow  from  it ;  but  whether  H  be  coa- 
sidered  in  reforeoce  to  the  varie^-  and  brii- 
liancy  oi  these  results,  or  the  light  it  has  thnma 
and  is  destined  to  throw  oo  the  remotest  pbysicsl 
inquiries,  it  is  second  in  interest  to  no  spedsl 
department  of  Inquiry  within  the  eotire  range  of 
science.    Unfortunately  we  cannot  do  more  than 
advert  in  the  meet  cuisoiy  way  to  the  pfaenomcoa 
themselves,  and  the  rationale  of  their  productiaa 
The  phenomena  are  simp^  as  follows : — A  Po- 
LARtsooPB  (g,  v.),  as  is  wdl  known,  consist!!  of  a 
polariatng  crystal  or  plate,  and  an  analysing  m^ 
paratos.   The  latter  is  always  so  fitted  that  it  msr 
be  turned  round  on  its  axis,  so  that — ^aa  in  the 
case  of  the  plate  of  tourmaline,  described  at  the 
opening  of  this  article — the  oppodtft  efieots  ea 
the  polarized  ray,  springing  oat  of  the  difiareat 
positions  of  that  axis,  may  become  ylsibleL    If 
in  such  an  instrument  a  thin  film  of  any  doaUr 
refrscting  crystal  be  placed  between  these  two 
plates,  the  eyedb^ected  through  the  analynrimme- 
diately  descries  the  most  remaricable  display  of 
oolonrs— eystems  of  prismatic  riufrs  of  gnaUr  «r 
less  intricacy— crosses,  bright  and  dark — and  the 
most  curious  inverrions  of  these  aysCeraa  wiiea 
the  analyzer  is  rotated.    These  oolovred  wyttamm 
vary  with  the  spedes  of  crystal  interposed,  deady 
depending  on  the  nature  of  that  crjstal ;  snd  they 
also  vary  with  the  form  in  which  the  ligiit  that 
passes  through  it  has  become  poilariaed.    Thqr 
are  descriptions  in  foot,  in  language  tha  BMst 
goigeous,  of  large  classes  of  pbeooraeBa  and 
forces,  that  are  not  at  present  rev«aIod  in  aar 
other  manner.     The  student  must  go  for  detsiL 
on  this  engrossmg  sufcriect  to  worka  on  optiw 
we  have  already  often  apedfied  Sir  David  Bivw- 
ster's :  but,  better  still,  let  him  experimeot  for 
himself,  having  procured  so  efiective,  pkaaaat, 
and  dseap  an  instrument  as  that  at  present  Dade 
by  Mr.  James  Biyson,   Optician,  Edtnbmgh. 
llie  rationale  of  the  evolution  oif  theea  ]riw- 
nomena  is  very  simple,  and  will  beoome  pdp- 
able  by  aid  oi  the  subjoined  diagram,  eqikd 
from  the  instructive  posthumoos  work  by  iir. 
Pereira. 


In  the  foregoing  arrangement  b  is  a  polarix- 
ing  plate  of  tourmaline  and  o  the  analyser; — 
a  doubly  refracting  prism  capable  of  bemg  ro- 
tated on  its  axis,  d  is  the  thin  film  of  cnatal. 
sometimes  called  the  dqHtlaritmy  plate  for  rea- 
sons that  will  be  imm^Uately  (iviooa.  Let  m 
now  trace  the  progress  of  a  zay  of  oommon  light 
A  as  it  passes  through  this  amngemenL  On 
emerging  firom  the  tounnaline  B,  that  ray  will 
of  course  be  found  converted  into  anoCfaer  i«y,  c, 
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Halt  1»  plam-polarited.  Thb  p1aiie-poUrls«d 
nj  enters  tbe  doubly  rafrMttng  film  of  crjrstal 
l» ;  from  which  it  iinies  doMy  r^racted;  «.«., 
•qMrmtod  inlo  two  imys  o  and  b  (tho  ordbary 
and  OKtraordinvy)^  polarized  at  right  angles  to 
eadi  otb^— one  of  which,  the  my  b,  is  Iband  to 
hav*  lagged  behiod  the  other,  'in  viitue  of  a 
principle  already  adverted  to  under  Ihtrkfir- 
BsiCB.  They  cone  oat  therefore  in  diflbrent 
piiaeeB  of  vibratioa,  as  well  as  oppositely  polar- 
bad.  These  two  rays  on  passing  through  the 
analyaar  o  am  again  divided,  each  into  two, 
▼ia.,  the  ray  B  bito  bo  and  Be,  and  the  ray  o  into 
ooandoe.  Wow,  as  repraseuted  in  the  diagram, 
B  o  and  o  a  will  emerge  together,  while  b  e  and 
oeenMfge  together;  and  as  may  also  be  leadily 
traced  B  o  and  o  o  aro  polarized  in  the  same  plane, 
wfaila  B  e  and  oe  sue  alao  both  polarised  in  the 
tamepiaae;  bat  tlie  one  aet  at  right  angles  to  the 
other  set  How  as  the  tworibrations&at  are  in 
the  aame  plane  are  not  In  the  same  phasfc  (be- 
eaase  of  the  principle  of  lagging  or  retardation 
jnal  spoken  of),  they  will  inteito,  and  therefore 
as  the  necessary  result  of  interference  of  rays 
polariaed  in  the  same  plane,  ikey  mmU  prodnee 
eolomr.  But,  besides,  the  two  systems  are  in  dif- 
teent  slates  the  vibrations  hi  the  one  plane 
tnapirinp^  while  those  in  the  other  are  cj^oieeL 
Whence,  the  odioar  evolved  by  the  one  set  of  in- 
lerlbrenoes  mnst  be  compkmentarjf  to  the  colours 
evolved  by  the  other  set  Suppcee,  then,  that 
the  analyzer  is  a  Umrmaime,  it  is  manifest  that 
dning  its  rotation  we  shall  have  the  evdution 
of  two  sets  of  oolonn  produced  by  interftrence^ 
that  are  exactly  complementaiy  to  each  other. 
The  stodent  is  ftirther  ntered  to  the  lectons  of 


y.    POLABBATTOM    «T  THB    AtMOSPHBBB. 

--One  Other  pomt  demands  a  paasing  notice ;  nn- 
qneetionably  a  modi  more  important  one  than  it 
yet  appesxs.  As  the  Uc^t  of  the  sun  la  reflected 
towards  ns  by  the  atmosphere  at  all  varieties 
of  angles,  it  is  dear  that  this  atmospheric  or 
indireet  light,  onght  to  reach  ns  in  all  stages  of 
polarization — atagea  paasing  ftom  a  maimmm  to 
a  ■iiaw—ai  aepording  to  the  angle  of  its  reflexion. 
The  sttb||ect  eariy  attracted  the  notice  of  Arago, 
next  of  Babfaiet,  and  its  entire  empirical  laws 
have  recently  been  laid  down  by  Sir  David 
Brewster.  The  lawa  in  question  are  ftiUy  re- 
preaentad  by  the  latter  philosopher  in  an  ex- 
prsssive  map^  In  Johnston's  exquisito  Pkjfmcal 
AUm,  They  are  briefly  theeez—Terming,  the 
point  in  the  ^oppsoito  theson,  theantkolar  point 
Arago  diaoovered  a  weafra/  point,  or  a  point  of 
aopolariaatioB,  sitoated  abont  80*^  above  the  anti- 
solar  point  fiabioet  diaoovered,  in  1840,  an- 
other neniral  point,  about  the  aame  distanos  above 
theann.  In  1841,  Sir  David  Brewster  discovered 
a  sseoBdary  nential  point,  aceompai^yfaig  Aiago'a, 
abont  \r  below  It;  and  the  aame  philoaopher 
haa,  more  recently,  detected  a  fourth  neutral 
point  htkm  the  aon,  abont  16^    Theaa  oeatnl 
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points  ftnn  the  starting  parts  of  the  nap  referred 
to.  Lines  or  carves  of  eqoal  polarization  are 
traced  around  them,  and  all  the  phenomena  of 
atmospheric  polarization  dearly  depicted.  Sir 
David  haa  added  valuable  explanations  and 
empirical  formuln  to  this  map.  See  Johnston's 
Adag, — No  evidence  yet  exists  whether  this  ac- 
tion of  the  atmosphere  is  Influential  over  tho 
economy  of  oar  globe. 

y  L  Other  phenomena  connected  with  polariza- 
tion are  amply  treated  in  varloos  portions  of  this 
volume,  especially  under  Irtbbfkrbhob,  Mag- 
HBTiSM,  Rbflkxion  and  RBFBAcnoB,  and  Uh- 
DULATOBT  TiiBORT.  But  wlth  all  Uiese,  the 
view  given  b  extremdy  meagre.  The  student 
must  supply  the  deficit  byi^rence  to  special 
works,  many  of  which  have  been  mentioned  in 
the  previous  artidee. 

P*laura,  Tke«i7  •!•  A  method  of  Inquiry 
in  pure  Qeometry,  capable  of  bdng  carried  out 
very  fiir.  There  is  so  much  power  in  it — 
it  so  grasps  and  lays  hold  of  the  relations  of 
pure  space — that  we  think  it  advirable  to  give 
a  brief  account  of  It— One  spedal  form  of 
the  theory  is  connected  with  the  drde.  Let 
Q  p  be  a  cude^  and  o  any  point;  draw  the 


Fig.!. 

One  </  B  perpendicular  to  o  o,  and  at  sndi  a 
distance  that  00:00^  =  09*.  The  line 
0'  B  is  called  the  polar  of  o :  the  point  o  is 
called  the  poU  of  the  Ihie  </  b.  To  find  it 
when  </  B  is  given,  we  have  evidently  this 
inverse  process— draw  a  perpendicular  on  the 
line  fh>m  c,  and  take  o  o,  so  that  c  o  c  o' 
^  o  Q*.  To  show  the  diief  properties  of  the 
pdar,  let  as  draw  any  line  through  o,  meet* 
ing  the  drde  and  the  polar  in  p,  q^b,  then 
this  line  ia  harmonically  divided.  Since  co' 
0 o  =  o qj*  we  have  the  proportion  c  o  :  cq  : : 
0  Q  :  c  (/,  and  hence  (vi.  6)oqo=:G(/g. 
Similarly,  o  F  o  =3  c  (/  r.  Now,  c  q  0  =3 
o  po,  therefore  o  </ Q  ai  CO' p.  Alao  ci/ Bis 
a  ri^t  angle,  therefore  q  (/ B  m  Q't/B.  Hence 
(Sue.  Yi.  8.  ▲>, 

pcy :  q</;:POs  90 
and  FO':qo'::PB:qB 

therefore       Fo:qoi:rB:qB, 
therefore,  by  Euclid's  definition,  the  Une  is  cnt 
in  harmonic  progression.   It  will  be  dear,  that  if 
o  lie  upon  the  drcumfarenoe— o,  and  o"  coindde, 
and  the  proposition  becomes  worthkaai  geometri- 
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•  odly.  If  o  lie  oatside  of  the  dide  ire  AoM 
b«Te  a  quite  similar  oonatniction  and  proof  suited 
to  that  case.— From  this  it  will  be  easy  for  the 
reader  to  dedaoe. 

1°  If  any  number  of  points  on  a  right  Ifaie  be 
taken  as  poles,  then  polaxv,  with  respect  to  a 
given  circle,  paas  through  one  point,  the  pole  of 
the  given  liiae.  Thus  suppose  points  taken  on 
</  B,  say  B — ^and  let  each  of  them  be  Jomed  with 
o— then,  since  r  q  o  p  u  cat  harmonically,  and 
since  tokBrever  the  polar  of  the  point  r  cuts  b  Q  p, 
it  will  cat  it  harmonically,  o  will  be  the  point 
where  it  so  cots  it  Since  o  then  depends  on  the 
line  &  R  and  does  not  alter  with  the  position  of 
the  var}-ing  point  r,  the  polars  of  that  varying 
point  aU  pass  through  o. — It  is  easy  to  see  that 
if  a  pair(^  tangents  be  drawn  from  a  given  point, 
the  chord  of  contact,  the  line  joining  these  points 
of  contact  will  be  the  polar  of  that  point  Hence, 
generally,  if  from  all  points  of  a  given  Une,  pairs 
of  tangents  be  drawn,  all  the  chords  of  contact 
will  pass  through  one  given  point — the  pole  of 
that  line. 

2®  If  any  number  of  right  lines  pass  through 
a  point,  the  locus  of  these  poles,  with  respect  to  a 
given  line,  is  a  right  line,  namely,  the  polar  of 
the  point  This  one  immediately  sees,  horn,  the 
reciprocal  relation  of  the  pole  and  the  polar,  to 
be  the  mere  inverse  of  the  last  proposition. 

3°  If  through  a  point  ▲  we  draw  any  two' 
dunds  ABC,  AB'  o'  to  meet  the  circle,  andjuia 
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B  B',  c  <y,  B  (/  B'c,  then  a  is  the  polar  of  o  </, 
o  of  A  </,  o'  of  A  o. — It  is  a  property  well  known 
in  the  theory  of  harmonic  pencils  that  a  b'  g' 
is  cat  harmonically — so  also  a  b  d  a  Hence, 
the  line  o  (/  cuts  these  two  lines  through  a  just 
as  the  polar  of  a  does,  so  that  o  o'  is  the  polar  of 
A.  Just  in  the  same  way  it  may  be  shown  that 
A  (y  is  the  polar  of  o,  and  it  ibllows  from  this  by 
proposition  1°,  that  &,  the  intersection  of  the  two 
polars,  is  the  pole  of  the  line  A  o  npon  which  the 
two  poles  lie. 

4°  If  four  poles  lie  on  a  right  Une,  these  polars 
fbrm  a  pencil  the  enharmonic  ratio  of  which  is 
the  same  as  that  of  the  four  poles.— -This  follows 
finom  these  two  considerations:  The  first,  that 
the  polars  meet  in  a  point,  since  the  poles  lie  on 
a  straight  line— the  second,  that  since  the  polars 
are  perpendicular  to  the  lines  joining  the  poles  to 
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cue  fixed  point,  the  centre  of  the  drdi^  thanijlv 
which  they  contain  are  equal  to  those 
by  these  Unes;  and  as  the  aahwinoai 
the  fbor  poles  is  ezpreasible  in  tanns  of 
latter  an^^  it  foUows  tlMt  the 
ratio  of  tiie  polars  is  the  same  with  it. 
6^  IfaquadrilatenlbecireBniMribed 

dnde,  and  an  inscribed  qoadiilatanl  tie  Ibmed  bj 
joining  the  soooeasive  points  of  contact,  die  dia- 
gonals of  the  two  qnadrilaterals  inleneet  hi  the 
same  point,  forodng  a  harmooie  pencfl,  and 
the  third  diagonals  are  oo-inddenL  PQBa,  ab 
o  D  are  the  qoadrilaterala.  Sinees  la  thspelv 
of  A  D,  and  Q  of  b  c,  8  Q  is  the  polar  ef  </. 
Sunilarlyp  Bis  the  polar  of  o.  TbenAw^rths 
intersection  of  diagonals  of  the  enter  qjoadrilatenl 
is  the  pole  of  the  third  diagonal  of  the  Mner.  Bol^ 
as  proved  hi  3°~the  pote  of  the  third  &a^pmd 
is  also  the  faitenectkn  of  the  diagooab  of  the 
MMer,  and  aa  the  pole  of  a  definite  Ime  with  re- 
spect to  a  given  circle  can  only  be  one  qnbe  da- 
terminate  point,  the  two  intersections  of  diagoaalB 
coincide. — ^Also,  since  p  b  paaaing  thioqgh  ▼,  te 
pole  of  o  (/  is  the  polar  of  o,  it  moat  abo  pass 
through  </,  becaoae  (3^),  o'  ▼  is  the  polar  ef  Ob 
Al8o,oistliepoleof8Q.  Henoe,tlie&ieBADtf, 
Bco^  are  cot  haimonicallj,  and  the  lines  at  ▼ 
make  a  harmonic  pmril-l^Alwo  tbe  points  x,  b 


also  is  o</* 


are  poles  of  AC,  BD  respeetivelyv  and 
X  z  is  the  polar  of  y.    But  so 
Hence,  X  z  o  o^  is  a  straight  line, 
given  point  has  with  reference  to  a  given 
determinate  p(dar  line.    It  merd j  azpr 
X  C  z  o  is  the  polar  of  ▼,  to  any  that  a 
cvthnmgh  vand  the  centre owonU  be 
dicular  to  it,  and  if  It  meets  it  in  y'  that 
o  y  S3     the  aquare  of  the  radlna.— -We 
given  enough  to  enggeet  the  prooeaaea,  a 
supply  the  cUef  prindplaB  of  the  pn€ij 
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metnemetliodorpQlan.  What  follows  is  in  ex- 
taarnum  of  that  to  the  ordinaiy  oonicfl.  One  pro- 
portf  of  the  polar  we  saw  to  be  that  for  pdnts 
withoat  the  dicle,  they  coincide  with  the  ofaordfl 
of  cootact  of  tangents  to  the  drde.  Suppose  we 
define  the  polar  of  points  ontside  of  any  conic 
sectioa  to  be  similarly  the  chord  of  contact 
This  would  hdd  with  ralbrence  to  any  pcnnt  out- 
side; hot  a  more  general  definition  is  required. 
GhrsD  any  point  o' let  it  be  joined  with  the  centre 
of  the  conic  c,  and  oc/  taken  in  it  so  that  o  o, 
o  or  shall  be  equal  to  the  square  of  tlie  semioon- 
Jngate diameter; and  through  o'leta  Bnebe  drawn 
ptfaUel  to  this  semicoqjngate  diameter— then  it 
will  be  Ibnnd  that  this  line  has  quite  similar 
pnpetties  with  nspect  to  o  as  the  polar  line  has 
with  respect  to  the  pole  in  the  case  of  the  dide. 
We  can  the  point  and  the  line  mutually  pole 
and  polar  with  lespect  to  the  conic.  It  was 
dear  in  the  drde  that  the  polar  is  always  per- 
pendicular to  the  diameter  at  whose  extremity  it 
is — that  is,  paraUd  to  the  semiooi^ugate  dianM»- 
ter.  We  see  this  same  to  hold  here.  Anal^ti- 
oaUy  the  expresrion  is  the  same  for  the  diord  of 
contact  and  the  pdar,  the  co-ordinates  <tf  the 
pole  being  substituted  for  the  co-ordmates  of  the 
point  through  which  the  tangent  passes.  This 
aeeurea,  as  theanalytlcal  reader  will  readily  see,  the 
perallelism  of  the  chord  of  contact  and  the  polar. 
—Two  propositions  with  respect  to  the  polars  in 
eudes  whidi  are  more  readily  proved  by  analyti- 
oil  than  geometiicd  prindples,  we  merely  state. 
— I*^.  Given  any  two  points  a  b  and  their  polara, 
if  0  be  the  centre  of  the  drde,  then  c  ▲:  c  b  in  the 
{nverse  ratio  of  the  perpendiculars  let  &n  fhrni  each 
point  on  alternate  polars.  2*^.  Given  a  drde  and 
striangle  a  b  c,  if  the  polars  of  a'  b'  </  be  taken 
of  EC,  &c,  then  a  a',  b  b',  o  C  wiU  pass  throng 
ooe  point  We  can  readily  prove  the  same  pro- 
portion as  V  with  respect  to  the  polar  of  a  point 
0  m  general — that  if  o  b'  b  b''  be  drawn,  any 
Hue  inteniectliig  the  oonic,  the  polar  and  the  conic 
neoessively,  it  will  be  harmonically  divided. 
We  have  dso  the  same  proportion  as  8%  in  gen- 
cod,  for  any  conic.  These  are  the  prindpal 
theorems  whidi  we  think  it  neoeesary  to  state 
with  respect  to  direct  polars.  But  there  is  a 
method  of  obtainmg  from  every  polar  theorem  an 
hirase  theorem,  whidi  serves  as  a  means  of  dis- 
ooveiy  of  problems.  Let  o  be  a  given  point— the 
oentreof  a  dide^  iu>t  described  in  the  figure— and 
let  spp'B  be  a  curve  in  any  way  connected  with 
it  Then  draw  o  perpendknlar  to  any  tangent 
'1^  end  so  that  o  T,oj9  is  equal  to  the  square  of 
tfaersdiue.  A  curve  tpp'  $  will  evidently  be  de- 
Kribed  by  the  extremities  j9,  in  which  each  point 
P  ooiresponds  to  one  of  the  given  ones  p.  Still 
■ore  generally,  had  not  a  circle  but  a  oonic  been 
Mt  down  as  the  curve  of  reference,  and  the  polar 
to  p  been  described,  or  rather  the  socoeedve  points 
P  through  which  it  Is  constructed,  obtained,  we 
*bodd  have  had  a  difierent  curve— varying  with 
^  ipedes  and  particular  description  of  oonic— 
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for  the  redproeaL     The  drde  is  most  gencrany 
choeen.    In  the  general  case,  however,  we  cun 


show  yAaX  the  properties  are  in  which  the  red- 
prodty  consists. — Suppose  p  p',  j9  p'  to  be  corre- 
sponding points,  then,  by  definition  p  is  pole  of 
the  tangent  p  q,  and  ;^  of  p'  q.  Hence  jij/  is  tho 
polar  of  Q.    Let  these  points  FF^pp'  come  as 
nearly  as  possible  to  comcide,  then  pp"  will  be- 
some  the  tangent  at  p,  q  will  come  to  cdncide 
with  p.    Hence  in  the  Umit  we  have  p  the  pole 
of  the  tangent  at  p.    Therefore,  generally,  any 
point  in  the  one  curve — and  that  dther  of  them 
— has  its  polar  or  tangent  to  the  other,  and  vice 
vena, — ^The  redprocal  theorems  are  obtained,  in 
fkct,  in  this  way — if  we  have  given  in  any  state- 
ment of  certain  poles  lying  on  a  right  line— we 
know  that  those  poUus  meet  in  a  point   Taking 
this  as  example,  we  see  that  in  many  cases  data 
with  respect  to  the  one  set  of  points — considered 
as  poles,  will  furnish  information  with  respect  to 
the  other  considered  as  tangents.    Thus  the  fol- 
lowing theorem  is  called  Pascals     If  a  hexagon 
be  inscribed  in  a  conic,  the  intersections  of  its 
oppodte  sides  lie  along  a  right  line.    Take  the 
redprocal  polar  conic— with  respect  to  any  curve 
of  reference— and  take  the  polar  corresponding 
to  the  angular  points  of  the  hexsgon.    In  fact, 
interchange  Ihies  for  points  and  points  for  lines, 
and  we  find  tins  theorem — if  a  hexagon  be  cir- 
cumscribed about  a  cirde  its  successive  diagonal^ 
through  oppodte  angles,  meet  in  a  point    This  is 
called  Briancfaon^s  theorem.    This  metliod,  after 
a  little  application  and  use,  will  come  to  consist 
in  the  mere  mechanical  sulMtitntion  of  pomt  for 
JHie,  tntcribed  for   circumeoribedf    envelope  for 
J(9ctw,  &C.,  and  vice  versa.    Thus  to  write  down 
only  other  two  theorems. — If  two  vertices  of  a 
triao^move  along  fixed  right  lines,  while  the 
sides  pass  each  through  a  fixed  point,  the  locus 
of  the  third  vertex  is  a  conic  section.    The  red- 
procal theorem  is  seen  to  be  this : — If  two  sides 
of  a  triangle  pass  through  fixed  points  while  the 
vertices  move  on  fixed  right  lines,  the  envdope  of 
the  third  side  is  a  oonic  section.     It  is  easy  to 
show  that  if  two  oonics  touch,  these  redprocala 
also  will  touch,— if  there  be  double  contact, 
there  will  be  the  same  in  the  redprocals.    We 
fear  it  is  impossible  here  to  give  any  fiiither  do- 
vdooments  of  the  theory.  The  reader  Is  refened 
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to  Mnlcahy's  Mpdem  Geometry  fait  the  purely 
geometrical  applicatioiis,  and  eapedally  to  Mr. 
Sfllmon^s  Come  Sections^  and  the  admir«l>Ie  chap- 
ter apon  Reciprocal  Poleuv  in  that  work. 

P^lar    Triaaglc      See    Tjuqoxomktbt, 

Sl*HEHICAL. 

P«le.  A  word  originally  meaning  a  turning 
point.  Hence  it  came  to  signify  the  extremities 
<^  the  axis  upon  wliich  the  eartii  tarns  round  in 
its  diamal  motion.  When  transferred  to  the 
heavens,  it  came  to  mean  the  points  roand  which 
they  seem  to  turn — the  two  diametrically  op- 
posite points,  that  remain  unmoved  in  the  gene- 
ral motion  of  all  around  ~  the  points  in  fact,  where 
the  production  of  the  axis  of  the  earth  cuts  the 
celestial  sphere.  In  transferring  the  term  to  any 
spherical  hody  under  rotation,  or  considered  as 
possibly  under  rotation,  it  is  evident  that  the 
two  points,  where  the  axis  cuts  the  spherical 
surihce,  would  necessarily  be  chosen.  The  term, 
however,  has  come  to  have  a  still  wider  meaning 
— and  now  signifies  almost  any  point  of  direc- 
tion that  may  be  mentioned.  In  co-ordinate 
geometry,  tlie  pole  is  the  origin — or  point  of 


primary  reference — and  this  is  the  use  to  whidi 
the  term  is  generally  put.  The  sdenoes  of  optics, 
magnetism,  light,  &c.,  all  have  their  poles ;  and 
in  them  generally,  this  meaning,  as  the  point  of 
primary  reference — the  point  where  the  most 
noticeable  effect  is  produced  or  such  like,  pre- 
vaik.    See  Polaritt. 

P*le  Simr.  That  one  of  the  stan  visible  to 
OS  which  is  not  affected  by  the  diurnal  apparent 
motion  of  the  heavens,  Ib,  in  accordance  with  the 
definition  of  the  Pole,  called  the  Pole  Star.  It 
is  that  star  which  the  produced  axid  of  the 
earth  would  reach,  in  the  visible  heavens.  In 
the  hemisphere  beneath  our  horizon  there  will 
be  another  Pole  Star ;  of  course  we  do  not  see 
it  Ko  bright  star  is  in  the  exact  continua- 
tion of  the  line  of  the  earth's  axis  at  present 
The  point  of  the  pole,  besides,  does  not  remain 
stationary  in  the  heavens  (PBBCESSioir,  Nu- 
Tatzox.)  Hence  it  is  usual  to  call  a  bright 
star  near  the  Pole,  which  therefore  does  move  in  a 
very  small  diurnal  circle  round  it,  the  Pole  Star. 
The  actual  Pole  Star  is  one  in  the  constellation — 
Ursa  Minor  (;.  o.)  This  will  not  remain  always 
so,  because  of  the  shiitmg  of  the  pole  itself  but  it 
win  be  so  sensibly  for  a  very  long  period. 

P«lhynuiia«  An  Asteriod  discovered  in 
November,  1854. 

P«llax.  One  of  the  parts  of  the  constella- 
tion Gemini  (q.  v.)  The  other  is  Castor ;  and 
the  constellation  fa  sometimes  called  instead, 
Castor  and  PoUuz. 

IPmmmmeu  One  of  the  Aateriods  discovered 
in  November,  1854. 

P«rea.  Interstices  in  bodies  between  their 
coDstitoent  partidea,  where  no  matter  is  supposed 
to  exist  or  only  air  through  its  interpenetration. 
Some  bodies,  such  as  sponges,  possess  great  poi^ 
osity.    The  compressibility  ia  nearly  in  the  fai- 
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vwse  ratio  of  the  porosity.     Tbe 
but  few  porea.     In  animated 
the  instrumeuts  of  the  prooeaBes  of 
and  absorption. 

Pattern.  Anamegivento  Aremaikabkcha 
of  propositions  in  the  ancient  gmmeti^r,  whose  na- 
ture long  continued  enigmatlGal  in  modeni  tiaaes 
and  which,  et-en  yet,  leouins  to  a  fauge  extm 
obscure.  The  great  work  upon  theanbjeet  mmm 
to  have  been  a  special  trsaliae  by  Endid,  the  saly 
relics  of  which  are  contaised  in  the  descrfplisB 
given  by  Pappus  AWandrinngL  Tbe  oh^  d 
Pappus,  however,  having  been  to  gire  a  son- 
mary  and  not  an  exposition  of  the  Greek  gi»- 
metry,  he  wrote  so  briefly,  that  althoogh  h» 
account  may  have  been  perftelly  intei^ibb 
to  those  who  knew  what  a  Porism  meant,  k 
was  quite  a  riddle  to  mathematidana  after  Ae 
signification  of  the  Pbrism  had  been  forgueiea 
and  wliolly  lost  The  entire  ckapler  of  Pappos 
is  most  tantalising.  He  begins  by  H|»fhiiig  ef 
Eudid*s  woric  aa '*  CoAMo 


tammrerum  _ 
et  ffeneralmm  pnMemattm ; "  but  on  hm  |^ 
oeeding  to  state  wliat  a  Porism  ia,  and  to  iOw- 
trate  his  definition  by  the  enoneiatkn  ef  tbkty 
separate  instances  (unfortunately 
by  diagrams),  we  find  ooreehres 
of  vagueness  and  perplexity.    Few 
have  lived  than  Dr.  Halley,  yet,  even  b^  after 
carefhlly  examining  the  Greek  text,  gave  op  the 
attempt  to  unravel  the  myateiy  in  despair.    Be- 
fore his  time  indeed,  a  certain  bat  vtry  impeffect 
light  had  been  thrown  upon  the  aiib|eGt  by  the 
iUusbious  Fermat ;  but  the  oondnaians  at  wkkk 
that  geometer  had  arrived,  were  80  special 
fined,  Uiat  the  genetal  natureof  a  Poriam 
nearly  as  obacure  aa  ever,  nor  does  be  appear 
to  have  even  suspected  that  this  daas  of  piubk— 
required  for  Its  investigation  a  peeoSar  pRwessof 
geometrical  analyals.     The  enigma,  ia  gieat 
measure,  yielded  at  last  to  the  penetration  of  Dr. 
Robert  Shnson— whose    treatise  in  his  Open 
PoiUMmay  will  ever  be  cherished  as  a  gem.    The 
definition  at  which  Simeon  arrived  was  the  Al- 
lowing :  **  A  porism  is  a  proposition  in  wUck  k 
is  proposed  to  demonatrate  that  one  or  man 
things  being  given  between  which  and  eveiy  one 
of  innumereUe  things  not  given,  but  — "™»*^ 
according  to  a  given  law«  a  certain  relation  de- 
scribed in  the  proposition  is  to  be  abown  to  take 
place."    Even  this  definition  at  first  sight  a^ 
peara  somewhat  obscure;  bat  it  la  ao  doeiy  ftvtt 
its  generality.    Shnson  restored  the  tight  analv^ 
sis  and  detected  the  meaning  of  sir  of  the  apedd 
enundationa  of  Pappua    Simson'a  tnatlae  bemg 
now  difficult  of  access,  the  atndent  Is  referred  to 
a  dissertation  by  Profeoeor  Playfeir  In  the  7>«a»- 
actions  of  the  Boyal  Society  of  Edhiboigk,  and 
reprinted  among  his  miaoenfuwoas  worita    Ilk 
essay  is  distinguisbed  by  the  remarkable  laeid- 
ity  characterizing  all  the  writings  of  FUyftir; 
but  it  may  be  queatk>iied  vfaether  tbe  difficak 
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sobjeet  h  ezbaosted  by  it  It  b  the  ingenious 
eoooeption  of  Playfair,  that  Porums  anwe  neces- 
sarily oat  of  the  logical  comjdetenets  which  the 
andent  geometers  sooght  to  bcettow  on  e\-ei3'  pro- 
blem undertaken  by  them.  A  partial  solution 
was  not  held  satidbcton*, — that  is,  a  solution 
for  merely  one  condition  or  relation  of  the  data. 
The  solution  obtained  for  one  state  of  these  data, 
they  inquired  what  would  occur  were  these  data 
related  to  each  other  in  all  conceivable  ways,  and 
In  coarse  of  this  inquiry,  they  hit  upon  the 
truth,  that  there  often  were  relatbns  rendering 
the  problem  mdeterminatey — just  as  when  the 
value  of  two  variables  are  sought  to  be  det«r- 
mined  by  two  equations  with  equivalent  forms 
and  constants.  These  indeterminate  cases  ac- 
cording to  Plaj'fair,  form  the  subject-matter  of 
Porisms : — hence  his  definition.  **  A  porism  is  a 
propoaition  affirming  the  possibility  of  finding 
Kucli  conditions  as  will  render  a  certain  problem 
indeterminate  or  capable  of  innumerable  solu- 
tions.** — ^Tbat  Playfair's  view  enables  us  to  con- 
struct many  propositions  that  are  Porlsms  is  un- 
questionable ;  nevertheless.  It  cannot  be  supposed 
that  anything  so  simple  and  limited  has  entirely 
surveyed  a  field,  the  culture  of  which  the  Greek 
f;eometers  considered  so  very  important  Upon 
the  whole,  it  is  safest  at  present  to  adopt  the 
soitinicnta  of  Chasles,  **  a  thick  veil  still  covers 
the  doctrine  of  Porisros;  for,  independently  of 
the  twenty-four  enunciations  of  Pappus  to  which 
we  can  as  yet  attach  no  meaning,  we  require 
to  know  the  reason  of  the  unusual  form  of 
these  pmpo^itions,  the  whole  idea  on  which  they 
repose,  their  nature  or  mathematical  character, 
the  leasou  of  their  alleged  emhient  utility  in 
the  art  of  geometry,  and  the  transfonnations 
which  this  doctrine  has  subsequently  undergone, 
ao  that  It  penetrates — unknown  to  us — among 
modem  methods.**  Were  we  to  rest  with  Play- 
fair'a  idea,  we  should  find  the  subject  of  Porlsms 
entirdy  included  within  the  modem  doctrines  of 
ComtuMutf^  Corretotcm,  and  Dtformatum  ?  butaa 
we  have  said.  It  probably  extends  much  farther. 
The  time,  however,  seems  to  have  come  when  a 
geometer  with  suitable  knowledge  and  tastes, 
might  achieve  new  triumphs  in  this  special  and 
most  Interesting  region  of  inquiry. — We  cannot 
oDiit  a  tribute  to  the  labours  of  Hr.  Babbsge. 
lie  desired  to  discover  the  connection  between  the 
ancient  analysb  applied  to  Porlsms,  and  some 
method  of  the  modem  analysis ;  and  he  found 
the  link  in  a  Ikvourite  subject  of  his  own,  the 
■object  cK  Jwdional  equationt  chiefly  of  the 
penodie  class.  This  remarkable  memoir  will  be 
fbond  in  TrontactUmt  of  Edinburgh  Baytl  So- 
ciety, voL  iz. 

IP«aMo«  (Aagto  mf).  The  angle  which 
the  Una  between  two  stars  makes  with  any 
fixed  line — usually  with  a  circle  of  decUnatkxi. 

P«ta«ttol  Bacasy  is  the  capacity  for  per- 
ffarmlog  work  possessed  by  a  body,  in  virtue  of 
the  thfces  ezvted  either  between  its  parts  or 
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between  it  and  other  bodies,  and  Is  called  "  po- 
tential,** to  distinguish  it  from  Actual  Eneryy^ 
which  Is  the  capacity  for  performing'  work  pos- 
sessed by  a  body  In  virtue  of  the  condition  of  each 
of  its  parts  independently  of  the  others.  Heat, 
light,  electric  currents,  and  the  vu-viva  of  a  mov- 
ing body,  are  examples  of  actual  energy.  As  an 
example  of  potenti&t  energ}',  due  to  a  force  ex- 
erted between  two  bodies,  we  may  take  the  case 
of  a  mass  suspended  at  a  given  height  above  the 
earth*s  surface ;  that  mass,  in  consequence  of  the 
attraction  between  it  and  the  earth,  possesses 
potential  energy  or  capacity  for  performing  work 
to  the  amount  expressed  by  the  product  of  Its 
weight  into  the  height  at  which  It  is  suspended. 
As  an  example  of  potential  energy  due  to  the 
forces  exerted  between  the  parts  of  a  body,  we 
may  take  the  case  of  a  bent  spring,  which  pos- 
sesses potential  enei^gy  to  the  amount  expr^scd 
by  the  product  of  the  mean  clastic  force  which 
would  be  exerted  in  the  act  of  unbending,  Into 
the  distance  through  which  such  force  would  act 
See  Maciiimk,  anief  also  the  following  papers,  in 
which  the  terms  "  Actual  Energy**  and  **  Poten- 
tial Energy**  were  first  Introduced : — Rankine  on 
the  Generai  Law  of  Tramformation  of  Energy^ 
Phil  Afag.f  Feb.,  1853 ;  Rankine  on  the  Science 
of  Energetics^  Edinburgh  Philoicj^ical  Journal^ 
1855.  So  far  as  the  works  of  Aristotle  can  at 
the  present  day  be  made  Intelligible,  it  appears 
that  the  term  ^wm/tut  may  be  translated  by 
'*  potential  energy,**  and  the  fiimous  word  «»nx- 
(;^im  (so  long  a  mystery  to  oooimentators),  by 
"  actual  energy.** 

Potential  Faactton,  or  simply  Potential, 
Is  a  function  of  the  masses  of  a  body  or  flysteni 
of  bodies,  and  of  the  position  of  such  body  or 
system  relatively  to  a  given  point,  of  such  a  na- 
ture that  the  component  parallel  to  a  given  direc- 
tion of  the  attraction  or  repulsion  of  the  body  or 
system  upon  a  particle  of  the  mass  unity,  situated 
at  the  given  point.  Is  the  difierential,  co-efficient 
of  the  potential  relatively  to  an  ordinate  measured 
along  the  given  direction;  or,  in  other  words,  the 
rate  of  variation  of  the  potential  along  the  given 
direction.  To  express  this  symboUodly:  let  t 
denote  the  poteutial  of  the  attracting  or  repellmg 
body  or  bodies  relatively  to  a  given  point  o,  at 
which  point  let  a  particle  of  the  mass  unity  be 
situated;  through  o,  in  any  direction,  conceive  a 
straight  Une,  ox,  to  pass;  take  a  point,  r,  on 
the  Une  o«,  at  the  distance  A»  from  o ;  let  T'  be 
the' value  of  the  potential  for  the  point  r;  then 
must  the  potential  be  a  functioa  such,  that  the 
limit  towards  which  the  quantity 

t — T 
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and 
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converges,  aa  the  point  p  is  brought 

dx\ 
nearer  to  o  (a  limit  denoted  symboUcaDy  by  ,--  I 

shall  be  the  component  in  the  direction  o«  of  the 
attraction  or  repulsion  on  the  onit  of  mass  at  o^ 
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If  three  axes  at  right  angles  to  each  other,  Odf, 

oy  ,0  s,  be  conceived  to  pass  through  o,  then  trill 

c^T      dT     dT 

— i        — ^1        — I 

dx     djf      dz 
in  like  manner,  be  the  three  components  of  the 
attraction  or  repulsion  on  the  unit  of  mass  at  o 
along  those  three  axes;  so  that  the  whole  or 
resultant  attraction  or  repulsion  will  be 


=  »i 


V®>Q'+(IO- 

and  the  cosines  of  the  angles  made  by  that  resolt- 
ant  with  the  three  axes  respectively  will  be 

dT    dx    dT 

dx    d»    dt. 
— I    —I    — 
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It  is  evident,  that  in  order  to  fulfil  the  above  con- 
dition, the  difference  t' — t,  between  the  potential 
at  p  and  the  potential  at  0,  must  be  the  work 
which  an  unit  of  mass  is  capable  of  performing  in 
moving,  under  the  influence  of  the  attraction  or 
repulsion  ftx)m  o  to  p ;  that  is  to  say,  that  difier- 
ence  must  be  the  potential  energy  of  an  unit  of 
mass  at  o  relatively  to  p.  If  the  attraction  or 
repulsion  resists  motion  from  o  to  p,  the  difler- 
ence  t' — t  will  be  negative.  From  these  consi- 
derations, it  appean  that  the  potential,  at  a  given 
point  0,  is  to  be  determined  in  the  following 
manner :  conceive  an  unit  of  maas  to  start  from 
a  locality  at  which  the  attraction  or  repulsion  is 
null  (infinitely  fisr  off,  if  necessary),  and  to  move 
to  the  pomt  o.  The  work  performed  by  the 
mass  during  the  process  (increased  or  dimhiished 
by  a  constant  quantity,  if  convenient),  is  the  po- 
tential of  the  action  of  the  attracting  or  repelling 
bodies  on  an  unit  of  mass  at  the  point  o.  The 
potential  of  the  joint  action  of  any  number  of 
bodies  is  the  sum  of  the  potentials  of  their  sepa- 
rate actions ;  and  the  potential  of  the  whole  action 
of  a  body  is  the  sum  of  the  potentials  of  the 
actions  of  its  particles.  Hence,  to  find  the  poten- 
tial of  the  action  of  a  body  of  any  figure,  conceive 
it  to  l)e  divided  into  indefinitely  sinall  partides; 
find  the  general  expression  of  the  potential  for  a 
single  partide,  and  integrate  this  for  tlie  whole 
body.  The  potential  of  a  single  particle  b  found 
as  follows: — Let  the  particle  be  situated  atM, 
and  let  m  denote  its  mass;  let  the  distance, 
M  aaTi.  Omceive  an  unit  of  mass  to  move 
from  an  infinitely  great  distance  towards  ic;  let 
its  distance  from  m  at  any  moment  be  r;  let  the 
force  exerted  between  m  and  the  moving  unit  of 
maas  at  that  distance  be 

c  m/(r) 
where  o  is  a  constant,  and/(r)  a  ftmctloa  of  the 
distance,  ^d  the  force  is  regarded  as  positive  if 
repulsive,  negative  if  attnctivei  Thai  will  the 
work  performed  by  the  moving  unit  of  mass,  by 
the  time  it  has  reached  o,  be 
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and  this  is  the  jM^mfibZ  of  the  actbo  of  tbe  |v. 
ticle  m  at  It,  on  an  unit  of  mass  at  o.  Inifee 
case  of  the  force  of  gravity,  we  have 

/fr) i 

and  consequently  t  =>  ^ 

ri     

The  symbolical  expresaon  for  the  potential  of  thi 
action  of  a  body  of  any  figure  on  an  unit  of  bhb 
at  0  is  as  follows: — Concdve  tlie  body  to  be 
divided  into  small  particles ;  let  (i  v  be  the  Tobne 
of  any  one  of  thoee  partides,  ^  its  densty  (» 


that  the  whole  maas  of  the  body  is   I   ^dT^aai 

rj  its  distanoefrom a  Then  in  tliefonBiila(l.), 
f  <2  y  is  to  be  substituted  for  m,  and  tbe  expics- 
sion  80  obtained  mtegrated  for  the  whole  body. 
giving  the  following  result ; — 

T  -  -  c  /■  ^  e  /  l^!i^)rfr...(S) 
In  the  case  of  gravitation,  thb  beootnes 
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An  Eqmpotential  Surface  is  a 
ing  all  those  points  at  which  the  potential  of  a 
body  or  system  of  bodies,  has  some  given  value. 
It  is  everywhere  normal  to  the  directioa  of  tbe 
resultant  force.  A  free  moving  body,  in  paw- 
ing from  one  equtpotential  sorfaoe  to  another, 
has  the  half-square  of  its'velodty  increased  or 
diminished  by  an  amount  equal  to  the  difiereDce 
of  the  potentials,  according  as  the  second  potee- 
tial  is  greater  or  less  than  the  first.  Tbe  fiat 
introduction  of  the  potential  ftmetion  into  aechs- 
nical  investigations  is  due  diiefly  to  Legeodre, 
Lagrange,  Laplace,  and  Poisson,  who  applied  h  ts 
the  theory  of  gravitation.  It  waa  applied  to  tbe 
tiieoxy  of  terrestrial  magnetism  by  Gauss.  Its 
use  was  extended  and  perfected  by  many  sabse> 
quent  authors,  especially  by  Green,  who  fint 
gave  it  its  name  of  **  potentiaL"  It  may  bs 
remarked,  that  something  like  tbe  germ  of  the 
idea  of  a  potoitial  function  is  to  be  foond  in  tbe 
89th  and  40th  propositions  of  Newtoo*s  Prin- 
cipia. 

P«wer.  A  term  eqaivalent  tojarce,  or  nOhcr 
to  the  origin  of  force. 

Prece— Iw  mf  fi^aia^xea.  Tlie  plaee  of 
a  star  in  the  heavens  is  determined  by  its  rigbt 
ascension  and  dedinatioo,  or  by  ita  latitude  aad 
longitude.  Each  of  these  is  a  measaranent  le- 
ferring  the  place  of  the  star  to  a  point  relativrfy 
fixed;  80  that,  such  points  derive  tbeir  vafais 
from  their  real  or  apparent  .^xt^  in  the  eebi- 
tial  sphere.  If  it  he  found  that  they  more^  the 
measurements  that  are  taken  will  have  to  ba 
retalEen,  from  year  to  year;  or,  at  all  eveots, 
theoretiisal  corrections  will  ha\'e  to  be  made  apoa 
them  after  we  have  disoovend  the  amount  ef 
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▼arlation.    Tbe  cbtnge  of  the  fixed  point  by 
fiiibrence  to  which  right  ascension  or  longitude 
m  measiired,  u  tbe  spnroe  of  what  is  tenned  the 
Preoeseion    of    tbe    Equinoxes.      The  vernal 
^qstmox  is  this  point;   ie.,  tbe  intersection  of 
the   equator  and  ecliptic.     Does  it  change  its 
posickHi   in   the  heavens,  or  is  it  a  constant 
point?     It  does  alter  by  a  slow  movement.    It 
appears  to  travel  for  the  most  part  along  the 
ecUptic,  badcwards  from  east  to  west — that  is, 
in  the  direction  of  aj^xxitnt  dinmal  motion — 
and  flo,  contrary  to  the  direction  in  which  the  son 
moves  in  Uie  ediptic.    The  eqninox  is  thns 
carried  constantly  in  apparent  advance  of  the 
•tan,  and  from  this  comes  the  name — iVeeet- 
mom  of  Eti^moxa.    It  is  found  that  the  mo- 
tion is  very  regular,  so  that  a  constant  cor^ 
rectioa  may  be  applied  fixr  it     The  amount 
br  vrliich  tlie  point  of  the  eqninox  retrogrades 
aioQg  tbe  ecliptic  is  about  0°  O'  60'10"  per 
annum.      In  25,868  years,  the  equinox  will 
go  oompletely  round  tbe  ecliptic.     The  manifest 
eflect  of  this  will  be  to  bring  some  of  the  fixed 
■tats  nearer  to  tbe  point  of  reference,  and  drive 
others  farther  frtnn  it,  as  regards  thdr  longi* 
tode ;  and  aa  we  employ  this  point  constantly — 
thoogfa  it  is  a  dianging  point — as  if  it  were  a 
flxed  point,  the  longitude  ctf  all  the  stars  must 
seem  directly  aifet^  by  that  change:   «.«., 
there  must  be  an  apparent  regular  increase  of 
loogitnde  in  all  the  stars.     Takmg  the  Ecliptic 
aa  a  fixed  circle  (although  it  is  not  so,  quite 
aocontely),  let  ns  look  at  the  other  circle — 
the  EquinoctiaL     It  may  change  its  position. 
Bat  that  change  must  indicate  some  altera- 
tion hi  the  drcumstanoes  upon  wliich  its  origin 
depends.   There  must  be,  therefore,  some  motion 
of  the  pole  of  the  heavens — tliat  is,  tome  motion 
of  At  axi3  of  the  earth  to  account  for  preces- 
sion.   It  is  found  that  the  change  wliich  would 
folly  account  for  precession  consists  in  the  rota- 
tion of  tbe  pole  of  the  equinoctial — round  what  we 
nay  sappoee,  for  the  time,  a  fixed  point — the 
pole  of  the  ediptia    That  pole  then,  has  a  slow 
motion,  hi  a  circular  curve,  and  with  a  uniform 
motion.      It  completes   this  in  about  26,868 
ymn.     It  is  evident  that  this  shifting  of  the 
pole  wiU,  as  long  as  we  use  it  as  the  pomt  of 
reference — that  is,  as  the  statlonaiy  point  to 
which  all  othen  are  referred— cause  an  apparent 
shifting  of  all  the  heavenly  bodies  in  the  opposite 
direction.   Thus,  that  star  which  we  now  oall  tbe 
pole  star — a  bright  one  in  Ursa  Minor,  which 
is  not  reaDy  the  pole,  but  the  nearest  bright  star 
to  it,  being  distant  only  1°  24'  on  the  celestial 
sphere — is  stated  in  the  earliest  catah^gues,  to 
have  been  as  many  as  12^  from  the  pole.    In 
aboQt  12,000  years  tbe  star  m  Lyna,  which  is 
the   brightest   in   our  Northern    Hemisphere, 
wm  be  withhk  5°  of  the  pole,  and  will  then  be 
dioeen  doubtless  as  the  pole  star. — ^The  pheno- 
mena whose  genera]  effects  are  now  noticed, 
win  be  best  understood  by  aid  of  a  further 
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illustration.  The  earth  has  three  motions 
in  absolute  space.  Firgt,  it  wheels  round  the 
Sun  in  its  annual  orbit ;  SeconMy^  mvolves  on 
its  axis;  Thirdly, — and  this  is  the  condusion 
to  which,  as  above  explained,  the  facts  of  Pre- 
oeasion  lead, — the  axis  of  rotation  itself  moves 
in  Space.  Observe,  in  i^Mce;  for  the  axis  in 
respect  of  the  Earth  itsdf,  is  permanent ;  nor  do 
astronomical  phenomena  afi^ord  any  countenance 
to  the  h3rpothesis  of  shiftings  of  that  axis. 
Spin  a  teo'totmn  or  a  top.  The  toy  as  it  spins 
rolls  over  a  space,  as  the  Earth  around  the  Sun ; 
it  spins  on  its  axis  liliewise,  as  the  Earth  round 
its  polar  axis ;  but  the  axis  dot*  not  rematn  «p- 
righL  On  the  contraiy,  it  is  performing  a  regu- 
lar gyntioD,  one,  whose  mechanical  cause  is  subtle 
but  determinate ;  and  the  axis  of  the  Earth  gy- 
rates in  a  similar  way ;  which  motion  represents 


exactly  the  Preeettion  of  the  Egmnoxet^  as  de» 
duced  above.  We  cannot  avoid  referring  here 
to  tne  admirable  contrivance  by  which  Mr.  James 
Elliot  of  Edinburgh  has  succeeded  in  manifesting 
that  exact  motion  in  a  free  rotating  sphere. — Let 
us  turn  next  to  the  physical  eatue  of  Precession. 
If  the  Earth  had  been  a  sphere  or  perfoct  globe, 
there  would  have  been  no  such  gyratory  motion 
et  its  axis.  It  would  have  spun  evenly  and  for 
ever,  its  axis  remaining  upright — pointing  nnde- 
viatingly  through  all  ages  to  the  same  point  in 
the  slcy,  as  the  PoUu-  Star.  The  cause  of  this 
gyration  is  soldy  the  equatorial  proiidterance  or 
hulffinffs  nor  will  it  be  difficult  to  show  why  this 
bulging  must  so  act  In  the  first  place,  suppoee 
the  ring  or  bulging  portion  separated  from  the 
Earth,  which  would  then  be  reduced  to  a  simple 
sphere,  rotating  of  itself,  with  an  axis  permanently 
pointed  toward  the  Heavens.  This  ring  may  be 
fancied  isolated  in  the  meantime,  and  its  fortunes 
traced  as  if  it  were  so  isolated.  We  may  sup- 
pose the  ring  also  not  a  continuous  mass,  but  a 
succession  of  Moons  so  dose,  that  they  touch 
each  other,  all  revoh-ing  round  the  Earth  at  the 
same  time: — it  must,  of  course,  be  manifest 
that  what  befidls  one  ot  these  moons,  must  belall 
them  o^  or  the  ring  they  constitute.  Now  in 
artides  Ecufsbb,  Lunar  Thxort,  it  has  been 
explained  that  tbe  nodes  of  tbe  Orbit  of  any  such 
single  moon  must  regrete: — the  nodes  of  our 
own  moon  making  a  drcuit  of  this  kind  around 
the  Heavens,  in  aboat  eighteen  years*   Bat  each 
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ef  the  smaQ  moons  of  which  we  hare  been  spetk- 
ing,  must  exhibit  precisely  such  changes; — so 
tlierefore  must  their  total,  viz.,  this  equatorial 
ring.    This  curious  jolting  of  such  a  ring  maj  also 
be  fiuniiiarly  illustrated.   Take  a  crown piece^  «id 
spin  it  on  its  edge  or  rim.     By  and  by  it  will 
fall ;  but  observe  it  ybr  a  thort  time  before  Ufalh, 
The  high  and  low  parts  of  the  rim  do  not  remain 
in  the  same  place,  bat  pass  round  a  cirde,  in  a 
regular  way,  and  the  line  of  the  middle  part  of 
the  piece  of  silver  also  turns  round  with  the 
same  regularity — a  line  we  would  term,  speak- 
ing scientificaUy,  the  Une  qf  nodes: — and  with 
precisely  the  motion  of  the  nodes  of  our  great 
Equatorial  belt  or  hoop, — This  phenomenon  dis- 
tinctly understood,  one  step  fiirther  will  lead  us 
to  the  physical  causes  of  the  actual  Precession. 
Let  the  following  picture  be  realised— a  vast 
sphere,  a  globe  whose  uniform  diameter  is  its 
length  from  pole  to  pole,  rotating  round  a  fixed 
motionless  axis,  and  an  equatorial  girdle  rotating 
in  the  same  time  but  with  the  peculiar  jolting,  or 
nodal  motion  just  described.    Suppose  next,  that 
these  are  not  separated — that  the  girdle  of  moons 
is  not  isolated,  bat  on  the  contrary,  that  it  ckupe 
the  spherical  Earth.     What  must  ensue  ?    This 
unquestionably:   the  girdle  must  communicate 
its  peculiar  nodal  motion  to  the  globe  it  encircles, 
and  therefore  cause  the  axis  of  that  globe  to 
gyrate  like  the  axis  of  a  top :  but,  in  communi- 
cating that  motion  to  so  vast  a  mass,  the  girdle 
must  sacrifice  its  velocity :  the  force  expended  in 
constraining  the  central  sphere  to  partake  of  that 
motion,  and  in  constraining  its  otherwise  fixed 
axis  to  gyrate,  cannot  be  exercisf  d  unless  at  the 
expense  of  its  own  motion,  —just  as  one  ball  mov- 
ing swiftly  cannot  accelerate  a  slu{^h  one,  with* 
out,  by  the  very  act,  abandoning  a  portion  of  its  own 
superior  speed.    Now,  even  as  the  motion  of  the 
lanar  nodes  can  be  computed,  so  may  the  motion 
of  the  nodes  of  the  free  ring  be  numerically  esti- 
mated also ;  and  the  masses  of  the  ring  and  the 
interior  sphere  being  determined,  it  is  evident  that 
the  actual  period  of  this  motion  of  the  Earth  *s 
axis  or  the  amount  of  Preoesuon,  may  be  deter- 
mined with  the  last  precision. — Such  the  general 
character  and  ph^^ical  origin  of  this  remaricable 
motion.     The  actual  calculation  of  its  amount, 
however,  is  not  a  little  complex.    Part  of  the 
motion  depends  on  the  influence  of  the  Sun,  part 
on  that  of  the  Moon,  and  part  on  that  of  the  ex- 
ternal bodies  acting  through  gravitation  on  the 
Earth.    The  annual  precession  depending  on  the 
Sun  and  Moon  jointly — of  course,  by  far  the 
largest  portion— is  the  lAini-Solar   Precession; 
while  the  total  annual  effect  is  termed  the  general 
Precession.     Still  farther,  this  precession,  owing 
to  the  slightly  changed  relations  of  all  these 
bodies,  through  the  action  o{  perturbations  ^.v.), 
is  not  the  same  from  year  to  year,  but  varies  by  a 
small  quantity :  this  is  termed  the  Secular  Vary- 
ation.    The  mode  of  eliminating  this  influence 
from  the  apparent  places  of  the  Stare,  is  ex- 
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plained  wider  Stabs  Corbbqbiovs  fob  — ^It  is 
impossible  to  pass  without  notice  in  this  |i2sce 
the  remarkable  applicatioD  by  Mr.  Hopkins  of 
Cambridge  of  the  pbeoomena  of  Precession,  m 
elucidation  of  one  ot  the  vexed  points  hk  Qeaiogr ; 
the  question,  viz.,  whether  the  interior  of  ov 
globe  is  solid  or  liquid,  that  is,  molten  ?  As 
stated  aboVe,  the  solid  motion  of  the  protiH 
berant  ring  is  accurately  calculated,  and  its  mam 
is  also  known.  Its  power  to  drag  is  thus  a  fixed 
quantity.  Now,  In  dragging  the  earth,  tl  ex- 
pends, as  above,  a  oeitain  quantity  of  its  font; 
and  as  the  amount  of  force  so  expended,  or  tke 
actual  retardation  of  velocity  in  this  caat,  iakaowa 
from  obsen^ation— -(the  amount  of  Piceeaiga 
bang  established  by  observation^ — it  Ibllowstiitt 
the  magnitude,  or  rather  weight  or  reaotioii  of 
the  body  dragged,  that  is  of  the  ^ktrieal  ^iak, 
must  be  dedudble.  Now,  it  haa  been  sapposed 
to  be  indicated  by  important  geoloigical  jimo- 
mena  that  the  solid  crust  of  the  globe  is  not  bbor 
than  one  hundred  milet  in  tkieknets.  Wen  that  dis 
case,  or  anything  approaching  to  it,  what  woaM 
be  the  effort  required  from  the  Eq;iiatflrial  ingi? 
Clearly  this  shell  would  elide  over  the  saiiioe  ef 
the  internal  liquid — even  were  that  liquid  tIsobqi 
— and  although  a  certain  amoont  of  frk^isn  vosid 
impede  this  motion,  the  efifort  required  woold  adB 
not  greatly  exceed  that  neoessary  to  wow9  or 
drag  such  a  sheU.  But  we  know  the  mesa  or 
average  density  of  the  Earth;  and  it  deariy 
appean  that  no  shell  of  dimeosione  appnac^bg 
to  the  foregoing,  could  have  suffideot  inertia  to 
retard  the  swift  nodal  motion  of  the  Eqoatond 
Ring,  so  that  it  assume  the  recogmzed  petiod  U 
Precession ;  nay,  the  shell  in  question,  nnHt,  in 
order  that  it  promote  such  a  result,  be  at  kast 
one  thousand  miles  thick.  There  is  nothing  in- 
deed in  this  inqfaiiy  rendering  it  impoesibie  tbst 
the  globe  is  solid  throughout,  and  special  al- 
though limited  phj'sical  ot^jections  may  be  nigsd 
against  one  part  of  the  foregoing  reasoning :  bota 
distinct  negative  oertainly  appean  to  be  gim 
by  it  to  a  whole  class  of  geological  oonccptioBS 
on  grounds  vastly  more  aoUd  and  defensible  than 
any  that  are  alleged  to  sustain  them. — See  the 
remarkable  Memoin  by  Mr.  Hapkins  in  Tron^ 
actions  qfRoyol  Sodefy  ;  also  TBMPBaA'nrB& 

Prosaarc.    A  term  taken  from  the  perooi^ 
tion  of  the  action  of  forces  which  are  resiked  bv 

• 

muscular  power.  The  transference  of  this  to  ths 
action  of  forces  in  any  case  is  natoral  cno^^ 
It  is  only  important,  that  the  student  sboaU  act 
conceive  that  pressure— £nnn  its>  acting  thmo^ 
matter  in  contact  with  that  acted  oo — is  any- 
thing essentially  different  from  other  foroesL  It 
is  to  be  remembered  also  (see  lafrLXscX  that 
wherever  there  is  the  action  of  fatce  in  thb 
direct  way— of  matter  in  contact  with  matter,  it 
is  through  pressure  acting  through  measnrable 
intervals  of  time  There  is  no  sncfa  thing  po^ 
sible  m  rerwn  natw^  as  the  action  of  an  inalaa- 
taneous  force. 
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mtnm  mobile.  The  name  giTen,  in 
the  ancient  Ptokmaic  system,  to  the  imaginary 
spbere  which  carried  all  the  heavenly  bodies 
nmnd  npon  it  and  along  with  it 

Prteoi.    A  prism  is  any  transparent  medium 
of  a  triangular  shape,  as  below.    Snch  a  confor- 


mation has  the  effect  npon  rays  of  light  passing 
through  it,  of  sulijecting  them  to  two  refrac- 
tions, and  therefore  of  manifesting  the  dispersing 
effects  of  refraction  in  a  very  high  degree.  For 
instance,  the  intrant  ray  i  n,  after  being  first 
refracted  and  transmitted  along  the  line  n  k%  is 
again  refracted  in  the  opposite  direction,  and 
when  emitted,  pursues  the  path  v'  e.  If  dis- 
persion depends  on  difference  of  refhingibility,  the 
prism  is  therefore  a  potent  means  of  dispersing 
or  separating  ttie  various  ra^'s  of  which  the  shea/ 
or  beiam  of  ordinary  light  is  composed.  Hence 
it  has  alwa}*s  been  employed  to  analyse  ordi- 
nary light,  or  to  divide  it  into  its  diflRnently 
coloured  ra^'s.  The  angle  formed  by  the  intrant 
and  emitted  beams,  or  the  supplement  of  the 
angle :«  o  m',  is  called  the  angk  of  deviation.  This 
iostmment  has  many  other  uses. 

1*1  I—b,  1VIc«I%.  a  most  valuable  ana- 
lyser of  polarised  light,  and  also  an  excellent 
polafiaer.  Take  a  rhomb  of  Iceland  spar,  be- 
tween a  half- inch  and  an  inch  in  length,  and 
within  a  quarter  of  an  inch  of  breadth;  cut 
it  into  two,  along  a  plane  perpendicular  to  the 
plane  of  the  larger  diagonal  of  the  base,  and 
pasring  through  the  obtuse  angled  comers ;  then 
rennSte  these  two  halves  in  the  same  order  by 
Canada  balsamf—that  is  a  Nicol's  prism.  The 
perfect  transparency  of  this  little  apparatus,  gives 
it  an  inappreciable  value  in  many  researches 
reganUng  polarised  light 

Pr«babilltt«a.  In  this  article  we  shall  as- 
anne,  as  already  known,  those  princif^es  of  the 
theory  of  Combinations  which  are  exhibited  under 

PKKXirrATlON. 

1.  In  games  of  chance,  such  as  that  depending 
on  drawing  finom  fifty -two  cards,  one  with  a 
special  mark,  the  condition  of  the  question  points 
out  several  hypotheses  a*  to  what  will  occur,  as 
equally  probable  before  the  event  If  the  cards 
be  arranged  inside  of  a  box  in  a  manner  quite 
unknown,  arrangements  may  be  readily  conceived 
which  will  make  it  almost  impossible,  or  highly 
inprohable,  that  some  particular  card  should  be 
drawn.  But  in  total  ignorance  of  ttiese  arrange- 
tbe  hypothobis  ttiat  any  one  given  card 
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will  come  out,  has  just  the  same  likelihood,  to  us, 
as  tlie  hypothesis  that  any  other  will  come  out  As 
regards  our  knowledge,  then,  there  are  fifty- two 
difiiBrent  results,  all  equally  probable.  Suppose 
we  represent  certainty  by  1,  then  clearly  the 
cAoflce,  or  measure  of  a  priori  probability,  that 
any  given  card  come  out  would  be  measured  by 
one  fifty-second  part  of  what  measures  certainty, 
or,  on  the  scale  supposed,  by  -j^. — Suppose  an 
urn  to  be  known  to  contain  16  black  and  20 
white  bails.   Then  the  chance  for  any  one  marked 

bajl  being  drawn  is  evkiently  ak'_rTK  =  86* 

The  chunce,  however,  for  a  black  boll  being 
drawn  will  clearly  be  the  sum  of  all  the  chances 
for  each  black  ball ;  that  is,  •^.  The  chance  for 
a  white  one  will  similarly  be  ^  and  the  sum  of 
the  two  chances  will  be  1,  as  it  ought,  since  it 
is  certain  that  upon  one  drawing,  either  a  black  or 
a  white  ball  will  be  drawn.  The  total  quantity 
l^  then  informs  us,  as  it  stands,  of  three  things — 
the  total  number  of  chances,  the  number  favour- 
able to  the  given  event— the  drawing  of  a  black 
ball,  and  the  absolute  value  of  the  chance  for 
its  happening.  This  latter  will  not  be  altered, 
though  the  former  become  disguised.  In  fiict, 
f^  =s  ^  c=s  chance  in  fisvour  of  drawing  a  black 
balL  Hence  we  see  what  is  of  great  importance, 
that  the  thing  to  be  attended  to  in  calculating 
chance,  is  to  know  the  ratio  of  the  number  of 
favourable  events  to  the  total  number  of  events 
equally  probable  <k  priori.  This  ratio  is  called 
the  mathematical  probability  of  the  event — Cer- 
tain general  mathematical  principles  of  the  theory 
can  be  deduced  at 'once  fincmi  this  definition. 

(1.)  The  probability  of  an  event  which  may 
happen  according  to  different  hypotheses,  the 
probabilitieB  of  which  are  equal  or  unequal,  b 
the  sum  of  the  probabilities  of  each  h^'pothesis 
favourable  to  the  event  Thus,  let  us  suppose  :v 
balk  in  an  urn,  n  being  white,  n'  red,  n"  yellow, 
&c. ;  and  suppose  we  seek  to  know  the  chance  of 
drawing  a  red,  or  white,  or  yellow  ball.     Theii 

—  &B  the  probability  of  a  white, 

N 

—  is  the  probability  of  a  red, 
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-  is  the  probability  of  a  }*enow. 


And  since  for  the  pla}'er*B  purpose  all  the  balls 
may  be  considered  as  belonging  to  one  clas», — 
the  red*  white-and-yellow  class,  wo  have  his  chance 

n^n'  +  n"       ^    ,    »'    ,   »" 


snm  of  probabilities  of  separate  hypoth< 

(2.)  The  relative  probability  of  an  event  is  the 
quotient  obtained  by  dividing  its  absolute  pro- 
bability by  the  sum  of  the  absolute  probabilities 
of  the  events  with  which  It  is  compared. — Suppose 
we  wi*h  to  compare  the  probability  of  the  player's 
dra>Ying  a  white,  with  that  of  hiiB  drawing  a  red 
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w  a  ydlow  ball    Then,  clearly,  we  may  abflO- 
lutcly  neglect  all  other  drawings,  and  ' 
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will  be  the  probabilities  of  drawing  a  white,  a 
red,  a  yellow,  respectively,  if  we  neglect  the 
others.    But 


^  .    »  +  n'  +  n'' 


the  quotient  obtained  by  dividing  the  absolute 
probability  of  the  event— drawing  a  white  ball 
-by 

N  K  » 

the  sum  of  the  absolute  probabilltieB  of  the  evonts 
with  which  it  is  oonipared. 

(3.)  The  absolute  probability  of  an  event  com- 
pounded of  two  others,  the  second  of  which  can 
only  happen  when  the  first  happens,  is  obtained 
by  multiplying  the  absolute  probability  of  tlie 
first,  by  the  probability,  that  if  the  second  hap- 
pen the  first  also  will — Thus,  suppose  we  wish 
the  chance  that  the  player  will  gain  by  the  ex- 
traction of  a  white  balL  That  depends  upon  his 
gaining  at  all,  the  probability  of  which  is 

«  -|*  **'  -^  «^ 

'■■■■■■  ■  ■ 

And,  the  probability  that  if  he  gaina,  he  inll  do 
80  by  the  extraction  of  a  white  ball,  is 
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Ilenoe,  multiplying  these  we  have 

.  »  4-  »^  +  n''     n 

V         *    »  +  li'  +  n" 

for  the  probability  according  to  this  rule ;  which, 
as  we  know,  it  the  probability  of  his  gaining,  by 
the  extraction  of  a  white  balL 

(4.)  The  probability  of  an  event  compounded  of 
several  independent  events,  that  is,  consisting  in 
thdr  ooncttrrence,  is  the  product  of  the  proba- 
bilities of  the  simple  events. — ^Thus,  suppose  two 
urns,  the  one  containing  m  whits,  and  m'  black 
balls,  and  the  other  n  white,  and  n'  black  balls. 
The  total  number  of  drawings  probable  for  the 
one  are  m  +  m',  for  the  other  n  +  n\  Hence 
the  total  number  of  combinations  of  a  special 
drawing  firom  the  one,  with  one  from  the  other, 
U  (m  +  mO  .  (n  +  i»'>  Also  the  total  number 
of  combinations  of  a  white  boll  from  the  one, 
with  a  black  ball  from  the  other,  will  be  m  a. 
Therefore,  the  probability  of  drawing  two  white 
balls  will  be 

tnn 


(m  +  TO') .  («  +  nO 

because  that  is  the  ratio  of  the /(tvaurahk  to  the 
total  events.  But  the  probabiliQr  of  the  simple 
events  are 


TO  + 


«?'»  +  »' 


and  the  product  of  UMse  is 

TOf» 


(TO  +  «0  (»  +  «0 

Hence  the  rule. 

(5.)  The  absolute  probability  of  an  eveot  whlA 
has  different  probabflities  on  dififerent  bypoUxssi^ 
is  the  sum  of  the  compound  probabQitleB  obtained 
by  multiplying  the  probability  of  each  aepaisis 
hypothecs  by  the  probability  of  tbe  event  iqMB 
that  hypothesis.  This  propositiOQ  follows,  as  a 
natural  oonseqpenoe,  of  the  last  It  most  not, 
however,  be  considered  a  mere  troiam.  Aa  in- 
stance of  a  not  unnatural  mistake  will  show  ill 
importance.  Suppose  two  ums,  ooe  containing 
1  white  and  2  black  balls,  and  the  other  5  wills 
and  8  black;  and  suppose  the  chances  of  laying 
one's  hand  upon  either  um  to  be  equal,  tboi, 
by  the  rule,  the  Utal  chance  of  drawing  a  wiiils 

iMOlisi-i  +  T-l^il:  But  His  not  «> 
natural  to  suppose  that  since  it  is  an  eqoal 
dianoe  which  um  be  drawn  from,  we  eooii 
reach  the  result  more  rqndly  by  ntCM^  dw  two 
urns.  This  would  give  6  white  and  i  HaA 
balls,  and  the  chance  of  drawing  a  white  bail 
would  be  -j^  The  true  chance,  therefore,  woold 
be  less  than  ^  the  false  chanoe  greater. — We 
have  spoken  of  play  and  betting,  assoaiing  what 
is  an  evident  madiematicsl  principle,  that  tfas 
stakes  ought  to  be  in  exact  pooportion  to  the 
chances  that  each  player  has  of  winning.  Is 
betting,  the  playen  stand  in  the  precise  <<sw1ltiiM 
of  men  about  to  draw  finnn  tbe  nm,  mppomag 
their  knowhdfft  of  the  ctmtentg  ^  the  vm  to  be 
equal  If  both  equally  knew  the  whole  daia  on 
which  judgment  is  to  be  fonned,  a  fiur  bet  woaU 
be  made.  Even  supposing  that  made,  we  sbaD 
see  hereafter  that,  in  consideration  of  moial  ad- 
vantage, a  bet  upon  sudi  equal  terms  isef  neeei- 
sity  a  dead  loss  to  other  par^  before  the  event; 
and,  that  where  the  play  is  to  be  contiBned  far  a 
certain  time,  itmaybeahowntobeneariyeertam 
that  one  of  the  pUyen  will  be  ndned.  In  saeh 
games  as  rouge  et  noir,  lotteries,  and  the  lifce^ 
and — as  in  principle,  altboqgfa  otherwise  in  their 
mwal  aspect,  they  are  the  same—In  life  snd  fire 
assurances,  a  considerable  unfiumeas  of  becti^ 
takes  place  always  in  £avoor  of  the  banker,  the 
holder  of  the  lotteiy  or  the  assunmoe  conpoBT, 
so  as  to  cover  expenses  of  management.-— BeAre 
passing  from  these  laws  of  the  oompoeition  of 
chances,  It  may  be  well  to  ittuslnte  their  ininr- 
tance.  Thus  it  is  found  in  Brabant  that  the  pto- 
bability  that  the  barometer  will  fall  brfore  noa,  is 
Yfiiy^  Henoe  the  chance  that  lor  the  three  not 
suoceesive  rains  their  coming  wiU  be  indiealad  bv 
the  barometer,  Is  ^^  x  ^^  x  iW^  -  J 
nearly,  that  is,  although  the  piobalNlity  is  abont 
\  that  any  one  fiJl  will  be  preceded  by  tain,  it  is 
about  (  only  that  three  soooesBive  ones  wiU  so  be. 
^ShnUarlyiSapposewoseakthapiobabill^thata 
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nuro  Aged  forty,  and  his  wife  aged  thirty,  will 
both  be  alive  at  the  end  of  10  yean.  The  Bel- 
gian tables  give,  for  the  probability  of  a  man 
fiving  in  the  towns  and  aged  forty,  living  10 
years  -882,  and  for  his  wife^  aged  thirty,  *862. 
Henoe  the  probability  that  they  will  both  be 
alive  is  •882  X  '862  »  -717.  Consider,  hi- 
deed,  afl  the  possible  cases:— 

The  husband  and  wife  will 

be  both  alive •832  x -882  - -717 

nieywUl  be  both  dead...  (1— -889)  ( 1— '8(B)  — -023 
The  hosband  will  be  allre 

and  the  wife  dead (1— «a2)  x '882>* -US 

The  hnibaiid  will  be  dead 

and  the  wUb  alive a~  83^  x  "802  — 'IM 

Total  probabilities  «  cer- 
tainty.   —l-OOO 

We  may  note  how  slight  the  chance  of  both 
dying  within  10  jrean  is;  not  mors  than  1 
chance  in  48. 

IL  From  the  Lawof  the  composition  of  chances, 
we  may  pass  to  consider  the  rqtetUum  of  evtiUa, 
which  depends  upon  the  composition  of  equal 
chances. — Let  p',  ^  be  the  chances  of  one  event 
happening  and  ikillng,— /y'',  q'*  be  the  chance  of 
another  event  happening  and  fidling,— ^',  g"'  be 
the  chance  of  a  tliifdevent  hi4)pening  and  fUling, 
and  »<*)  f'">  be  the  chance  of  an  mth.  Then, 
rly, 


reloped,  give  in  its  different  terras  all  the  four 
chances  arising  from  combination  of  the  first  two 
events  or  non  events.  Thosp'^'  is  the  chance 
of  both  faappenbg,^  g",  q'  p^',  those  of  the  first 
or  second  happening  and  the  other  fiuling,  g'  g", 
that  of  both  fiiling  together.   Similarly  we  may 

•ee  that  (y  +  gO  (J»"  +  J'O  (P"'  +  r%" 

(/»<">  +  g*">X  ^»  ^  a  product,  e>-eiy 

expression  of  which  will  give  the  chance  of  the 
events  indicated  by  the  notation  mark  i,  n,  m... 

(at),  happening  or  iailing,  according  aa  they 

are  over  j»  or  g.    Aos  p^  g"  />"' ^■>  gives 

the  chance  of  the  first  happoiing,  the  second  fail- 
ing,  the  thhd  happenmg  .........  the  mth  failhig. 

— We  have  spoken  of  rqwtitions  of  events.  Sup- 
pose the  second  event,  the  third,  &c,  to  be  all 
the  name  event  in  reality  as  the  flrat  Then,  if 
p  g  be  the  chances  for  one,  they  will  be  the 
chances  lor  all;  and  if  these  are  m  events,  all 
the  same  we  have  (j»  +  g)  (p  +  g)  Cp  +  g), 

m  times  sa  (p  +  g)»,  as  the  quantity 

azpiessing  all  the  possible  happenings  or  fidlings. 
Thiat  is,  if  we  repeat  the  same  event  m  times,  p  g 
being  the  chances  tat  its  happening  and  fiuling 
in  each  trial,  (p  +  g)*  wUl  be  an  expression 
Kiviog  the  total  chances  of  happeniqg  ind  fiuling 
any  definite  number  of  times. — But  here  a  qnes- 
tkD  arises.  In  the  development  of  (p  +  g)*, 
we  have  snch  a  teem  as  mp"^*  g,  that  is,  we 
have  the  event  p"~*  g  corresponding  to  the  de- 
velopment (p'  +  gO  0»*  +  ^0 (P<**  + 

g*<*>),  fli  times  repeated.  If  we  write  down  the 
prodact  of  this  ftdly,  and  then  substitute  p  g  fiar 
j/  g',  fto,  we  sliall  see  the  meaning  of  this.  AU 
the  resolta  where  then  is  only  one  eveot  lUUng 


PRO 
snj/p'  p^ g<*>  •¥  p^p"'  p^ ...... 

g(«»-l)  p(») ^  g"  y* .pi")  +    ^  f  ^, 

.p<"l    Substitute' p,  g,  forp',  g',  &c,  and  we 

have ppp g  •'f  ppp qp pqp 

p  +  qpp„..p.  The  first  event,  then,  represents 
the  chance  of  the  first  m — 1  events  happening, 
and  the  m^  fiuling, — the  next,  of  the  fint  m — 2 
happening,  the  m — 1th  fiuling  and  the  last  hap- 
peidng,  aiul  so  on.  Each  of  the  terms  is  evi- 
dently equal  tojf^^  g,  which,  therefi^re,  repre- 
sents the  chance  of  the  given  event  happening  m 
— 1  times  and  failing  once,  in  cmjfostiffneii^  order. 
Again,  since  in  all  of  them  we  have  m — 1  hap- 
praings  and  one  Osiling,  and  since  these  are  all 
the  terms  in  which  we  have  that,  the  sum  of  the 
chances  for  each  will  be  the  total  chance  for 
the  whole, — ^that  is,  since  there  are  m  terms, 
m  .p**""^  g,  is  the  chance  of  the  events  happening 
m—  1  times  and  failing  once,  in  any  order  lohat' 
ever.  Because  this  is  an  important  distinction, 
we  shall  present  it  in  yet  another  form.  The 
chance  of  an  event  happening  m — n  times  and 
failing  n  times,  when  the  chances  are  p  and  g 
each  time,  in  any  order  vhalever  that  may  be  as- 
eiynedf  wfll  evidently  be  p  multiplied  by  itself 
m — A  times,  multiplied  by  g  multiplied  by  it««elf 

n  Umes ^that  is,  p"*"-*  g*.    Hence  the  chance  of 

its  happening  to  at  all,  tciikout  respect  to  ord4n; 
win  be  p"*— **  g" ,  multiplied  by  the  number  of 
ways  in  which  we  may  have  m  quantities,  di- 
vided into  two  distinct  groups  of  m — a,  and  n 
quantities,  arranged.  This,  as  is  seen  m  Fkb- 
MirTATiona,  is 

m 


Hence p*-»  gaisthlsdianoe. 


But  this  is  the  (a  -f  ly^  term  In  the  binomial 
development  of  (p  +  g)*,  and  there  are  m  +  1 
terms ;  thereftue  the  snooessive  terms  of  that  de- 
velopment, express  the  chances  of  m — n  events 
happening  and  a  events  ftiling,  ta  any  order 
whatevery  and,  when  stript  of  their  co-effidentft, 
of  m — a  happening  and  n  Ceiling,  ta  any  order 
ass^ned  We  shall  illustrate  this  by  a  problem 
celebrated  hi  the  history  of  the  science,  as  being 
the  first  occasion  of  the  researches  in  this  direc- 
tion of  Pascal— its  true  founder.  It  is  aslced  how 
many  trials— repetitions  of  events— it  is  necessaiy 
to  have,  hi  order  to  have  a  probability  |  that  we 
shall,  at  least  once,  have  two  sixes  ha  tric-tracy 
which  oonrists  in  the  throwing  of  two  dice. 

*  The  product  of  an  ttM  aataral  numben  1 '  2- 3. .  m  li 
written  ihortly  thus  .^ffli.  Where  mis  a  large  number 

itisnotoomnion,ortndeed  easj,  to  calculate  this,  bat  we 
use  this  ftirmnla  of  approxtanatloa  l'T9,.x ->«••'"' 

V«^(l  +  i5J  + j^  ])^  whe«»iis  the  bsie 

of  Napertan  logarifbms;  and  Oils  may  be  Ikrfher  ap- 
pTOilmsted  tOb thus !■  2'3....«  — x*i~«y  ^ws. 
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pno 

Cleailj  this  is  tlie  atnie  as  asking  how  many 
are  needfo]  to  give  the  probability  1 — ^,  of  fiul- 
ing  to  get  two  sixes  out  of  all  the  throws.  The 
ezpresaioii  (jf  +  2)"*  represents  all  the  possibili- 
ties. Now^  the  chanoe  of  obtaining  two  sixes 
=  i  X  i  «  At  therefore  j  «  1  —  p  «  |f 
Henos  $*,  the  probability  of  iSulnre  in  all  the 
triaU»i» 

m  log  ;  «  —  kg  3 

log  86  —  log  86         log  86  —  teg  35 

=524*6.  Henoe  in  25  throws  there  win  be  a  pro- 
bability rather  greater  than  ii  m  24  rather  less. 
III.  The  pK^dem  of  chaxices  known  d  priori 
and  wmianit  might  be  held  to  be  now  com- 
pletely solved.  There  are  oertain  subsidiary  ques- 
tions, however,  which  the  neoetisities  of  pra^ical 
discuision,  will  discover  to  be  of  more  real  im- 
portance even  than  these  general  principles.  We 
shall  find  these  evolve  themselves  snooessively 
finom  the  consideration  of  several  points  wliich  at 
first  ^ht  seem  mere  matters  of  cariosity.  Thos, 
we  aak,  which  of  the  whole  number  of  events — 
m — n  succesaes,  and  n  failures,  is  th€  most  pro- 
bable.   The  two  successive  general  terms  are, 

thentb,  - 


I —  1  -<  m — 11  + 1 


the(n+  l)thr 


n 


«• 


Hence  the  n  +  1th  will  be  greater  than  the  ath 
of  their  ratio  which'  is 

^_ . '2Lll»-±i ,  be  gr«rt«r  than  1 
P  » 

that  is,  if 

l-f^^  -l)b6gwat«rth«nl. 

]!Sow,  tills  is  a  quanti^  which  tot  snooessive 
values,  1,  2,  S^  &c,  of »  will  grow  leas  and  lees, 
benoe,  if  we  can  get  the  laat  quantity  for  which 


is  greater  than  1, 


we  Bhall  have  the  n  +  1th  tenn  as  the  gnotet 
Bestore  the  oiigiaal  finrn 

y  ."»  — n+  1  ^^ 
P  » 

m  —  n  4"  1 


n 


P_ 

9 


Andif '"""^^  ^j,  orif  m  6e  dWdWArfo 
f»  q 

two  partssotuto  bemtke  proportion  qfjf  and 
q,  100  shall  have  the  equation  tatisfiod^  and  the 
term  in  which  we  have  m  —  n  tncoe$9e$  and  n 
faUureewillbethsgreaietL  Hence,  if  the  chanaes 
iorp  and  q  be  equal,  the  greatest  la  the 


FRO 

the  two  middle  tenna—it  being 
known  that  where  then  are  two  middle 
in  the  expansion  of  the  binomial  they  are  eq;aaL 
Suppose  then 9  —  nsmpwi,n=zqw^     Tbm 

q     m-^n  +  l^^q  ^pm+  1 

P  n  p         qm 

=  —1-^  =  1-1-  — 
■I  '  pm 

a  quantity  which  is  nearer  wu^  the  greater  m  h. 
Henoa  where  the  number  of  repecUiooa  ia  vvy 
great,  we  have  the  terms  nearest  the  ^maiiirf 
term,  really  nearer  it  than  i^en  tfie  nomber  of 
repetitions  is  snudL  We  see  then  that  ftr  a 
great  number  of  repedtioBS  we  shall  have  a  mae^ 
sing  0/ the  motiprobabkeventeraaod  tfaa 
tersfi,  incKaangly  so  as  ei  inqtasra  In 
that  we  may  have  a  dear  kiea  of  the  11 
of  tUs  resnit,  we  shall  ssqppose  an  vra  in  whkh 
there  are  two  white  balls  and  one  black.  Ss^ 
pose  six  repethioBs;  (f  -)-  i)«  gives  Ae  foOow- 
ing,  in  whk^  the  upper  numbeo  are  for  the 
white  balls. 


6 

64 
729 


IM 

729 


4 
MO 


S 
160 


1  • 

»         1 


We  see,  then,  that  the  ranlt,  Ibur  white  and  two 
black  balls,  fiirwhidi,  six  is  divided  m  the  ntk» 
of  the  dmnces,  f  and  ^  is  Ae  most  piobeble,aBd 
that  It,  with  the  two  next,  have  a  total  faoba- 
baityof^orBeaiiyf  The  maada^  near  the 
grsatest  term  is  thna  vmy  distinot.  We  have 
taken  three  terms  out  of  seven.  Let  ainerapeli* 
tions  be  now  made^  we  ahall  find  the  foSkmkig 
randts:— 


9 


8 
9104 
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The  greatest  term  agahi  is  6,  a,  

sionoif  the  nine  results  isintiie  propoiticaof  f 
and  I)  and  taking  three  out  of  ten— the  ipeatest 
term  and  those  wluoh  snceeed  and  ioUew  it,  we 
have  needy  ^  of  the  whole  probability  in  firnwr 
of  eoe  er  other  of  the  diavingi  7,  6,  &.  Let 
nine^  repetitions  be  mada.  Tbmi  w« 
down  the  value  of  tha  five  gvateat  tenna 


•061817 


61' 
1»7460 


60 


So  that,  in  ikvour  of  the  actual  drawing  befngoae 
of  these  five  out  of  the  whole  nine^  dra^agi 
we  have  the  piobahili^  -428571,  or  vetj  naariy 
an  even  chance.  We  see  then  that  tbs  nctnal 
probability  of  As  most  probable  reaalt,  4,  6»  60 
white  bails,  discreosef  9»  the  nnmte  c(  npeti- 
tiens  hicreases,  but  that  there  is  an  wcreasay 
probahilitjy  that  the  remit  fiNmd  will  be  one  of 
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IboM  Twjr  iM«T  Ihit.  Bj  paitHy  nuOunulfa«] 
ir— wlim'  than  va  Me  hinr  tha  foUowing  prio- 
dpJat  my  ba  obulnad. — 1.  Whao  ihg  Mcnnsice 
of  Ml  eraot  dap«idi  od  a  ehinea,  uid  tlw  niimbeT 
of  ttiab  ii  TqMsUd,  the  moM  probabl*  NHdt  K 


nmbec  of  tbe  arcoti  w,  or  of  tba 
— 1.  AccordlDg  ■■  th*  Dumber  of  npa- 
ihiDiia  liKman,  the  prabablUtr  of  ndi  npwUa 
vtlne  deoMMa,  bat  thBBon  rapld^,  tbafhitba 
It  pMM  from  tha  noM  probaUa  ialB%  tba  Bora 
■lowlx.  Ihe  never  h  (a  to  that— S.  CouaqDenll?, 
tbara  li  w  ilwsTa  liKKia^  pfobabOltr  that  Itaa 
raliD  of  tba  immbar  of  enota,  w  to  Ihatof  awiU 
not  ilJk  from  Itaa  ratio  of  the  nqiaaJT«  pnba- 
biDtiai  ct  thus  eraBta  bajmid  otxabi  daHfiila 
limlta ;  and  bowanr  doaa  tbaa*  llmHa  b*  ttkaa 
m  maj  Inritiiwi  thi  niimliir  r^  tritli,  n  IhattlM 
pn)Wiail7  of  tha  Tandt  hdag  wlAiB  thMB  llmll* 
ahaO  bs  aa  naar  1,  (hat  1^  cartaaujr,  u  wa  may 
dKMaa.  Thtae propoaMoaa  tlalaatof wMAfc 
tha  bad!  of  tha  whole  practica  of  ptofeabUltia— 
•te  due  to  Jaaata  BtnoailU,  aod  vara  pohlbbed  la 
n  Ct^'idamii,  1718.  We  wj^  tafwatBt  bfa 
adooa,  and  tha  lair  of  proUtHll^,  graidil- 
calty  la  tb*  Ulowiig  wi^i — Sappoaa  at  likk, 
llm  Ibn  ■«  ■•  -f  1  naulta,  Take  thn  aay 
Hoaaod  dMil  It  failo  at  equal  paita,  asd  at  aach 


1  to  tte  cbao 


nioiraDdiii^ 


t,JKf 

Thai, 


the  corva  of  psaaibnity  for  (^  -f  ;)»  will  have 
tha  Sntontlnataattlia  eztnml^  « the  Sue  pn- 
poctiaDal  to  p",  the  aacood,  at  tha  *f^  divl- 
■ion,  to  M  j^~*  {,  aad  ao  od.  Hw  readt 
will  thai  beaMriea  of  onthiatca  Oka  Iboaa  In 
Iha  Sgan.     Tba  topa  maj  ba  joinad  Nid  iImd 


we  Aall  hare  a  felTfoa  ^jpnudmitliig  ta  a 
oarra,  abich  maj  be  drawn  aa  a  ooatiDtnna 
Una  thraogfa  tba  Rimmila  <^  tha  ordinatta.  Now 
a  gaaoietrical  cnrv*  out  raally  be 


■uBinit*  of  ardiuatea.  Tha  cutto  in  Iha  flgate 
la  larf  ^  q  ma  ^,  and  la  tberefote  qrmme- 
Crical  about  tbe  mairtmyiTn  ordiiiat&      If  tba 


in  lowwda  tha  mutimm  onUnita — fa  tbe  pn>- 
portkn  ^  lie  tquan  Toett  of  the  mmitr  of 
trlaU.  Thoi,  if  c  /'  a  f  i\it  the  oqr\-e  of 
probatdlitita  (not  canied  out  tbi  want  of  ipaca  to 
tba  extreme  and*  when  tt  lias  very  cloae  In  tba 
ban  Une),  for  m  triali,  then  f  o  f  wDl  ra- 
praant  It  for  <ai  triab,  If  ^  if  »  !  >"f ,  wber- 
eva  the  liuaa  paraUd  to  absjaan  an  drawn  bi 
tba  two  cnrra.  So  If  ■-  a  i  hold  tbe  tame  rela- 
tiootofoftbat  fsf  doa  lo  c/'  afd,  tbia 
win  be  the  cnrvo  of  powibilitv  for  16m  trials, 
and  *o  on — From  tbia  graphical  reprocntation 
wa  laara  how  we  may  lepnaant  the  chancea 
Ibat  an  amt  will  be  of  tha  chanclcria  p  irf  w, 
■■  9  of  B,  or  within  certain  limiti  of  doeCDcaa  to 
that  Snppoae  that  tha  division  e'oonaaponda  III 
i»(p  —  ij,ii(j  +  0.  "rf  till"*  "  mnwponda 
toatO  +  0-  "(?  —  Oi  t*™  ttfl  thance  that 
tba  reaalt  will  Ul  within  tha  limits  f  a,  will 
manifeetly  ba  taptaaaated  by  tbe  ratio  which 
•pact  t'/afd  ban  lo  the  whole  space  aicloeed 
bf  tha  oarve  and  tha  ban  line.  Thk  may  ba 
oomiiraheaded  at  ooce  by  tbe  hut  flgnra,  when 
one  readily  aeca  that  the  «om  of  the  oidioataa 


duDcaa,  or  tba  total  chiino^  that  tbe  moobet  of 
w  evenia  will  b«  witbbi  nCp  —  OandnO  -t- 
n,  and  tha  sam  of  all  tha  oidinatca,  to  certainty. 
It  ia  alao  clear  abice  alt  tbe  diviuoni  an  equal, 
that  Ihe  anm  of  tba  ordbiatea  betwaen  t  tf  bear* 
to  tbe  nun  of  all  tba  ordinataa  Ihe  tatlo  which 
the  aica  C/'  aft  bean  to  tbe  whole  arM  of  the 
cum.  What  ia  called  the  frobabia  tmr,  is 
that  nlM  of  (  for  wUcfa  a-/ a/a  i«  half  of  the 
whole  arM.  Thamaiimamoidinat(i,iDthe<aae 
of  ^  n  J  _  ^  la  arkhot^  acootding  lo  tha  rokii 
Uid  down,  tba  one  hi  tba  ontra,  and  tbe  ostve 
is  porftclly  ^mmatiieal  anxtnd  it.  On  the  othrr 
bud,  Up  h  not  eqinal  lo  ;,  the  maximom  oldl- 
nate  will  not  ba  in  the  eeatn  nor  will  I^  cum 
be  symmotTicat  Thus  Up  •^  60,  the  cnrve  will 
be  that  to  which  -fiO  ia  allwhsd  in  flg.  S,  ami 
so  if  it  ba  -60,  -TO,  'SO,  '90,  -es ;— a  setiaa  of 
Bgnrea  from  which  it  is  graphically  eridait  that 
the  Tertical  axis  will  coma  to  be  an  atvmplcte 
'    the  last  enrre,  that  ia,  that  aa  tba  valoe  of  p 

■■ -inr  and  aeaifr  1-00,  tha  baaght 

win   ajiproacb    tadnitr-      It    li 


of  tha  CI 


PRO 

suppoaed  that  in  all  of  them  the  same  base  is 
taken.    Hence  another  law  beoomee  evident  grar 


FI«.S. 

phically,  that  the  more  p  becomee  unequal  to  9, 
the  smaller  is  the  probable  eiror. — ^We  may  lay 
down  laws  which  fully  express  those  facts. 
The  complete  investigation  of  these  laws  we 
cannot  give  here.    If 


=V 


m 


2p(l-p) 

then  the  probability  that  the  result  will  be  be- 
tween i»  Cj»  —  0  of  w  and  »»  0>  +  0  ©^  ^i 
can  be  expressed  in  the  following  formula: — 


p= 


^dt  + 


•  -<■ 


V'2wjo(l— p)»i 

or,  throwmg  off  the  last  term  which  is  not  so  im- 
portant: 

,=-4=/'.-' 


dt 


In  ftct  the  equation  of  the  curve  of  probability 
for  large  numbers  in,  may  be  expressed  by  the 
formula 

5=   -7=- 
and  the  value  of  p,  is  the  proportion  of 


/: 


that  is,  of  the  portion  of  area  between  m  (j?  —  f) 
and  m  (jE>  +  Q.  We  shall  assmne  these  results 
ta  established.  Henoe,  to  get  the  probable 
error — that  is,  the  exact  point — within  which  it 
is  an  even  bet  that  the  divergence  from  the  most 
probable  result  of  all  lies,  we  have  simply  to 
edve  the  equation 


L_  2     /■*. 

2  —  V,    Jo 


—  ^ 


dt 


t^^dt 


One  method  of  integrating  this  result  by  develop- 
ment IB  very  evident    Hence 
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r  -  — 

—  '  ""   lj~  "T"  1-2-6  "^  1-2-3-4-7.  ~ 

a  series  which  very  soon  gives  a  very  don  ap- 
proximation for  <,  if  <  be  <cl.  If  <  r:*  1,  other 
methods  must  be  taken.  The  value  of  t  isfovnd 
tobe479.    It  is  dear  also  that  by  assigning  any 

values  to  f  we  can  find  what  J  ^*  "  *• 

becomes,  and  firom  that  the  correspondiqg  valae 
of  p.  We  may  tabulate  these  oosrespoodxag 
yalues — ^which  is'done  at  the  end  of  most  tzeatia» 
on  the  subject;  and  thus  for  any  given  probabiSty 
find  the  corresponding  value  of  f,  or  for  a  given 
value  of  <  find  the  probability  of  the  enois  \iaag 
within  assigned  limits.  We  find  then  that  t  de- 
pends on  the  value  of  2,  "S  P-  In  the  first  place. 
it  varies  directly  with  the  limit  of  oror  ^  and 
inverady  as  the  square  root  of  the  nnmbar  of 
trials  m.  Also  p  (1  — />)  is  a  nuudmimi  fer 
p=i;  Uierefore  for  given  values  oft,  or j^  and  ai, 
the  value  of  I  is  less,  the  more  unequal  pis  to  ^ 
and  is  maximum  at  p  »  %.  We  write  down 
seversl  values  fitim  the  table  of  values  of  the 


ftanction  p 


L  ft 


illustrate  the  subject 


I 

•01 

•10 

•30 

•80 

-40 

•60 

•60 

TO 

•80 

•90 

1-00 

1-10 

1-90 

1-80 

1-40 


1OIIS8 
-11246 
•2W70 
•89868 
■43889 
•03060 
Hi0886 

ijnao 

•74310 
7B691 
•84370 
•88080 
•91081 
•98401 
•95388 


I'M  •96610S 


•01138 
•01118 
•01086 
•01084 
•00964 
•00883 
•00793 
•00G96 
•00600 
•00506 
•00439 
D0840 
•00370 
•00311 
•00161 
•001J07 


t 

ItO 
1-70 
1-80 
L90 
8.00 
310 
3-30 
MO 
840 
3«> 
3«> 

3-ro 

3^80 
3«> 
8^00 
4-00 


•"^dt,  so 


•97048 
•988790 
•989080 

1198790 


•000(50 

iXWUl 


•9970806 
•9081871 


i»ai40i 


•99061U 

tnos9»  •oooQsm 

•99976896  •OOOOOtt 

•99986567  •06900611 

•99802499  -OOOOOtfT 

•99995890  -00000318 
•999977900 


Thediflferences  are  given  for  diffaences  of  "Or; 
and  the  calculation  fbr  value  of  t  between  dioee 
given  in  the  table,  may  be  made  as  with  kgari&iB& 
Example  I, — Suppose  then  we  have  1,000  tziais 
or  repetitions  of  an  event,  and  that  we  kaow  the 
antecedent  probabilities  of  tlie  event  w  to  be  }, 
and  those  of  b  4,  and  suppose  we  seek  the  |soba- 
bility  p  that  me  event  whidi  actoaDy  oeeurs 
will  be  somewhere  between  1,000  (|  —  y^) 
and  1,000  ((  +  rftv)  of  vr,  that  is  between  370 
and  480  of  w. 


Thenf 


8 

100 


^  /"looo— _8  ^:i?±_^  /lo 


692 


86 
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,M=:?'y/^=|xi-8n«irly=l 

Mtf) J.  Hence,  using  the  table  1-80  gives  *0d401, 
and  to  this  may  be  added  as  an  approximation  for 
the  value  "OS ;  6  times  the  mean  of  the  differ- 
ences for  1*80  and  1*40,  that  is  6  X  '00186  » 
•01116.— Hence  p  r=  -93401  -|-  "01116  = 
•94517,  that  is  a  probability  of  189  in  200 
neaily,  that  the  resnlt  will  lie  within  the  limits 
mentioned.  Example  2.  Suppose,  again,  we  want 
to  know  the  limits  within  which  it  woold  be  safe 
to  bet  2  to  1  tliat  the  resnlt  will  fall  in  the  case 
rappoeed.  Then  f  =  '666*,  and  p  +  *67780, 
cofresponds  to  <='  70.  Hence,  proceeding  as 
in  Ingarithms,  '67780 

•66666 

•00696)01118^(2  neariy. 
TlMenton  for  p  =  •666*,  t  =  '68  nearly. 

Theieforo.e8  =  /     ^  ^L^^^^ 
V     «-|*  2   V     8 


A61 


.68       .075  1 

II««/=^  =  -g-  =  *0161+.-^ne.riy. 

Therefore  a  bet  of  2  to  1  may  be  taken  that  the  resnlt 
wm  AH  within  (i-e'o)  X 1000,  and  0+^)  x 

1000,  that  is  between  !!?5    and  152^  „ 

6  6      " 

883  and  417.  Since,  then,  all  events  finom  0 
of  w,  to  1000  of  w  are  possible,  we  see  how  the 
greatest  ralnes  are  massed  round  the  one  which 
is  tie  most  probable,  because  between 383  and417, 
that  is  on  about  -i^  of  the  base  line  of  the  curve 
of  probability,  }  of  the  whole  area  is  buflt  The 
curve  then  must  come  to  lie  extremely  dose  to  the 
base  line,  and  at  the  end  nearly  coiucide  with  it— 
Another  question  suggests  ilsel£  In  our  stand- 
ing supposition  of  the  tm,  where  the  drawings 
are  repeated,  we  supposed  either  differenU  mtm, 
or  if  the  tamA  tern  was  used,  the  balls  drawn 
were  thrown  back  into  the  um  so  as  to  bring  the 
new  drawing  to  be  made  in  the  same  ciroum- 
stances  as  the  preceding  one.  But,  suppose  that 
the  balls  are  not  thrown  back.  Let  a,  5  be  the 
number  of  the  white  and  black  balls  respectively. 
Then  the  probability  of  w  w  b  being  drawn  is 

a  a  —  ■»  6 

.   a-{-b         a-,    ,-i         a-|-6— 2* 
Similarly  the  probability  of  w  being  drawn  m — » 
time;!,  B,  %  times,  in  any  order  will  be 

a,  a  —  1 o  —  (m  —  w)  -[-'  1 

" a  —  6.  a  +  6  —  i  '0  +  *  —  (♦»  —  »)  **"  1 

h.  (b  —  1) ft  ->  >H-  1 

a  +  5  —  (m  —  «) a  +  6  —  «  +  1 

Also,  the  chance  of  drawing  in  any  one  order  is 
the  same  as  that  of  drawing  in  any  other  order, 
lienoe,  smoe  the  number  of  combinations  it 


fit 


PRO 
■,  we  have  the  total  chance  of 


<:  TO  —  n.  -<  n,' 

m  —  n  w,  and  n  B  being  the  resultant  event 

•< m  o.  ...  o  —  (to  —  n)  +  1 


— n'<zn    a  +  b 

b b  —  »  +  1 

a  +  6  —  m  +  1 


m  —  ».-<»'•<  a  —  (to  —  n) 
<:5         •<a+b_^-m 
<za  +  b 


»_« 


TO 


a  +  ft  —  TO 


».  •<m  —  n  *  <:o — (to — n). -<  b — « 
■<  a  .  ^^  5 


<o  +  b 
arpattlDgm^n=f»',  and  therefore  m^fi  +»'. 

».-<ii-<a<  —  n''<6—  n) 
■<a .  "<ft 


p  = 


<a  +  b 

A  remarkable  theorem  may  be  proved  here,  not 
from  its  relation  to  the  theory  of  probabilities, 
but  as  illustrating  how  frequently  problems  per- 
taining to  the  abstract  sciences  of  number  and 
quantity  can  be  solved  by  the  temporary  Intro- 
ductbn  of  ideas  foreign  to  the  abstraction.  Thus, 
the  total  probabilities  of  drawing  0  w's,  1  w, 
&c,  up  to  m  w's,  will  be  certainty,  or  1. 
Therefore,  1  = 

g'o — 1  *a  —  2 a — to  +  1 

(a+6)(a+5— l)(a+6— 2)  ...  a+6— «  +  l 

'a'a  —  1 a  —  to  +  2  *5. 

"^T  0+6 0+6  — TO  +  1 

m*TO — 1...W  +  1   a'a  —  1  ...a  —  »  +  l 


(; 


~) 


1*2  '8  *•» — » 

•b'b  —  1 ft  —  (to  —  n)  +  1 

a  +  ft a  X  ft  —  TO  +  TO  1 

6  « 5  ^  1  ■  5  —  2 ft  —  TO  -f  1 

"^a  +  ft a  +  ft  —  TO  +  1 

Hoioe 

(  a  +  ft)  (a  +  ft  —  1)  (a  +  ft  —  2)  ( ) 

(o  +ft  — TO+  l)«.a*(a  — l)...(a— TO  +1) 


a  —  TO  +  2  'ft... 

.TO  —  1 «  +  l    fl'«  —  l...a— n  +  l 


+  1  -2*8 TO  —  n 

ft-ft  — 1 ft  — (to  — »)  +  1 


+  ftft  — 1 


ft  ^-  TO  +   1. 


The  analogy  of  this  theorem  to  the  bino- 
mial, with  the  men  substitution  of  fiKtorials 
for  powen  is  sufficiently  evident  —  This  case 
is  not,  however,  of  sufficimt  importance  for 
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Of!  to  investigate  it  farther.  When  we  con- 
sider observatioiis  of  nature,  to  be  like  the  draw- 
ing of  balls  from  an  urn,  it  is  evident  that  the 
nuniber  of  balls  is  infinite.  Hence  it  makes 
no  matter  whether  we  do  or  do  not  return  tiie 
ball  to  the  urn,  and  the  whole  theoiy  of  balls 
not  returned  is  so  much  simpler,  and  more  man- 
ageable, that  we  may  apply  it  solely. 

IV.  We  have  spoken  of  wliat  is  called  the 
moral  value  of  an  expectation  as  distinguished 
from  its  mathematical  value.  Contemplate  tin  fol- 
lowing two  cases : — A  person  of  moderate  fortune 
risks  £500  for  the  sake  of  gaining  £5,  where  the 
chances  are  100  to  1  in  his  fltvour;  and,  again, 
risks  £6  to  gain  £600,  where  the  elianoes  are 
100  to  1  against  him.    It  appears  dear  enoogli 
that  his  conduct  would  be  considered  in  the 
former  case  reckless  and  foolish,  although  it 
might  not  in  the  latter.   Yet,  in  the  math^iati- 
cal  theory,  the  stake  is  quite  equal,  in  both  cases, 
to  the  expectation.    Again,  a  man  poesesses  a 
lottery  tidcet,  suppose  tiie  last  of  two  undrawn, 
one  of  which  (nnlcnown  which)  is  a  prize  of 
£20,000.    His  expectation  is  therefore  worth 
£10,000.    Tet,  to  a  man  of  moderate  fortune, 
evidently  £10,000  in  hand  would  be  much  more 
valuable  than  the  chance  of  £20,000,  which  is 
mathematically  equal  to  it.  Evidently,  although 
the  actual  sum  gaioable  or  losable  should  be  the 
same,  the  privations  which  loss  would  entail, 
would,  in  many  cases,  greatly  outweigh  the 
additional  advantages  which  gain  would  secure. 
It  follows,  therefore,  that  to  make  the  theory 
practical,  we  must  take  into  account  these  rehHoe 
vabiet  of  Expectation,  as  distinguished  from  the 
absolute  mathematical  values.    But  how  is  it 
possible  to  do  this  satisfactorily?  It  is  dear  that 
we  cannot  state  the  whole  data  in  any  case — 
that  we  must  take  some  in  so  far  arbitmry  ap- 
proximation to  what  we  may  consider  tlie'efiect 
of  these  moral  and  relative  considArations.  That 
which  appears  most  natural  and  most  generally 
applicable  is,  that  the  relative  value  of  any  very 
small  increment  or  decrement  of  fortune  is  directly 
proportional  to  its  absolute  value,  and  inverady 
to  the  fortune  of  the  person  who  expects  it 
Thus  the  relative  value  of  d  x,  to  a  person  whose 


fortune  is  «,  i§ 


cdx 


where  c  is  a  oonatant,  deter- 


minable by  the  nature  of  the  question.  If  then 
we  suppose  y  the  rdative  or  moral  value  of  the 
fortune  which  arises  from  little  increments  d  x, 

/cdx 
—  e  log  X  +  con- 
stant.   Suppose  that  jr  >*>  ««  when  x  ^  a,  that 
is,  that  at  commencement  the  fortune  actually 
possessed  is  a.    Then  o  «  c  log  a  +  constant, 

X 

therefore  y  ==s  c  (log  x  —  log  o)  •-  c  log  — • 
From  this  we  may  deduce  a  Bameridal  ex- 


PBO 

presflion  for  the  valne  of  a  mocal  expecta- 
tion. Sn|q[Mee  a  the  ori^oal  foctnne^  smd  a, 
^  y,  &C.,  sums  to  tte  reodved  on  occnnenod 
of  oertaiB  events,  x,  p,  o,  Ac  Thei^  if  m. 
happena,  the  fortune  becomes  a  +  «,  and  tha 
relative  valuer  according  to  the  fonania^iac.  kg 

a  4*  «       M 

.  So  on  for  the  other  qoantitiea^  Sup- 
pose p,  9,  r,  Ac,  to  be  tlie  probabaiCiea  of  each 
event,  where  p  -f^+rxftc.,  »1,  Cbat  ■, 
wliere  one  or  other  of  the  events  mnsi  happen. 
Then  if  T  r^xesent  the  rdative  fbrtnne  aiUog 
fh>m  the  expectation 


=•■( 


/>log 


+  rlog 


«  +  « 


«  +  r 


+  q^ 


«  +  ^ 


) 


Suppose  X  to  deooCe  the  abeolme  valne  of  t. 
ThenT=:c]eg  ^*    Therefore  tog  ^=p  kg 

tt  of  a^a^  &C. 

If  «,  ^  &C.,  be  vary  nnall  in  oompaiisaii  vitt 

powers  higher  than  the  fint,  we  hava 

X  —  a=:=.pm-¥  qfi  +  ry  +  4e. 

This  then  is  the  valne  of  the  expectation,  cr  the 
sum  equivalent  to  the  moral  advantagei  This 
is  also  equivalent  to  the  mathematical  advaa- 
tages.  Hence  these  two  are  in  Uiis  case  eqnaL 
Fh>m  these  fonnnUe  we  shall  eatahliah  eertaia 
extremdy  interesting  oondusions^  Snppoee  A, 
whoee  fortune  is  100  crowns,  to  bet  60  crowni 
vrith  B,  on  the  issoe  of  an  event,  the  probabifity 
of  whidi  is  J,  on  tenns  that  if  tlie  event  happen, 
A  is  to  recdve  60  crowns;  if  It  foil,  to  pay  5o 
crowns,  it  is  required  to  fliid  the  ielativ«  vaiaa 
of  A*8  fortune  after  the  beL  Employing  the 
formula  x  =  (a  +  «  )\x  (a  +  /S)|to  this  ea« 
we  have  ;^  »  (100  x  60>»  (100  — *60)( 

=V^160  +  60  "■  87,  80  tiiat,  flkonllT 

AVi  fortune  is  less  worth  by  13  orowaa  after  the 
bet    OfooanetUamnitbaoonaidflrBdaaaiaip^ 
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no 

ai  ertimato  of  fbe  ezlent  d  the  ezoen  of  the 

privations  which  IfiM  ironld  entaa  om  the 
adTVDtagee  whidi  ironld  aocroe  ftom  gain. — 
We  maj  show  almiya,  tfaet,  with  a  Umited 
c^dtal,  my  pUyer-W  eft«f«/^  60^  /»2(isiert» 
Ai«  morally  disadwitaged  by  makfaig  a  bet  on 
equl  tennt.    Let  the  ehanoe  of  an  event  be  p, 

and  let «  be  staked.    Thai 

X 
:C  =  (a+yf)i>(a— />#)*.  Hence  log  ~«= 

.••«r.fcg  4  azpqd9  X 

vUA  is  a  awilita  ooaatiftT.    ThMftm  kg  — 

a 

whfchistfaafailflgialoftf  •  log  ^ybefa^made 


up 
H 


of  aqgithie  quantities,  is  itself  negntiva. 
;^  is  IsM  than  a.  We  draw  ftom  this, 
then,  the  eoadaslon,  that,  in  all  cases  of  limited 
tetiine(«  finite),  a  bet  made  upon  periiBctlyeqnal 
tsms  makas  the  bettei^s  fivtone,  of  neoeesity, 
befora  the  ev«t,  worth  lem  to  him  than  it  was 
beAiethebeL 

Another  eonseqaenoe  is,  that  when  pioperty 
of  any  kind  is  exposed  to  risk,  it  is  more  advan- 
tsgeons  to  expose  it  In  several  parts  to  several 
independent  riaks,  than  to  expeee  the  whole  at 
onoe,  thoogh  the  probability  of  lose  be  the  same 
la  both  eases.  Take  this  example.  Soppose 
a  asKfaant  to  have  a  capital  of  £4,000,  besides 
goods  worth  X^OOO,  to  be  transported  by  sea. 
Than  suppose  the  pmbabOity  of  Umb  of  a  ship  to 
be  ^  required  the  worth  of  the  expectations  in 
the  two  ftUowhig  cases: — 1st,  If  the  goods  be  all 
embafked  in  ene  ship^  2d,  If  they  be  embufced 
in  eqoal  portions  in  two  ships.  Intheiittcase 

«•  =  (4,000  -f  8000} A  (4,000)^ 

s=  10,761 
HawB  the  worth  of  his  expectstion  is  £6,751. 

M^  «1  ==  (4,000  +  8,000)^^  X 

(4,000  +  4,000)iVi  (4,000)tIo  3s  110,88. 

Heooe  the  worth  of  his  expeetadon  Is  £7,088, 
m  mam  gieeter  than  the  fonner  by  £888.  We 
eoidd  show  simflarty  Ifaatas  the  nomber  of  shipe 
li  inei<BSBsd,  the  moral  expectation  appranehes 
ita  highest  limit,  the  mathematical  expectatkm 
—  ^68,000  X  A  —  £7,200.  Of  ooone  there 
Is  a  pncBlkal  limit  to  the  snbdiviefen  of  risks 
euuieiihera^  in  the  Incnaeed  axpenss  uf  numage- 
mentp^Thsra  an  abo  hnportant  qnesthms  as  to 
the  wMam  and  advantage  of  aaeoing.  Of 
eoone  it  Is  only  en  this  principle  of  neonl 
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The  pilndpleB  upon  whidi  these  net  are 

shortly  as  foUow :— The  company  start  with  a 
very  large  o^tal,  and  hisore  a  greet  many  risks. 
The  farmer  Is  neoeesary  to  pravcnt  any  fbrtni- 
tons  drain  firom  exhaneting  their  whole  stodc 
In  eonsequenoe  of  the  latter— the  repetltfon  of  a 
greet  many  trials— they  may  have,  according  to 
BernoaOU^s  third  law,  any  amount  of  probability — 
by  contimioas  operations — ^that  the  actusl  results 
will  appkoach  thieir  calculated  results  within  given 
Bmits  of  enor;  hence  they  may  have  any  amount 
of  probability^  that  their  gains  will  not  exceed  a 
certain  amount  £a,  nor  be  less  than  a  certain 
amount  £b  in  a  given  time.  If  £b  be  the  ac- 
tual expense  of  management  the  company  may 
woik  with  perfaape  more  peiiect  security  than  any 
merchant  irm,  by  tsldng  a  very  high  probability 
that  their  profits  will  not  be  less  than  £11.  6t 
conree  it  fe  dear  that  to  have  gahi  and  gain,  in- 
stead of  gain  and  km  ae  the  Umiting  conditions, 
the  company  must  bet  at  mathematical  advan- 
tsge— shice  mathematical  equality  of  betting  re- 
presents the  maximum  ordiiiate  of  the  curve  of 
probability  around  which  the  limits  for  error 
group.  So  much  for  the  company.  But,  ac- 
cording to  the  theory  of  moral  expectation,  an 
asBurer  also  may  awure  in  certain  esses,  paying 
an  amount  greater  indeed  than  the  mathematical 
expectatko,  that  is,  fulfilling  the  conditioos  of  the 
company's  stability,  and  yet  securing  a  real  moral 
advantsge  for  hlnueUL  There  are  three  chief 
quertions  whkh  suggeet  themselveB: — 1.  The 
maximum  premium  which  the  amured  may  pay 
withontdiBadvantage.  2.  The  ratio  of  his  fortune 
to  the  value  of  the  sum  risked,  which  makes  it 
advantageous  to  insure  at  a  given  premium.  8. 
The  capital  which  the  assurancs  con^wny  ought 
to  have  to  be  able  to  insure  a  given  risk  with 
probable  advantage  to  itself  and  with  safety  to 
the  insured.  Suppoee  $  the  value  of  a  cargo,  p 
the  probability  of  the  vessd's  arrivfaig  safely,  and 
a  the  merchant's  Independent  capitaL  Then, 
evidently  f  «  Is  the  mathemstkTil  value  of  the 
premium  for  insurance.  If  the  merchant  insure, 
then  iJbia  abedutofertune  isa  +  s  —  fsssa  + 
p  t.  If  he  do  not  insure,  it  lB(a+«)i'  a«.  Hence 
it  wiU  be  advantageous,  or  the  opposite  to  faisure 
aocordhig  m  (a  +  «y  a>  Is  km  or  greater  than 
m+p9.    Koir  log  a+l^O^^ 'otegndof 

lAl  -^  ijg  /(a  +  t)f  n•^  -p  log(a  + 


tt-f-ps 


^)'4~f  ^^  Ihelntepalof 


pd» 

a  +  « 


,  the  former 


of  whioh  flnetkms  Is  greater  than  the  latter,  and 
tharlfore  (a  -f  p  t)  is  grsater  than  (a  +  »y 
a*.  Henos^generslly,  the  former  is  greater  than 
the  latter,  that  is,  it  is  areal  advantage  to  insun 
at  the  premium  whkh  aaewen  the  mathematical 
valueof  the  expectation.  This  will  serve  as  suffi- 
cient hidleatfonoftbemethodofsdlvtogallthethree 
adted.— Ttae  la  a  diftnnt 
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used  by  Boffon  for  the  moral  ezpectttioii  (the  one 
we  have  given  is  Bemouilli  s)  which  consists  in 
making  it  proportional  directly  to  the  gain  and 
inversely  to  the  fortune,  that  fortune  bdng  esti- 
mated all  through  as  the  same  as  at  first,  and 
not  as  being  every  instant  increased  by  little  in- 
cremeota.    Tiiis  has  seldom  been  employed. 

y.  We  pass  to  the  fifth  great  division  of  the 
subject,  where  we  ask,  what  is  the  probability 
from  the  actual  occurrence  of  certain  results,  that 
the  causes  of  these  are  stich  and  such.  Thus, 
suppose  an  urn  to  contain  four  counters,  which 
are  known  to  be  white  or  black— and  that  in  four 
successive  drawings— the  ball  drawn  being  al- 
ways replaced — a  white  ball  has  been  drawn 
three  times,  a  black  one  once,  what  are  the  pro- 
babilities of  the  various  inferences  as  to  the  con- 
tents of  the  urns.  There  are  three  hypotheses 
here  possible — 1.  That  the  nm  contains  three 
white  and  one  black  balL — 2,  That  it  contains 
two  white  and  two  black. — 8.  That  it  contains 
one  white  and  three  black ;  the  others  being  ex- 
cluded by  the  actual  results  of  the  drawing.  On 
the  first  hypothesis  J'  ^^^  71 9  "=*  71  ^^^  ^^  V^ 
bability  is  the  term  of  (|)  +  ^  /  which  contains 
p*  q,  ie.,  4  jp»  ?  =  4-Ji  'i  =  H-  0«  ^ 
second  hypothesis  j)  =  f ,  9  =  ^i  and  ^  Jr  q 
=  '**T*i  =  H  On  the  third  p  =  J,  }l,  and 
4j3^  q  =  i'-it'  i  =  -fr  We  may  now  state 
liayes'  rule  of  a  poitenori  probabilities,  which 
>viri  give  us  an  immediate  result  fh>m  these 
numbers.  "The  probabilities  of  causes  or  hy- 
potheses are  proportional  to  the  probabilities 
%vhicb  these  causes  give  for  the  events  actualfy 
observed.  The  probability  of  one  of  these 
causes  or  hypotheses  is  a  iiniction  which  has  for 
numerator  the  probability  of  the  event  in  conse- 
quence of  this  cause,  and  for  denominator  the 
sum  of  the  probabilities  relative  to  all  the  causes 
or  hypotheses."  This  theorem  in  itself  of  course 
merely  indicates  the  correct  and  prudent  opinion 
which  we  may  form  with  reference  to  any  special 
subject  of  thought ;  as  in  the  example  conudered, 
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7   +  16+8 
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16     8 
^»  TA»    are  the  pro- 
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babilities  of  the  diflerent  hypotheses  spoken  of— 
that  is,  in  the. ignorance  in  which  we  stand  as 
to  the  actual  state  of  the  tan.  If  the  same  ex- 
periment were  repeated  a  great  number  of  times, 
we  should  accumulate,  according  to  the  prindples 
of  the  repetition  of  events,  any  amount  of  proba- 
bility that  these  did  actually  represent  the  true 
state  of  the  case,^.e.,  in  27  out  of  46  urns  there 
would  be  three  white  balls;  in  16,  two;  ui  8  one; 
i  r  a  very  great  number  of  urns  were  taken. — ftem 
these  results,  then,  it  is  clear  how  to  find  the 
probability  of  drawing  a  white  ball  at  the  next 
trial  also.  The  probability  of  the  first  hypo- 
thesis is  }^,  and  the  subsequent  probability  of  a 
white  ball  on  that  hvpothesis  is  {.  Hence  ^ 
Xf  +  tXiS  +  iXA=T«»  npnamtB 
the  chance  required ;  all  the  diflfoient  valnea  bang 
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firamed  in  the  same  way  as  }{  x  {»  We  may 
generalize  this, — suppose  an  dbmived  event  f 
which  may  be  attiibnted  to  any  one  of  the* 

causes,  Cj  c^ c^,  equally  piobabls  before 

the  event  lias  happened.  Let  the  probabilitiei 
of  the  observed  event  on  the  hypoCfaeos  be  V] 
P2,  and  so  on.    Then  Bayes'  mle  states  tbattf 

«i  £f  Mm  represent  the  different  pcob- 

bilitieB,  i>i : />>  :  Ps  —  P*:  ^  '^i  ^  '^  :  ^  •-  : *• 

«b  »  ^     Also  let  the  probaUfitieB  of  or 

fotore  event  ^;  in  respect  of  the  difierant  lirpe- 
theses  be  pi.    Then  n  the  total  probabOiy  of 

the  event  is />i  ^  +  i>»  •!  +  P»  *^  - 

ipi.  If  again  the  hypotheses  be  not  «^iaDypcD- 
bable  before  the  even^  let  Xi,  x^  Ac,  repnsit 

their  lespecave  probabilities,  then  ^  =  -^1^ 

These  foimnlB  can  only  be  used  wfatti  the  muiber 
of  hypotheses  is  finite.    By  means  of  a  theoiccr. 

ofdifltemces  2;^  :=    /      ;^  )c^  we  can  eitab- 


lish  the  following  oonduiuan  as  to  tite 
tion  of  an  event,  from  actual  observatioo,  where 
the  number  of  hypotheses  may  be  comidged 
infinite.  If  a  ball,  for  example,  have  been 
drawn  a  great  number  of  times  in  BMXKtAxk 
from  an  nm  and  replaced  every  time — the 
number  of  balls  in  the  urn  being  nnkoown — 
and  if  the  result  has  been  m  white  baOs  and  a 
black  balls,  the  probability  of  drajinng  a  while 

ball  at  the  next  trial  is      ^  "^ 


So  d» 


+  ••  +  «• 
+  is'  Aitore  tiuK 


probability  of  drawing,  in  m' 

ni  white  and  ^  blaok  baDs,  can  be  ahowa  to  be 


m' 


X" 


«  +  «•' 


W 


'  m  +  «*'  +  !• 


•s  +  ■  +  1, 

~  +  »'  +  1 


Some  light  may  be  thrown  upon  the  first  resnh 
by  showing  that,  if  the  nm  be  suppoeed  offgm- 
ally  to  contain  one  black  and  one  white  baD,  and 
if  a  black  ball  and  a  white  ball  be  snpposui 
added  to  it  for  eveiy  black  ball  and  wlute  ball 
drawn,  then  the  nm  whidi  would  reaolt  fron  that 
process  would  give  quite  the  same  pnobabiUty  of 
drawing  a  white  or  Um^  balL  As  an  flte- 
tration,  we  may  take  the  probability  of  a  sanrise 
to-morrow  morning— that  is,  the  poralysnl^ecth* 
probability— say  on  1st  Januaiy,  1887.  Takiqg 
the  oidinaiy  era,  there  had  then  been  2,131,965 
successive  sonrises — drawn  as  it  were  firam  the 
um  every  morning,  and  no  failures  in  that  re- 
sult Henoe  n  =s  o  and  the  probability  of  tikat 
special  snniise  was  HIHff  ^^^^  ^  ^"^ 
enough  certainty.  Another  qnesliaii,  restiqg 
upon  the  sami  piindplasy  is  solved  \ij  Bti^f^ik-^ 
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Dunely,  trliat  is  the  pTDtwbilitf  that— given  a 
cerUin  number  of  appearanoes  of  an  event — there 
esdats  a  cause  for  them.    The  measure  of  this, 

2«»  +  i  —1 
irhereiiiathennmberof  raBnltB,issr^^:fn • 

Thns,  if  an  event  liaa  been  observed  ten  times 
in  saooessioD  tlie  probability  that  that  is  not  an 

2"-l 


effect  of  cfaanoe  is 


2" 


2047 
2048 


or  veiy  near 


ostaintj. 

It  win  be  at  onoe  evident  how  poverfhUy  these 
methods  and  principles  can  assist  ia  the  great 
practical  problem  of  obtaining  fhnn  a  series  of 
observations  of  a  physical  event  the  most  probable 
result  and  the  probable  limits  of  error.  It  is 
impossible  for  us  to  enter  here  into  any  detail 
on  a  subject  treated  besides  under  Squabes^ 
Method  of. 

VI.  We  shall  now  txy  to  iUostiate  the  prin- 
ciples of  probabilities  in  two  very  important  ap- 
plications. The  first  is  that  to  the  question  of 
hen^/Ut  depending  on  the  probable  duration  of 
human  life.  The  fhndamental  element  or  datum 
of  the  problem  is  the  probabilityi  which  obeerva- 
tioDS  must  determine,  that  an  individual  of  any 
given  age  will  live  over  a  fixed  time,  say  one 
year.    Thus  if  the  probabilities  for  a  person  aged 

y.  living  over  1,  2,  8, n  years,  be  pi  p^p^ 

,p^  and  if  qi q„  rj  r„  &c., 


denote  the  same  probabilities  for  y  -)-  1,  y  +  2, 
*c.,  then  Pt-^Px = q\P%  — i>i  q\ = rj,  &c,  so  that 
all  the  Yaluesp.  are  given  when  the  set  pi  qi 
rj  &C.,  an  determined  by  observation.  But 
this  is  actually  accomplished  by  careful  statis- 
tical work,  viz., — the  accurate  determination,  in 
given  circumstances,  of  the  values  of  ^^  ?i  **i  ^ 
>kow  for  annuities.  Let  r  be  the  interest  ofisi  for  a 
year.   But  v  =  present  value  of  jSI  to  be  received 

after  a  year  is  =•  ,         »    The  present  value 

of  the  first  yearly  payment  to  an  annuitant  is 
r,  bat  the  probability  of  payment  is  p»  Hence 
vpi  is  the  value  of  his  expectation.  So  f  is  the 
value  of  £1  certainly  to  be  paid  after  x  years,  and 
pg  ieMke  chance  of  its  being  paid.  Hence,  also 
a  2  v'pm  is  the  value  of  an  annuity  of  £a  from 
0  =  o,  to  X  =  such  a  number  that  p,  r=  o. 
The  value  of  the  annuity  IV  |^  may  be  separ^ 
atad  into  two  parts  2  ^  pt»  +  Jv  p*  where 
s  b  taken  on  from  a  +  1  to  the  number  for 
which  Pm  vanishes.  The  first  part  is  evidently 
the  value  of  a  temporary  annuity  to  end  after  n 
years,  the  second  of  the  deferred  annuity,  only  to 
tiegin  then  if  the  person  be  then  alive.  This 
latter  may  also  be  found  by  the  regular  formula 
fat  total  annuities.  Let  a.  be  the  value  of  a 
life  annuity  for  a  penon  aged  y  +  a  years. 
Then  clearly  e*  |in  a«  is  the  value  of  this  d^erred 
annuity,  the  terms  «*  pn  being  introduced,  be- 
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cause^  fevt,  the  amotmt  a  « is  not  receivable  till 
after  n  yean;  eecond,  because  it  is  payable  only  (rfi 
the  contingent  event  of  the  annuitant  being  aUve. 
Hence  the  temporary  annuity  =  a —  9"/>»An. 
The  same  principles  are  carried  into  assurances  of 
lives,  temporaiy  or  pennanent  We  refer  the 
reader  to  Baily^s  Doctrine  of  Life  Annvitiee  and 
Aeturances;  and  Milne*s  Treatise  on  Annvitie* 
and  Ingurances  on  Lhet  and  Survivorthipe. — Our 
other  illustration  refen  to  the  decisions  of  juries 
or  tribunals.  The  case  of  a  witness  making  an 
assertion  may  be  compared  with  the  illustration 
of  an  urn  which  contains  balls  of  two  colours,  and 
from  which  certain  drawinge  show  m  of  the 


one  and  a  of  the  other.    Then 


m  +  1 


fa  +  a  +  2 


is  the 


probability  of  the  former  result  recurring.    Let 
the  coloure  of  the  balls  represent  true  and  false- 

V  B  the  veradty  of  the 


Then 


witness; 


fls  +  fi  +  2 
a  +  1 


ta  +  n  +  2 


»      1    —    9     = 


dumce  of  his  telUng  a  really  untrue  story. 
Now,  suppose  a  witness  to  testify  that  an 
event  whoee  ci  priori  probability  is  />,  has 
taken  place.  Suppose  v  and  w,  which  in  this 
case  must  be  roughly  estimated,  under  the  con- 
dition V  +  10  =  I,  to  represent  the  chance  of 
coriectneBB  or  boorrectness  in  his  evidence,  then 
by  the  principles  already  established,  if  i^  be 
the  probability  of  truth  and  »a  that  of  falsehood 

in  the  testhnony  Si    a     -^  _   .         .    Hence 


Vp  -^  V  q 


•»l — p 


j)  (2  tr  -^  1)  y 


rj>  +  «  J 


-"  IVomthisitappean 


that  the  event  is  made  more  probable  or  less  pnn 
bable  by  the  testimony,  according  as  2  v  —  1  is 


or  -<  0,  that  is  as  a  :>  i  .  or 


1 

T 


hP  =  '^i  that  is,  the  probability  is  unaltered. 
When  a  witnesses  duuacter  is  entirely  unknown, 
we  may  suppose  a  to  have  all  possible  values  be- 
tween 0  and  1.    Then  m^  will  be  found  by  hite- 


Sy  %  9.   Substitating  for  «i  we  have 


r  ji  +  »  j' 


and  substituting 


gratmg    t 

for  w  2  we  have 

i."^^""iol-J>T(2>~l)^ 

=  ._^_  /'i-.ln^-.  log    P  \ 

2p  — 1   V  2p  — X   ^  l--pj' 

It  is  easy  to  see  how  by  combining  those  elemen- 
tary principles,  it  b  possible  to  determme  the 
probability  given  by  the  ooncunent  testimony  of 
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sereral  wUnoses,— the  oonenmnt  testimony  of 
m  and  tho  opposing  testimony  of  n,  and  so  on. 
The  cne  of  Jnran  and  tribonab  is  exactly  anar- 
logons  to  tliis.  niey  are  oonsidered  as  witnesses 
to  oertain  of  the  dicunstances  eonneeted  with 
the  fact,  and  so  fimninjf  an  opinion.  It  is  on- 
necessary  and  fanpossible  here  to  go  into  detaQs. 
All  of  them  assume  a  prerioos  establishment  of 
the  mean  yalues  of  these  two  data,  the  probor 
bility  of  a  jnrar's  giving  a  verdict  oonect  as  to 
the  fartfl  -and  that  of  the  goilt  or  innooenoe 
of  the  prisoner  it  priori,  The  probable  yalues  of 
these  twoessentialelemeats  were  found  by  Poisson, 
from  statistical  results,  to  be  as  follows: — the 
probability  of  a  Juror  giving  a  correct  verdict, 
was  a  littie  more  than  f  with  respect  to  crimes 
against  the  penon,  and  to  }4  ^'  crimes  against 
property;  and — makingno  dirtinotionof  crimes — 
to  be  very  litUe  below  |.  The  probability  as  to 
the  guilt  of  accused  before  the  trial,was  found  to 
be  about  *M  or-64  with  lespect  to  crimes  against 
the  person,  and  more  than  f  for  those  against 
property.  For  crimes  without  distinction  it  was 
veryneariy^4.  Using  those  data,  the  fesults  of 
the  formulie  of  which  we  have  spoken,  are,  that  in 
a  hundred  trials  It  wUl  happen  only  seven  times 
that  the  aoeussd  will  be  pronounced  guilty  by 
seven  against  five.  The  probability  of  a  unani- 
mous verdict  of  not  guilty  is  ■0114.  The  proba- 
bility of  the  oomctness  of  the  verdict  of  seven 
against  five,  is  ff,  and  that  of  a  verdict  pro- 
nounoed  by  seven  against  five  at  isoMy  is  f||>  so 
that  in  this  former  case  we  may  expect  one  of 
seventeen  to  be  innocent,  in  the  Utter  one  of  119. 
— We  refer  the  reader  for  an  expositbn  of  the 
physical  bearings  of  the  theory  of  probabilities 
to  SQUABK8  I^Asr,  Mbthod  of.  The  non- 
scientific  reader  will  find  an  admhnble  summing 
up  of  the  sabjeet  in  Quetelet*s  LeUret  mtr  la 
Tkearie  det  PtobtAOkiei ;  and  of  treatises  which 
do  not  employ  the  lesouroes  of  the  highest  ma- 
thematical analysis^  Cknimot's  Es^KmHcm  de  la 
Thhrie  det  Chaneet,  and  De  Mofgan*!  Treatise 
in  Lartbut'i  Cgehpadia  an  the  best  known  and 
perhaps  the  most  valuable. 

Pffwcy^M.  A  fixed  star  of  the  seooosd  magni- 
tude in  the  coastdlation  Canis  Minor. 

pTCd«ctile«.  The  problem  beforo  us — ^to  de- 
termine the  dreumstanoss  of  a  prqlectilflTs  path — 
must,  it  is  evident,  be  complicated  considerably 
by  the  resistance  of  the  air  to  sttdi  motion.  The 
forces  which  operate  upon  the  body  aie^  the 
primary  force  of  the  original  pn^ection — ^the 
continuous  and  uniform  force  of  gravity,  and 
the  foive  which  the  air  escerts  in  oppoflltion  to 
motion.  We  shall  not  enter  into  details  as  to 
this  latter  force,  and  it  is  dear  that  its  removal 
greatly  simplifies  the  problem.  It  is  usual  first 
to  consider  pnjectiles  as  aetiBg  **iii  vacuo/* 
Indeed,  no  experimental  determinations  of  the 
resistance  of  the  ah*  have  been  yet  made  so  accu- 
rately, as  to  warrant  our  Introducing  them  as  per- 
manent data  In  tiie  problem  of  projectiles.— 
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Suppose,  then,  we  have  a  body  prajected  finm 
A,  in  the  direction  a  t,  and  let  I  be  the  timt 
in  whieh  the  body  would  have  reacihed  t,  irith 
the  initial  vdodty  v,  if  gravity  bad  not  bees 
aotingataU.  Then  if  T  p  be  the  spnee  tiirsegh 
which  it  would  have  foUen  by  virtue  of 
vity,  daring  the  time  (,  p  will  be 
at  the  end  of  that  thna  (C 
Motion). 


9nt  ATSZtifVT^ 


.=,?. 


Hence  AT*  =  o*(*s 


8£T 


=r 


.nAT'=:i=-^PT.    Kow  let  A  be  the  fasfglit 


from  which  a  body  must  foil  in  osder  to 

the  vdoctty  v,  thai  A  =  — - 

2ff 


AT' 


4*   px. 


Drawing  A  v  parsOel  to  p  t,  and  taking  A  v 
A  T,  as  oblique  axes  of  x  / 

and  y  respectivelyi  thb 
eouAtioa  assumes  the  form 
jf^  =  4  ox^    the  equa- 
tion of  a  parabola  whose 
axis  is  parallel  to  a  v,  and 
therefore  verticaL     This 
investigation  is  replaced  to  A 
the  more  advanoed  student  v ' 
by  the  folkming :— TUl- 
ing  the  axis  of  co-ordinates 
as  vertical  or  upwards,  and  horirontal    thr  «ri- 
gin  being  at  the  point  A,  the  eqnatkaa  efflwtiaa 


beoona    ^  =  ou  £l  =  —  - 
^^     dt*        ^  7F  ^' 


^ 


tegration  _ 


c  and 


£!  =  -. 

dt 


gi  +  (fi 


where  the  constants  0,  o' will  dc|Mnd  OD  tiie  ipseld 
dreumstanoss  of  the  projection.  If  the  vdod^ 
of  projection  be  %  and  Uie  angle  which  die  1Ib> 
of  prqfeetion  makes  with  the  hocinoatal  ask  he  « 

dm 

we  obtain  v  ooi  •  :s  -3-  at  the  time  I  =«,  sad 

at 


_  sr  0,  we  have 
di 


dx  _^ 

dt 


m.      Abs 


£jL=r«dn 
dt 


sae'irtMiilase^ 


therefore  IS...— ^<  +  vda«. 
dt 


differential  eqnstiaas 
final  nsolts,  are 


ftom  wUdk  we  oMito 
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di  dt  "^    ^ 

Intcgnting  tbne,  ire  have  x  =  9<ooss-)-c 

jr  =— ^^-+  v^sinc  +  C. 

Kow  as  A  la  the  origin,  we  haye  for  <  =r  o,  x  = 
o  and  jf  =3  o.  Henoe,  snbstitttting,  we  find  c 
and  e"  each  =  o.     .*.  Finally, 

«  =  «lcoe«.        jr  =  —  i--  +  r<aln«. 

Hmm  ibfiniila  contain  an  bdependent  rariable  t 
FJiminating  this  1^  means  of  the  fint  of  these 

w«  hare  «  ^  s  tan  •  —  -«— rziii — t  which 

can  be  at  onee  pot  In  fonn  of  the  equation  to  a 
lianibola  whose  axis  is  yertical  and  stntcbes 
duwuwaidsw  We  sliaU  take  several  simple  illns- 
trationB  of  these  principles,  in  thensoal  problems 
of  prqfectiles.  It  Is  required,  for  instance,  to  find 
the  m^  and  the  time  €fjlig^  of  a  projectile 
whose  initial  Telocity  is  v.  The  range  Is  the 
ki^h  of  a  line  between  the  pohit  of  projection 
at  ▲  and  the  point  %  where  the  horizontal  axis 
fa  agsin  cat  br  the  tn^Jectoiy  of  the  projectile ; 
the  time  ^/^i<fathat  oconpfed  hi  pasafaig  fh>m 

A  to  g.    Sinoe  a  b  =s  v  I,  and  b  q  =  ^— *  w 

hsvt  s  Q.=:AB8in  m^  9<rin«s:  -—- 

2vtaxkm 


Therafbie  S  V  sfai  •  ar  pi;and<s= 


9 

2vBina. 
AlsoAQ:=ABCosa:s<»eoa«=  x 


X90oas  = 


9  v'  sin  «  cos  • 


9 


And  sinoe  2  dn  «  eos  «  3s  sin  2  «, 


9 


btlMBe  fanMlab  fa  only  neoenarjr  to  nb- 
sttato  far  •,  «  (wUch  depend  upon  the  spedal 
pnblen),  andp  (82-2  fcet),  their  spedal  yahNa, 
hi  oidsr  to  obtain  the  rsnge  and  the  time  of  flight 
Tte  ^r«a«»f  nngs  for  a  c^ven  hiltial  yelocltj  win 
be  obCalnad  whtt-HT  being  eonsidarad  ooostant— 

s^sin2  « 

becooMS  the  graateit   possible,  as 

9 

bthe  case  when  sfai  9  «  =:  1,  and  when,  thcvs- 

fbn,  2«<->  90<>  or  •  as;  46^    Heneeashoi  fai 

▼acoo  wodd  haye  greatoat  range  if  fired  at  an 

an^k  of  46*'  to  the  horiaon.    In  that  case  the 

nneess  -^  Kow,  if  A  be  the  hdlght  dne  to  a 
9 

V* 

vdodtyv,  w6haTe2^A»9*,2A«   -,  md 
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therefore  the  greatest  range  2  A.— These  prob- 
lems  aresolTed  mors  readily  by  means  of  the 
seooi^  equation  given  above,  via., 

9'' 

«  =  « tan  « T r— 

^  f  v'cos  *  • 

To  find  the  range  we  have  y  =s  o :   therefore 


» tan  •  —  -^ItzT-  =  <*»  ^***^  8*^*"  *^^ 

Ztr  cos    a 

values  of  dc^  «  =s  o  (answering  to  the  point  a), 
and,  fix>m  tan  «  ^-  ^  • 


-    -  T=  o, 
cos  ■• 


2i^co6*«tan«    ^^^•■rfn?^.-. 
X  rr — 1  ora»=  —  ainsaas 

9  9 

before. — If,  again,  tlie  body  meet  an  indined 
plane  (indined  to  the  horfaon  at  an  an^  t),  the 
value  of  9  for  the  point  where  It  meets  it,  fa  called 
the  range  on  the  indined  plane.  The  student 
may  ezerdae  hfanself  finding  thfa  without  the  uae 
of theftmdA,  jivtaawefoundtheiBBgaL    Em- 

9^ 
ploying  them,  «tant=9  tana  —  --^  —,-  , 

whMi  gives  9  ss  o  (answering  to  a)  and  a 

^  —  soar  «  (tan  •  ^  tan  t)  =:  -^-€Os'«x 
9  9 

(Bin •  cos t  —  ooB asin  t  \ 
cos  •  cost  ) 

.L!^.!^.   dn»  — f}where«-.ifathe 
9      «s< 

indination  of  the  original  projection  to  thfa  plane. 

Agahi,  to  find  i;  we  have  a  =  9leoB«,bythe 

formula 

veos«        ff      cost 

J    /  .\       •  2e     sin(«  —  0  « 

dn  («  =s  s)  • •  s:  —  •  — ^ — r-i  9 

voosa        g  cost 

2« 

whid>,ift=Ok  becomes  as  it  onght= — •sto* 

9 
When  the  body  reaches  its  greateet  height— 

dp  ^  2^05 

wehave^^-o-tona-^^^^yj- 

2s!" 

.*.  m  •-  -rj  oor  •  tan  •  ■■ 

j^-2rfn«oot«-iy^  .dn2- 
Also,  sttbstitutfaig  hi  the  i)nBuk  for  «,  we  get 

9 


9  '  ^      ^9 


From  thfa  we  see  that  the  greatest  height  b 
roadied  Just  above  the  middle  of  the  line  a  <^ 


and  fa  equal  to  ^r:  ain' 
^9 
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If  vn  dwire  to  secure  that  the  carve  shall  pass 
through  the  point  whose  co-ordinates  are^,  xT, 
^e  must  have  such  valae  of  •  as  will  satisfy 
the  equation 

fir  a  given  velocitj  v  (practically  for  a  given 
charge  of  powder),  an  equation  which  gives  the 
following  resolti 


tan  «  =  —==5 _,-- » 

g  *f 

So  that  ift^>-2«*^y'  +  /«^,  we  have  two 
values  for  tan  «,  if  «*  =  2  t^gsf"  +  51*  a:^,  we 
have  only  one,  and  if  i;*i*i-2i^^y'+^a:^, 
no  value  is  possible.  It  is  at  once  dear  that  only 
the  value  of  m  need  be  taken,  which  is  below  90^ 
—The  equation  r*«2«*^jr'+^*^  ex- 
presses the  parabola  which  is  called  the  envelope 
of  all  those  which  correspond  to  different  values  of 
c,  that  18,  which  touches  them  aU.  Hence  if  the 
I>oint  x'f  y',  lie  without  this  curve,  it  will  be  im- 
possible, as  is  otherwise  dear,  that  any  shot  fired 
with  velodty  v  should  pass  through  it^Agahi, 
if  we  are  to  find  o  for  a  given  value  of  «,  so  that 
the  curve  may  pass  through  x',  y',  s.^.,  having 
given  the  devation  of  cannon  or  mortars,  required 
practically  the  charge,  which  will  enable  them  to 
striJce  a  given  object, 

y-a-tan.-gTpr^^?^ 


g^ 
2c*'oo?l» 

2«'co^« 


y'  —  x'tana 

gi^ 

V  —  x' tan  « 


2  cob"  «  (/  -—  ar'  tan  «y 

An  equation  wnich  is  impossible  in  the  single 
case  y'  ^::^  a:'  tan  «,  and  which,  if  y'  »=  x'  tan  «, 
requires  9,  and  therefore  the  chaige,  to  be  infinite, 
llie  meaning  of  this  condition  is  evidently  that 
y',  Tf^  must  not  be  higher  than  the  line  which 
passes  the  origin,  at  an  anglea  to  the  axis  of  x ; 
not  higher,  that  is,  than  the  course  of  a  projectile 
shot  off  at  an  devation  «,  if  gravity  did  not  exist 
— The  equations  of  motion  for  the  case  of  bodies 
in  air  are  much  more  complicated.  We  reqnire 
to  make  hypotheses  of  laws  of  fluid  motion,  and 
to  assume  experimental  data,  not  yet  clearly 
determined.  We  refer  the  reader  to  M.  Duhamd*s 
Mecaniqua  for  the  full  investigations.  We  shall 
only  indicate  bow  very  great  is  the  importance 
of  the  most  accurate  detennination  of  the  points 
yet  in  dispute,  by  one  illustration.  For  a  vdodty 
of  1,000  feet  per  second,  the  resistance  of  air  to 
a  leaden  ball  of  an  inch  in  diameter  and  spherical 
in  sliape  would  be  equal  to  62  oz.  But  its  weight 
is  only  about  8^  oz.  Hence  the  resistance  has 
come  to  have  about  fifteen  times  the  effect  which 
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gravity  would  have  upon  the  motkm  of  the  ball 
In  sddi  a  case  the  investigations  whidi  {tneexie 
would  be  of  almost  no  practical  aK.~U]Att 
the  h^^thesb  that  the  resis>tance  of  the  sir  tim 

ug  and  as  1^,  we  may  express  it  as  ^',  i  bea; 

A  constant  experimentally  determined.  CiQa^ 
«  the  are  of  the  tn^ectory  from  the  point  rf 
starting,  we  obtain  the  following  equation  of  ^ 
tn^ectoxy,  if  ^  ^z  tan  «. 

i>  VT+y  +  log  (p  +  VT+?)= 

where  a  and  i  are  the  initial  valoes  of  v  asd  •; 
y  bdng  determined  by  making  s  ss  o,  /)  ss  taa^ 
which  gives 

yratan^sec^-f-log  (Un  i  -f-  Vl-f  tan'O 

+  a«coe*^ 
=  tan^sec^-f-  Ipg (tan ^ -j- sec /) -f  ^ sec  I. 

This  equation  of  the  trajectory  contains  t,  wbidi 
is  by  no  means  a  convenient   elfment     l^c 
differential  formube  in  which  the  curve  may  be 
expressed  are  given   fully  in    Duhamd,  and 
numerous  interesting  practical  cases  in  wludi  the 
very  complex    original   equation    beoones  to 
simplified  as  to  admit  of  easy  soiotian  are  lUlv 
considered. — It  has  not  been  thoo^it  neoesoarr 
to  remark  that,  m  oaeiio  at  leaat,  and  when  tiv 
resbtanoe  of  the  air  is  in  a  lizie  pcqaMfieabr 
to  the  path,  all  the  motioa  would  take  plas 
in  one  plane.    This  would  not  be  the  eaa^  vb» 
the  projectile  passing  through  a  me^nm  half 
agitated  in  aihitrary  directions.      The   eflot, 
however,  of  high  winds  or  the  like,  upon  th? 
motion  of  projectiles  probaUy  can  never  be 
accnratdy  estimated.     Aa  it  is  clear«  finally, 
that  the  resistance  will  vary  with  the  demitf  of 
the  medium,  experimental  detenninatiflos  of  k 
most  be  made  for  the  actoal  dfcumataBosi  of 
every  special  case. — ^We  append  to  this  gcneol 
sketch  of  the  theory  of  projectiles  a  very  beaoiiM 
geometrical  method,  by  Bb.  Galbraith  of  DbUib. 
for  determining  the  complete  drcamstaDoeB  of  pHK 
jectile  motion  in  vacua — Let  b  t  be  tbe 
of  the  projectile,  and  b  the 
initial    position.     Draw  the 
vertical  b  11  =  4  A,  A  being 
the  hei^t  due  to  v.    Suppose 
the  projectile  to  strike  upon 
the  plane  p'  p  m  B  at  b,  and 
draw  B  T  meeting  B  T,  and  T  M ; 
p'  B  H'  perpendicular  to  the 
plane ;  also  b  h'  perpendicular 
to  B  H,  tlirongh  R.    Bisect 
B  H'  in  o.    Join  o  1^  and  draw  T  M  paraOd  t» 
the  plane»    Then 
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oat        —7-  = 


Bat 


BH  «■  2f^ 

.•.  B-r  ^  BH  •  ^' 
T  B  =  *^,  .•  .  B  T*  :=  B  H*  T  B. 


From  the  similarity  of  the  triangles  b  h  h\  and 

T  M  B,  we  have  b  h'  t  b  =  b  h'*  t  ic  as  2  o  b' 

xsr*.   Again,  bt'ss  bo'+ot* — 2BO*oir 

.%  oi*  =  bi*— .bo'  4>2Bo*OBr 

=  BT*  —  20b"  +  2BO-OK  +  BO* 

s  2  o  B  -  ir  p*—  2oB*-|-2BO'on+  bo» 

«  2  OB  (n  P'—  O  B   +  O  N)  +  B  o' 
=  B  H'  •  B  P'   +  BO*. 

Kow  an  the  quantities  b  h',  b  p',  b  o,  are  deter- 
mined quite  independently  of  the  direction  b  t, 
along  wliich  the  projectile  moves,  and  therefore 
we  have,  whatever  that  angle  be,  o  t,  an  invari- 
able quantity.  Hence  we  can  readily  construct 
this  circle,  by  drawing  b  %  perpendicular  to  h'p^ 
and  a  mean  proportional  between  b  h'  and  b  p', 
and  by  describing  it  firam  o  as  centre  with  o  z 
as  radius. — Suppose  we  wish  to  find  the  fhrthest 
range  along  the  plane  p'  b.  We  have  only  to 
draw  the  vertical  line  which  is  tangent  to  the 
ctrde ;  and  tlib  may  be  done  by  drawing  the  hori- 
zontal radios,  and  the  tangent  at  its  extremity. 
The  point  where  the  vertical  cuts  the  plane  wUl 
evidontly  be  that  required ;  and  the  line  of  pro- 
jeetsDo  will  be  that  from  b  to  the  eztremi^  of 
the  radios.  The  usual  propositioothat  this  line 
bisecta  the  angle  between  the  plane  and  the  ver- 
tical can  be  rodily  proved.  As  to  all  points  on 
the  plane  beyond  this  point  of  maximum  range, 
no  profectile  shot  off  with  the  velocity  v  can 
pass  tbrou^  them  anyhow;  and  for  idl  points 
within  it,  it  is  dear  that-^if  b  xepreient  one 
of  them — two  directions,  b  t  and  b  t'  can  be 
foond  for  the  projectile,  by  drawing  the  vertical 
line  R  T  T'.  The  most  important  theorems  of 
prof ectiles  in  vacuo  can  thus  be  shown  to  be  true 
by  this  gecmetrical  method. — We  subjoin  certain 
experimental  results  relative  to  the  comparative 
eflicts  of  chaiges  of  powder  in  communicating 
vdodty  to  profectiks.  We  have  hitherto,  it  will 
be  seen,  simply  considered  a  certain  velodty  as 
actually  given.  The  present  inquiry  shows  us 
bow  to  give  it,  and  that  most  economically, 
by  means  of  powder.  The  results  were  ob- 
tained by  the  nsa  of  Bobm's  ballistic  pendu- 
lum. The  experiments  and  results  are  fhlly 
detailed  in  the  FkHotopineid  Magazme,  June, 
1854,  in  a  paper  by  Mr.  Haughton.  We  can  only 
transcribe  an  abridged  aooount  of  these  results. 
In  the  experiments  were  used — 1.  A  two-grooved 
rifle;  length  81}  inches,  diameter  -66  inch  with 
one  trnn  in  fbor  feet. — 2.  The  rognlation  minie 
rifle;  IsDgth  89  inches,  diameter  *69  inch.— 8. 
Pottoe  earinne;    length  28|  indns,  diameter 
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'66  Indi.  With  these  guns  were  used  the  follow- 
iog: — With  the  first— 1.  A  muiie  bullet  whb 
two  projections  corresponding  to  the  grooves, 
without  "  colot,"  weight  697  grs.— 2.  A  sugar 
loaf  bullet,  fired  point  foremost,  weight  669^ 
grs. — 8.  A  belted  spherical  bullet>  weight  482 
gra.  With  the  minie— the  regulation  minie 
bullet  with  <*  culot,**  weight  744  grs.  With  the 
carbine — a  sphericid  bullet,  weight  891  grains. 
We  have  the  following  final  results  of  experi- 
ment:— 1.  That  the  quantity  of  motion  com- 
municated by  a  given  quantity  of  powder  to  the 
minie  bullet,  discharged  from  die  regulation  rifie, 
is  greater  than  that  possessed  by  any  of  the  other 
bidlets;  the  result  due  partly  to  the  greater 
weight  of  the  bullet,  partly  to  the  greater  length 
of  Sie  rifie. — 2.  That  the  quantity  of  motion 
communicated  to  the  belted  bullet  discharged 
from  the  two-groove  or  Brunswidc  rifle,  is  less 
than  that  posMssed  by  the  other  rifle  bullets; 
the  result  being  due  to  the  greater  weight  of  the 
belted  bullet — 3.  That  from  the  greater  friction 
in  the  rifle  banrel,  the  quantities  of  motion  for 
the  carbine  and  belted  rifle  bullet  are  equal. — 4. 
That  in  passing  through  eighty  feet  of  still  air,  the 
quantity  of  motion  in  the  minie  bullet  was  di- 
minished by  1^;  in  the  sugar  loaf  bullet  by  -i^^; 
and  in  the  belted  bullet  by  -^^i  this  remarkable 
inferiority  in  the  latter  being  due  chiefly  to  its 
shi^M. — 6.  That  the  adaptation  of  bullets  of  the 
proper  weight,  shaped  like  the  minie,  with  two 
side  prqjertions  to  fit  the  grooves,  would  make 
the  Brunswick  two-groove  rifles  in  possession  of 
the  British  rifle  service,  as  efiiMstive  as  the  regula- 
tion minie  rifles.  The  weight,  calculated  theo- 
retically, of  these  bullets  would  have  to  be  967 
C^ns,*or  7i  to  the  pound.  It  results  in  general 
that  the  vdocity  with  which  a  bullet  is  prcjected 
from  a  lifle  by  means  of  a  given  charge  of  powder, 
mainly  depends  on  the  weight  of  the  bullet  and 
length  of  the  barrel — ^varying  inversdy  as  the 
square  root  of  the  former,  and  directly  as  the 
square  root  of  the  latter. 

Prcsfecttoa.  The  projection  of  a  figure  upon 
any  surfisoe  is  obtained  by  drawing  from  a 
given  point  of  sight,  or  central  point,  lines  to  all 
points  of  the  figure,  and  produdngthem  tiQ  they 
meet  the  surface.  The  total  figure  made  of  all 
these  points  of  meeting,  is  the  projection,  for  the 
data  given. — Several  prindples  of  projection  be- 
come at  once  evident  1.  The  projection  of  a 
straight  line  on  a  plane  is  a  straight  line, — for 
evidently  it  is  the  line  of  intersection  of  the  given 
plane  with  the  plane  which  passes  through  the 
point  of  sight  and  the  given  line;  hence,  points 
which  lie  on  a  straight  line  in  the  original  figure 
will  be  projected  upon  a  straight  line:  lines 
whidi  meet  in  a  point  in  the  original  figure  will 
be  prqjected  into  lines  meeting  in  a  point :  tan- 
gents to  curves — ^as  the  limits  of  chords — in  the 
original  figure,  will  be  projected  into  oorraspoDd- 
ing  tangents,  and  so  on. 

L  We  shall  begm  tfali  aitide  with  a  brief 
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wocooxAfii  tho  pfac&6  of  ptojeeiiott  in  comuMMms^ 
— In  map  dimwing,  for  ipbUiwh^  ire  hav«  tx>  sdve 
the  problem  how  to  represeot  upon  apUne  lufiMe 
the  solid  body  of  the  earth,  eo  as  Mctiratel.j  to 
enggestltsibniis.  The  methods  of  approirimating 
to  tuoh  a  eolation,  we  propoae  to  eiEhibit. 

(1.)  Ortko^rapkie  /V9eceibii.--Tbe  point  of 
eight  spolren  <d,  is  hen  considerBd  as  at  an  in- 
finite distance  and  in  Urn  axis  of  tlie  plane; 
Evidently,  therefore,  all  points  on  dw  splieiieal 
onrfiKe  will  be  prqfected  by  drawing  perpend!- 
colan  on  the  plane.  Now,  ibr  suibees  near  the 
oen^  or  top  of  the  hemiqihare,  this  will  be 
nearly  an  aocnrate  lepresentation.  In  fbct,  at 
theee  points,  tlie  sphere  is  yery  nearly  a  plane 
pandlel  to  that  of  prp^eetion,  and  tlie  pictnxe  of 
each  a  plane  woaM,  it  is  evident,  be  given  with 
eomplete  trath.  Bat  fbr  points  near  the  edge,  tlie 
fflufaee  of  the  sphere  on  tlie  oontnry,  approaichee 
toaplaneperpendiealartothatof  prqjeotiott.  Henee 
this  projection  on  the  plane  of  the  eqaator  answers 
veiy  well  tar  points  near  the  pole;  and  on  the 
plane  of  any  great  drde  for  points  near  its  pole; 
but  it  becomes  utterly  useless  as  we  move  down 
towards  the  plane  of  prqjection.  In  maldng  Hie 
projection,  only  one-half  of  the  sphere  is  prq^Kted 
upon  the  one  plane.  Sappose  that  to  consist  of 
an  upper  and  lower  svfoce,  separable,  bat  con- 
nected at  one  extremity  of  a  diameter.  Snppoee 
now  the  lower  side  to  be  moved  around  this  hinge 
180*,  the  lower  side  will  oome  to  be  seen  by  an 
eye  looking  at  the  upper.  Wesee  thisprqjection 
in  tkb  pUr  of  mape  of  the  two  hemispheres 
usually  found  in  atlases.  It  is  fortunatfr— for 
the  truth  of  the  prqjeetioni— that  near  the  edges 
of  the  plane  of  profection,  sea  and  not  land  is 
most  copiously  found,  so  that  the  picture  does 
not  so  maniftfldy  suffar.  The  orthographic  pro- 
jection is  made  usually  upon  the  plane  of  the 
equator  or  of  a  meridiim.  In  the  former  case  it 
is  clear  that  the  meridians— great  drcks  all 
through  the  pol&— wHl  be  projected  into  stnig^ 
lines,  all  through  the  pofait  which  Is  the  pro- 
jection of  the  pole.  In  the  latter,  the  dides 
of  latitude  will  be  projected  also  into  straight 
lines,  perpendicular  to  the  axis  of  the  sphere. 

(2.)  JSUrwsrapkh  I\weUoik^hi  this  the 
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pointof  sight  is  considerBd  to  be  at  the  pole  of  the 
planaaf  prq|ectioB,  remote  fhm  the  hemisphere 
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iobepro}ected.  ErBydrdeishwpwjectediite 
a  drde.  As  planes  of  reference,  we  liav«  ehher 
the  plane  of  the  meridian,  the  plane  of  the  «q«r 
tor,  or  an  oblique  plane, — the  latter  however  used 
lees  ftequently.  It  is  dear  from  the  figon  fihst 
there  will  be  less  crowdfaig  and  dietortkii  of  parts 
in  general  than  in  the  orthegrBphic  pngeetfan— 
thOTghstOltooconsiderBblBatteAoL  Hcv^toiv 
a  little  consideFstian  win  dvm  tiiat  the  ports  Dssr 
the  centre  will  be  more  croiwded  than  tboee  bhr 
removed,  but  the  pn^Jectioaa  of  ciidcs 
under  the  same  angle  as  the  circles 
so  that  the  relative  poeilioiia  aie  fai  so  for  s- 
presented* 
(8.)  GhMarPri^eoikm.'-lhBftfmAida^'u 

heresodiosenthat  if  ado 
be  bi-sected,  and  eadi 
part  projected  into  o  p, 
p  G^  o  p  and  p  o  will  be 
equal.  This  is,  in  foot, 
something  equivalent  to 
making  two  central,  p, 
Md  the  oorrespondiiig 
pdnt  p',  of  dosely  ap- 
proximate eoitectness.  It 
is  easy  to  see  by  simple 
trigonometrr  tkst  SBi 
AO::sin46^:l.— AoKK 
dification of  tills  progee-  *%•& 

tion,  eaOed  the  equl-diitnt  pf^eetien,  isaaae- 
times  used.  Draw  a  circle  and  witUa  it  two 
diametem  at  right  an^^  Asaaae  tihe  wti- 
cal  one  as  tiie  axis  of  the  aphen^  and  divide 
the  horiaontal  Into  tquX  paila.  Thvomjh  the 
poles,  and  eadi  of  the  points  of  dtviasn  da- 
scribe  a  aemkirde.  TlNse  asmiciiclw  aft  m- 
present  pnjectieas  </  the  «~-<'«*—  VM^ 
each  quadrant  into  equal  partly  and  wwlwi  ibsii 
ikom  the  equator  to  eadi  pole.  Divide  As  vurtteal 
semi-diameterB  into  the  sama  manber  «f  eqasl 
parts,  and  number  these  foorn  the  eqMter 
Tlirough  corresponding  poinls  of  divisiaB  ea  As 
same  hemisphere  draw  aicB  of  cirdes:  tiiasawffl 
reptesent  the  projections  of  drdea  of  lalilBdfc-- 
Tbedreles  of  the  sphen  may  be  ppifecfead  en  the 
plane  of  the  equator,  as  foOowa:— ^ 
and  divide  it  iato  equal  seellona  by 
these  will  represent  tim  prq^ecthma  of 
Divide  any  rsdius  into  equal  pBrta,  and 
tiie  points  of  division  drawdrdes 
the  assumed  drde;  th^  wiU  ropreaent  tka  in- 
jection of  eqni-diatant  drdes  of  Intitmte.  n» 
equi-distant  prqfeetkm  diAn  from  tbe  i^ebuhr 
duefiy  hi  this,  that,  hi  the  formsr,  all  cirelm<f 
the  sphere  are  projeeted  into  eHipeea  with  smsB 
eoeentridties,  whereas  in  tlie  latter  Atj  an 
taken  to  be  perftct  arcs  of  drdoBL  In  both, 
equal  dlstannes  and  spaces  on  tim  anriiioa  of  the 
sphere  are  represented  by  equal  or  nearly  aqal 
spaces  of  pnjection;  and,  eonaaqnendy,  the  r- 
lative  dimensions  are  better  pieaeivud  than  ia 
dther  of  the  preeedhig.  But  the  piijrciiiw  ef 
drckadonot  inteneot  under  tba  aame 
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«1m  drdet  llieniMlvw,  ao  thtt  the/orm  of  parts 
of  dM  aurftos  an  ooosidflnblj  distorted — the 
move  ao,  the  more  diaUat  thej  an  from  the 
c8Dtrtofpn||ectioiL  On  the  wb<de,  thenfon,  the 
atanoipaphk  projeotioii  iq^peanto  miita  moatad- 
THitage  aad  amalleat  dbMlvaotage,  so  that  it  is 
ttmnaaonfy  adopced.--These  an  the  only  prcjeo- 
tions  in  maoh  use  ftr  tbe  whole  sphm  The 
ftOofwiag  an  emplojred  lor  parts  of  it. 

(4.)  The  Gmmome  Pirqfecticn,^la  it  the  e^a 
is  taken  to  beat  tlie  oentn  of  the  sphere^  and  the 
nftnnoe  plane  is  tangent  to  the  sorfaoe  at  same 
point,  called  fior  the  time  the  princ^  poinL 
Thd  meridian  thnragb  the  principal  point  is 
oaUed  the  priae^  AMrMttm^the  oirde  of  lati- 
tude through  it  the  frindpal  paroUd^  and  its 
polar  distanoe,  the  prinapal  polar  dutmoe.-^ 
When  the  principal  point  is  at  the  pole  of  the 
aplNse.  the  meridiana  will  evidently  be  prq|ected 
Sntoatnight  Unes*  passing  through  it  and  mak- 
liig  angles  equal  to  tfaoee  betwesn  the  meridians 
thenaeh«ii    Thedrdesoflatitadewilleiridantly 
ha  profedsd  into  dides,  vith  the  prindpal  point 
ftr  ontre,  and  withradM  equal  to  the  tangents  of 
tiHBe  polar  diefranceB.^-Jte3it  vhsn  the  principal 
point  ia  on  the  equator.  In  this  case  the  msridiana 
an  ppqfeoled  into  panUel  straight  linesi  sjm- 
metrical^  arranged  round  the  line  of  prqjectioQ 
of  the  principal  meridian.    The  cudes  of  lati- 
tnde  utt  pn^itiad  faito  arcs  of  hjrperbolas^  whose 
nsntna  an  at  the  principal  point,  and  whose 
taBOvarM  anja  is  the  prqjectionof  the  principal 
Hsscidian.  ^nir<  whn  the  prindpal  pi^  is  on 
tlmnn  of  any  drds  of  latitude— that  is,  anywhen 
aba  on  the  sphere.    The  meridians  an,  in  this 
caae,  pnijeoted  intostnight  Unas  paaaing  through 
the  prqjeodon  of  the  pole,  which  is  on  the  line  of 
prq^eotion  of  the  principal  meridian,  and  distant 
hy  a  Una  equal  to  the  prodnot  of  the  radios  by 
the  tangent  of  the  prindpal  poUrdistanoai    The 
drdaa  of  latitude  whoae  polar  diatancas  an  kaa 
thm  the  farJinatinn  of  the  pdhtr  radius  to  the 
ndiuB  of  the  prindpid  point,  an  projected  into 
aHipaea.    That  which  has  its  pokr  diatanoe  just 
eq«il  totUa— 'into  a  parabola,  and  all  othen  into 
hypariMlas.    13ie  principal  aaris  cf  all  then 
eanras  is  the  prq|eetion  of  the  principal  meridian. 
lUa  prqleflthm  ia  not  much  need,  and  only  for  a 
arnaH  space  near  the  principal  point;  ainoe  the 
taageala  of  my  amaU  area  an  Tery  neady  equal 
to  tlm  ana  thamaelTea.   It  aaldom  happena  that 
any  patncipal  point  but  the  pole  ii  practically 
taloB.    For  thia  porition,  however,  it  apparently 
aapfliea  a  defeat  hi  Meroator^s  prqjection. 

(6.)  The  BthtPr^feoHon.— In  thiscaae  the  aye 
iaalaoatthecentnof  the  aphare^  and  the  prin- 
cipal plane  ia  the  plane  of  one  of  the  polar  drdea. 
The  meridiana  an  prqjected  into  straight  lines, 
intemcting  each  other  at  the  point  in  whkh  the 
pciadtive  plane  enta  the  axia  of  the  aphere^ 
wmm^ring  fift^A^  With  cach  othuT  oqual  to  the 
aoii^  made  by  the  meridiana.  The  drdea  of 
latitude  an  pavjeoted  into  oonoeatric  oinlea,  and 
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ao  on.  The  prejectioa  only  aervea  for  a  ^ooe 
within  a  few  degrees  on  each  side  of  the  polar 
drde,  and  m^  ^  ^'^  ^^  ^  preceding  in 
sapplement  to  Hercator*s  projection. 

(6.)  The  CSpfric  iVofecfton.— In  both  yarieties 
of  thiiB,  the  ^ye  is  supposed  to  be  at  the  centre 
of  the  sphero  and  the  duuracteristic  of  the  pro- 
jection is  that  the  sphere  is  prqjected  upon  a 
cone,  which  is  afterwards  rolled  or  developed 
Qpon  a  plane  tangent  to  it,  along  one  of  its  de- 
ments. The  first  yariety  of  this  projectioo  is 
when  the  cone  is  a  tangent  cone.  Suppoee  it 
to  be  tangent  to  the  suifooe  of  the  sphere  along 
the  middle  drde  of  latitude  of  the  zone  which  is 
to  be  projected.  Evidently  the  meridians  will  be 
prqjetied  into  right  lines  intersecting  at  the 
vertex  of  the  cone,  and  devdoped  on  the  tangent 
plane  into  straight  lines  alsa  The  drdes  of 
latitude  will  be  prcgected  into  drdes  of  the  conic 
sorCaoe,  and  an  developed  into  arcs  of  ciroles 
whoae  common  centre  is  the  development  of  the 
oonical  vertex.  The  second  description  of  cone  is 
a  secant  cone.  It  is  paaaed  through  drdea  of 
Utitude  eqni-dbtant  from  eadi  other  and  from 
the  extreme  drdea.  In  btd  the  tangent  cone  is 
just  the  limit  of  this  secant  oone»  when  the  two 
circles  of  latitude  through  whkh  it  passes  come 
to  coindde.  The  method  of  construction  and 
the  whole  properties  of  this  prqjection  an  ex- 
tremdy  suoilar  to  thon  of  the  other  case. 

(7.)  Then  Is  further  the  C^find^ioi/ /V(2feetfbn. 
— Ban  the  pn^ection  is  made  on  a  blinder  taken 
as  tangent  to  the  sphere,  intersecting  it  in  the  equa- 
tor plane^  and  the  prqjection  upon  this  surfooe  is 
then  unrolled  as  in  the  caw  of  the  tangent  and 
seoant  cones.  A  modification  of  this  projection, 
called  Mercator's,  is  very  extennvely  used  in 
prelecting  sailing  diarts.  Both  meridians  and 
drdes  of  latitude  an  prcffected  into  straight 
Imes.  The  meridiana  are  represented  by  paralld 
straight  lines,  at  equal  distances  from  each  other. 
The  parallels  of  latitude  are  represented  by 
straight  lines,  whose  distances  apart  hicrease 
nearly  as  the  length  of  a  degree  of  longitude 
decreases.  Tha  loxodromic  curve  (Rhumb)  is 
represented  by  a  straight  line,  and  this  is  per- 
haps the  most  important  advantage  poesessed  by 
thia  kind  of  prqjection,  because  it  coiresponds 
with  the  most  important  apparent  fact  in  the 
mind  of  the  seaman  We  may  understand  how 
the  dual  ia  oonatructed  by  oonsidering,  a  priori, 
how  this  all-important  condition  is  to  be  ful- 
filled. Aasnming  the  prq|ections  of  the  mo- 
ridians  as  equi-distant  straight  lines,  it  is  dear 
that,  as  we  recede  from  the  equator,  the  scale 
upon  which  a  degree  of  longitude  is  repreeented 
must  continually  increase.  Henoe^  that  the 
chart  may  folfil  the  required  oondition,  the  scale 
of  latitude  is  made  to  increase  in  the  same  pro- 
portion. Nowthe  length  of  a  degree  of  longitude 
in  any  latttnde  is  equal  to  the  length  of  a  degree 
of  longitude  at  tlie  equator,  midtiplied  by  the 
oodne  of  the  latitude  ;-«henoe^  afaioe  the  degree  of 
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longltade  is  represented  on  the  cluurt  by  one  uni- 
form distuioe,  it  18  evident  that  the  scale  increases 
inversely  as  the  cosine  of  the  latitade— that  is, 
directly  as  the  secant  of  the  latitude.  The  scale 
of  latitudes  must  therefore  increase  in  this  propor- 
tion. It  is  sufficiently  evident  that  it  would  be 
absurd  to  represent  tihe  regions  near  the  poled 
upon  such  a  scale,  because  on  account  of  the 
lai^geness  of  the  secant  for  such  high  latitudes, 
the  scale  of  representation  would  be  almost  with- 
out limit 

(8.)  The  Homoiographic  Prqfection. — An  en- 
tirely new  idea  as  to  the  construction  of  Geographi- 
cal Maps, — approximated  to  by  Flamsteed.  We 
owe,  however,  to  M.  Babinet  the  starting  and 
resolution  of  the  problem — how  shall  a  map  of 
the  earth  be  laid  down  on  a  plane  surface,  so  that 
the  surfaces  as  represented  shall  have  the  actual 
ratios  of  the  real  surfaces?  So  that  Africa,  for 
instance,  measured  upon  the  map  by  a  Plani- 
meter,  and  Europe  measured  by  a  Planimeter, 
shall  have  the  ratio  of  the  actual  surfSfices  of  these 
continents?  And,  further,  so  that  the  relative 
directions  shall  be  preserved?  No  one  can  doubt 
the  importance  of  maps  constructed  on  such  a 
principle;  although  it  is  an  error  to  term  it  a 
projection^  inasmuch  as  it  has  no  relation  to  any 
special  point  of  sight.  The  sdoitific  part  of 
the  problem  was  resolved  by  aid  of  M.  Cauchy, 
who  reduced  it  to  the  solution  of  a  transcendental 
Equator.  M.  Babinet  is  at  present  engaged  in 
publishing  an  Atlas  constructed  on  this  principle; 
and  assuredly  his  enterprise  merits  full  success.  A 
series  of  maps  so  constructed  must  be  of  greatest 
value  to  the  statist,  as  well  as  to  the  inquirer 
iuto  the  physical  attributes  of  the  earth.  Our 
next  Great  Physical  Atlas  must  be  constructed 
on  the  Homoiographic  method. 

II.  But  the  foregoing  are  only  practical  uses, 
and  these  of  a  limited  kind,  of  the  now  fertile 
and  important  method  of  Projection,  In  its  true 
significance,  it  is  a  powerful  Geometric  Method, 
brought  into  use  in  recent  times,  by  whose  aid 
propositions  demonstrated  to  be  true  in  a  ringle 
instance,  or  of  a  single  form^  may  at  once  be  in- 
ferred to  be  true  with  regard  to  oU  forvu  into 
which  that  primal  form  may  be  projected.  The 
Theory  of  Projection,  in  this  largest  sense,  con- 
sists in  scrutimzmg  and  laying  down  the  special 
circumstances  under  which  so  lai^  an  inference 
is  justified :  perhaps  it  is  not  too  much  to  say 
that  its  fertility  is  already  such,  as  to  enable  the 
purer  and  more  satisfactory  methods  of  ancient 
Geometry  to  cope  in  the  attribute  of  generality, 
with  the  analytical  scheme  founded  by  Des  Cartes. 
A  fbw  illustrations  of  its  elements  and  progress  is 
all  that  can  beofi^red  here. — It  is  dear  that  to  any 
point  in  the  one  figure  will  always  correspond  one 
in  the  other.  Suppose  the  case  limited  to  prqjec- 
tions  upon  a  plane,  then  a  right  line  will  always  be 
prqected  upon  a  plane  into  a  right  line.  Again, 
any  curve  will  be  projected  into  another  curve  of 
the  flame  degree.    For  the  degree  of  a  curve,  as 
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is  well  known,  depends  upon  the  number  of  pobli 
in  which  any  general  straigfat  line  will  inteneeC 
it.  Now,  if  this  general  stnigfat  line  be  piv- 
jected  mto  another  line  cutting  tbe  cnrre  of  pt»- 
jection,  we  shall  have  here  also  a  straigfat  lins 
cutting  that  curve  in  the  same  number  of  poiats; 
and  therefore  the  projected  curve  will  be  of  the 
same  degree.  Hence  the  only  curres  into  whidi 
it  is  possible  to  prcgect  a  circle  npeo  a  pibiie 
are — a  parabola,  an  dlipee,  or  a  hyperbola.  We 
have  already  shown  that  a  tangent  to  tte  An- 
ginal curve  will  be  projected  into  n  tangent  t» 
the  projected  curve.  It  is  easy  to  aee,  bendea, 
that  if  two  curves  touch  in  any  points,  their  piO' 
jections  will  toadi  in  oorresponding  pcints.  Afasi 
if  a  plane  through  the  vertex,  parallel  to  the 
plane  of  prqjection,  meet  tbe  original  plane  la  a 
line  A  B,  then  any  pencQ  of  lines  direrging  fien 
A  B  wHl  be  projected  on  the  plane  of  prqjeetioB 
into  a  system  of  parallel  lines.  For  manifciriy 
they  are  projected  into  right  lines,  and  tiie  pciat 
A,  the  projection  of  whidi  is  common  to  aB,  ii 
projected  to  an  infinite  distance.  Convcndy  aar 
system  of  parallel  lines  in  the  original  plane  is  pro- 
jected into  a  system  of  lines  meeting  on  a  point  in 
D  F,  where  a  plane  through  the  vertex,  pnsIUto 
the  original  [Jane  is  cut  by  the  plane  of  prejettka. 
We  see  now,  from  these  propoeitiona,  that  if  aev 
property  of  a  given  curve  involves  not  the  tM^at- 
tude  but  only  the  pogUions  of  lines  or  angfas,  the 
property  will  be  true  for  any  cnrve  into  which  tbe 
first  can  be  projected.  We  may  thns  geneEsfiae 
immediately  our  oonduaicnia  re^Mcting  tlie  cirda 
in  many  cases.  For  instance ; — **•  if  tbion^  any 
point  in  Uie  plane  of  a  circle  a  chord  be  drawn,  tits 
tangents  at  its  extremities  meet  on  a  fixed  line." 
But  the  drde  may  be  projected  into  any  conic; 
therefore,  if  through  a  point  in  the  plane  of  aar 
conic  a  diord  be  drawn,  the  tangrota  at  its  ex- 
tremities meet  in  a  point  Again,  PascaFs  and 
Briandion's  thearems  (see  Polabs)  may  bs 
first  most  conveniently  proved,  the  first  by  geo- 
metry, the  second  by  means  of  polaia  with  re- 
spect to  the  Girde.  But  these  are  evidentH- 
theorems  of  position,  and  henoe  ibey  vamtt  bold 
true  also  for  all  conies.  Sodi  propettiBS  as 
these  are  called  prqfedwe  properdin,  Tboe 
are  many  prqjective  properties  whidi  iavebc 
the  magmitvde»  of  lines  alaa  For  example,  the 
anharmonic  ratio  of  any  four  points,  a,  n,  c,  n. 
in  a  riglit  line — befaig  measured  by  the  ratios  of 
lines  of  angles  from  o,  the  vertex  of  tbe  pencil  to 
ABC  D — ^will  be  unchanged  tarahcdy  where  tiif 
four  lines  are  cut  by  any  transveraal.  Fsrths; 
if  there  be  an  equation  between  any  ssts  of  points 
on  a  rig^t  line,  such  as 

K.AB.CD.BF-f-K.AC.BB.DP 
+  X.A  D.GB.BF,  &&,  =0, 


where  in  each  equation  we  have  tbe  aanw  poinls 
mentioned,  though  in  different  orders,  we  shoaM 
have,  by  drawing  a  perpendicolar  on  tbe  trans- 
venal  from  o^  and  sabstitiitbig  for  a  b,  its  valae 
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an  eqoAtioD  in  which  we  shall  have  in  each  term 
of  the  numerator  oa.ob.oc  .  od.ob.of, 
and  in  each  of  the  denominators  o  p*.  Dividing, 
then,  the  whole  equation  bv  these,  we  have  a  re- 
sulting equation  which  defiends  only  upon  the 
angka  at  the  vertex ;  so  that  the  property  wiU 
hM  for  all  transvemlsas  well  as  a  b,  o  d,  b  p. 
Nor  need  the  points  A,  b,o,&c,  beallonthesame 
Kite,  if  care  be  taken  that  the  same  product  of 
pcfpendiculan  o  p*  .  o  p"  .  o  p^',  &&,  be  found  in 
every  dflDominator.  Hence,  if  we  can  prove  a 
property  for  the  mmpfest  Irannwria/ oa#e,  we  have 
it  proved  for  all  cases.  Thus,  to  prove  that  if  lines 
drawn  through  a  point,  and  through  the  vertices 
of  A  b  c,  meet  the  sides  ofABC  ino6e,  then 
Aft.Be.oaeaAC.BA.cifWe  may  suppoee  o 
projected  to  an  infinite  distance,  so  as  to  have 
A  c,  B  G,  c  c  panlleL  The  relation  then  becomes 
A^BcssA'tf.Bo,  which  we  see  at  once  to  be 
trocL  Hence  the  general  proposition  is  true. 
Thua,  again,  to  investigate  the  harmonic  pro- 
perties cip  a  complete  quadrilateral,  we  may  join 
ail  the  points  of  the  figure  to  a  centre  o,  and 
cut  the  figure  by  a  plane  through  o,  and  through 
the  third  diagonaL  This  will  give  us  a  paralld- 
ofiram  as  the  projection,  and  the  diagonals  are 
bisected  and  intersected  at  infinity,  —  that  is, 
each  of  them  is  cut  harmonically.— The  fore- 
going, however  brief  and  inadequate,  will  give 
some  idea  of  the  power  of  the  method  of  Pro- 
jections— We  have  spoken  of  the  projection 
of  a  circle  upon  a  plane  being  a  conic  Let  us 
see  more  aocnratdy  how  this  is.  We  shall  only 
take  the  usual  case  of  a  right  cone,  in  which  the 
axis  o  G  is  perpendicular  to  the  circular  base. 
That  of  an  oblique  cone,  in  which  o  c  is  not  a 
perpendicular,  b  quite  similarly  proved* — Let  a 


plane  n  a  B  pass  through  o  c,  and  let  M  a  «  r  ^ 
A  a  B  be  two  sections  both  perpendicular  to  it 
Rrst,  euppoee  M  x  to  meet  the  two  sides  of  the 
cone  on  the  same  side  of  o,  then  let  any  other 
plane  a  6  a  be  drawn  parallel  to  the  base.  Draw 
the  figure  as  aboveL — ^Then,  s  a,  the  intenedion 
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of  two  planeA  perpendicular  to  o  A  b,  is  a1i«o  per- 
pendicular to  it  Hence  r  s'  sa  a  B .  R  B.  Simi- 
larly r  •'  OB  a  r .  r  6.  Now  the  triangles  a  b  m, 
a  r  M,  N  r  6,  N  R  B  are  similar.  Hence  m  r  .  r  n  : 
Mr.Nr::R8':r«*.  Which b the propertyof a 
conic  section.  The  figure  Is  clearly  a  terminated 
one,  that  is,  an  ellipse. — If,  on  the  other  hand,  the 
section  m  n  «  s  be  inclined  so  as  to  meet  the  actual 
lines  A  o,  B  0  only  once,  but  the  prodaoed  line  a 
o'  again,  we  should  evidently  have  two  figures 
in  the  cone  a  o  b,  and 'the  inverse  cone  A'  o'  b', 
each  terminated  at  n  and  the  correeponding  point, 
but  extending  infinitely  in  the  other  direction. 
We  can  prove  also  the  proposition  analogous  to 
that  just  proved  with  respect  to  the  elliptte,  show- 
ing that  the  curve  is  a  conic  Ag^,  if  the 
section  n  m  comes  to  be  parallel  to  a  o,  we  should 
have  only  one  branch  in  the  cone  a  o  b,  termi- 
nated at  H,  but,  in  the  other  direction,  going  to 

infinity We  must  content  ourselves  with  this 

bare  exhibition  of  principles,  and  with  referring 
our  reader  to  Mulcahy^s  Modem  Geometry^  to 
Salmon's  Conic  Sections^  to  Mongers  Geomitrie 
Descriptive^  and,  above  all,  to  PoncdeCs  Pro- 
prietiedes  Figuree  Prqfectioetf  which  is  still  the 
classical  work  upon  the  subject 

Prelate.    See  Sphbboid. 

PrapcrCr  of  IMatf  er.  A  quality  by  whicl^ 
matter  is  distinguished  from  other  substances, 
and  which  is  possessed  by  all  matter,  is  called  a 
property.  There  is  a  division  of  properties — 
sufficiently  arbitraiy — into  primary  and  second- 
ary. The  former  are  thoee  without  which  we  can- 
not conceive  matter*s  existence, — ^the  latter,  thoi*e 
which  belong  to  it,  though  not,  as  it  is  conceived, 
necessarily.  Extension,  Impenetrability,  and 
Inertia,  are  the  three  which  are  most  usually 
assigned  as  necessary  and  primaiy  properties. 
No  sbsolute  line  of  distinction  can  be  drawn. 

Pi>op«vctoB  Bavnoalc.     See  Ratio. 

Proacn^iae.  One  of  the  Asteroids.  For 
Elements,  &c,  see  Abtkroids. 

P«7ckraasetiT*     See  Htoromrtrt. 

Pialemalc  Sratcm.  The  system  or  scheme 
of  the  celestial  motions  universally  adopted  pre- 
vious to  the  reformation  by  Copernicus.  It  rested 
on  two  assertions,  supposed  to  have  the  force  of 
axioms,  viz.,  that  the  eiurth  it  at  rest  tmd  in  the 
centre  of  the  universe ;  and  that  aU  motion  in  the 
heavens  is  drcuiar  and  un^brm.  The  methods 
by  which  the  irregular  paths  and  velocities  of  the 
planets  were  seemingly  reconciled  to  these  pos- 
tulates was  most  ingeniona,  and  has  been  already 
explained  under  Eockntric  and  Epictclb  ;  nor 
was  the  system  at  all  deficient  in  its  internal 
logic  So  soon  as  Copernicus  doubted  the 
truth  of  these  principles,  its  Ikbric  tottered, 
and  swiftly  ML  The  system,  in  its  eailuMt 
and  best  form,  is  exposed  in  Ptolemy's  Al- 
magest; but  it  received  what  was  termed  its  last 
perfection  at  the  hands  of  Purbach. 

PaOcT.    See  BCacHAiacAL  Powbr«. 

See  Acrmomn'Bfc 
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r.  An  in.4trament  intended  to 
measure  those  higher  degrees  of  beat  to  which 
the  thermometers  of  merctiry,  air,  and  alcohol 
are  insufficient.  It  is  usual  to  employ  fw  this 
the  expaofltoB  of  ban  of  metal —the  smonnt  of 
that  expansion  being  known-;- for  the  diifoneat 
depress  of  heat  The  princijiles  of  the  pyrome- 
ter will  be  found  stated  under  Expansion. 
'Ilie '  pyrometer  of  Wedgwood,  which  is  per- 
haps as  good  as  any  other,  is,  like  all  others, 
very  defectiTe.  It  consists  of  two  slightly  con- 
>'ergent  pieces  of  copper,  between  which  a  small 
cylinder  of  day  is  set.  This  latter  contracts  by 
heat,  and  the  convergence  is  increased  in  conse- 
quence. Its  amount  being  measured,  the  heat 
to  which  the  (^'linder  h^is  been  exposed,  can  be 
calculated. — It  has  recently  been  proposed  to 
construct  a  pyrometer  accurate,  to  any  extent  of 
scale,  by  aid  of  the  diflforent  fu^bilities  of  the 
met^    Ttio  metal  labt  fiued  will  of  course,  by 


QUA 

Its  degree  of  fusibility,  uidicate  the  heat  of  tin 
fumaca 

Pyittpb^r—.     Any  body  whid>  kindles  of 
itsdf  on  exposure  to  the  air  is  so  eallpd. 

Pyxto  Nuaaca  )  or  the  Hariner'e  Compass. 
One  el  Laeulle*s  Southern  ConetdUrtioim. 

PaHey.    One  of  the  demCDtavy  imirhiirirail 
powers. — See  Appendix. 

PuBtp.  A  well  kn4«wn  machine  for 
water.  Its  power  Is  drawn  tmm  the 
weight  of  the  atmosphere  in  common 
from  the  elasticity  of  compressed  tSr  in  th«e 
forms  of  it  that  are  termed  yinrcMSP  pmnp&.  Thr 
prineiples  are  so  simple,  and  the  netliamBa  »v 
vrell  known,  that  we  shall  not  occupr  our  nar- 
row space  with  special  deacriptiom. — The  reader 
will  find  all  information  ss  to  detaoh  in  the  tr4 
book  on  practical  mcrhtmica  on  whidi  he  naj 
happen  to  lay  hia  hands* 


or 
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The  fourth  part  of  a  eirde.  Also 
a  name  given  to  valuable  reflecting  instruments. 
See  Sextant.  The  ancient  form  of  astronomical 
instruments  for  the  determination  of  altitudes  was 
the  quadrant;  but  that  has  now  been  wholly 
supenedad  by  the  Cirolb  (q.  v.) 

^■Mlvmtare.  The  tenn  given  ~to  modes  of 
determining  rectilineal  figures  that  shall  be  equi- 
valent in  area  to  curvilineal  ones.  The  whole 
subject  belongs  to  the  intogral  calculus,  the 
general  formula  being 


J 


where  X  represents  that  function  of  »,  whid>  ia 
equal  to  the  ordinate  y  of  the  proposed  curve. 

Qaotemloaa.  The  Editor  had  the  good 
fortune  to  expect  an  article  on  QaATKRMiONS 
from  Sir  WiUiam  Rowan  Hamilton.  He  has 
obtained  the  three  following  most  ludd  and 
remarkable  letters : — 

LBTrHB  T. — To  a  Lady, 

Dear  Mks.  8  ,  I  am  flattered,  or  at  least 
I  am  gratified,  by  your  wish  to  know  something 
about  the  Quatemioos.  Really  I  never  hold 
other  peoples  bottons  to  talk  to  them  on  that 
subject ;  but  my  oin»  button  is  ooca-nonally  held, 
especUilly  by  a  learned  librarian  in  Dublin,  who 
stops  me  in  the  streets,  and  waylays  roe  in  boolc- 
sellers*  shops,  to  ask  for  a  plain  answer  to  a 
simple  qaesUott, — which  yov  have  not  put  in  ea>- 
acdy  the  same  terms, — to  wit,  *'  What  the  deuce 
(ITS  the  Quaternions?"  Well,  I  must  try  to  do 
what  I  can,  to  satisfy  your  friendly  curiority. — 
It  would  be  very  easy  for  me  to  give  a  difitiilMm 
o(  AqwUenuon ;  I  mean,  of  what  I  hoot  so  oaJhdy 
in  mathematict:  for  you  know  that  tlie  term 
it»df  is  a  good  old  Engtuh  word.  It  oecurs,  for 
example,  in  our  version  of  the  Bible,  wliere  tiie 
apostle  Peter  is  described  as  having  been  deliveaed 
by  Ilerud  to  the  charge  of  four  ^^uaUntiom  of 


soldiers.     In  the  Paradue  Loti^  Adam  is  r^qe> 
sented  by  Milton  as  uttering  tlie  invoeatioa:^ 

**  Ah*,  and  ye  Elements,  the  eMeat  birtii 
Of  Natore's  womlK  that  In  qwauntiom  ma 
PerpetoAl  circle  mauifUd,  «od  mix 
And  nourish  all  tUnaa,— 
Vary  to  your  great  Maker  still  new  pmse." 

And  to  take  a  lighter  and  more  modem  iutance 
from  the  pages  of  (?uy  Mtmnermff^  Sbott  icprs- 
sents  Sir  Robert  Hazelwood  of  Hazelwood  a* 
loading  hh  long  sentences  with  "triads  snl 
quaiemv/tuJ*  In  all  tliese  cases,  of  covse.  ilie 
word  signifies  (as  its  etymology  implies)  a  set  V 
Fvur  (pereons,  or  tboigB,  or  words);  an*!,  on  tb» 
same  plan,  Dr.  Latham  has  written  a  paper  oa 
**  Phonetic  Quatenuons,**  meaning  ther^  cs^ 
tain  foundu,  which  he  conceives  to  group  tfacai- 
selves,  ,/^Mir  by  Jour;  and  I  have  reoendy  notKsd 
the  term  ^  QuATiBBifioNBif,''  applied  bf  a  v«iy 
able  German  author,  Moebiua,  to  certain  thia^s 
depending  upon  sy«te«w  qf/ow  poimU.  In  bet, 
the  Latin  word  Quatemio,  like  the  Greek  tern 
rir^«»riv,  of  which  it  b  a  translatioo,  seems  tc 
mean  simplv  (as  above)  a  set  qfjluar ,-  or  tht 
"  NuMBBK  Four,**  used  as  a  shAs/ohImw,  and  md 
as  a  numerical  adjective.  So  that,  instead  of  tar- 
ing that  Pythagoras  attached  a  mystarioos  and 
hitherto  unexplailned  importance  to  the  Tetractr<. 
we  might  say  that  Pythagoras  did  so  to  tiid 
**QaATBRiiiO!f:"  whatever  conception,  pr«ci« 
or  vague,  that  wonderful  pUIoaopho'  of  antiqBitr 
may  have  assodated  with  the  thought  of  Fucs. 
(I  sometimes  fkncy  that  I  can  conceive  an  oore- 
corded  Tetraehotamy  of  Pythagoras,  analogoos  to 
that  of  Kant,  but  m  )re  mathematically  oooneeteil 
with  the  Pyramid.  )^Bat  whatever  lioonsi^  or 
vagueness,  may  have  heretofore  existed,  ia  the 
empkyment  of  the  word  <*  Qnatarahia,"  it  weeli 
seem  that  the  ooartssy  of  my  ooBfiemporarin,  at 
least  in  theee  oooatnea,  liaa  of  late  yeare  efO^t* 
lisfafld  an  usage— yon  know  Hoinoa'e  *^S»  xkIA 
Ofi 
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««Hi,  qmem  peiMt  Arbitriam  est,  et  Jos,  et  noraiA  I  dam  qnaerebAm  deteruiinandi    qnantlUtcs^  ex 
kiqtttsndi,'*— which  for  the  prateiit, 


for  the  prateiit,  almost  or 
atttigeUier  restricts  tiie  word,  as  a  wuMtkanatieal 
lerm,  to  the  sense  in  which  J  have  employed  it 
The  qoestioo  then  arises  :—**  What  does  the 
Auikor  of  the  Lectures  on  Qoatembos  mean  by 
tlie  latter  word,  when  employed  (as  he  employs 
it)  m  matkemuUktr  And  here  1  repeat  that  it 
would  be  easy  for  me  to  embody  my  meaning  in 
a  iM^HttitM,  ii  lAa<  oonld  bs  supposed  to  be  of  the 
slightest  earthly  use,  to  persons  unacquainted 
wtib  the  subject  I  mij^ht,  for  example,  in  all 
due  form,  lay  down  the  following  statement : — 
l>BFiMiTioai.  "  A  QcATBBNioii  to  the  quotimi 
r/  two  veclon,  or  of  two  directed  right  Hues  in 
space,  considered  as  depending  on  a  system  of 
I*  our  Gwmeirieal  EkmaUt;  and  as  expressible  by 
an  algebraical  symbol  of  Quadrinomial  Form." 
And  1  might  go  on  to  add,  as  a  sort  of  second  i>e- 
Juiiium  (or  at  least  DeicripHony,'^^*  The  Scienee 
or  Caiadugy  of  Quateniious,  to  a  new  Maihema-' 
Heal  Method,  wherein  the  foregoing  eonteptum  of 
a  quaternion  to  unfolded,  and  symbolically  ex- 
preated:  and  to  applied  to  various  classes  of  alge- 
braical, geometrica],  and  phj^sical  questions,  so  as 
lu  discover  many  new  theorems,  and  to  arrive 
at  the  solution  of  many  difficult  probtoms.**— . 
But  though  I  believe  the  foregoing  statements  to 
be  eorreetj  and  even  thinlc  that  they  may  be  use- 
JtUf  as  a  sort  of  recapitulatwn,  or  ritum^  for 
those  who  aireadg  knuw  a  great  deal  about  the 
matter,  what  human  being,  aljint  ttarttrng,  could 
be  expected  to  be  one  bit  the  wUer  for  them? 
And,  indeed,  tokat  tdence  cam  be  defined,  so  as  to 
convey  to  a  person  who  to  only  about  to  be^ 
the  study  of  it,  anything  like  a  dear  and  ade- 
quate notion  of  its  extent,  or  even  of  its  natura? 
*■'  Mais,  tenter  de  d<5finir  une  science  c'est  coo- 
sentir  k  6tre  inintelligible,**  says  Pouillet,  in  the 
seoood  page  of  the  tserenth  edition  of  hto  veiy 
lucid  and  valuabto  work,  Elimenie  de  Pi^eique 
EipMmeniale,  et  de  MeUtrologk,  (Paris,  1856,) 
into  which  I  have  been  lately  dipping. — You 
ha\*e  been  pleased  to  allude  to  Newton.  Putting 
out  of  sight,  fv>r  a  moment,  the  enormous  differ- 
cuce  of  power  between  him  and  m}*self,  tot  me 
avaO  myself  of  an  Hhutratum  which  you  have 
emgffesfed^  by  speaking  of  hto  works.  Do  you 
suppose  that  anf  one,  however  intellifjent, — lldy 
or  gentleman,  it  matters  not  at  all, — anUd  be 
made  to  imderstand,  by  a  dtji^ion,  **ioAat 
Fluxio?is  aref**  Conceptions,  which  it  has 
required  }*ears  of  patient  thought  to  mature,  are 
not  to  be  so  easily  transplanted.  They  can  indeed 
be  made  to  pass  fhim  mind  to  mind,  but  not  by 
so  short  a  process;  still  less  can  the  methods  to 
which  they  lead  be  easily  or  rapidly  communi- 
cated. **  (Jonslderando  igitur'*  (says  Newton,  in 
the  introduction  to  hto  7V«a/ifs  on  the  Qmdrfk' 
Mrs  of  Curvet)  **qood  quantitates  aequalibus 
temporibus  cresceniet  et  crescendo  genitae,  pro 
Tcloieitate  mi^ori  vel  minori  qua  crescunt  ae 
generantiir  evadunt  majores  vel  minons;  matho- 


velodtatibus  motuum  vel  incrementorum  quibun 
genersntur;  et  has  motnum  vel  incremeniorum 
velocitates  nominando  Fiuxiona,  et  quantitates 
genitas  nominando  Fhentee,  inddi  paulatim 
aiinto  1665  et  1606  in  Methodum  Fluxionum 
qua  hto  usus  sum  in  Quadratura  Curvarum.** 
The  coneeption  pf  f/rowing  quantUjf,  though  very 
re6ned  and  subtle,  and  ei-en  the  additional  and 
still  more  abstract  conception  of  a  rate  qf  speed 
of  such  growth,  may  (I  suppose)  be  seized  by 
any  sufficiently  intelligent  person,  who  has  hati 
no  technical  training;  but  to  pass  thenoe  to  ang 
degree  of  dittmet  mnderetanding  of  the  mathema' 
tioal  method,  to  which  its  author,  qfter/tMjfpot- 
eeteing  those  conceptions,  could  only  gradtutUg 
attain  C'hicidi  pauUtim*^.  requires  no  inoon- 
siderabto  amount  of  formal  and  scientific  prepa- 
ration, although  DOW  pretty  widely  diffused.  The 
MsTROD  camioi  be  explained  to  a  person  who  to 
not  a  mathematician;  but  (as  above  admitteil) 
the  CJoMOCFTioir  sMiy  be  commmnieated:  though 
not  (pertiape)  without  some  patience  being  need- 
fuL — And  such  —  to  pass  from  Fluxions  to 
Quaternions — I  believe  to  be  the  case  with  the 
totter  study  ato&  Undoubtedly,  I  do  not  pre- 
tend to  teach  any  one  to  we  my  oalcuhu,  who 
has  not  been  abradg  trained  to  some  extent  in 
afyebra,  and  in  some  rather  advanced  parts  of 
geemetrg,  such  as  are  treated  in  the  Ele^-enth  and 
Twelfth  Books  of  Euclid.  But  I  have  met  with 
at  least  one  lady,  who,  without  having  ever 
epened  (as  I  suppose)  a  single  book  on  algebra 
or  on  geometry  in  her  life,  was  able,  after  some 
illustrations  on  m}*  part,  and  patience  on  hers, 
to  mukntand  perfectlg  the  conception  of  the 
qnaiermon,  oonsiderad  geometrieaUy : — for  I  put 
the  i^febraical  vtow  aside  for  the  present,  as 
being  much  more  connected  with  technicali- 
ties and  with  calculation;  and  I  abstain  from 
introdudng  here  that  metophgtieai  notion 
alluded  to,  according  to  which  the  Idea  of 
tiie  Quaternion  to  generated  by  a  certain  Sgn^ 
theeit  of  the  thoughts  of  Itme  and  Space. 
What  $he  did,  I  am  very  sure  that  gom  can  do 
ako. — Take,  then,  an  equOateral  triangle,  ▲  b  c, 
oottstmcted  (let  us  say) 
on  a  card,  and  bliect  it 
by  the  dotted  line  o  n, 
drawn  (as  in  fig.  1 )  from 
the  vertex  c,  to  the  mid- 
dle point  D  of  the  base 
A  B.  Cut  away  the 
half-triangle  dbg,  and 
insert,  between  the  legs 
of  the  angle  D  a  <;,  a 
curved  arrvw,  to  indi- 
cate a  oooodved  rotation,  from  the  lejir  a  d  to  the 
leg  A  o,  of  that  angle.  Lay  the  hall-triangle  a 
D  c,  wbfch  has  beoi  thus  cut  out  and  markeii« 
on  asquare  tabto  b  r  o  h,  in  the  way  representMl 
in  figure  2,  so  that  the  Ifaie  a  d  may  be  parallel 
to  the  base  s  f  of  the  square.    Thto  behig  done, 
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it  b  ^e«r  that  the  lemglh  of  the  ride  ▲  o  is  ex- 
actly tiwx$  the  length  of  the  half-side  a  d,  of 

the  original  and 


Ik 


l£. 


Fiff.i. 


eqailateral  tri- 
angle a  bc;  and 
I  need  not  tell 
ffou^  that  the 
angh  D  A  O  (or 
the  rotation  re- 
presented by  the 
curved  carrcwy) 
contains  exactly 
mxty  degrees. 
Here,  then,  are 
already  too  ntnii- 
bere  to  be  con* 
sidered,  in  the 
(a  o  being  compared 


'K 


enmpariaon  <if  two  lines 
with  A  d)  ;  namely,  the  number  2,  which  ex- 
presses the  ratio  of  the  lengths  of  the  two  lines; 
and  the  namber  60,  which  expresses  (in  deccrees) 
the  angle  between  their  directions.    Accordingly, 

before   the   in- 

"         "  *1  trodaction  of 

the  quaternions, 
there  had  ex- 
isted a  branch 
of  mathematics! 
science,  invented 
(I  believe)  by 
Argand,  in 
France  about 
fifty  years  ago, 
and  to  which 
Professor  de 
£i  Morgan  of  Iion- 
don,  has  lately 
because 


.»» 


given  the  name  of  "Double  Algebra; 
ill  it,  by  Uie  joint  consideration  of  ratio  and 
angls,  two  numbers  at  a  time  were  treated  of,  as 
the  subject  of  every  calculation.     It  should  be 
added  that  it  after  placing  the  half-triangle  a  d 
c  as  before,  we  merely  shift  its  position,  or  tnm 
ii  abf/ut,  on  the  ^fixod  tabie  ■  f  a  h,  (without 
turning  it  upside  down.)  so  as  to  bring  it  to  the 
state  represented  in  figure  8,  we  do  not  alter 
thereby  either  of  the  two  foregoing  numbers,  2 
and  60 ;  nor  do  we  change  the  dsreotion  of  the 
rotation  (indicated  by  the  arrow),  from  the  line  A 
D  to  the  line  a  g  ;  and,  therefore,  the  eon^aiex 
I  tlation  of  the  latter  line  to  the  former  (mekuUng 
a  relation  <^iengtksy  and  also  a  region  of  diree- 
tinns)  is  not  conceived  as  having  undergone  ang 
change  ;  nor  would  any  alteration  in  the  twofoii 
relation^  above  considered,  be  occasioned  by  the 
substitution  of  a  smaUer  (or  larger)  but  wmlar 
and  similar^  placed  Hon^/e,  in  any  of  the  fore- 
going constructions.     Such  seem  to  me  to  be  the 
most,  or  among  the  most,  essential  elements,  of 
the  geometrical  conception  of  Double  Alokbra  : 
bat  it  remains  tu  be  shown  by  what  sort  of  tran- 
a  it  ion  I  pass  from  thence  to  an  algtsbra  of  a 
QuAORUi'LB  character,  or  from  Covfusa  to 
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QvkTKKnoyB  in  Geometry.  ~  And  this  tran- 
sition when  once  thought  of,  appeacs  so  cutg, 
that  it  may  seem  wondafii  how  it  faad,;Saie^ 
to  occur  to  others  before  mysel£  I  simply  nan  a 
dah  instead  of  a  tabk,  1  eUtats  the  old  sqnaje 
B  P  o  H,  (not  that  there  is  any  magic  in  iu 
being  precisely  of  a  square /orm,')  so  that  wliite 
its  biase  b  f  still  rests,  as  a  ledge,  on  a  fixed 
horizontal  plane,  though  perhaps  in  a  newpositiiM 
thereon,  its  lop  a  h  may  be  at  a  certain  heigkt* 
above  that  plane;  there  being  then  a  certaia 
angle  ofincUnaiion,  k  s  u  in  figure  4,  spppo«  an 
angle  of  tea  degrees,  whereby  ihe  dosk^  b  f  g  h, 

a 


»  rig.  4. 

is  raised  above  the  table,  b  f  I  K  L ;  which  amds 
K  B  u  thus  furnishes  a  new  or  third  nnmbtr, 
namely,  here  the  number  10,  to  express  or  iDe»- 
sure  the  slope  of  the  desk.     But  even  when  thn 
slope  has  been  determined,  the  aspect  of  the  dak 
is  not  yet  completely  known,  until  we  hare  fixed 
the  direction  <ifits  ledge,  b  F ;  or  the  an^  lbf, 
suppose  yiff*<5'  degrees,  which  this  ledge  mskei 
wUh  some  fixed  line,  b  l,  traced  on  the  bariaontal 
plane,  or  table:  because  we  may  coocetve  tfas 
moveable  desk  to  be  turned  about   thereon,  lur 
the  sake  (as  we  may  imagine)  of  getting  a  bttler 
UghL  Here,  then,  is  a  Foukth  Numbbb,  namdr, 
in  this  case  the  number  40,  which  (in  my  ^\e/^ 
of  the  subject)  enters  essentiallg  into  the  oumfikM 
conception  of  the  relation  of  one  directed  One  in 
sp'tce,  A  c,  to  another  directed  lims^  a  d  ;  sod, 
tji'jrefore,  into  the  conception  of  what  I  call  the 
**  QuoTiEXT**  of  one  such  line  divided  by  aootiw 
(compare  here  my  Di^uUtion  of  a  Quatenurrt)) : 
namely,  the  complex  result,  obtained  by  thecoa- 
parison  of  those  two  lines :  or  more  fully,  by  t&s 
examination,  how  one  line  is  related  to  ike  other, 
in  length  and  in  direction;  the  Pi  ahb  of  the 
two  lines  being  (according  to  me)  a  thing  to  ba 
spedaSg  stitdied,  in  conducting  audi  an  exaini- 
nation. — You  see  then,  clearly,  bow  the  cosh 
parison  qf  one  line  with  another,  conducted  as 
above,  (namely,  the  comparison  of  a  c  with  a  o 

*  The  reader  will  have  tbe  goodness  to  tkacj  the  line 
o  R  thus  e'erated^  aJthoagk  iue  figure,  as  drsva,  40di 
not,  perhaps  sqggest  tC 
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In  the  foiYgoing  figures,)  leads  to  the  consider- 
«f ion  of  a  Syatui  of  Fouk  K  uubiirb,  in  our 
example 

2,        60,        10,     and      40; 
which  majr  be  SHid  to  repieaent  or  measure,  i»- 
speciivelj, 

**  Ratio,  Avols,  Slopb,  and  Lbdob;** 
though,  in  fact,  the  third  and  fourth  numben, 
oj  well  as  the  second,  represent  anfflea  ;  namely, 
those  which  answer  to  the  mclmtUion  qfaplanet^t 
orbitf  and  tlie  hngitude  qf  iU  atcending  nodt,  in 
astronomy.  The  systematic  introduction  of  (hue 
two  ktUer  cmgle$  into  geometry^  by  the  assistance 
of  my  peaUi'it'  MjftnMt  (i,  /,  k\  or  the  doing 
something  equivalaU  thereto,  so  as  in  some  way 
to  takt  acamni  o/tke  tupeet  qftke  desk  (or  plane), 
whereon  any  proposed  angle  (as  here  the  original 
angle  d  a  c  of  sixty  degrees)  is  traoedy  may  be 
said  to  be  the  du^  geomelrical  charaeterislie 
of  the  Calculus  of  Quatkehioms,  and  what 
mainly  serves  to  dieUnguiih  it  from  its  prede- 
ceator,  the  Caleubu  of  Couplee:  or  (with  refer- 
ence to  geometrical  application)  to  distinguish 
Quadruple  from  Doolie  Aifftbra.  But,  of  course, 
witliOttt  sotee  preparation  (such  as  perhaps  yon 
possess),  by  the  study  of  common  algthra^  it  is 
impossible  to  understand  how  this  ctmcepfion  is 
worked  out  into  a  system  of  cahulation»    Mean- 

wtiik,  I  lemaln,  dear  Mrs.  S- ,  ver}'  truly 

yoBia,  William  Rowav  UAMiLTo:r. 


Lkttkb  11. 
Obskbvatubt, ,  1850. 

Mt  dbab  Sir, — Tou  sa}*  that  5'ou  have  read 
a  certain  letter  of  mine  to  a  Isdy,  on  the  subject  of 
the  conception  of  a  Quaiemion  in  Geometry ^  as  the 
Qnoiiemt  qftwo  Vectore^  or  of  two  directed  right 
lines  in  tridimensional  space :  and  that  yon  widb  to 
see  how  this  conception  cjn  be  so  developed,  as 
to  be  shown  to  be  the  ba»i:i  of  a  Caku/ue. 

I.  Allow  me,  in  the  fir^t  place,  to  remind  yon, 
that  the  '^^uolienl  of  two  co-initial  vectort^'*  or  of 
two  i^t  lines  in  space  which  are  drawn  from  one 
common  point,  has  been  conceived  by  nie  as  l)eing 
the  complex  rtsuli  of  the  comparison  of  one  such 
vector  with  another,  this  comparison  being  per. 
filmed  in  each  of  two  fundamental  respects: 
namely,  ,/Srt^,  as  regards  the  relative  hngtk  of 
the  two  lines;  and,  secondly^  as  regards  their 
rdatioe  directum.  The  former  part  of  the  com- 
l«arison  conducts  to  the  consideration  of  a  batio 
between  the  two  lengths,  which  may  be  supposed 
to  be  accurately  or  approximately  expresMd  by 
a  mmnber  (whether  integral  or  fractional,  and 
wliether  commensurable  or  hicommeusurable); 
the  latter  part  of  the  same  comparison  conducts 
to  the  oonsideration  of  an  anolb  between  the 
two  directions,  or  of  a  certain  elongation  of  the 
one  from  the  other;  and  also  to  the  consideration 
of  a  plabb,  wherein  the  two  lines  are  jomily 
wmtaincd.  The  emgle  may  be  expressed  by  a 
second  number,  of  degrees  and  parte  of  a  degree^ 
or  uf  right  angles  ana  parts  of  a  rigiit  angle;  and 
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the  plane  has  an  aspkct,  which  depends  upon  a 
certaiu  pair  of  other  angular  elemenlSy  such  as 
those  which  in  astronomy  are  called  the  indina- 
turn  of  a  planet's  or  comet's  orbit,  and  the  longi- 
tude of  its  ascending  node:  and  which,  in  my 
former  letter,  were  illustrated  by  the  s2t^  of  the 
desky  whereon  the  angle  between  the  two  lines 
was  supposed  to  be  traced,  and  by  the  direction 
of  the  ledge^  wherein  that  desk  was  met  by  the 
tabu.  There  enter  thus,  upon  the  whole, /Ares 
angular  elements^  such  as  thoiie  which  have  above 
been  called  elongationj  inclination,  and  node,  (or, 
more  briefly,  angky  slope,  and  kdge,)  into  the 
complex  conception,  as  above  unfolded,  of  the 
relative  direction  of  two  lines  in  sptice.  And  when 
these  are  combined  with  the  furroer  element  of 
ratio,  (or  of  the  relative  length  of  the  two  lines,) 
they  make  np  jointly  a  system  of  four  I'Le- 
MBNTB,  expressible  by  a  system  otfour  nutnUrs^ 
which  enter  (in  the  view  here  adopted)  into  the 
complete  conception  of  the  Quotiemt  qftwo  Feo 
tors,  and  constitute  that  quotient  a  Quaternion. 
IL  So  much  having  been  premised,  or  repeated, 
as  regards  the  concepivm  of  a  geometrical  quotient, 
or  quaternion,  of  the  kind  which  It  is  proposed 
to  consider,  we  are  next  to  fix  what  is  to  be  un- 
derstood by  equations  between  such  quotientss 
and  by  qperaiions  upon  them.  Adopthig  the 
notation  offrae^ons,  for  each  such  quotient  in 
|iartlcular,  and  supposing  that  the  symbols 

OA,OB,OG,OD»  (1) 

or  more  concisely 

«,  A  r«  >,  (2) 

denote  tamie/bur  co-initial  vectors,  or  right  lines 
drawn  in  space  from  some  one  common  origin  o, 
we  must  proceed  to  compare  and  to  combine  the 
two  quotitnts,  or  geometrical  Jractions, 

-and  -.      (3) 

•        y 

Mora  fully,  we  must  determine,  without  any  am- 
biguity, what  shall  be  meant,  m  the  applicatious 
of  quaternions,  by  an  e^auliba  of  the  form, 

OD  OB,        )  fi 

and  roust  fix  the  geometrical  interpretation  of 
each  of  the  four  eleiuentary  combinations. 


OB  OD, 

—-  and  ---  or 

O  A  O  O 


OD  OB,  %^         £ 

oc'oa"'^''.' 

OD  OB,         )  f» 

<>C  OA  y  "^  M   * 

OD  OB,        )  $ 

X   or—    X    -; 

O  C  O  A        y  m 

OD  OB,         )  • 

^ or  —  -i-  — 

oc    *    OA       y        r 


(5) 
(C) 
(7) 


bi  sncli  a  manner  as  to  show  that  each  represents 
in  general  a  certain  d^Oe  fraction,  or  quotient, 
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or  quaternion,  when  the  two  iqHtrate  fractions 
(3)  are  tMemaehes  definitely  known ;  each  bv  its 
own  tyttan  o(  four  elemeDts,  of  the  kind  already 
dewribed. 

HI.  With  regard  to  the  eqdatiov  (4),  it  is 
natural  to  consider  tbb  as  expressing,  as  a  part  of 
its  signification,  that  a  geometrical  proportum^  of 
the  kind  considered  by  Euclid,  exists  between  the 
lenyth»  of  the  four  linos  (V)  or  (2) ;  so  that 

OD:oc::OB:OA,  (9) 

^'  J  :     r  :  •     i^    :     «.  (10) 

when  these  lengths  alone  are  attended  to.  For 
example,  if  the  line  ^  be  double  of  «  in  length, 
then  )  must  at  the  same  time  be  twice  as  lon<; 
as  y.  But  betiiet  this  proportion  of  lengths, 
there  mnst  exist  also  a  certain  proporiion  of  di- 
rectiontf  or  some  relation  which  may  be  spoken 
of  as  such,  in  order  to  oomplUe  the  conception  of 
(he  supposed  ^qaality  of  quntienta^  for  the  two 
pairs  of  v§cior$.  It  is  therefore  natural  to  d^fine^ 
that  whenever  the  equation  (4)  is  given,  we  are 
to  understand,  as  emotker  part  nfitt  aignifcaOon^ 
(besides  the  proportion  (9)  or  (10)^  )  the  follow- 
ing eqmUon  be^oem  cmgkt, 


or, 


A  A 

O  O  D  =1  a  o  b: 


(11) 


A 


Fist.  1. 


y%    =z     m^  (12) 

In  short,  to  ctmhine  geometrically  the  conditions 

hitherto  stated,  we  are  to 
conceive  that  if  the  two 
points  A,  B  be  jouied  b}"  one 
right  line,  and  the  two  points 
c,  D  by  another,  as  in  the 
figure  herewith  annexed,  the 
two  triangleM 

A o B  and  COD,  (13) 
shall  be  amilar:  to  which, 
however,  I  add  this  other 
condition,  that  these  two  tri- 
angles shall  be  situated  m 
one  common  plane,  and  shall 
be  tmUarly  turned  therein, 
as  indicated  by  the  curved  arrows  in  the  figure. 
IV.  And  such,  in  fkct,  is  the  ftindamental 
conception,  which  appears  to  have  been  first  pro- 
poned  by  Aigand,  in  an  Essay  published  in  Paris 
m  1 806 ;  fur  although  his  work  of  that  date  seems 
to  be  now  lost,  yet  a  sufficient  sketch  of  it  has 
boen  preserved,  in  Gergonne's  AnneUes  de  MathS- 
matiquest  (tome  iv.,  published  in  1818,)  to  enable 
us  to  know  its  nature,  and  its  chief  results.  And 
in  speaking  of  hb  extended  view  of  proportion  m 
geometry^  as  applied  to  directed  lines  in  one  fixed 
plane,  Aiigand  expresses  himself  thus  (in  pages 
136,  137,  of  the  above  cited  volume):— "Si 
< fig.  2)  Ang,  a  KB  =  Ang.  a'  K' b,' on  a,  ab- 
straction faite  des  grandeurs  alMolues, 
K  A  :  KB::  k'  a'  :  K'  B'. 
C^est  1^  le  principe  fondamentel  de  la  th^rie 
dont  ncus  avons  essay^  de  poser  les  premieres 
bases,  dans  Tccrit  duut  iious  donuous  lei  un 
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extrait"    (This  refers  to  the  printed  Fsmv  of 
1806,  whidi  haii  been  exhibited  to  Geigoums, 
and  through  him  to  Argand's  geocrous  rival, 
Frani^ais.)    Ai^^and  continues  thus : — **  Ge  prin- 
cipe n'a  rien  au  fond  de  plus  grange  q«e  cdai 
sur  lequel  est  fcnd^  la  conception  da  rapport 
g^metrique  entre  deux  lignes  de  aignps  difiisrenls 
et  il  n*en  est  propreraent  qu'une  geaeraliaatkML" 
[See  the  notes  to  the  Pt  eiaoe  to  my  pahUahed 
Lectures  on  Quaternions.]   It  ought  to  be  added 
that  Argand*s  angles  a  k  B,  a'  x'  b',  were  suppcNed 
to  be  not  merely  equal  in  amount,  but  also  umi- 
larfy  (not  oppositelg)  measured,  aa  regards  the 
dirwiions  of  the  rotations  corresponding ;  just  like 
the  angles  A  o  b,  c  o  n^  in  the  fig.  of  tlie  pre- 
sent letter,  as  it  has  been  remarked  that  tlM 
curved  arrotos  indicate.     This  fundamental  ciw 
of  Argand,  which  appears  (as  has  beeo  said)  to 
have  been  published  exactly  fifty  yean  ago^  has 
since  occurred  independently  to  several  other 
writers,  (for  example,  to  the  illttstrious  Gaaas») 
or  has  been  adopted  by  them,  as  tbe  bans  ti  a 
theory  of  proportions  of  Hnes  leiihin  one  piane ; 
and  it  is  one  of  the  most  essential  eleaieiits  of 
that  modem  branch  of  mathematical  adenoe,  ix 
which  my  valued  friend,  ProfesMr  De  Moigan 
of  London,  has  proposed  the  uauie  of  ^  Docblx 
Algebra." 

V.  The  same  view  of  Argand,  so  far  as  it  kss 
just  now  been  described,  respecting  such  prepor- 
tiona  qf  directed  lines,  is  (as  yon  have  9t»\) 
adopted  by  myself,  in  my  tratmtitm  flmn  DmilU 
to  Quadbuflb  A^febra,  or  from  Cvuplea  to  Qu  «- 
TEBNiONS  in  Geometiy.  But  because  I  consider 
my  angles  as  traced  upon  a  variable  piUme,  ot  dtsk^ 
which  may  take  all  posjible  positions,  or  o^Mcff 
in  space,  and  not  as  traced  on  one  fixed  tJbk,  I 
am  obliged  to  sacrifice  a  subsequent  simpiySe^ition 
which  Argand,  in  bis  less  extensive  theory^  was 
able  to  introduce,  and  in  which  he  has  been  fol- 
lowed by  many  other  authors  since.  For  I  aai 
unable  to  assume,  as  he  and  they  liave  don^  o*jr 
one  direction  as  a  fijxd  standard,  with  which  aU 
others  are  to  be  compartd,  and  which  they  treat 
as  the  directivn  qfpoeiUve  unity.  And  my  reasun 
for  abandoning  any  attempt  at  suck  a  standard, 
is  simply  (as  you  see)  that  no  one  line  (even 
through  a  fixed  point  o)  is  oommun  to  vM  As 
planes  which  can  be  drawn  (even  throogh  tlw 
same  fixed  point).  If  this  appean  to  be  an  m- 
oonoenienoe,  at  first  setting  out,  and  if,  in  &:!,  tt 
compels  me  to  assume  ruiee  Jbr  nuUtipSeation  in 
geometry,  which  are  altogether  unHte  old  rutea,  in 
one  essential  respect,  (i;  =;  — ji,)  I  must  plead 
that  it  is  not  my  /cwft,  if  tridimensional  ^aes  be 
a  somewhat  mors  convex  conception  than  space 
of  only  tu>o  dimensions.  And,  on  the  other  hand, 
I  claim  that  an  advantage,  aud  a  poiwcr,  are 
gained,  by  the  changes  which  are  thus  neoeM- 
tated.  For,  precisely  because  the  aspect  of  a 
plane  has  been  made  by  me  to  enter,  essentiaJlr, 
into  the  conception  of  the  geometrical  quoci«it 
uf  two  directed  liues^  I  find  myself  obliged  \m 
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interpret  Che  equation  (4)  as  inchtdmg  the  as- 
•prtioii,  that  the  j>/a«ie  of  tke  pair  y,  ^  ooMCMifs 
with  the  plane  of  the  oiher  pair  of  lioei  «,  /S»  0' 
all  the  foar  lines  be  still  sopposed  to  be  co-ioitial) ; 
or  that  the  Jive  poitUs,  o,  a,  b,  o,  d,  are  all  situ- 
ated in  erne  commomplame.  Tbns  the  one  pair  of 
linea,  eomtidered  at  btkmgimg  to  a  plant,  must 
have  the  soim  pair  qf  angular  elements  (Inclina- 
tion and  node),  as  the  other  pair  of  lines  com- 
pared.  And  here  yon  see  another  justification 
of  tlie  use  of  the  word  **  Quatrknion,**  in  this 
whole  theory :  for  yon  perceive  that  a  tingle  Jor- 
rmtla,  such  as  either  of  those  above  marked  as 
(4),  does  not  merely  include  two  eqmationt  of  the 
t'rdinarg  kind^  as  is  the  case  in  Double  Algebra ; 
but  that  it  indndes  /onr  tack  equatioHS.  For  it 
expresses,  according  to  my  interpretation,  nuf 
only  that  a  proportion  ofleng^t,  and  an  equaUtg 
of  elongationtf  are  snppoded  to  exist,  but  alto  that 
a  certain  fair  of  coplanakitibs  b  conceived  io 
hold  good :  namely,  that  the  third  Une,  y,  and 
t!ut  the  fourth  line,  ^  are  both  coptanar  with  the 
finit  and  second  lines,  «  and  ^.— When  I  say 
here  '*oop1anar,**  or  speak  of  *'cuplanarity,**  (and 
perliaps  to  say  eomplanar  might  he  more  degant,) 
you  will  easily  see  that  it  L<  nol  necettarg  to  »a- 
titt  OQ  the  two  equal  angles, 

m  fi  and  y  I, 
bdng  both  in  one  ulMtical  plane.  It  is  quite 
enuu^h,  if  they  be  situated  in  parallel  planet ; 
whicti  may  liappen  by  our  taking  a  new  origin^ 
(1%  for  the  new  pair  of  vector^  ^^^  ) ;  or  by  our 
comparing  two  angles,  or  two  Jiimilar  tridui^le«, 

A  u  B  and  A' <y  B',  (14) 

in  pUnes  which  shall  be  parallel  to  each  other. 

VI.  Retaining,  however,  for  simplicity,  the 
conoeptiou  of  the  common  origin  (^  yon  see 
clearly  how,  on  the  foregoing  principles,  it  is 
possible  to  find,  without  any  ambiguity,  the 
JtmiiM  proportUtnalt  o  i>,  to  any  three  directed 
linet  fivm  o,  auch  as  o  A,  o  b,  o  c,  which  are  in 
any  one  plune;  whether  that  plane  be  JSxed,  as 
in  DonbleAlgebra,  or  variable  as  in  Quaiamions. 
Suppose,  then,  in  the  next  place,  that  some  two 
pain  of  lines,  u  a,  o  b,  and  o  G,  o  o.  am  given, 
wliich  are  not  thus  situated  in  any  eommen  plane; 
and  let  o  K  be  an  arbitrarily  assumed  portion  uf 
the  line  of  interteetiom  of  the  two  ploMt^  a  o  b 
and  c  o  D ;  so  that  the  line  o  m  ahall  be  at  once 
oopUnar  with  the  pair  o  A,  o  b,  and  alto  with 
the  pair  o  c,  o  o,  although  these  two  pain  are 
mot  now  eopUnar  with  eeuh  other.  Then,  by  our 
principles,  two  line*,  o  r  and  o  o,  can  be  deter- 
mined, one  ia  the  plane  a  o  b,  and  the  other  in 
Ike  plane  c  o  d,  in  such  a  uianiier  as  to  satisfy 
the  two  equations, 


o  r 


o  B 


=  r-'  r^=  :r:;;         05) 


no        o  D 

OB  OA     OB  OO' 

and  tba%  to  borrow  a  phrase  Ihmi  arithmetie^ 
thoBgh  translbrring  It  here  to  geometry,  any  two 
prupoeed  geoautrieal/ractiont  gonsidered  as  being 
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each  a  quotient  of  two  lines,  can  be  redneed  to  a 
common  denominator;  or  can  be  etjuated  respec- 
tively to  two  fractions,  or  quotients  which  shall 
have  one  common  divieor  line,  o  b.  (If  the  two 
planes,  a  o  b  and  cod,  should  happen  to  coin- 
cide, any  Une  from  o  in  this  common  plane  might 
be  taken  for  this  line  o  B ;  but  in  general  it  mu«t 
be,  as  above,  a  part  of  the  line  of  interteotion  of 
the  planes.)  It  is  also  evidently  possible,  ou 
the  same  plan,  to  determine  another  line  o  n,  iu 
the  plane  a  o  b,  which  shall  satisfy  this  other 
equation, 

ou  OA  OE  OB 

—  =  — ,   or  = (16) 
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U  li 
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And  when  the  lines,  or,  op,  oo,  o  h,  have  bapn 
so  chosen  as  to  satii^y  the  (bregning  equationn, 
(16)  and  (16),  ail  necessary  preparationt  are 
completed,  for  assigning,  in  what  seems  to  me 
tlM  simplest  possible  way,  and  in  what  ia  at  all 
events  tlie  one  adopted  in  the  doctrine  of  Qua- 
teniions,  the  interpritafione  of  all  the /our  Jnndw 
mental  combinationt,  which  have  been  proposed 
for  considention  in  paragraph  (I  I.)  of  this  lirtter. 
YIL  For  this  purpose  we  have  only  to  admit, 
as  relations  transferred  fVom  Algebra^  or  rath<v 
fttmi  the  arithmetie  of  vulgar  fractions,  to  geo^ 
melry,  that  the  following  formula  shall  ttUl  be 
considered  to  hold  good.  Ay  de/tnition^  in  the  new 
theorv,  as  they  do  In  older  ones ; 

y..,t^y-.,>.^l  =  >      (.8) 

fi         m         a      M  «        P 

the  s>inlM>ls  m  ^  y  being  here  used  to  denote 
any  three  veetort,  or  directed  right  lines  in  space; 
and  the  addition  and  tubtruction  of  such  linet 
being  interpreted  as  they  are  in  a  great  number 
of  modem  systems,  including  again  the  theory  of 
Argand.  According  to  this  modem  theory,  which 
was  perliapa  in  that  point  anticipated  (thou^ 
somewhat  dimly  and  vaguely,  as  I  think)  by 
Buee,  (see  again  the  notes  to  the  printed  Frefaco 
to  my  Lectures,)  linu  are  added  and  subtracted, 
according  to  the  nUet  of  competition  and  dee^nn- 
potition  of  mo^foiu  (or  vf  jforeet).  Complete, 
then-fore,  the  two  panllelugnunt  rooi,  gpok; 
and  draw  the  diagonal  o  i ;  (flg.  2)  the  letten  r 


\^ 


Flj.« 


and  o,  as  wdl  as  b  and  h,  denoting  still  the  same 
points,  as  in  the  equations  (15)  sind  (16>  We 
sliall  then  liave  the  foub  following  /wtdamentul 
formuUt,  for  the  fomr  operatione  of  the  addition^ 
tnUraction,  mmltiplieatifm,  and  divition  of  any 
TW«>  QUATBB^noira,  or  geometrical  quotients,  ur 
fractions,  of  the  kind  ab^sady  mentioni^i ; 
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(20) 
(21) 
(22) 


to  tnj,  that  iM 
requisite  to  be 


And  it  may  not  be  too  mnch 
other  Jftndamental  principle  is 
a^amed,  for  tlie  establi^ment  of  the  doctrine  of 
quatemionM,  regarded  as  a  part  of  geometrical 
•Hence,  wherein  rvlea  of  calculation  are  employed, 
which  have  been  made  to  reeemble  the  rales  of 
Algebra,  or  of  arWimetic,  as  closely  as  the  natitre 
of  the  tuibject  appears  to  me  to  admit  of  their  bdng 
asrimilated. 

VIII.  Conceding,  however,  that  the  foregoing 
conceptions  or  assumptions,  are  simple  enough  in 
themselves,  and  are  combined  with  sufficient  sim- 
plicity, you  may  still,  with  the  most  perfect  fair- 
ness, demand,  of  what  km  are  they  ?  Do  they 
lead  to  any  reniAt,  before  unknown  ?  Are  any 
new  eaqiresaiona  supplied  by  them?  Do  they 
assist  in  any  rteearche*  of  science?  Are  they  in 
any  way  adapted  to  become  the  basis  of  a  new 
mathematical  method  t  I  think,  that  without 
entering  deeply  into  any  details  of  calculation, 
these  questions  may  be  proved  to  admit  of  being 
answered  in  the  affirmative.  And  this  will,  per- 
hapS|  be  felt  to  have  been  done,  even  if  the  limits 
of  the  present  letters  shall  allow  me  to  do  no  more 
than  to  point  out  briefly,  that  equatiom  which 
appear  to  be  mere  <nitmw,  and  which  at  all  events 
are  famiHar,  as  forms,  to  the  merest  beginner  in 
Algebra,  (such  as  the  equation  $,rqz=sr,  q^) 
have  been  found  to  acquire  a  new  eigmficance, 
and  to  include  expreenona  qf  new  theorems  in 
spherical  geometrg,  and  generally  in  the  geometry 
of  three  dimensions,  when  they  are  interpreted 
on  the  foregoing  principles.  And  the  conviction 
thus  acquired  may  be  strengthened,  if  it  shall  be 
shown,  that  what  seems  to  be  the  onfy  but  the 
fondamental  paradox  of  this  new  Calculus  of 
Quaternions,  when  contrasted  with  ordinary  Al- 
gebra, namely,  the  non-commutative  property  of 
multipHcaiion,  (ij  =  — j  t,)  admits  of  a  clear 
and  useful  interpretatum,  in  connection  with  a 
subject  whfch  is  so  important  in  geometry  and 
in  mechanics,  as  is  the  doctrine  of  the  composition 
of  rotations.  But  I  have  written  enough  for  one 
time ;  and  propose,  with  your  permission,  to  re- 
serve for  another  opportunity  the  continuation  of 
any  such  remarks :  respecting  which  I  feel  at  least 
the  assurance,  that  you  will  find  no  difficulty 

whatever  in  following  them I  therefore  close, 

for  the  present,  by  adding  only  that  I  remain,  my 
dear  Sur,  verj-  truly  yours, 

WlLUAM  ROWAM  HAMILTOlf. 
iFsq. 
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OnaiiftYATOKr, ^  1SB7. 

Ut  dbae  Sir, — ^Toa  hove  been  pleased  to 
express  a  wish,  that  I  should  eontinoe  sooie- 
what  further  my  remarks  on  ttie  QnateminDs; 
and  should  explain  the  sense  in  which  h  was 
stated  in  my  last  letter,  that  so  simple  mod  Jhmi' 
tsar  A  farm,  as  the  equation 

a ,  rq=zsr  ,q^ 
acquires  a  a«9  and  imporUmt  signifiamos^  in  tbi 
geometrical  appilieations  of  my  Calculus:  while, 
on  the  other  hand,  a  formula,  whtdi  appeara  at 
first  sight  so  strange  and  paradoriettl,  as  tlis 

equation 

•  • • « 

is  found  to  admit  of  a  dear  and  ueefid  interpn- 
tation,  connected  with  the  theory  of  compotititm 
of  rotations.  I  shall  try,  then,  to  make  my 
meaning  perfectly  clear,  on  at  least  the  farmet 
of  these  two  points,  in  the  present  letter,  which 
(if  you  please)  may  be  numbered  as  Letter  UL 
of  this  litUe  series ;  the  ''  Letter  to  a  Lady  **  being 
considered  as  number  L,  and  the  former  commii- 
nication  to  }'oane1f  befaig  therefore  ooontad  as 
Letter  IL  You  will  permit  me  to  oontinoe  abo^ 
for  the  sake  of  con\'eoienoe  of  reference,  the  num- 
bering  of  the  paragraphs,  and  of  the  firanhe. 

IX.  The  ossocia^ipe  character  of  mnk^fSeatimt 
expressed  by  the  first  of  the  two  recent  eqaa(iaa% 
namely  by  the  formula, 

s,rq=sr.  qi  (23) 

or,  more  fully  by  the  statement,  that 
it  rq=iS',mdsr  =  q',  tibta^ssTszqrq*  (24) 
is  a  result  so  universally  admitted,  in  arithmerie 
and  in  ordinary  algebra,  that  (he  only  dSj^b^ 
here  may  seem  to  be  the  difficolty  Aow,  in  qaa- 
temions,  the  re-osterfton  of  this  aid  property  ol 
the  operatkm  of  multiplication  can  involve  any- 
thing neM?,  or  which  may  deserve  the  name  of  a 
TI1B0REM.  Ton  will  find,  I  think,  that  this  tint 
difficulty  is  completely  met  and  ovwuume  by  the 
consideration,  (which  yon  know  already  that  qua- 
ternions require,)  of  ingles  in  dijfirtnt  plmts,  or 
of  rotations  about  different  axee.  Bat  it  may  be 
useful  fint  to  throw  a  backwani  glance,  on 
of  the  chief  senses  hi  which  the  aseociatim 
pertg,  above  mentioned,  has  king  been  stdaMl 
to  hold  good,  in  applications  to  more  dementanr 
subjects. 

X.  In  the  arithmetic  of  wikok  mmAert,  if  vt 
take,  as  an  example,  tlie  foltowing  values  of  the 
factors, 

j=»2,  r=8,  #=4, 
we  shnll  have 

a'srg=8x2=6,  f=sr=4  x»  =  12 
and  here  it  is  dear  that  ss^^fq,  aa  asserted  la 
(24),  because  4x6=12x2=24.    And  the  m- 
tionaU  of  the  process  might  be  exhiUted  to  s 
child,  by  arrangmg  24  dou  in  a  line,  aa  foDeirs: 

■    '••••! I I I 

our  sets,  of  six  dots  eadi,  being  thas  sqiaraicd 
from  eadi  other  by  vertical  lines;  tiid  the  mx 
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dfkts,  in  each  set,  being  distribated  into  three   which  Imown  role  the  ttimple^t  interpretation  <p- 


=  f,  r  =  f  *  =  f , 


pain.  For  it  would  thua  be  seen,  at  a  glance, 
that  the  Jour  tixes  made  exactly  tweive  pcure ; 
and  that  a  corresponding  result  most  hold  good, 
'm  every  similar  example. 

XI.  Again,  when  we  pass  from  whole  nnin'> 
ben  to  tnUgar  fractione  fai  arithmetic,  and  treat 
the  three  given  factors,  9,  r,  «,  as  denoting  three 
puch  fractions,  we  have  only  to  talce  the  whole 
number  a,  which  b  the  product  of  tlie  three  given 
denominators,  and  to  form  from  it  succeesively 
tlio  three  other  whole  numbers, 

6  =  90,    c=3r6,    d=sc;  (25) 

for  then  we  shall  have  tlie  tran»formations, 

h  c         d         c         d       ,^^^ 

5=-,  r=--,  #=-,  ^=-,  y==-;    (26) 
a  o  c  a         0 

and  the  associative  property  of  the  multiplication 

of  TrActioiis  will  be  veritted  by  observing  that 

-.  -"^  =  "^  .     *  =  ^.  (27) 

c        a        b        a        a 

TufT  example,  if 

7 
tlien  we  shall  have  the  valuer, 

0=105.  6  =  70,  c=66,  «f=64; 

and  the  verification  will  consist  in  observing  that 

64       _^56  _    64      _70  __    64^ 

"56"      l05  ""70  '  T05  "  105' 

XII.  If  the  three  factors,  7,  r, «,  remaining 
positive^  should  become  iHCommenntrable  (ormrcQ, 
auppose 

then  the  associative  principle  of  multiplication 
would  be  verified,  by  assuming  any  con^muoitf 
wntffmUude^  such  as  a  lengik,  which  we  maf  call 
c/,  and  deriving  from  it  successively  three  other 
magnitudes  of  the  same  kind,  6,  c,  d^  by  the  con- 
ditions (25),  considered  here  as  indicating  the  three 
proporiiuntj 

b:a=sq:l;  c:6  =  r:l;  d:c=$:l.  (28) 
For  then,  by  the  meaning  of  multiplication,  con- 
sidered here  as  corresponding  to  tlie  composition 
ofrathe^  we  shoald  have  these  two  other  propor^ 
tiuos,  answering  to  the  two  last  eciuatim^  (26), 
ezo^r^:!;    tf:6=«r:l;  (29) 

and  the  asKidative  principle  (23)  might  be  ex- 
pressed by  the  equations  (27),  or  by  the  state- 
ment that  the  rutio  d :  a  may  at  pleasure  be 
rq^arded  as  compotvmded^  either  of  the  two  ratios 
d :  c  and  c :  a,  or  also  of  these  two  other  ratios, 
d;  h  and  hi  a.  In  such  a  manner  that,  by  omit- 
ting tbe/Mca<  in  the  expression  of  the  ternary  pro- 
duct «  r  9,  we  may  write  simply,  as  our  final 
result, 

dia-=  erqiX.  (80) 

XIII.  When  we  pass  from  arithmetic  to  Al- 
gehrOj  and  introduoe  the  consideration  of  positive 
and  negative  qnantitlea,  or  numbers,  the  associa- 
tive equation  (23)  ia  still  well  known  to  be  true; 
bqt  it  involves  now  the  new  rkmeni  of  the  ru/e  of 
the  signs,  namely  (as  lU  chief  part),  the  rule  that 
two  negative  factore  sive  a  pu5itive  product;  of 


pears  to  l>e  this,  that  two  reversals  t-estore  a  di- 
rection. In  Double  A  Igtbra^  this  rule  was  extended 
by  Argand,  in  the  manner  mentioned  (or  sug- 
gested) in  my  former  Letter  (II.);  hut  the  a8.«M>- 
ciative  property  of  multiplication  still  holds  good, 
in  Argand*8  extended  theory,  because  tlie  addif ion 
0/ angles  in  one  plane,  ba  well  as  the  composition 
of  ratios  of  the  lengths  of  lines,  is  obviously  an 
associative  operation, 

XIV.  What,  then,  was  the  diffindftf  of  extend- 
ing to  quaternions  so  simple  and  familiar  a  result ; 
or  of  showing  that  the  apparently  obvious  formula 
of  multiplication,  s  .r  q  =  s  r  .g*  is  stUi  a  true 
equation,  in  the  new  theory,  as  well  as  in  the  old 
ones?  The  difficuhy,  a«  has  been  hinted,  con- 
sisted in  thb,  that  I  had  to  consider  three  given 
rotiitionsy  (j,  r,  a,)  m  three  different  pbines^  and 
to  compound  them  variously,  into  one  final  or  rt" 
sultant  rotation ;  the  process  introducing  two  ntw 
and  auxiHajy  planes  of  rotation,  answering  to 
the  two  partial  or  binary  products  (r  q  and  s  r, 
or  /  and  q^ ;  and  the  final  result,  or  the  ternary 
product  {s  r  9),  being  constructed  b}*  a  rotation 
in  a  sixth  plane.  And  it  is  this  essential  reference 
to  a  system  of  six  planes,  which  in  the  doctrine  of 
Quaternions  appears  to  me  to  ele\'ate  the  old  at- 
jMciative  equation, 

s.rq  •=  sr,  q, 
to  the  rank  of  an  expression — not  the  less  impor- 
tant on  account  of  its  extreme  simplicity — of  what 
I  have  found  to  be  a  fertile  theorem  of  solid  geo- 
metry: which  may  indeed  be  enunciated  in  vari- 
ous wa}*s,  but  which,  under  all  its  forms,  requures 
and  admits  of  demonstration. 

XV.  To  make  more  entirely  clear  in  what 
anise  the  equation  (23)  is  treated,  in  my  Cal- 
culus, as  expressing  a  theorem  respecting  com- 
position of  rotations,  allow  me  to  resume  the  first 
equation  (18),  which  I  adopt  from  ordinary  al- 
gebra, namely,  the  formula, 

where  «,  ^  y  may,  as  in  my  former  Letter  (IT.\ 
denote  any  three  vectors,  o  a,  o  B,  O  C,  suppowd, 
for  the  sake  of  simplicity,  to  di- 
verge or  railiate,  in  any  arbi- 
trary directions,  from  one  com- 
mon origin,  o.  And  let  us  now 
conceive,  in  particular,  that  the 
point  B  is  determined  on  the 
line  o  c,  (or  on  that  line  pro> 
longed  through  c.)  by  describ- 
ing, round  o  as  centre,  a  circle 
with  o  A  for  radius,  and  is  the 
plane  A  o  c ;  and  in  such  a  man- 
ner that  the  length  of  the  line  o  b  may  he  equal  to 
that  of  the  line  o  A,  but  that  the  0115^  boo  may 
vanish;  or  that  we  may  write 

length  of /i  =  length  of  a;  (31> 

but  also, 

angle  between  fi  and  y  =  o  (32> 


Flj(.S. 
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You  win  oltwrve  that  I  abttuui  from  writing  the 
equation,  /5  =  « ;  because,  in  this  whole  Uicory, 
as  in  Double  Algebra,  the  assertion  of  an  affree- 
maU  of  directions  is  cuntddered  as  an  esseatial  ele- 
ment, in  every  assertion  of  an  eqmtlUy  of  directed 
magrdtudet:  whereas  the  line  ^  has  here  the  di- 
rrction  of  the  line  y,  but  not  tiiat  of  the  line  «. 
But  f)eeame  the  direction  of  ^  thus  cointides  (in 
our  present  construction)  with  that  of  y^  their 

quotient^ -^*  deaeneraiett  in  the  present  case,  from 

a  qneUemion  to  an  ordinaTy  ratio^  or  to  the  nn- 
inericnl  expression  of  sach  a  ratio,  lietween  two 
mtn  knffths:  and  it  is  thi$  roftri,  or  its  nnmerical 
exprossioo,  which  I  call  the  ** Tensor"  of  the 

quaternion  ^  as  contaiuing  the  rule  for  extending 

(or,  as  it  were,  etretching)  the  line  «,  till  it  be- 
comes equal  m  length  to  tiie  Une  y.  On  the  other 
hand,  because  the  lengtks  of  «  and  fi  aro  dUtadg 
eqwd  (in  onr  present  oonstmction),  in  comparing 
thene  two  lines  we  have  tn  eompare  directions 
only.    And  the  result  of  tuck  a  comparison,  or  the 

qmotieni  J-,  of  two  lines  which  are  eqwdlg  lonpf 

I  call  a  '*  VEBfiOR  ;**  or  more  fully,  I  call  it  tJte 

Versor  oftJte  quaternion,  ^,  with  the  construction 

« 

recently  described :  because,  when  regarded  bh  an 
/^terator,  or  (in  ft  certain  technical  sen-se)  a  tnul- 
tq^fier,  in  the  foUowmg  formula,  adopted  from 
alg  'bra, 

-?.•  =  *».  (S3> 

iu  effect  coiisi^itt  in  merely  altering  the  dtrecHan 
witiiout  in  any  way  changing  the  length,  oi  the 
operand  Une,  «;  which  line,  by  this  conceived 
version  (or  roUtion),  is  changed  to  the  equally 
long  line,  fi,  and  is  thereby  made  to  take  the 
direction  of  y.  Indeed,  I  have  lately  found  that 
Mourev,  who  was  one  of  the  manv  re- inventors 
of  some  of  Argand*s  results,  proposed  (in  a  cunous 
little  book,  which  was  published  at  Paris  in  1828) 
to  ose  (or  perhaps  to  coin)  the  French  word  "  ver- 
seur,**  with  a  signification  almost  the  same,  for 
the  case  of  angles  i»  one  Jixtd  plane,  though 
not  (as  here)  for  at^les  in  space.  In  my  Cal- 
culus, for  the  reasons  above  assigned,  I  regard 

everg  quaternion  q,  such  as  our  recent  quotient  Zj 

a 

as  being  the  product  of  two  factors,  whereof  one 
(as  lately  Ti\   is  the  tensor,  and  the  other 

(  Hs  X  )  is  the  versor,  of  that  quaternion.    And 

I  use  the  two  Roman  capital  letters,  T  and  U, 
to  denote  the  two  O2)erations,  of  taking  the  tensor. 
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and  of  tiling  the  vtrsor,  respt^h  ely,  in  such  a 
manner  as  to  write,  generaUg,  the  fonnnla, 

7  =  T^.Uy;  (34) 

which  is  to  be  interpreted  by  the  help  of  the  re- 
cent construction,  or  by  our  laiit  figure,  and 
contains  one  of  the  most  frequently  itccarrii^ 
transfjrmatums,  or  decompoeitions,  of  a  qnater- 
nion:  being,  indeed,  connected  very  intimately 
with  that  geometrical  conception,  on  whidi  thii 
whole  theon'  and  calculus  is  founded. 

X7I.  After  these  general  remark*,  if  we  now 
return  to  the  associative  equation  (23),  and  ab- 
stract Anom  the  known  property  of  eoasmon  ainl- 
tiplication,  depending  on  the  mere  compoeiiivm  vf 
ratios  of  magnitude,  and  already^refefrsd  to  ia 
this  letter,  we  may  dismiss  the  connderatiofn  «f 
the  tensors  of  the  three  given  quatemioiM,  f,  r, «, 
and  attend  only  to  the  versors  of  those  quater- 
nions ;  or  which  will  come  to  the  same  thii^  we 
may  treat  those  three  factors,  and  their  poitLiI 
and  total  products,  as  being  themerbfcs  qoatcr^ 
nions  of  the  versor  kind.  But  enertr  snut^Hes^ 
tion  of  versors  corresponds  to,  and  is  (on  mypb*) 
constructed  by,  some  suitable  eooqMmticm  ^frofo- 
tions.     For  if  we  resume  the  equation, 

L.L  =  21;  (35) 

—  supposing  now  that  the  three  lines  «,  /S,  y,  are 
aU  equally  long,  (or,  at  least,  abstrodiug  from 
their  lengths),  we  perceive  that  the  fbrnola  ex- 
presses  mexvly,  on  my  pcindplesi,  that  we  think 
of  ourselves  as  turning  a  line,  first  in  one  plane 
from  the  dii^edion  «  to  the  directiam  fi,  and  then 
from  this  second  direction  ^  to  a  third  Srettum 
y,  in  a  plane  which  will  generally  be  dSj^vftf  ; 
and  as  then  inquiring,  bg  vhal  oomposmd  or  rt- 
su&ant  rotation  we  might  have  poMed,  ei  cmce, 
in  a  third  plane,  fVom  the  initial  direeiicn  m 
to  the  fnal  direction  y ;  which  one  resoltant  or 
compound  rotation  yn  rq^ard  as  being  eqmiteiad 
to  the  system  of  the  two  given  or  componetii  ro4a» 
tions.  In  fact,  the  three  lines  m,  ^  yt  if  dra«a 
as  before  from  any  common  origin,  will  not  only 
make  three  rectilinear  angles  with  each  other,  bit 
also  may  be  regarded  generally  as  the  three  tides 
(or  edi^tai)  of  a  ceruiu  solid  and  triednU  smgis, 
the  three  fftces  of  which  solid  angle  mn  the  three 
planes  that  contain  them,  two  by  two;  aach  aa  the 
three  planes  boo,  koh,  ooh,  whidi  were  cou- 
nected  with  Uie  formula  of  maltiplication  (il), 
and  with  the  equations  (15)  and  (16)  of  Letter 
II.  Now,  on  applying  these  general  views,  re- 
specting multiplication  of  versora,  to  the  case  of 
the  equation  (tdi),  or  to  the  fuller  statcawnt  (jtA), 
we  see  that  since  there  are  in  it  four  soch  muhi- 
plications  to  be  considered,  namely,  those  which 
have  been  denoted  by 

f*  ^<  « '*!  T'  9*  luid  s  f*,  (S€) 

there  mnat  in  general  be /bur  trieirtd  m^m 
to  be  constructed,  or  at  least  to  he  oonoei^fd, 
for  the  full  iuteqiretatioa  of  that 
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pnttctpfe,  to  which  the  present  Letter  malnlv 
reUtCML  Of  theM  four  solid  angles,  (86)  if  tbev 
be  still  suppoeed  to  luiye  one  comnwn  vertex^ 
the  two  first  bare  a  comnwn  pkm/e^  namelj, 
the  |>Uui6  of  the  venor  r ;  and  they  have  also 
thdr  fi0O  rectUmear  angles  in  that  plane  equal, 
and  nmilarly  direeted,  as  representing  each  the 
ratatiom  which  answers  to  that  factor.  In  like 
m inner,  the  consideration  of  tlie  \*cnior  q  shows 
that  the  first  and  third  of  the  four  solid  angles, 
or  iritdrats,  (36),  have  one  oommon  plane,  ajitl 
two  equal  angles  therein.  The  versor  s  eittab- 
Iishes  A  similar  oonnectioo  between  the  2d  and 
4tb  of  the  triedrals.  And  bccaose,  by  (24), 
er  St  r  q,  and  ^  a  «  r,  the  bitiarjf  product  /  con- 
neeu  in  the  satne  way  the  1st  and  4th  triedrals ; 
Mid  tlie  «iMtr  binary  prodaet  q*  connects  the  2d 
and  8d.  Bnt  there  are  ttUl  the  8d  and  4th,  to 
be  (if  possible)  connected  by  the  same  kind  of 
relations.  It  is  to  be  shown  that  thes9  tmo  tri* 
edrah  (answering  to  the  prodneta  q*  q  and  $  O 
kt»tt  also  one  plane  common^  and  the  two  anglet 
in  that  plane  etptal,  and  eimUarltf  directed:  for 
otherwise  we  should  not  have  the  aeeocicUite 
eqmUion  (23),  and  it  would  be  improper  to  omit 
Ala  poini,  in  the  expression  of  the  ternary  pro- 
dmet,  srq.  And  it  is  clear  that  the  assertion  of 
t.us  gymMkal  rttuU  involves,  when  interpreted 
as  above,  on  the  principles  of  quaternions,  the 
assertSon  of  a  geometrical  theorem,  (or  rather  of  a 
pair  of  geometrical  theorems,)  which  is  by  no 
means  of  an  obrioas  character.  For  yon  see,  that 
not  only  have  we  to  consider,  as  stated  in  para- 
graph XIV.,  a  system  of  six  planes,  but  also,  in 
tack  plane,  an  equation  between  two  angles ;  in- 
diading,  f»r  every  plane,  an  agreement,  of  the 
kind  often  called  algebraical,  because  it  can  be 
expressed  by  plus  and  minus,  between  the  direc- 
tions of  the  two  rotations  compared.  And  you 
admit,  of  ooune,  that  such  conclusions  as  these 
require  to  be  formally  proved,  and  are  not  to  be 
auamftl  to  be  true,  by  any  mere  instinct  of  ono- 
htgg;  or  from  any  natural  pleasure  felt,  in  the 
gemsraiitations  of  symbolical  language.  The  re- 
sulting theorem  hoks  very  simple,  when  it  is 
expressed  under  so  familiar  nform,  as  that  of  the 
aneady  often  dted  equation  (23);  and  an  in- 
I'CDtor  might  pertkaps  l)e  pardoned,  on  that  ae- 
omnt,  for  wiMng  that  it  should  turn  out  to  be 
true:  bat  we  should  have  pn>fited  ill  by  the  ex- 
perience of  former  explorers,  if  we  were  to  fonset 
that  such  a  wish  cannot  supersede  the  necessity 
ol  a  rigorous  examination,  into  what  is,  in  reality, 
the  trmth.  A  formal  demonstration  is  requiniie ; 
and  snch  a  demonstration,  under  more  forms  than 
one,  I  believe  myself  to  have  elsewhere  given  :* 
although  I  may  perhaps  be  induced,  at  some 
ftttttie  and  not  distant  time,  to  resume  the  entire 
subject,  and  to  seek  to  simplify  the  proof,  and  to 
make  the  aoqubition  more  easy,  of  that  and  of 
mbar  theorems,  respecting  the  quatemkms. 

•  For  l-istance.  In  mj  paMl«bed  I.ertures  on  Qnatci^ 
yy.*     l>ttbllu :  UodgGs  A  Smith,  ItfoflL 
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XVII.  Meanwhile  you  may  wish  that,  while 
waiving  here  the  question  of  proof,  I  should  at 
least  lay  before  you  some  of  the  many  enuncin- 
tions  of  the  geometrical  principle  to  which  I  have 
been  lately  alluding;  and  which  are  all  (accord- 
ing to  me)  condseh/  contained  in  what,  at  firxt 
si^t,  must  appear  to  be  the  trite  (though  true) 
formula  of  association,  which  has  so  often  already 
been  before  us ;« namely,  the  equation, 

s .  r  ^  =  f  r .  g. 
With  a  view,  then,  to  a  first  ennndation,  I  re- 
mark that  since  fAit  P'tsitions  of  the  six  plants,  as 
distinguished  from  their  directions,  may  in  every 
form  of  the  theorem  be  chosen  at  pleasure,  It  is 
perhaps  the  moat  obvious  arrangement  of  all  to 
assume  them  as  Goncnrrtn^  in  one  common  point, 
or  origin,  o ;  and  as  intersecting  a  sphere,  de- 
scribed round  that  point  as  its  centre,  in  a  s\*s- 
tem  of  six  great  circles.  Accordingly,  in  my 
printed  I^^ecturcs  on  Quaternions,  I  have  drawn 
a  diagram  to  illustrate  this  conception,  which 
is  there  numbered  as  figure  58.  but  which,  to 
save  you  the  trouble  of  a  refcrenoi*,  I  shall  here 


transcribe.  In  this  figure,  the  arcs  a  b  and  k  l 
are  supposed  to  be  equal  to  each  other,  and  are 
designed  to  be  each  a  representation  of  the  first 
given  versor,  g;  the  arcs  b  c  and  o  H  are  in- 
tended to  represent,  in  liiu  manner,  the  second 
given  versor,  r ;  e  P  and  h  i  represent  each  the 
third  of  the  given  versors,  namely,  s;  AC  and 
D  B  represent  the  first  partial  product,  r  q;  o  i 
and  L  M,  the  second  partial  or  blnaiy  product, 
s  r ;  finally,  the  arc  i>  r  is  a  representation  of  tlie 
ternary  product,  s  ,rq,  with  the  order  of  osso- 
ciiition  marked  by  the  point;  and  the  are  k  m 
represents,  on  the  same  general  plan,  the  other 
ternary  product,  sr  ,  q,  which  b  at  least  different 
in  synAoSealfarm  ttova  the  previouslv  mentioned 
product  s  .  r  9,  as  belonging  to  a  different  order 
of  association ;  and  which  is,  in  fact,  eonstrueied, 
in  the  figure,  by  a  different  aredt  n  groat  cirde. 
But  that,  with  the  foregohig  conditions  of  eon- 
struction,  namdy,  with  the  five  double  coarcu- 
alitif^  and  five  equalities  of  an^  expressed  by 
the  five  fbrmulie, 

^-vAC  =  /->DS,/-nOI  =  ^MJI,)  ^     ^ 
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we  Bhall  have  aJ$o,  m  their  geomefrical  come- 
qu^ce,  the  mxth  doub/e  coarcuaUtgj  and  sixth 
rqvality  qfaret  of  great  circles,  expressed  by  this 
sixth  formula, 

/«-nKM:s^DF,  (88) 

U  a  result  which  follows  here  from  the  associative 
princ^tle  of  nuJtiplicaUtm  of  quaternions,  and  is 
conrersely  a  sufficient  ejpression  of  that  principle. 

XV III.  Although  I  understand  yon  to  wish 
rather  for  sta/ememtSf  and  for  iUuttrations,  of 
prinapUe,  than  for  proofs  of  (AeoreiAs,  in  this 
little  series  of  Letters,  yet,  that  I  may  not  have 
the  air  of  pretending  that  there  is  any  diJSadtjf 
in  proving  the  recently  asserted  theorem,  you  will 
perhaps  allow  me  to  sketch,  in  a  few  words,  a 
demonstration  which  will  appear  extremely  eojgr, 
to  any  one  who  is  at  all  conversant  with  the 
modem  doctrine  of  the  spherical  conies.  Conceive 
that  such  a  conic  is  described,  as  indicated  by  the 
dotted  ellipse  in  the  figure  just  now  referred  to, 
HO  as  to  pass  through  the  three  points,  b,  u,  f, 
and  to  have  the  great  circle  d  A  e  o  for  one  of 
its  two  cycUc  area.  The  second  and  third  of  the 
five  equations  (37)  will  then  show  that  the  great 
circle  o  L  I  M  is  the  second  c^cHc  arc  of  that 
conic;  the  first  equation  (87)  proves  next  that 
the  same  conic  passes  through  Uie  point  K ;  and 
if  the  spherical  chord  k  f  be  drawn,  and  pro- 
longed, so  as  to  meet  the  above  mentioned  cyclic 
arcs,  the  ibnrth  and  fifth  of  the  same  8}*stem  of 
equations  (37),  containing  the  conditions  of  the 
construction,  suffice  to  prove  that  the  transversal 
so  drawn  will  meet  those  arcs  precisely  in  the  two 
points  D  and  m  :  after  which,  the  equation  (88) 
ii  an  immediate  consequence  of  the  same  doctrine 
of  spherical  conies. — It  would  not  in  the  least 
degree  surprise  me,  if  the  geometrical  theorem, 
involved  in  that  equation  (38),  should  be  found  to 
have  been  in  some  such  way  anticipated,  though 
I  have  as  yet  no  reason  to  suppose  that  it  has 
been  so,  by  some  contemporary,  and  there  are 
many  such,  far  more  familiar  than  myself  with 
the  geometiy  of  the  sphere.  But  what  I  request 
yon  to  bear  in  mmd,  as  the  onfy  thing  i»hich  I 
lay  any  stress  npon,  in  relation  to  the  existing 
subject,  is  the  extreme  nu^pUdhi  qfthe  expreuion 
of  the  theorem,  and  its  eoWy,  and  indeed  fundor- 
mental  character,  as  an  ehmeai  in  the  cakuhu  of 
quaternions,  under  oar  often  dted  form,  (23). 
Did  Lord  Buileigh  mean  ail  that,  by  shaking  his 
head?  is  asked  by  the  critic,  in  the  play : — He 
did  mean  it  ail,  replies  the  author,  {f  he  shook 
his  head  as  I  dttired  him.  And  (playful  allu- 
sions apart)  I  must  own  that  the  severe  con»- 
pretnon  of  meaning,  the  dosely  packed  expression 
of  thought,  which  enters  thus  into  the  very  Jirst 
symbolical  statements  of  the  theory  to  which  these 
letters  relate,  appears  to  me  interesting  ab^eady, 
and  foil  of  hope  for  the  foture. 

XIX.  I  do  not  know  whether  you  have  ever 
yielded  to  the  fascinations  of  that  high  and  beau- 
tifol  part  of  modem  geometr>-,  which  deals  with 
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die  infimtes  and  with  the  imag^wnin  of  s^»tK 
b}'  so  consistent  and  socoessful  a  method,  as  that 
which  has  been  used  by  Poocelet  and  by  Ouwies 
and  by  other  recent  disoox-erera,  in  France,  in  Ger- 
many, in  Italy,  and  in  these  islands  (and  probably 
elsewhere):  the  happy  daring  of  whose  re«axthcs 
is  closely  allied  to  poetry.     Kor  even  in  tboee 
lofty  and  difficult  regions  of  abstract  scieoee.  t» 
which  I  now  allude,  the  preeenoe  of  poetry  is  «SI 
felt :  and  with  the  alteration  of  a  wocd,  (wbkk 
I  admit,  destroys  the  metre,)  we  may  mSl  qau« 
from  Horace, 

^tiMnJ  6zpeI1as  fofvA,  tamen  tnipie  Tenure^ 
Et  mMla  pemunpet  foitim  fluaidhi  vlcaix. 

As  an  example  of  the  use  which  may  be  msdei 
of  such  imaginative  yet  scientific  cootemplatioiM, 
in  connection  with  our  preseot  saligect,  it  kai 
lately  occurred  to  me  that  the  theureoi  (38),  al- 
ready stated  in  this  Letter,  as  an  inteipretatkiB  of 
the  associative  formula  (23),  may  be  ^**^»i^i^  or 
at  least  may  Im  tranafbrmedf  by  the  iutrodnctioa 
of  that  wholly  ideal  drde,  in  which  some  laodera 
geometers  have  cooorived  KjinUe  sphere  to  be  eoi, 
by  a  plane  which  is  of  cm  infinite  dieianee:  tht 
boldness  of  this  geometrical  comcepiiom  beaqg  ao 
fault,  nor  merit,  of  my  own.     For  each  o«iBe- 
diaUtg  of  two  real  arcs,  of  any  one  great  Grcle 
upon  a  sphere,  as,  for  instance,  the  arcs  ▲  l  and 
K  B,  in  the  recently  dted  figure,  4, 1  am  in  this 
way  led  to  substitute  an  invohttion^  between  those 
two  arcs,  and  that  third  -but  tnur^iiiarir 
of  their  common  great  drde,  which  is 
to  be  interceptedf  as  a  spherical  chord,  vithim  the 
ideal  circle  Just  now  spoken  oC     And  thas,  in- 
stead of  a  s^'stem  of  sin  commediaikies,  (37) 
(88),  I  am  conducted  to  a  tgetem  of  un  ineoU- 
tions,  whereof  any  three  mefods  ike  Ikne  srtgs, 
and  which  must  still  subsist,  even  when  we  puss 
back  firom  the  unaginaiy  to  the  reaif  on  a  pba 
well  known  in  modem  geometry.     ZHsmine^, 
therefore,  now  and  here,  the  ideal  dteU  id  i*- 
fiaity,  I  am  led  to  the  followinfr  tbeoreo,  mose 
complex  in  appearance  than  that  of  oar  leeent 
paragraph  XVII.,  but  for  which  I  aee  a  flifficientiy 
easy  geometrical  proof^  (although  I  shall  buC 
trouble  you  with  it,)  derived  from  the  knova 
properties  of  involution  and  of  oonics,  wbA  etft' 
daUy  firom  the  celebrated  theorem  of  DeMigast 
transfbrred  fVom  the  plane  to  the  sphere: — **  If 
the  four  suooesdve  sides,  ab,  bc,  cd,  da,</ 
any  spherical  quadrilateral  ▲  b  c  d,  be  cut,  re- 
spectively, in  the  four  points  a',  b%  c',  d\  by  aay 
one  transversal  arc  e  f,  and  in  the  foor'otlker 
points  u",  o^  d",  a",  by  any  other  transversal  arc 
O  H,  where  E  F  and  o  R  are  two  spherioal  chocdk 
of  any  one  given  splierical  conic  (2),  which  ooait 
cuts  the  same  Ibur  sides  of  the  qoadrilatcrai  in 
the  four  pairs  of  fioints,  a*  b"^,  b^  c^,  c^  df», 
D"'  A<^ ;  then,  ^  the  sin  folhiou^ 
(each  connecting  three  pairs  of  paints  on 
one  great  drde,  out  of  the  24  puiuts  of  the 
stroction,)  nawdy. 
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QUA 


(a,b;  A'yh";  ▲'*,B<0«  (b,c;  i/.c* ; u'",c?^     [in  my  pnblbhed  Lectures,  is  illnstrated  by  a 


(a'.</;  b',o';  e,f),  (89) 

end 

(A,''cy';B",l>";  o,H),  (40) 

m^  three  indude  the  Mres  othen!*  Of  ooorae, 
we  may  suppose,  as  a  particular  ea9e^  that  the 
spheric^  conic  is  composed  of  a  pair  of  great 
rirdee;  or,  as  another  Hndt^  that  the  given  conic 
(2)  becomes  a  plane  one,  and  that  the  great 
circles,  A  B,  &c.,  degenerate  into  straight  Snes.  It 
ceems  nnneoessanr  to  take  up  your  time,  or  my 
own,  by  drawing  here  any  diagram,  to  illustrate 
tlie  foregoing  enunciation :  but,  as  a  hint  which 
may  assist  3'on  in  making  out  a  proof  of  the  theo- 
rem for  yonnelf^  I  may  just  notice  here,  that  under 
the  supposed  conditions  of  construction,  the  eight 
point$f  A,  B,  c,  i>,  V,  F,  o,  H,  are  ranged  upon  one 
cnmmon  come  (S^  which  is,  however,  generally 
diatinet  from  the  given  conic  (2).  Another  conic, 
{TTy,  passes  through  the  eight  points,  a"  a'"  b^^  b' 
t-^ C^  !>»»  I/;  and  a  fourth  otmic,  {V")^  through 
tbei«  eight  other  points,  a^  a'  b"  b'"  c»^  C 
IV"  i/^^  These  results  may  easily  have  been  an- 
ticipated, but  I  have  not  happened  to  meet  with 
them.  At  all  events,  you  will  please  to  remem- 
ber that  I  mention  them  here,  merely  as  things 
which  have  been  mgguted  to  me  by  the  consi- 
deration of  the  geometrical  meam'f^f  of  the  very 
nmple  formula, 

e^rq^tr.g^  (28) 

wtwn  vfdierpTtUd  on  the  plan  of  the  quaternions. 
XX.  It  was  observed,  in  paragraph  XVII.  of 
this  letter,  that  the  most  obvuMt  and  eatig  ar- 
rangement of  the  SIX  FLAMES,  which  enter  es*«fi- 
/iu^  into  the  study  of  the  geometrical  meaning 
or  iuterpretationy  of  that  simple  associative  foir- 


tlgure,  whereof  I  herewith  enclose  to  you  a  copy 
(fig.  5) :  the  nxplanegj  in  tftw  construction,  being 
tange/UB  to  one  common  sphere,  at  tix  poin% 

A,  B,  c,  D,  B,  F,  which  points  are  connected  by 
tweUte  arcs  of  great  circles, 

AB,  BC,  CD,  DA;   EA,  ED,  EC,  ED; 

FA,  PB,  FC,  FD;  (41) 

ibr  the  three  arcs  a  o,  b  d,  bf,  are  not  required 
for  our  pretient  purpose,  any  more  than  were  the 
intersections  of  the  three  pairs  of  arcs,  ai^  bi; 
A£,  Li;  and  dm,  co,  in  figure  4.  Supposing, 
to  fix  our  conceptions,  that  the  two  .points  R,  r 
are  situated  in  the  interior  of  the  spherical  quad- 
rilateral A  B  o  D,  the  associative  theorem  of  mul- 
tiplication of  quaternions  may  (as  in  my  Lectures) 
be  stated  thus : — **0/ the  six  JUiowing  equations 
between  spherical  amjhse, 

ABB=?FBG,   BCFsBCD,  B«A  +  DBC  =  ar,    (42) 
DAF=BAB,   PDA=CDB,   AFD+CKB  =  «',     (48) 

the  three  first  (or  indeed  any  three)  include  the 
three  others."  In  fact,  it  is  found  that  the  poinu 
B  and  F  are  the  two  /jd  qf  a  spherical  ellipse, 
inscribed  in  the  spherietd  quadrilaitrcd  a  b  c  m  } 
a  relation  which  I  have  proposed  to  denote  con* 
dsely  by  the  formula, 

BF  (..)  abod;  (44) 

and  it  may  be  remarked  that  we  are  at  the  same 
time  allowed  to  write  on  the  same  plan  these  two 
other  analo^ns  formnlte, 

ao(*.)bedf,  andBD(..)  abcf;  (45) 

because  the  points  a  and  o  an/oei  qfa  spherieat 
hgperbolOf  which  is  touched  by  the  prolongations 
of  the  four  sides  of  the  quadrilateral  b  e  d  p ;  and 

B,  D  are  foci  of  another  hgperbolft,  touched  by  tlie 
four  sides  (prolonged)  of  the  third  spherical  qua- 
drilateral A  B  c  F.  In  preparing 
Ibr  the  foregoing  enunciation  ^ 
the  associative  principle  of  multi- 
plication, I  use  the  following  aux- 
iliary theorem,  or  rule  of  construc- 
tion, which  can  be  deduced  from 
what  was  stated  in  my  former 
letter;  namely,  that  if  any  two 
versorSy  q  and  r,  be  represented 
hg  the  two  base  angles,  a  and  b, 
q^  a  ^herical  triangle,  then  their 
product,  r  q,  will  be  (on  the  same 
plan)  represented  by  the  external 
angle  at  the  vertex,  o:  ia  certain 
Older  qf  rotation  being  attended 
Co. 

XXI.  You  conceive,  of  course, 
(although  it  has  only  occurred  to 
*^''  ^  me  while  writing  this  letter,)  ihat 

nnla  (88),  appean  to  be  that  arrangement,  al«  this  last  geometrical  statement  of  the  theurvui 
ready  described,  in  which  the  six  planee  concurred  of  associative  multiplication,  like  the  statement 
M  one  poimt  o,  assumed  as  the  centre  of  a  sphere*  pre\'iuudly  made,  must  admit  of  being  extended. 
Bat  then  ia  onoiher  arrangement,  almtist  as  or  transformed,  by  tlw  introduction  of  the  ideal 
natural,  which  in  modem  geometry  would  be  circle  at  infinity,  which  was  mentioaed  in  para- 
odJed  the  reciprocal  of  fhe  former;  and  which,  t  graph  XU(.  i}y  substUatiog again,  for  that  ideal 
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(da,  DC; 
(ka,  rc; 
(fa,  PC; 


A  A',  A  a"),"! 
BB',  BB*^, 
C  C,  C  0*0, 
DD',  D  D*^, 
EE'i  B  E^, 
FF*,   F  P*), 


(46) 


QUA 

drele,  an  arbitrary  atnie  (2\  and  by  diEw- 
ing  to  U  twthe  tangent  am,  from  the  six  points 
A,  B,  0,  D,  B,  F ;  namelj,  aa'  and  aa"  from  the 
puint  A;  B  B'  and  bb''  from  B,  &c.;  the  theorem 
may  be  stated  as  follows  :_"^an^  three  of  the 
eix  qtherical  pettciis^ 

(ab,  ad;   as,  af 

(bc,  ba;  BR,  BF 
CE,  C  F 
DK,   DV 

En,  El) 

FB,   FD 

he  pencils  in  involtUum,  the  three  other  pencHa  wiU 
he  in  invokUion  likewise.**  In  this  construction,  be- 
sides the  conic  (2),  which  is  touched  by  the  twelve 
arcs  A  a',...f  f^,  there  are  three  otfier  conies^  (Y;, 
(Z^,  (Oi  ^  which  each  is  touched  hy  eight  arcsy 
namely,  by  four  of  the  last  mentioned  twdve,  and 
by  four  others  in  the  figure,  which  I  leave  it  to 
vonnelf  to  draw :  for  instance,  the  conic  (2^  is 
touched  by  these  eight  arcs, 

AB,  BC,  CD,  DA,  KB',  BE",  FF',  FF''.         (47) 

All  this  you  will  easily  verify,  if  you  are  suffi- 
ciently familiar  with  spherical  geometry.  In  the 
lately  cited  figure,  6,  the  dotted  ellipse  may  re- 
present the  conic  (r) ;  but  the  tangents  to  it  from 
K  and  f  are  imaginary. 

XXII.  There  is,  however,  a  third  mode  of 
arranging  the  sixplttnes  of  the  six  quaternions, 
g,  r,  s,  rqj  sr^  srq^  which,  though  it  has  only  lately 
occurred  to  me,  appears  to  possess  some  impor- 
tant advantages  in  point  of  simplicity,  over  both 
of  the  two  former  arrangements,  and  to  be  more 
perfectly  adapted  to  become  a  base  for  elementary 
instruction,  in  some  future  work  on  the'  whole 
subject  to  which  these  letters  relate.  This  thhtl 
arrangement  consists  in  treating  the  six  planes 
of  the  quaternion  factors  and  their  products,  as 
the  fix  faou  qf  a  hexaedran  inscribed  in  a 
sphere ;  and  therefore  as  cutting,  generally,  the 
tipheric  surface,  in  a  system  qf  six  small  circles. 
In  this  manner,  the  angle  of  each  quaternion 
comes  to  be  constructed,  not  by  the  angle  be- 
tween two  radii,  nor  by  that  between  two  tan- 
gents, but  by  the  angle  between  two  (rectilinear) 
chords  of  the  sphere;  and  therefore  by  an  angle 
in  a  segment  (and  in  the  plane)  of  one  of  the 
small  circles,  which  of  course  may  be  replaced 
by  any  other  angle  in  the  same  segment,  or  by 
the  st^i^dement  of  an  angle  in  the  cpposite  (or 
alternate)  segment;  tlie  essential  condition  of 
having  two  representations  for  each  of  the  sir 
quaternions  being  thus  very  simply  fulfilled:— 
while  the  four  multiplications  (36)  are  effected 
with  great  ease,  at  four  of  the  eight  comers  of 
Vie  inscribed  SfAid,  which  represents  here  theybur 
triedral  angles  of  paragraph  XVI.  On  con- 
sidering the  question  from  this  point  of  view,  we 
are  led  to  re^rd  the  truth  of  the  associative  for- 
mula (23),  when  interpreted  in  connection  with 
quaternions,  as  depending  on  tliis  theorem  of 
geometry',  which  can  be  understood  and  proved 
withoui  any  re/erenoe  to  cones  or  to  conies:^**  If 


(4«) 


QUA 

A  b'  c  a'  B  </  6e  axy  (plane  or  gaodie)  Aer'^n, 
Mcft  thoi  the  three  drdfeis,  </  a  b^,  b*  c  a',  a'  b  c', 
oonciir  tj»  one  common  poini  d,  (aa  the  aeeood 
intersection  of  each  pair),  then  tie  three  tAr 
circles,  A  B'  c,  c  A'  B,  B  </  A,  concur  m  emetiur 
common  point  uf ;  and  of  the  six  fuadrihOendtf 

C*  A  b'  D,  b'  C  A'  D,  a'  B  C'  I>,\ 
A  b'  C  !>',  C  a'  B  d',  B  (/  A  d',  f 

which  are  thus  inscribed  in  circles,  an  eeen  mot- 
her (if  an}')  will  be  croeeed,  tind  another  erm 
number  (if  any)  wHl  be  uncroaed  qmadrOater^iC 
— It  is  easy  to  see  ttiat  if  the  faexatgon  be  bqi  a 
plane  one,  it  must  be  inacriptible  in  a  sfhaz: 
and  then  the  prindples  of  stereoffrajMc  prejee- 
tion  render  it  soffident  tarimtoprave  the  tieorm 
for  the  plane,  in  order  to  ti|/er  that  U  is  trmtfr 
space;  while,  if  we  take  finr  ttie^ois  of  the  pro- 
jection the  first  point  of  oomotrrtmce  d,  the  OBall 
cirdes  which  meet  at  the  point  will  be  pitijectoi 
into  rig^  Unes.  Interchanging,  tfaeo,  the  ac- 
cented and  unaccented  letters,  we  nhiBiaicly 
arrive  at  this  very  elementary  form  aHht  tkm- 
rem,  to  the  extreme  simpUdty  of  which  it  ssbbm 
scarcely  possible  to  hope,  or  even  to  «ets&,  fer  any 
addition  :_*'  If  A',  b',  d  be  any  points  oa  tie 
three  sides,  b  o,  c  A,  A  B  <2^  at/y  plane  triangk 


A  B  c  or  on  those  sides  pitilonged,  fie  Ares 
circles,  A^  d,Bd  a',  c  a'  b',  meef  w  em  earn- 
mon  point  D ;  and  of  the  six  eneceuitmt,  ivcd- 
linear  and  drcular, 

A  b'  C,  B  C*  A,  C  A'  B,  a'  B  C'  O,  >  ^,gv 

b'ca'd,  CAB'D,  f  ^* 

an  eren  number,  if  any,  will  he  direct,  and  osoc^ 
even  number,  if  any,  will  Ite  indirect*  It  is 
however,  to  be  remembered,  that  in 
from  this  ven'  simple  proposition  oi plane 
try  to  the  formula  (23)  for  qnatemions,  we  are 
obliged  to  use  some  of  the  properties  of  the  iphtrt, 
and  some  theorems  of  stereographic  prqfeefioa. 
The  necessity  for  proving  the  constant  exiftenre 
of  an  even  number  of  direct  successions  deprmls 
on  the  circumstance,  that  we  are  obliged  to  ffwe 
that,  in  the  calculus  of  quatenuons,  we  hart 
always  s  .rq^=  -k-  sr  .  q,  and  aerer  a  .  r  y  = 
—  #  r  .  J. 

XXIII.  It  would  be  nnreasooable  to  add  to 
the  length  of  thn  letter,  by  entering  npoa  the 
consideration  of  any  of  those  other  fimnnbt. 
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QUA 

ex|iraHMDg  principles  not  leas  impoitaLt  in  this 
cnk'nims  mich  as  the  eqaatkn 

•+  (r+q)^('+r)  +  q,  (60) 

'which  contains  the  auoeiative  principle  of  ad- 
ifititm  of  quaternioMf  or  on  either  of  the  two 
equatioDSi 

which  jointly  contain  the  disirilnahe  property  qf' 
mafcjptfcafiow,  and  which  mnst  at  firat  sight 
appear  to  he  mere  Irmtme^  to  a  penon  familiar 
with  ordinary  algebra,  or  even  to  a  beginner 
therein.  Yon  are  now  foliy  prepared  to  oonoeiTe 
that,  when  mlerpreted  on  the  principles  of  my 
ttrmer  letter,  they  require  to  be  proved  <mew; 
and  that,  when  eo  proved^  they  rise  at  <yioe  to  the 
nnk  of  theorem*  in  $oHd  geometry.  It  is  worth 
noticing,  however,  aa  we  pass,  that  the  aetoda- 
tice  principle  (60)  of  addition  of  quatemioos,  al- 
thoogfa  it  looks  so  simple,  b  really  a  more  com- 
plex one  in  its  vtterpretation,  not  only  than  the 
eonesfonding  principle  (28)  of  muitiplication^ 
but  even  than  the  diatributioe  principle  under 
either  of  its  two  forms  (51),  which  b  itself  not 
quite  so  simple  as  (23).  The  ultimate  reosua  of 
this  fact  appears  to  be,  that  the  geometrical 
eoaeeption  of  a  quaternion  being  with  us  referred 
to  what  we  have  r^:arded  as  the  divinon  of  one 
directed  line  by  another,  muitipHcation  hss  na- 
turally a  closer  and  more  intimate  connection 
with  the  quotientM  thus  obtained,  than  addition 
has  with  them.  But  in  a  slightly  more  technical 
way,  on  the  plan  of  paratpmph  (15),  it  may  be 
remarked  that  while  tensors  difippear  entirtbf 
frnm  the  equation  (28),  (except  in  the  old  and 
perfectly  well  known  sense,  of  eompoeition  of 
rittioe),  there  enters  one  arbUrary  ratio  oftentorg 
(Tr:  rq},  into  each  of  the  equations  (51);  and 
two  $ueh  ratioe  (Tf :  Tr :  t^)  enter  into  the  equa- 
tMO  (50).  Accordingly,  on  /vf/y  constmctuig. 
by  spherical  geometry,  what  is  meant  (in  my 
cakolos)  by  that  last  cited  equation,  I  am  cnn- 
ductad  to  what  may  seem  to  the  eye  a  compli- 
osted,  yet  not  inelegant  jSi/vre,  of  which  I  spare 
vfia  tlw  examination.  You  conceive  that  mro- 
itttion  may  scarcely  suffice  for  the  interpretation 
of  the  geometrical  relations  here  included ;  and 
that,  at  least  when  combining  them  with  the 
eonception  of  the  ideal  circle  at  infinity^  I  find 
myttU  almost  compelled  to  employ  Chasles' 
theory  of  double  homogmphic  division^  upon  a 
circle;  or  of  homogrcqthic  pend/sj  having  a 
curonKm  vertex  and  a  common  plane.  In  the 
etrnpUst  construction  which  has  occurred  to  me, 
for  thua  repicjeuting  the  geometrical  meaning  of 
the  equation  (50),  I  have  been  obliged  to  con- 
sider a  tyeUm  often  euch  piattes;  namdy,  those 
of  the  ten  quatermont^ 

V;r;#;r-t-y;#  +  r;s-f-r+y;     (52) 
r:  q  \  9  z  r  ',  {r+  q)  :  t ;  (a  +  r)  :  q  \     (58) 

when  the  ooloo  is  used  as  a  mark  of  divisior^ 


QUA 

Dnt  when  I  wish  to  hieoiporate^  with  the  axM^ 
dative  property  of  addition^  the  commutatice 
property  thereof^  or  the  equation 

q  +  r  =z  r+  q,  (54) 

which  is  true  for  qvaterniontj  as  well  as  for 
ordinary  algebra,  neic  planes  require  to  be  con- 
sidered, which  I  will  not  now  delay  to  enume- 
rate. You  guess,  no  doubt,  that  because  addition 
of  Knee  is,  according  to  a  whole  host  of  modem$s 
whom  in  this  respect  I  merely  foQow,  performed 
by  the  rule  of  the  parallehgram,  (compare  para- 
graph VII.),  there  must  enter  ratioe  of  si/tes 
into  the  interpretations  of  such  results  as  these ; 
and  that  thus  I  have  been  led  to  rq>roduce  many 
old  equationSj  between  products  of  sines  of 
aegmentt  of  the  arcs  employed  in  the  construc- 
tions ;  and  perhapsy  (though  I  do  not  venture  to 
assert  it),  to  find  out  some  new  equati<ms  of  that 
class;  because  some  of  my  diagrams  involve 
simultaneously  a  greater  number  of  points  and 
of  arcs,  than  it  seems  to  have  been  usual  to  con- 
sider in  any  one  construction  upon  the  surface  of 
a  sphere. 

XXIV.  It  has  been  my  desire  to  avoid,  as 
far  as  it  was  possible,  all  technieaHties  of  calcu- 
lation, in  this  series  of  letters,  now  drawing 
to  its  dose.  But  this  appears  to  be  a  proper 
place  for  mentioning  another  fundamental  con- 
nection between  quaternions  and  trigonomitry, 
which  arises  out  of  the  very  oonoi^'oii  of  adJi- 
tion  in  the  present  calculus.  Yon  remember  the 
two  formula  (11),  which  I  have  adopted  from 
algebra,  or  from  arithmetic,  as  bemg  sufficient  to 
fix  the  rules  of  the  addition  and  subtraction  of 
ang  two  quaternions,  when  the  addition  and  sub- 
traction of  two  directed  lines  are  peiibrmed  in  the 
modem  way,  just  now  aUuded  to.  Employinf?, 
therefore,  the  fundamental  formula  of  addition  of 
fractions  or  of  quotients, 


y   ,  ^  _  y  +  ^> 


(17) 


kC 


y  +  li  =  l     /SU-.   y±»\  ('5) 

the  mark  of  parallelism  |i  being  so  interpret  vd  aa 
not  to  exclude  coincidence  of  position,  on  one 
common  rectilinear  axis.  l*hcn,  the  genertil 
quatei  nion,  qori  i  m,  will  be  broken  up  or  de- 
composed into  two  parts,  of  which  it  ia  the  sum ; 
and  of  which  one,  ifi  :  «),  being  the  quotient  of 
two  siMilarIg  or  opposttelg  directed  lines,  is 
simply  a  positive  or  uHfative  number  ;  while  the 
other  part,  (y  :  «).  asbeing  the  quotient  of  two 
mutnailly  rectangular  lines,  may  be  said  to  be  a 
right  angled  quaternion,  or  more  concisely  a 
RIGHT  QUOTTEKT.  I  denote  these  two  parts  (or 
components)  of  any  given  quaternion  q,  by  the 
symbols,  b  7,  and  v  9 ;  so  as  to  write,  generally, 

yq'\'Bq  =  q,or,q=.sq  +  Yq',  (56) 

and  am  accustomed   to  say  that  the  merely 
nutneftcal,  or  rather  algebraical  part,  8  f,  is  the 
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tenfar  part,  or  more  briefly,  tbat  it  is  the  bcalab 
of  the  given  quaternion  q;  and  that  the  olAer 
part,  Y  9i  which  has  just  now  been  called  a  right 
quotknt^  is  the  vector  part,  or  simply  tub  vec- 
tor of  the  same  quaternion,  q.  For  I  have  long 
been  led,  by  several  concurring  considerations,  to 
regard  every  snch  right  quotiaU  (y  : «,  where 
y  X  •)!  as  being  one  which  may  be  properly 
and  usefully  constructed,  or  geometrically  repre- 
tented^  by  a  right  Une  perpendicular  to  its  plane  s 
the  direction  of  this  line,  or  vector,  being  dis- 
tinguished from  its  own  opposite,  by  the  condi- 
tion that  the  quadrantal  rotation,  performed  round 
it  as  an  axis,  from  the  divisor  Une  (»),  to  the 
dividend  line  (y),  or  from  the  denominator  to 


the  numerator  of  the  geometrical  fraction 


(^} 


shall  be  ahoags  right-handed,  or  alwa^i  left- 
handed,  according  as  the  right  "handed  or  the 
left-handed  direction  of  rotation  shall  have  been 
previously  assumed  to  be  the  positive  one :  wliile 
the  length  of  the  same  vector-axis  shall  bear 
to  an  assumed  unit  of  length  thai  raOo^  whatever 
it  may  be,  which  the  fen^t^  of  the  dividen*l  or 
numerator  line  (y)  bears  to  the  length  of  the 
divisor  or  denominator  line  («).  The  general 
quaternion,  q,  (as  it  early  occurred  to  me,)  might 
on  this  account  be  said  to  be  a  Grammarithm 
(from  the  words,  y^aftftn  and  mftfftis);  because 
it  b  thus  regarded  as  being  the  symbolical  sum 
of  two  parts,  of  kinds  quite  distinct  from  each 
other ;  whereof  one^  namdy,  the  vector  part  (v  q), 
is  constructed  bg  a  line  (y^mfiiftii),  in  space  of  three 
dimensicns,  and  is  thertfoK  geometrical,  or  oram- 
Mic  (if  we  may  venture  to  ooin  such  an  adjective, 
from  the  Greek  word  just  now  mentioned) ;  while 
the  other,  namely,  ^Mscalar  paH(^q)^  isezpressed 
by  a  positive  or  negative  number  (Ji^ifMt),  and 
may  therefore  be  said  to  be  arithmic,  or  alge- 
braieaL  And  the  essential  connection  of  my  geo- 
metrical quaternion  with  the  number  Four,  (which 
is  required  for  the  proprietg  of  the  name.  Qua- 
tebmion),  is  here  made  manifest  in  a  new  way, 
or  at  least  in  one  which  has  not  hitherto  been 
noticed  in  these  Letters.  For  we  see  that  while 
tiie  arithmic  (or  scalar^  part,  of  the  general  geo- 
metrical  quotient  of  two  directed  lines,  admits  only 
of  what  may  be  called  an  unidimenaonal  variety, 
analogous  to  that  which  is  exemplified  in  the 
progression  of  Time;*  the  grammic  (or  vectory 
part,  of  tlie  same  general  quotient  (or  fWiction) 
iuvulves,  on  the  contrary,  all  that  irtdimensional 
variety  which  is  included  in  the  notion  of  Space: 
80  that,  by  this  analysis  also,  of  the  conception 
which  is  the  subject  of  these  Letters,  we  are  stiU 
conducted,  as  liefore,  to  tlie  consideration  and  em- 
ployment of  a  Syhtkm  op  Foiti^  Elrmbnts. 
XXV.  As  regards  the  connection  of  quaternions 

*  **  And  how  the  One  of  Time,  of  Space  the  Three, 

Might  in  the  ChHin  of  S>'mboI  Kirdled  be.*' 
/From  the  "TetMCtvs  "— «n  unpntilKhed  spnoet,  ad* 
dreascd  toSir  Jolm  F.  ^\  Uenchd,  fii  ^84&J 


QUA 

with  brigomometry,  lately  alluded  to,  it  may  nffief 
to  remark,  that  because  we  may  dooompose  aitr 
geometrical  qootieot  of  two  ootnitial  linaa,  sadi 
as  the  quotient 

o  D  :  o  A  =  ^,  (£7) 

into  its  scalar  and  vector  parts,  namely, 

ob:oa=89;  OC:OA  — BD:oA=vg,     (58) 

by  letting  fall  a  perpendicular  d  b,  from  i\  en 
the  indefinite  right  line  o  a,  and  then  oompkds^ 
the  rectangle  o  b  d  c;  the  two  partial  qnoCiaBU 
(68)  must  evidently,  on  account  of  the  right- 
angled  triangle  o  b  d,  be  related  to  cadi  other 
(at  least,  as  one  element  in  their  matnal  nk- 
tions),  as  Cosine  is  related  to  Six  &  Indeed,  the 
vector  character  of  the  right  quotient,  vg,  gives  to 
it  the  sort  of  tridimensional  variety,  alrMdy  bcb- 
tioned;  so  that,  whereas  the  oosMie,  with  which 
we  have  just  now  connected  B  9,  is  simply  ^o«- 
tivt,  or  negative,  or  null,  aooording  as  tiie  aa^ 
A  0  D,  which  we  may  here  denote  as 

is  acute,  or  obtuse,  or  right;  the  Sine,  with  which 
we  have,  on  the  same  plan,  compared  t  q,  ma«, 
with  reference  to  this  comparison,  be  tlMwc^  of^ 
as  having  a  relation  to  a  variable  pbuse,  admittisg 
of  a  variable  aspect.  But,  if  we  are  content  to 
attend  only  to  the  mere  manericol  and  posities 
quantity  of  the  Sine,  which  suffices  for  tlie  wsnts 
of  ordinaiy  trigonometry,  so  far  as  it  relates  to 
the  solution  of  triangles,  as  well  spherical  as  plane, 
we  may  retain  the  usual  meaning  of  the  Ssus  of 

fm  angle,  such  as  ^^^  q.  And  then  we  nay 
establu»h  the  two  following  geoeral  fararak^ 
which  i  have  found  to  be  frequeotly  usefal: 

8 p g  ==  cos  rf^7 ;  rYvq^=nxi.^^q,    (W> 

It  is  also  vexy  often  convenient  to  employ  this 
other  notation, 

K  9  =:  8  9  —  \  q  (61 

where  K  q  may  be  said  to  denote  the  qoatemna 
conjugate  to  q:  the  geometrical  ckuraoter  uf  each 
conjugation  of  two  quatemioiu  CMiidsCii^  ia  tlik 
that  when  any  three  diverging  linea,  o  a,  o  i^ 
o  c,  furnish  two  conjugate  quotientty  sacb  as 


OB       «     0  c 

o  A       ^    o  A  ^ 


(61) 


then  the  line  0  a  bisects  the  angle  B  o  c,  bet«f«i 

the  two  other  lines.      Ton  conceive  that  thii 

notation  must  be  udeful  in  many  researcbes  «f 

pure  and  applied  mathematics;  Ibr  instaao^  ia 

some  opti&d  investigations,  when  oondaoted  by 

the    method   of   quaternions;    since    the   tsns 

quotients, 

**  incident  ray,  divided  b|y  normal  to  mimr,^  (63) 

and 

"  reflected  ray,  divided  by  the  same  nonaal,*'  (€4^ 

are,  in  this  view,  quaternions  ooi^ugata  to  eadi 

other;  at  least,  if  the  incident  and  reflected  nv* 

be  treated  as  two  lines  equally  long.     And  yoa 

will  not  have  unduly  flattered  tiw  Mktuuu,  to 
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(or  at  kttt  to  the  oonoeptifM  of  which)  the 
preeent  Letters  relate^  if  yoa  shall  give  it  credit 
fi>r  admitting  of  being  nsefnlly  applied,  to  /%- 
maol  as  well  as  to  mathema&oal  sdenoe,  in  a 
great  variety  of  other  wajrs.  Bat  before  enter- 
ing on  fsswL  the  slightest  tkeUk  of  anj  such  qp- 
piioofftofw  of  the  present  Calculus,  a  word  or 
two  must  be  said  nspeetmg  its  on^f  o<^  p6- 
cuSar  nctaUont^  in  addition  to  the  Jhe  symbols, 
or  eharaeteruCics  of  cparatitm  on  a  qnatemion, 
naaMhry 

T,  U,  S.  V,  K,  (66) 

which  hav«  been  thns  recently  employed. 

XXYL  These  other  peetUiar  tywhoh^  or  (at 
lesst)  symbols  need  in  aiMsiifiiar  sMisa,  are  merely 
tho  fInVi  fofffii, 

h  j\  *;  (66) 

treated,  however,  as  being  sntject  to  a  few 
tp0cial  Ittwif  which  it  sbaJl  now  be  my  en- 
deaToar  briefly  to  explain.  Nearly  all,  indeed, 
that  is  necessary,  will  have  been  said,  when  it  is 
remarked,  that  the  t  /  ib  of  this  calcnlns  are  con- 
sidered by  me  as  representing  three  right  quotients 
•a  Cikres  rKtangudar  plane$t  vrith  unitjf  for  Ihar 
eommom  tenter;  (compare  paragraphs  XV.  and 
XXIY.)  in  such  a  manner  that  we  may  write, 


T»  =  Ty=T*  =  l; 
»  J~Jf  J  JL  k;  k  JLu 


(67) 
(68) 


Ton  see  thai  tlie  introduction  of  such  a  system  of 
symbols  is  very  dosely  connected  with  the  notion 

Jt  TBIDIMBHSIONAL  SPACE,   to  wluch  the  JUO- 

temiom  Aromgkottt  rrfer:  for  altliough  I  can 
apply  my  calculus  to  plane  problems^  as  a  Uwdt^ 
yet  I  fhuskly  admit  that  it  would  not  have  been 
worth  tehUe  to  Mwnl,  or  even  to  Uar%  this  new 
system  or  method  of  cakailation,  if  no  problems 
hegond  the  plane  were  to  be  treated;  and  therefore 
I  regard  it  as  not  jute  fiir  to  be  asked  (as  I 
som^imes  am),  to  ezempUfy  the  method  by  the 
traatment  cf  plane  oomcf;— to  be  tetted^  and 
indeed  to  be  lightly  WKlsrstood^  it  must  be  seen 
in  its  applieations  to  higher  questions^  such  as 
those  wl]dch  relate  to  qtherioal  oomct  (already 
allndad  to  in  this  Letter),  or  to  euifaoet  qf  ths 
eeeond  order;  or  to  some  other  matiieroatical  or 
physical  subject,  in  which  the  three  dimeneione 
of  space  enter  essentially.  One  does  not  use 
(exoept  as  a  mere  ezerdee)  the  method  of  fluxions 
to  esdmato  the  area  of  a  plane  triangle;  nor  the 
caknlns  of  variations  to  establish  Uiat  a  right 
Hoe  is  the  shortest  between  two  points.  But 
unoe  I  have  been  led  to  attude  to  such  branches 
of  calculation  ss  those  just  mentioned,  you  will 
permit  roe  to  remaric,  in  passing,  that  I  have 
found  tliem  all  to  admit  of  being  useAiUy  coin- 
hined  with  the  method  of  quaternions;  in  which, 
acooidingly,  I  am  compelled  to  admit  difler^ 
enoes  and  diiforentials,  variations  and  integrals, 
though  modified  by  tiie  peculiar  conditioos  of 
the  sal^ect,  or  by  the  laws  of  the  symbols  ij  k, 
indeed,  in  passiog  from  one  form  to  another,  of 
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the  general  equation  in  quatermons  for  surfaces 
of  rwohttvm,  and  in  a  few  other  applications  of 
that  sort,  something  like  a  new  calculus  of  partial 
difftrtnHcd  equations,  and  of  the  iniegral  equa- 
tions corresponding,  has  forced  itself  upon  my 
notice ;  simie  hints  of  which  yon  may  see,  if  you 
think  it  worth  whUe,  in  my  printed  Volume  of 
Lectures.  As  one  of  the  things  which  you  will 
not  tee  there,  because  it  has  too  recently  occurred 
to  me,  I  may  mention  that  at  the  request  of  my 
fnend,  John  T.  Graves,  Esq.,  of  Cheltenham 
(but  formerly  of  Dublin),  to  whom  my  flxst  re- 
sults respecting  quaternions  were  communicated 
hi  1848, 1  lately  solved  the  problem  of  determin- 
ing the  greatest  common  tueasure  of  ai^  two 
integer  quatermons^  such  as 

1  +  2t  +  ^'  +  4i^ and5  +  6t  +  7j  +  Sk,  (69) 

which  happened  to  be  the  two  that  he  selected. 
I  found  tide  greatest  common  measure  to  be,  in 
this  example,  •  —  k\  multiplied,  it  is  to  be 
undentood,  by  z±2  1|  or  by  ±  i,  or  by  :±:  j\ 

or  by  ^±z  k.    But  as  regards  the  laws  of  such 

m!ultqfUcaiions,  of  the  symbols  ij  k,  it  is  neces- 
sary to  say  a  few  words. 

XXVIL  Concdve,  then,  that  o  a,  o  b,  o  c,  or 
«f  A  7»  are  any  three  rectangular  unit  BneSf  and 
that  the  quadranial  rotation  round  7,  from  a  to 
A,  isjponftpe.  To  fix  our  thoughts,  we  may  sup- 
pose that  such  positive  rotation  is  righUhanded, 
like  the  motion  of  the  hands  of  a  watch;  and  may 
conceive  that  •  and  /i  are  two  horizontal  foot- 
Unesj  directed  respectively  to  the  south  and  west, 
whUe  y  is  a  vertical  foot-line,  directed  upward: 
so  that  if  we  make 

si^  —  :el=  —/J.  y'=  —  y,  (70) 
the  three  new  Unes  • «  ^,  y\  (which  are  thns 
oppomie  to  «,  /3|  y,)  shall  be  respectively,  a  nor/A- 
ward^ an  eastuHtrdf  and  a  downward  fooL  We 
may  then  suppose^  in  consistency  with  the  con- 
ditiiHis  (67),  (68),  that  the  three  right  quotiento 
ij  k  admit  of  being  expreesed  as  follows : 

j:=m:y=zy:  •'=•':  y'^y'im'S         (71) 
k=^fi:  •=•:/}'=  /3': «'=«' :  fi\} 

and  thus  shall  have,  by  the  formula  of  multi- 
plication (18),  or  (85),  the  nine  following  values 
for  the  squares  and  hisary  products  of  these  three 
symbols*, J,  ki 


j»-(«:y).(y;«')  =  «:«'=-l 
A«=OJ:  «).(«:/0=/a:/5'=  — 1 


(72) 


t7=(/J*y').(y:«)=^f=*;; 

jA=(y:0-(«  •0)=y:/5=t;^  (73) 
*•=(«  :0).(0:y)  =  m:  y=JO 

J.  =  («:y).(y:/5)  =  «:/3=— *;l 
kj=(fi:  •).(•:  y)=^:  y=  -  •;  \  (74) 
ik=(y:  fi).(fi:»)=y:a=  —J]} 

together  with  the  six  following  tenuity  products. 
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*/.  =  •  kj=jtk=+l.  f  ^^*^ 

And  they  may  all  be  briefly  expressed  by  this 

ONS  FUMDAMBNTAL  FORMULA, 

»«  =y»  =*•  =zijk  =  —  1 ;  (a) 

which  would  in  rigour  be  a  sufficient  bate  for  the 
erection  of  the  caicukts  of  quatemUmSy  at  least 
when  combined  with  the  asiocuUive  and  cohmimh 
tatire  properties  of  addition^  and  with  the  aaso-' 
ctatke  and  distributtve  properties  d  multiplication. 
In  fact,  we  can  recover  all  the  six  valnes  (78) 
and  (74)t  for  the  bhuay  producU  of  ij  k.  from 
this  one  formola  (a)  ;  for  it  giTes,  immediately, 
t'y  =  k,  jkz=.\y  as  in  (78) ;  then  y  f  ■=  —  ife, 
kj=z  —  i,  ik=. — y,  as  in  (74);  and,  finally, 
£  »  =y,  as  in  the  remaining  expression  (73). 
And  it  admits  of  being  proved  that  every  geomer- 
irical  quaternion  (of  the  kind  considered  in  these 
Letters)  is  reducible  to  the  quadrinohial  fobx: 

where  to  denotes  the  toalar  paK%  and  ix-^jy 
-^kz  denotes  the  ve<Uor  part,  of  the  quaternion, 
q.  (compare  par.  XXIV).  So  tliat  we  may  write, 
generaUy, 

S7=rw,  vg  =  »x+yy-|-*«;  (c) 

where  the  four  letters  wxy  zne  supposed  to  sig- 
nify some  four  positive  ornegatim  numbergf  which 
may  be  called  the  four  constituents  (or  co-ordi- 
ftates)  of  the  quaternion  q,  and  are  tulu'eci  as 
such  to  all  the  rules  qf  common  aigtira :  while 
the  three  symbols  iJ  k  are  subject  to  peculiar 
ruleSy  contained  in  the  formula  (a). 

XXYIII.  Among  these  pecuUar  rules,  it  is 
natural  to  be  struck  flrst  by  the  occurrence  of  Mree 
distinct  square  roots  of  negative  unUy^  namely,  the 
three  symbols  ij  k^  whose  negatives  alto  possess 
the  same  general  property,  since  we  have 

(--0»=(^  =  (-iO*=-l.     (76) 

The  symbol  tj  —  1  occurs  very  often  in  alge- 
braical citlcuiationsy  but  always  as  denoting  what 
is  called  an  impossibley  or  an  imaginary  quantity: 
for  example,  in  the  solution  of  an  ordinary  qua- 
dratic equation,  which  has  no  real  roots.  And, 
hence,  when  I  first  asked  leave,  in  1848,  to  read 
a  paper  on  the  present  subject  to  the  Royal  Irish 
Academy,  I  described  it  as  "a  paper  on  a  new 
species  of  imaginary  quantities,  connected  with  a 
theoiy  of  quaternions."  But  when  I  came  to  see 
that  these  new  imaginaries^  as  they  were  by  ana- 
logy called  at  first,  admitted  of  a  perfectly  dear 
and  simple  interpretation  in  geometry^  the  name 
appeared  to  me  to  become  inappropriate :  and  I 
soon  came  to  call  the  trinomial  i  x  -{-Jy  -|~  ^  ^ 
into  which  those  peculiar  8}'mbok  entered,  the 
vector  part  of  the  quaternion.  Indeed,  it  had 
been  distinctly  pointed  out  by  the  Abb^  Bu^,  in 
a  remarkable  paper  already  alluded  to,  which 
appeared  in  the  Philosophieal  Transactions  of 

Ijrmdon  for  the  year  t806,  that  the  symbol  V  ^1 
nii^ht  be  interpreted  in  geometry  as  a  sign  of 
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perpendictdarity;  and  it  appears  thai  Af^gand,  to 
his  pamphlet  of  the  same  year,  pabliahed  in 
Paris,  arrived  independently  at  the  same  rasslt 
in  connection  with  his  tbeoiy  of  oopkmar  pro- 
portion (compare  par.  IV).  At  a  later  date,  in 
1828,  Mr.  Warren  of  Cambridge  pabSdied  a 
work  "  On  the  Geometrical  Interpretation  of  the 
Square  Roots  of  Negative  Qoantit]es,"  in  which 
nearly  the  same  view  was  taken ;  although  i|>- 
parently  as  a  result  of  his  own  independent  apeea- 
lations.     This  work  of  Warren  bad  been  nad  br 

• 

me,  before  I  first  came  to  think  of  the  qnatsniaBa, 
and  before  I  happened  to  know  anrtliing  of  At 
earlier  investigationB  ofBii^  and  Argaad;  or  of 
any  of  those  other  and  analogous  reieanhB^ 
which  are  briefly  mentitmed  in  the  prabee  to  sy 
Lectures.    Conaequently  the  mere  notion  of  using 

the  sign  i^— 1  m^Teomeff^  is  nothing  In  any  way 
peculiar  to  myself.  But  the  thongfat  of  nsiqg  a 
system  of  signs,  whereof  eacft  dioald  be  Ihos  a 
square  root  of  n^ative  unity,  had  not  (so  &r  ai 
I  yet  know)  been  anticipated.  Indeed,  wiUi  ok 
there  are  not  merely  six  values,  snch  as 

±h  ±j\    ±^  (7T) 

but  even  w^Uiitdy  many  vahme*  of  As  tpskti 

J  —  1  in  geometry;  for  if  yon  a^uatv  At 
trinomial  which  represents  the  vector  part  of  a 
quaternion  g,  attending  to  the  ruUe  indnded  in 
the  fundamental  formula  (a),  you  will  find  that 
this  square  reduces  itself  to  the  expreaaioM, 

(taj  +yy  +  is)«  =  —  (x»  +  /  +  ^..J(p) 

which  has  yeey  extensive  applications ;  and  which 
shows  that  it  is  suffident  to  make  xyz  the  rectan- 
gular co-ordinates  of  any  point  on  the  unU-spkere 
described  about  4he  origin  as  centre,  so  as  to  haw 
the  equation 

x«  +  y*  +  2«  =  1 ;  (78) 

and  that  then  the  symbol  ix-\-  jy~\~  k z  viD 
denote  some  one  of  the  wquarti  rooU  of —  1 ;  se 
that  we  shall  have  concisely  the  equation 

^»=-l,  (79) 

if,  under  the  condition  (78),  we  make 

^  =  »x  +yy+  kz,  (80) 

In  Tact,  it  is  easy  to  see  that  on  ov  prin- 
ciples, the  square  qf  every  riglU  quotient  is  ei|Bal 
to  some  negative  number;  and  this  for  the  wt 
simple  reaM>n,  that  two  successive  qmadrantid 
rotations^  m  any  ptane,  reverse  the  dknKtiom^tks 
turning  line.  But  it  may  beofaeerved  in  paaiinfl, 
to  what  a  nmple  (though  new)  form  (7$) 
the  equation  qf  the  unit-^Aere  (78)  comes 
in  my  system,  to  reduce  itsdf.  Aooonilngly,  I 
have  found  this /orm  (79)  to  lend  itself  wiihm 
to  a  great  number  of  usrful  calculatioDa,  tl» 
results  of  which'  admit  of  uUerpretatioms,  and 
furnish  theorems  in  spherical  geometry,  which 
again  can  in  general  be  varied,  by  the  modcni 
methods  of  tran^hrmation  of  figmre8^.so  as  to 
assist  in  solving  problems  respecting  mrfaoss  of 
the  second  order. 
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XXIX.  The  other  prindiMl  pea^arity  of  the 
ruiw  of  the  symbols  t  J  k  consists  in  their  non- 
commutative  ekaracterj  as  /actony  in  any  muiti' 
pUeaUtm  into  which  they  enter.  And  sach 
aeoordingly  was  the  chief  seeming  difftaUty^ 
or  paradox^  which,  at  the  end  of  the  last,  and 
at  the  beginning  of  the  present  letter,  I  expressed 
a  wish  to  explain  before  this  oorreepondenoe 
sboold  oondude.  Ton  see,  in  fact,  on  comparing 
the  expressions  (73),  (74),  that  while  t  j  =  kj 
we  have  at  the  same  timey  i  =.  —  k\  and  con- 
aequttitly, 

ij   =    -y  M  (■) 

a  FMolt  which  must  seem  mmeh  more  etnmget 
at  first,  than  anything  aboot  mere  roate  of 
wegaiwe  mtity,  Bot  if  we  attend  to  the  geo- 
mHneal  ngnifleation  of  this  equation  (b),  yon 
wiB  see  that  it  expresses  simply  what  is  cer- 
tainly true  m  geometnfy  that  Hf  anjf  two  qitad- 
rtatai  rotaiume,  m  two  recttmffuhtr  pbrneey  be 
Lomftommled  with  eadk  other^firtt  in  one  order  of 
mueemion,  and  aflerwarde  in  (he  oppoeite  order ; 
then,  ahhongh  the  two  reeukant  rotatione  wiU  eath 
he  ^madrontal,  and  each  perfi>rmed  in  the  plane 
perpendietUar  to  the  planee  <^the  two  componentif 
pet  either  qftheee  two  reeuUanti  will  htne,  in  that 
common  plane^  a  direetion  oppoeite  to  the  other." 
And  it  is  oseAil  to  have,  for  this  theorem, 
•Ithougfa  the  proof  of  it  involves  no  difficulty, 
se  Jtmpjs  an  ajpretnon,  as  the  lately  derived 
formula  (b). 

XXX.  Some  additional  light  may  be  thrown 
on  this  geometrical  result,  if,  as  snggested  in  par. 
XXIY.^  we  repkwe  the  two  given  right  quotients^ 
or  right-singled  vereore^  i  andy,  by  the  two  veetor- 
axe$  oorresponding.  For  in  this  view  we  need 
only  consider  the  ttoo  rotatione^  of  these  two  axes 
abotd  one  another :  and  then,  whatever  paradox 
thcM  may  at  fint  seem  to  be,  in  the  equation/  i 
s  —  t'y,  it  receives  an  easy  explanation.  Let 
there  be  two  horizontal  lines,  fri)ni  one  origin, 
directed  respectively  towards  the  south  and  west, 
and  lettered  i  and  j\  while  a  third  line,  drawn 
vertically  upwards  from  the  same  origin,  shall  be 
eaUed  k :  so  that  these  lines  iJ  k  are  now  the  « /8  y 
of  par.  XXV 1 1.  Then  if,  treating  the  sonthwaid 
line  i  as  an  aztt  of  rotation,  we  cause  (or  oonoeive) 
the  line  J  to  revolve  round  it  throng  a  right 
angle,  and  towards  the  right  hand,  this  revolving 
line  will  be  brought  into  the  position  ib,  being 
thus  debated  from  a  westwauxl  into  an  upward 
direction.  But  if,  on  the  oontran',  we  take  the 
line  y,  in  its  original  or  westward  position,  as 
the  axis,  and  oblige  the  line  t  to  revolve  round 
it,  but  still  through  a  right  angle,  and  still  to- 
wards the  right  hand  as  before,  this  new  revolv- 
ing line  t  will  be  depressed  from  the  southward 
to  the  downward  direction,  or  will  be  brought 
into  the  position  denoted  by  —  k.  The  funda- 
mental contreui  in  the  quaternion  calculus,  be- 
t%reen  the  values  of  ij  endj  t,  reproduces  itself 
therefore  in  geometrical  couatrucUons,  through 
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the  coDoeptioB  of  these  two  right  handed  and 
right  an^ed  rotationsy  one  of  /  round  i,  and  the 
other  of  i  round  j,  where  t  and  j  are  two  right 
lines  perpendicular  to  each  other.  We  see,  how- 
ever, by  this  process  as  well  as  by  the  former, 
that  the  commutative  equation  of  muUipUcation 
(<qrz=r  g)  is  not  general^  true  in  qucUemionsf  a 
result  which  may  be  illustrated  in  other  ways,  and 
which  may  be  regarded  as  constituting  the  chief 
distinetion  in  calculation  between  my  method  and 
those  previously  employed,  though  it  is  only  just 
to  mention  that  a  species  of  non-commutative 
multiplication  has  been  used  by  Grassmann  in 
his  very  profound  work,  the  Ansdehnungs-lehre, 
which  appeared  at  Leipzig  in  1844. 

XXXI.  Of  such  applications  as  those  alluded 
to  at  the  end  of  par.  XXV.,  I  have  already  pub- 
lished some  specimens,  while  many  others  remain 
unpublished.  For  instance,  in  pure  mathematics, 
several  theorems  have  been  deduced  respecting 
cones  and  other  surfaces  of  the  second  order,  in- 
cluding two  new  constructions  for  an  osculating 
cone  {f  revolution^  to  any  cone  with  dreular  base, 
along  any  side  thereof;  and  several  new  gene- 
rations qfthe  ellipsoid,  derived  from  the  quaternion 
equation  of  that  important  solid,  or  of  its  sozfue, 
namely,  the  equation 

TOe  +  M)  =  «*-'';  (81) 

where  t  and  «  are  two  constant  vectors  (perpen- 
dicular to  the  two  c}*clic  planes),  while  ^  u  a 
variable  vectoTy  drawn  from  the  centre  of  the  ellip- 
soid to  an  arbitrary  point  of  the  surface :  and 
the  products  i  ^,  ^  »,  are  interpreted  as  two  qua- 
temiona,  fonned  by  treating,  in  each,  the  two 
reetor-fatiore  as  being  the  vector-axes  of  two 
factor-quatemionsy  in  a  way  which  was  lately  ex- 
plained; the  squares^  t\  »*,  being  also  interpreted 
in  an  analogous  way.    It  seems  to  ha%'e  been 
reserved  fi>r  this  new  method  of  geometrical  in- 
vestigation, to  assign  the  complete  solution  of 
the  problem  "  to  tniribey  in  a  giren  surface  qfthe 
second  ordery  a  rectilinear  (but  generally  gauche) 
polggon,  whose  n  sides  shall  pass  in  succession 
thnmgh  n  given  points;''  the  corresponding  pro- 
blem for  the  plane  having  been  very  elegantly 
resolved  by  Poncelet.    But,  whereas  for  the  in- 
scriptioD  of  such  a  polygon  in  a  plane  eonicy  the 
method  of  Poncelet  (Traite  des  PropriSlA  Pro- 
Jectives)  gives  only  two  solutions  (real  or  imagi- 
nary),  whether  the  number  of  sides  of  the  polygon 
be  odd  or  eren,  the  method  of  quaternions,  when 
applied  to  the  ellipsoid,  gives  alwags  four  solu- 
tionsy  two  real  and  two  imaginargy  if  the  required 
polygon  be  even-sided;  the  two  chords  of  sola- 
tiony  which  the  method  employed  by  me  fur- 
nishes, being  alwaj^'s  reciprocal  polars  of  each 
other.     For  the  problem  of  inscribing  an  odd- 
sided  pdggony  in  ang  surface  of  the  second  order, 
I  find,  as  in  the  plane,  only  one  chord  of  solu- 
tion :  and  for  inscription  of  an  ec«fi-sided  poly- 
gon, in  a  single-sheeted  hyperbol/idy  the  four 
solutions  become  cither  all  rea/or  else  all  imaginary. 
These  are  merely  specimens  of  the  ztsuUs  that 
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have  already  followed,  fix>m  the  applicadon  of 
quaternions  to  geometry,  I  might  iiave  men- 
tioned also  some  extennonM  of  the  theory  of  m- 
v<iu^ony  tsom  the  plane  to  $pac»i  and  a  concep- 
tion of  geometrical  syngtvphy^  which  is  not  iden- 
ticai  with  Chasles*  theory  of  homography,  al- 
though I  gUdly  admit  that  it  was  saggested 
thereby.  The  conceptions  of  what  I  call  the 
Anhabkohic  Quatebniok  of/owpomig^ 

(a  B :  B  c) .  (c  D  :  D  ▲),  (82) 

and  of  the  EvoLtmoifABT  Q0atbriiion  of  six 

points^ 

(ab:Bc).(cd!DB).(bf:fa),        (88) 

where  the  points  a  b  c  d  B  F  may  he  situated 
anywhere  in  tpace^  have  also  led  me  into  some 
interesting,  but  as  yet  unpublished  investigations; 
in  8ome  of  the  remits  of  which  (though  not  in 
the  conctptiona  thenuelves)^  I  have  had  the  satis- 
faction (for  such  it  really  has  been  to  me)  of  find- 
ing that  I  have  been  lately  anticipated  by  one 
whom  I  so  much  admire  as  I  do  Moebins  (the 
author  of  the  Baiyoentric  Calculus). 

XXXII.  In  physics,  I  may  just  mention  that 
my  method  lends  itself  with  surprismg  facility, 
to  all  the  fundamental  problems  of  medianics, 
induduig  those  which  belong  to  Poinsofs  Justly 
celebrated  theory  of  coi^les ;  the  oxw  of  any  such 
statical  or  dynamical  couple  being  precisely  the 
vector-part  of  a  oertidn  quaternion-product  qf  too 
ffeetorSf  interpreted  as  axes  qf  right  qttoUents,  on 
the  plan  already  explained.    That  some  new 
theorems  respecting  rotations  qf  bodies  should 
ofler  themselves,  can  appear  to  you  in  no^egree 
surprising,  fipom  the  important  part  which  the 
geometrical  conception  qf  rotation  plays,  in  this 
whole  system.    If  I  had  known  the  present  ma- 
thematical method,  m  1882,  the  theoretical  de- 
duction of  those  two  laws  qf  Ught^  which  have 
been  named  external  and  internal  conicai  r^rac- 
tion,  and  which  liave  been  experimentally  voified 
by  my  friend,  the  Rev.  Humphrey  Lloyd,  would 
have  cost  me  leas  trouble  than  they  did.    The 
quaternions  have  been  found  to  fiimiiBh  also  easy 
proofe  of  some  of  tiie  optical  results  of  the  justiy 
admired  and  regretted  MacCnllagh;  for  hiatanoe, 
those  which  relate  to  what  he  called  the  polar 
plane,  in  connection  with  crystalline  reflection 
and  refraction.    A  transformation,  and  in  some 
sense  a  solution,  of  Laplace's  well  known  and 
Avidely  applicable  Equation,  in  partial  di£ferential 
co-efficients, 

(D«.  +  D%-i-D%)r  =  o,  (84) 

which  bears  on  heat,  and  electricity,  as  well  as 
on  the  attraction  of  spheroids,  have  arisen  out 
of  the  same  general  method;  especially  when 
handled  by  my  friends  of  the  DubUn  University, 
Carmichael,  and  Graves.  In  fact,  the  formula 
(d),  of  the  present  Letter,  will  easily  enable  any 
one  who  looks  at  it  to  see,  what  I  communicated 
to  the  Royal  Irish  Academy  in  1846,  that  if  we 
introduce,  as  I  then  did,  the  new  symbol  of  oper- 
ation^ 
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we  shall  have,  generally, 

d«.-4-d»,H-d\  =  — <1*;  (o) 

so  that  Lapiae^s  Equatien  takes  (as  I  showed) 
this  very  tam^fann, 

<]  *  9  =  o.  (b) 

Mr.  Carmichael,  (F.T.C.D.),  at  a  later  date,  per- 
ceived this  other  transformation,  depending  ea 
my  non-commuiaiive  faw,  above  maiked  (eX  b« 
which  had  escaped  myself 

D«.-f  dV  +  !>".  =  (!>*+  »i>F+i«^)  • 
•  (d^— *D,— JD,);  (i) 

and  Professor  Charles  Graves  has  atiU  men 
lately  pointed  out  a  method  of  eatimaSiBg  what 
he  proposes  to  call  the  Mean  Vahm  aifhnetimi 
(f  Quaternions,  which  method  aeenas  likiiy  ta> 
aanst  much  in  rendering  useful  siidh  syaMU 
transformatione  ue  these.  It  was  throyh  the 
quaternions,  applied  to  the  theory  of  d%tic  or 
otiier  KiM&ftif6erf  motion  of  a  planel,  that  I  was 

led,  hi  1846,  to  that  conoeptioa  of  the  Ciredar 
Hodograpk,  on  whiA  1  have  been  hifiiniied  that 
the  already  dted  and  eminent  Moebins  has  doee 
me  the  honour  to  lecture;  and  to  the  theaea  of 
Hodograpkic  Isocknmism,  (designed  to  wplacB 
Lambert's  theorem),  my  unpubliahed  demoma- 
tion  of  which  has  Utdy  been  thooc^  worthy  cf 
being  supplied  (thou^  by  a  different  pnoBv)  ia 
England.  Applyhig  the  same  general  method  of 
quaternions,  to  the  investigation  of  the  dutuMu§ 
eject  of  the  sun  upon  the  moon,  or  to  that  of 
Neptune  upon  Uranns,  I  showed,  m  1847,  at  te 
second  meethig  of  the  British  Asaodation  m  Ox- 
ford, that  the  expienion  of  this  eifect  ndi^  be  da^ 

veloped  in  a  new  way,  as  foOowa.    The  tamtitm 
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being  called  the  tractor  of  m,  because  h  repe- 
sentB,  in  this  calculus,  at  once  the  directkn  and 
the  quantity,  when  estimated  according  to  New- 
ton's law,  of  the  accelerating  Jbroe  qfiOtraetim, 
"  which  an  unit  of  mass,  placed  at  the  oftgm  (er 
beginmng)  of  the  vector  «,  exerts  on  a  ppint  er 
body  placed  at  the  end  of  the  same  vector;  fti 
<^2^refice  of  two  such  oo-uiitial  tncton,  namdy, 
the  new  fonction,— • 

A  ^  «  =  ^  («  +  A  «)  —  f  •.  (0 
may  be  said  to  be  a  tdbbatob  in  this  ttuwy; 
boMuse  it  expresses,  |n  amount  and  ui  diwetiao, 
the  force  which  an  unit-mass,  supposed  ts  bi 
situated  at  the  common  origin  b,  of  the  tee 

vectors,  «and«  +  ^*»****"^* "^"^  **"** 
on  a  point  or  body  a,  situated  at  the  eod  ef  ti» 
fatter  variable  v€Ctor(«-h  ii),te  dwterfttofwMw 
motion  about  a  body  c,  situated  at  the  endcf  d» 
former  vector  (namely  «);  the  lettoa  •»^^ 
denoting  here  the  lines  B  c  and  c  A.  For  sik 
stance,  hi  the  hmar  theory,  the  letters  a,  b,  c 
may  denote  respectively  theMooo,  the  Sue,  aad 
the  EarUi;   or  hi  that  part  of  the  jdauHaj 

2^ 
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theory,  to  which  allnuon  has  been  made,  the 
name  letten  may  be  need  as  symbols  for  Uranus, 
Nq>Ume,  and  the  Sun ;  it  being  nndentood  that, 
in  every  such  application,  the  UtrbtUar  /mcfion, 
A  f  «,  is  to  be  multiplied  by  the  disturbuM  mast 
or  by  the  nnmber  which  represents  it  So  far, 
the  method  is,  at  least  in  its  conception,  quite 
ffmeral,  and  extends  to  all  perturbafiont  of  the 
enlar  system ;  but  *  peculiar  method  qf  devdop- 
memtf  for  the  cote  when  the  vector  A  «  or  jS,  is  a 
fkorier  lime  than  «,  or  has  (in  the  language  of 
this  calculus)  a  letter  teneor,  so  that 

T/a<T«,  (m) 

as  in  the  two  astrooomical  instances  lately  men- 
tioned, was  found  to  admit  of  being  presented 
with  great  timpHcUy  qfprocett,  and  with  (what 
Appeared  to  be)  interesting  inte/jfrettUiont ;  for 
which,  however,  I  must  refer  yon  to  printed 
pages  of  mine,  in  the  I^'oceediagt  of  (k»  Boyd 
/risk  Academy  for  1847,  or  in  my  separate 
▼olnme  6tLeatwret  on  Qftatendom,  tinady  often 
dted.  The  contrary  cote,  of  th»  perturbation  of 
a  taperior  pkutet  bjf  an  inferior,  or  of  a  planet  2y 
itt  tatellile,  namely,  the  case  where 

TA«=T^>.T«,  (n) 

nqufres  a  d(gerent  denelopment  of  the  tarbaior, 
A  f  «,  namely,  one  which  proceeds  according  to 
^leseendSn^  instead  of  oseeiidfii^  powert  of  the 
quottait  T  /3 :  T  « ;  but  which  can  be  efiected 
according  to  exactly  the  some  ruin  ifcdhidation, 
althoogfait  oondnds  to  ndiffisrentteriet  orsystem 
of  eemponetUfbrcet,  but  still  arranged  in  groupt 
decreanng  in  intentitj^ ;  so  that  the  phytial  m- 
terprtiaikmt  are  not  now  the  same  as  before. 

XXXIIL  I  have  tried,  with  what  seemed  to 
be  as  much  success  as  in  the  present  state  of  the 
caloulns  could  fairly  be  exposed,  some  other  ap- 
plications of  qmU&rnUmt  to  phjftical  aatromomff, 
for  example,  In  some  Investigations  lespecthig 
the  iaearMiftfe^plBMe  of  a  qisteHi  of  6od£ef,  attract- 
ing each  other  according  to  Newton's  law ;  but 
am  not  anxious  to  multiply  such  applications, 
until  the  calculus  itself  shall  be  more  mature, 
and  its  principles  moie  generally  understood.  I 
may,  however,  mentioD  here,  that  the  method  has 
enabled  me  to  exprete  in  a  new  way,  some  of  the 
ftmdamental  properties  of  what  I  called  in  1834 
and  1886,  the  dmraaerittiCf  and  the  principal 
fknetkmt  of  such  an  ottroctMi^  qieMii  of  bodies. 
Tbose  properties  had  the  good  fortune  to  receive 
the  Ihvourable  nctioeof  the  Imperial  Academy  of 
8t  Petenbnig^  as  marked  by  a  diploma  awarded 
by  that  Aeadsny,  in  1887,  and  by  the  transmis- 
aioa  to  me  of  bulletins,  which  was  continued 
during  the  late  Rnasian  war.  They  alro  engaged 
the  attention  of  the  great  German  msthwnatiHsn, 
Jaeobi,  and  were  by  him  ao  much  developed  and 
extended,  as  to  aopiire,  in  his  hands,  an  entirely 
new  fanportance.  Accordingly,  in  a  lithograph, 
dated  Caen,  8th  November,  1856,  which  has 
readied  me  sinoe  this  Letter  was  begun,  the 
author,  Di^  Houel  (who*  had  also  published  in 
Taris,  about  a  year  before^  two  very  elaborate 
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and  important  ihetet,  of  medumics  and  of  astro- 
nomy, rdating  mainly  to  the  same  subject),  has 
been  pleased  to  entitle  his  last  paper  as  follows : 
— '*Note  sur  le  th^r^me  d*  Hamilton  et  d« 
Jaoobi,  et  sur  son  application  k  la  th^rie  des 
perturbations  plan^taires."  And  after  a  sentence 
or  two,  M.  Houd  adds :  "  Mon  but  en  r^ligeant 
cette  Note,  a  ^t£  de  fair  voir,  oombien,  de  tontes 
les  m^thodes  qui  ont  4tk  propos^es  pour  arriver 
aux  ^nations  de  la  variation  dee  oonstantes  ar- 
bitraires,  cdle  que  Jaoobi  a  d^uite  dee  d^u- 
vertes  d*  Hamilton  est  la  plus  directe,  et  la  plus 
shnple.*'  In  mentioning  such  compliments  as 
these^  I  trust  that  I  have  not  been  influenced 
tole^  by  that  egotism  to  which  it  may  be  hoped 
that  jfou  will  be  indulgent,  because  it  is  perhaps 
inseparable  from  the  very  act  of  writing  at  any 
length,  although  in  compliance  with  your  own 
repeated  request,  on  a  sutsJect  which,  like  the 
sulyject  of  these  Letters,  haB  hitherto  been  left 
chi^  in  my  hands,  notwithstanding  the  im- 
portant contributions  to  it,  that  have  been  inci* 
dentally  made  by  several  other  persons,  since  my 
first  papers  on  quaternions  appeared,  which  con- 
tributions I  wish  that  time  and  room  made  it 
possible  for  me  here  to  specify.  Hy  wish  ha^ 
been  to  express,  at  least  in  part,  how  much  I  feel 
the  encouraging  kindness  which  has  been  uni- 
formly evinced  to  me,  by  my  scientific  contem- 
poraries in  foreign  countries,  as  well  as  in  our 
own ;  and  also  to  su^^^  how  wdl  aware  I  am, 
that  the  capabilities  of  that  new  calculus,  to 
which  the  present  Letters  have  had  reference,  wOl 
never  be  done  Justice  to,  until  it  shall  be  taken 
up  in  earnest  by  persons  at  home  and  abroad, 
and  many  such  there  are,  better  fitted  than 
myself  for  the  task.  Indeed,  the  quaternions 
seem  to  me  to  admit  of  entering  into  an  alliance 
so  dose,  yet  new,  with  eeery  part  of  pure  and 
iy>plied  ffeometry,  and  at  the  same  time  to  require 
such  kerge  additional  devdopments,  before  thdr 
relations  of  andcgy  and  contrast  to  existing 
methods  of  oaladation  shall  be  fully  known,  that 
I  count  mysdf  merefy  to  haveftt^ua  them.  The 
fidd  is  fitf  too  wide  to  be  tilled  by  a  solitary 
labourer,  even  with  occasional  assistance  ftom  a 
few  friends,  who  fed  some  interest  in  his  exer- 
tions. The  time  may  come,  though  if  so,  it  will 
be  due  to  other  explorera  rather  than  to  me,  when 
the  tnaihematict  of  this  calculus  having  become 
compaiativdy  mature,  it  shall  admit  of  being 
extensivdy  and  usefully  applied  to  phytict,  as  a 
new  inetntment  in  the  study  of  Nature,  lu 
the  prospect  of  sndi  a  time,  I  fed  with  no  jedous 
pain,  that  although  it  may  have  been  permitted 
to  me  to  aooompHsh  sosw^Am!^  In  this  enterprise, 
as  an  honourable  Suitor  of  ScieDce,  yet  the  Bow 
awdts  its  Ulysses. — 1  am,  my  dear  Sir,  in  oon- 
dusion, 

Very  truly  yours, 
WiLUAM  JUmAM  Hauarox. 


Obsssvatort  op  Tbikitt  Coubg^ 
Ocaua,  Jtmrnury  2i,  VUii, 
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[Since  die  d«te  of  the  foregdog  lAtUn  (which 
tbe  Editon  have  thought  it  obnyenient  to  reprint 
as  they  were  written,  some  few  aentenoee  onij  be- 
ing omitted,  and  aooents  or  indices  corrected),  tbe 
new  branch  of  mathematics  to  which  thej  reUte 
spears  to  iiave  attracted  an  increasing  degree 
of  attention,  in  oar  own  and  in  foreign  conntries. 
Tbe  LuAwt*  (Dublin,  1853)  have,  for  example, 
formed  tbe  sabject  of  a  fiivoorable  article  in  the 
Nrnih  Amaicam  Eeview  for  July,  1857 :  and, 
indeed,  the  Qoatemions  had  been  mentioned  as 
among  the  sonroes  of  hope  for  the  fatore  pro- 
gress of  analytical  mechanics,  in  the  conclusbn 
to  a  very  beautifol  volome  (A  System  ofAnafy- 
tie  Metjuanct,  &&,  page  476.  Boston,  1855) 
on  that  science ;  by  Professor  Benjamin  Pierce 
of  Harvard  University,  U.  8.,  as  follows: — 
*'  ....  and  much  most  soon  become 
antiquated  and  obsolete  as  the  science  advances, 
and  especially  when  we  shall  have  received  tbe 
full  benefit  of  the  remarkable  machinery  of 
Hamilton's  Quaternioru."  More  recently,  in  a 
paper  read  at  Leipsig,  in  April,  1859,  and  en- 
titled, **A.  F.  Monies,  nener  Beweis  des  in 
Hamilton's  Lectures  on  Quatemiont  aufgestellten 
assodativen  Princips  bei  der  Zusammensetzung 
von  Bogen  groester  Krdse  einer  Kngelflache,** 
the  eminent  inventor  of  the  Baryceairic  CtUcuhu 
has  communicated  some  valuable  and  interesting 
elucidations  of  that  Assoeiathe  JMnc^k  which 
has  occupied  so  large  a  space  in  the  foregoing 
Letter  III.;  and  indeed  has  thought  it  worth 
while  to  reproduce  the  diagram  which,  in  art. 
XVII.  of  that  L^ter,  has  been  given  as  Fig.  4, 
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omtttbg,  however,  the  dotted  eBqne  of  that  flgm^ 
because  Professor  Mdbios  proposes  to  prove  the 
theorem  of  association  by  certain  cooaideratiQos 
of  rotation  (avowedly  in  part  anggestod  by 
the  Lectures*),   and  not  by  any  properties  it 
epherioal  conies^  which,  indeed,  had  beoi  chieflj 
used  by  Sir  William  Hamilton  as  f^^istnttifflK 
In  the  same  year  (1859),  Professor  P.  A.  Tait, 
of  Queen's  College,  Bdfast,  has  pnbliabed,  in  the 
May  No.  of  the  Quarterly  Jountal  of  Pme  end 
Applied  MathemaUcSt  a  paper  on  the  applicaliiii 
of  quaternions  to  Fresnel's  Wave  Snrfiioe;  whScfa 
paper,  although  based,  of  course,  on  fhtprima^im 
of  the  Lectures^  exhibits  oonsideraUe  power  and 
originality  in  the  handling  of  the  adaJue,    To 
that  important  surfeoe,  it  appears  that  Sir  W. 
R.  H.  had  long  since  (as  was  natural)  apffied. 
to  some  extent,  his  own  matfaemadcal  inaln- 
ment;  and  recently,  besides  a  paper  read  to  tiie 
Royal  Irish  Academy,  he  cSreolated,  in  aeolian 
A.  of  the  British  Association  at  Aberdsoi,  a 
lithographed  account  of  a  singularly  short  pro- 
cess of  analysis,  whereby  be  arrived  almost  aaen- 
tally  at   ^at  celebrated  comstrvetion  ftr  the 
wave  which  had  beea.  assigned  l^  FresDel  as 
the  result  of  extremely  complex  ralmlariniB. 
We  understand  that  Sir  W.  Hamilton  has 
for  some  time  past  engaged  in  drawing  up  a 
work,  to  be  entitled  Elements  of  QmO&rmam,  m 
which  he  hopes  to  present  ths  prindples  and 
some  of  the  appUcadons  of  hia  calcnloB,  in  a 
form  more  easily  accoosible   to    mathanatiesl 
students  than  that  adoptsd   in  the 
January,  18G0]. 
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BacliaBt  Heat.  Heat  travels  by  one  or  other 
of  three  different  methods : — 1st,  By  conduction 
slowly  from  particle  to  particle ;  2d,  By  convection, 
in  which  the  particles  of  liquids  or  gases  become 
heated,  and  by  alteration  of  density  consequent 
thereon,  move  their  position,  and  thus  carry  the 
heat  along  with  them ;  8d,  By  radiation  or  instan- 
taneous passage  by  wave  motion  from  one  point 
to  another,  in  the  same  manner,  and  following  the 
same  laws  of  propagation  as  light  By  radiation 
Heat  is  difiiised  from  world  to  world  in  space, 
passing  from  the  sun  to  the  earth  in  about  eight 
minutes,  a  portion  of  it  returning  to  the  sun  again 
in  an  equally  short  interval  of  time.  Thus,  from 
body  to  body  on  the  earth,  and  from  one  point  of 
space  to  another,  is  heat  continually  moving. 
Like  all  forces  or  motions  emanating  from  a 
centre,  and  spreading  as  it  recedes,  it  becomes 
enfeebled  according  to  the  square  of  the  distance 
which  it  traverses.  Thus,  at  twice  the  distance 
it  is  only  one-fourth  the  intensity,  and  so  on,  by 
which  law  we  are  enabled  to  compute  its  effects  in 
a  multitude  of  cases,  not  only  in  its  passage  fh>m 
one  body  to  another  in  our  experiments,  but  also 
in  its  progress  through  theheavens.  Like  light,  it 
is  reflected  and  refracted,  and  according  to  similar 
laws,  not  only  when  it  is  accompanied  by  light, 


as  in  flie  sunbeam,  but  abo  when  it 
invisible  radiation  only  peroeptibla  by  the 
moscope.  Sir  John  Leslie,  by  ezpoaiqga  hoUsw 
cube  of  tinned  iron,  containing  heated  matavBwr 
a  delicate  air  thermometer,  proved  thai  the  que- 
tity  of  heat  emitted  or  radiated  ftom  a  body  ds- 
pends  not  only  on  its  temperatore^  to  wbidi  It  is 
proportional,  but  alsoeo  the  nature  of  theaadhea 
Thus  one  side  of  the  cnbe  being  pofishad  tfai,  the 
next  roughened  tin,  the  third  ooverod  by  wittiag 
paper,  and  the  fourth  smoked  over  by  lanipblad;* 
these  sides  gave  out  respectively  quantities  «C 
heat  proportional  to  the  nnmbers  12, 46,  M,  100. 
He  likewise  proved  that  the  power  of  tfaasa  mr- 
feces  in  absorbing  heat  was  rsprenotad  by  ths 
same  nnmben,  and  that  the  power  of  reftntieK 
it,  of  oonrse,  was  in  the  inverse  proportion.  Msl- 
loni  has  since  shown  that  the  quali^  of  tte  ■»> 
face,  which  fevours  rsAectioD,  Mid  pffereota  ledift^ 
tion  and  absorption,  ia  Its  densi^  or  oonpartasia 
These  prindples  find  many  applicBtloaB  in  oafiond 


*  "  Herr  Hamlltoa  Ist  In  selnen  an  nenen  fdeea 
8&tzen  sehr  reicheii  LeeSurei  o«  QwHi  iiifli  *"  . 
^*  Wenn  msn  toq  einein  Ton  Ham  Hamilton 
D«n  and  in  selnen  Lectures  ebaofens  mii 
Zasammenaetcanff  tod  AxendrdraBgen 
1)etrefiiBaden  Fnnaiiraeatalaatae  aaageot.* 
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arrangements,  and  are  of  great  importance  in 
artificial  operations. — Heat  passes  by  radiation 
not  only  through  celestial  space  and  atmospheric 
air,  bat  also  through  many  substances,  both  solid, 
liquid,  and  gaseous.  Delarocbe  showed  that 
whfle  the  heat  of  the  sun  can  travene  glass 
nearly  without  obetmotion,  it  is  otherwise  with 
the  hieat  emanating  from  a  common  fire  or  even 
Aom  the  flame  of  a  candle.  A  much  greater  pro- 
portion of  the  latter  is  kept  back ;  a  circumstance 
which  seemed  to  indicate  a  difference  in  the  nature 
of  the  beat  emitted  by  terrestrial  and  celestial 
souross.  M.  Melloni  of  Naples,  favoured  by 
the  delicate  means  of  measuring  e\'en  very  small 
changes  in  the  quantity  of  heat  afforded  by  the 
new  saeooe  of  Thenno- Electricity,  has  done 
much  toward  the  investigation  of  the  laws  of 
radiant  heat  in  its  passage  across  different  media ; 
and  non  recently  M.  Knoblauch,  Professor  of 
Natural  Philosophy  in  the  University  of  Mar- 
burg, has  suoeeesfoJly  laboured  in  the  same  field. 
We  shall  here  shortly  give  some  account  of  their 
principal  results.  The  apparatus  made  use  <tf  by 
UMse  eKpflrimentOB  consisted  of  a  Thermo-Elec- 


trie  Pile,  a,  acting  on  a  veiy  delicate  astatic 
galvanometer.  Difleient  sources  of  heat,  one 
of  which  is  represented  at  d  ;  a  screen  b,  with 
•B  apertora  about  the  eiae  of  the  cross  section  of 
the  pile,  and  the  difibmt  media  to  be  experi- 
flssnced  oo  as  at  c,  placed  in  the  course  of  the 
beam  in  ita  progress  toward  the  pile.  Mel- 
loni  divides  bodies  into  athennanoua,  or  those 
hwapabie  of  tnnsmittaig  radiant  heat,  and  diar 
tbervanons,  or  those  which  are  pervious  to  radiant 
beat  He  found  that  the  property  of  diather- 
BMiiian,  or  transparency  for  heat,  was  not  at  all 
psxipertional  to  the  transparency  of  the  same  sub- 
•tanoe  for  light.  Thus,  dark  brown  rock  crystal 
neariy  opaque  to  light,  yet  transmitted  much 
more  heat  tluui  a  similar  thickness  of  almost 
perfoetly  transparent  o^ttallized  alum.  Rode 
salt  is  the  only  perfectly  diathermanous  solid 
ezperiuMOtad  on  by  M ellonL  He  found  that  out 
of  100  paita  of  heat  iallmg  on  the  surface  of  a 
plate  of  this  substance,  7  per  cent  are  reflected, 
and  the  remaining  98  per  cent  are  transmitted, 
there  being  no  absorption,  as  shown  by  the  fact 
that  tiw  intarpositk»n  of  soch  a  plate  between  die 
aouree  of  heat  and  the  thermo-«)ectric  pile  pro- 
duced very  little  change  on  the  position  of  the 
needle  of  the  multiplier,  and  also  by  the  cireum- 
stance  tliat  the  crystal  itself  remains  unchanged 
in  tempentnn.    Bodies  are  less  diathermanous, 
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the  lower  the  temperature  of  the  source  from 
which  the  heat  proceeds.  Melloni  also  found 
that  rays  of  heat  were  decomposed  by  absorption 
in  their  passage  through  diathermanous  bodies, 
in  the  same  way  as  light  suffers  partial  absorp- 
tion in  its  passage  through  some  materials ;  white 
light  passing  in,  that  is  light  containing  all  the 
oolours,  but  only  some  rays  emerging,  gi\ing  the 
appearance  of  colour  to  the  substance,  the  othem 
being  absorbed  in  the  passage.  Such  media 
Melloni  called  Thermo-chroK.  Heat  which  Ium 
passed  through  glass  can  pass  through  a  great 
additional  depth  of  glass  without  suffering  much 
absorption,  while  it  cannot  penetrate  alum. 
Water  was  found  to  be  nearly  atheimanons,  that 
is,  opaque  to  heat,  notwithstanding  its  transpa- 
rency for  light  These  investigations  of  Melloni 
must  be  looked  on  with  great  interest,  as  opening 
up  new  views  of  many  natural  phenomena,  and 
also  as  laying  the  foundation  for  more  extended 
research.  It  has  alreskdy  been  stated  that  M. 
Knoblauch  has  since  repeated  and  extended  Mel- 
UmVs  observations,  and  has  in  many  cases  con- 
firmed them;  while  in  others  he  has  subjected 
the  results  to  considerable  modification.  Hi^ 
chief  conclusions,  drawn  from  experiments  with 
a  similar,  but  perhaps  a  superior  apparatus,  are 
as  follows : — The  amount  of  heat  which  passes 
through  diathermanous  bodies  bean  no  direct 
relation  to  the  temperature  of  the  source  Aroni 
which  the  heat  has  emanated.  Substances  are 
heated  in  different  degrees  by  the  same  tempera- 
ture of  the  source,  and  this  difference  depends 
not  on  the  heat,  but  on  the  peculiarity  of  the 
body  receiving  it  Bodies  become  heated  in  iHt>- 
portton  to  the  thickness  through  which  the  heat 
passes  up  to  a  certain  limit  "  The  radiating 
power  of  a  body  is  the  same,  be  the  caloriiiu 
rays,  by  which  it  has  been  heated,  of  ever  so 
many  Irinds.*'  The  heat  which  is  radiated  by  a 
body  is  independent  in  **kind"  of  the  source  or 
sources  fixun  which  its  heat  has  been  derived. 
The  heat  emitted  by  all  sorts  of  bodies  at  the 
same  temperature,  is  the  same  in  kind.  The  fol- 
lowing criterion  is  given  by  Knoblauch,  as  a  test 
of  whether  a  substance  is  a  diathermanous  or  not. 
"  If  the  heat  whidi  impinges  upon  the  plate  under 
examination,  when  exposed  to  an  argand  lamp, 
cannot  by  trsnsmission  be  distinguished  from  the 
heat  of  any  other  known  adiathermanous  bodv, 
the  plate  itself  is  adiathermanous.  Tf  differencen 
do  occur,  it  is  diathermanoua.  Heat  is  greatly 
modified  by  diflbse  reflection  in  some  cases,  while 
in  others  it  is  unaffected ;  thus  rays  of  heat,  re- 
flected from  a  surface  of  carmine,  had  a  mucii 
greater  power  of  penetrating  calcareous  spar  than 
Uiose  coming  directly  from  an  argand  lamp,  and 
suffering  no  sudi  r^ection.  It  was  ascertaine<i 
that  the  changes  experienced  by  heat  on  diffuse 
reflection  are  merely  the  result  of  a  select  absorp- 
tion by  the  reflecting  surfoces  of  certain  rays  of 
heat  transmitted  to  them.  It  cannot  thus  be  said 
that  any  body  reflects  heat  better  or  worse  than 
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Any  other  (metak  and  charcoal  excepted),  becnise 
this  relation  varies  with  eadi  kind  of  radiation. 
The  complexity  of  the  heat  emitted  by  any  eooroe 
increases,  though  not  proportionally,  with  the 
temperatme.  KnobUoch,  in  1862,  applied  him- 
self to  the  question  whether,  in  one  and  the  same 
diathermanons  body,  the  quantity  of  heat  trana* 
mitted  through  any  ghren  tludcneBB  of  it,  de- 
pends in  any  degree  tm  the  direction  of  that 
transmission.  Mdloni  had  already  condoded 
that  heat  passes  equally  freely  through  crystals 
of  quartz  and  calcareous  spar  in  aU  direction& 
Knoblaudi,  on  the  contrary,  found  that  in  brown 
crystals  of  quartz  rays  parallel  to  the  axis 
passed  throu^  in  a  quantity  represented  by  100, 
while  if  perpendicular  to  that  axis,  they  only 
passed  in  quantity  represented  by  92.  With 
beryl  and  tourmaline  similar  results  were  ob- 
tained. He  likewise  found  that  heat  whk^  has 
passed  through  some  crystals  such  as  beiy], 
parallel  to  the  axis,  has  a  diflhrent  power  of 
penetrating  diathermanons  bodies  tnm  that  which 
has  passed  perpendicular  to  that  axis.  In  all 
directions  of  transmission,  except  along  the  axis  of 
the  ciystal,  tiie  position  of  the  plane  polarization 
if  the  heat  be  polarized,  influences  the  quantity 
transmitted.  This  result  Is  only  what  might 
have  been  expected,  oonndering  that  a  xay  of 
light  or  heat,  in  traversing  a  doubly  xefracdng 
crystal,  is  divided  into  two— the  ordinary  and  the 
extraordinary — ^the  one  polarized  In  a  plane  at 
right  angles  to  the  other;  and  that  this  occurs  In 
every  direction  of  transmission  except  along  the 
axis.  The  preceding  invesdgatioos  by  Knob- 
lauch, while  enrkus  in  thanselves,  are  also 
satisfiictory,  as  agredng  well  with  the  modem 
theory  with  regard  to  the  nature  of  heat  This 
theory,  hokiing  heat  to  be  not  a  substance  but  a 
vibratory  motion  of  the  etherial  medium  in  space, 
or  of  the  ultimate  particles  of  matter,  would  of 
coarse  hidicate  that  a  ray  of  heat,  ftom  whatever 
source,  ought,  at  the  same  temperature^  to  be  of 
the  same  nature^  as  it  is  merdy  a  wave  travers- 
ing the  ether.  This  Enoblanch*s  experiments 
have  shown.  He  has  proved  likewise  that  ra- 
diant heat  is  altered  in  its  qualities  by  reflection 
from  difliBrent  kinds  of  surface—a  circumstance 
which  the  undnlatory  theory  would  lead  ns  to 
expect,  as  the  partides  of  eveiy  difli»ent  snrflwe 
win  have  periods  of  vibratk>n  of  their  own,  which 
must  be  independent  of  the  rapidity  of  undulation 
of  the  wave  which  sets  them  in  motkm;  and  from 
these  new  series  of  waves  originate,  and  of  course 
partake  of  their  rapidity.  The  modem  theory 
pomts  out  that  there  may  be  an  indefinite  variety 
of  heat  in  a  thermal  beam,  each  kfaid  diflforing 
from  the  other  in  rapidity  of  undulation,  and  that 
the  one  may  be  converted  into  the  other  by  any 
agency  which  has  the  power  to  alter  the  rapidity 
of  vibration.  Waves  of  heat  in  general  have  a 
less  rapid  vibration  than  those  of  light;  and  it 
U  easy  to  oonodve  in  this  way  how  the  same 
medium  may  transmit  the  two  sets  of  motions  in 
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duferant  degrees,  In  some  casiw  sloppii^  Ae 
and  permitting  the  li|^  to  paaa.  This  no  doubt 
occurs  with  the  compaiativd j  alow  thennal  on- 
dulations  into  wliich  the  sonl 
in  tiidr  reflection  from  the  Btatum  of  the 
when  they  are  abaotbed  m  thegr  liavaae  the 
earth's  atmosphere,<^4i  cuvunutance  whidi  has 
been  brought  to  ex{daln  Uie  comparative  ahasaoe 
of  heat  from  even  the  most  inteoMi  moonbeaMytsk- 
ing  lor  granted  that  the  air  is  not  perfeeCly  dis- 
thermanooa.  Mr.  Hopkins  has  noeotlj  a|i^ed 
the  fbr^ing  princq[desof  diatfaomaii^  to  inn»> 
ligations  with  reflarenoe  to  tlie  temperatasi  of 
space,  and  the  probable  efiixt  of 
modifying  the  cUmate  of  the 
of  the  sdar  system,  and  has  anivwl  at 
dons  not  without  intarast  to  the  acieoae  of  Ba- 
diant  Heat 

nadliati— >  If  any  InAoenoe  wliatouiiu  h 
propagated  through  space  in  straight  finea,  it  is 
said  to  be  propagated  by  Ritdiatiom,  Lapboe 
attempted  to  dtBdnoe  from  dife  sfanple  idea  of 
Radiation,  the  necessity  of  the  Law  tint  all 
central  forces  must  diminiah  fa  intensity  as  At 
mvene  iquaret  of  ths  dittamen:  bat  Us 
ing  is  wholly  unsatisfiictoiy.  Iliis  most 
aiulyst  was  a  very  poor  metiqiliyaieiaB,  and  he 
wanted  some  of  the  q;oalities  easeirtial  Id  Ifaa  flSMd 
phyaidst* 

Ballwmr,  or  BsdlraiUi,  meana,  sbiedy,  a 
road  or  way  fturnished  with  lafls  or  ban^  mitm 
upper  snifaoes  of  iriiich  the  earriag^-vdiads  nB. 
In  an  extended  sense  of  the  word,  "*  Baahrsy,"  It 
comprehends  all  the  land,  woika,  buikliqgi,  and 
machinery  required  for  the  aoppstt  and  ose  of 
the  road  or  way  with  its  rails.  TIm 
adwmtoffet  of  laihrayB  wn,  frwif  tfaa 
of  the  resistanee  opposed  to  tbs  moCloD  of  a 
load  by  them,  as  oompsed  with  warnnoa 
ataUqweds,  and  with  canak  at  aD  ezee|il 
low  speeds;  and,  soooad^,  the  fhctUcy 
by  railway  for  the  use  of  medianiaal  mrtiwfli  of 
propulsion,  whereby  loads  are  transported,  and 
speeds  attained,  whidi  would  be  ocherwise  Ibh 
practieable.  Tlie  oommsrctof  odbaatopas 
ways  are,,/Gnl,  direct  economy  in  coat  of 
whether  of  passengers  or  of  goods ; 
economy  of  time,  whether  of  that  oooapied  in  the 
transport  of  valuable  goods,  or  of  thi^ 
in  travelling  by  those  whose  thna  ia 
The  90ckU  advantages  of  laUwayB  are^  JHC,  tbs 
cheap  and  swift  transport  of  tlioso  win  pEMtiss 
any  art,  whether  by  manoal  or  by  nsental  laboai; 
to  those  places  hi  which  their  woric  is  raqjafaed: 

aacoarf(y,  the  extension  of  tiie  beneflta  of  nyid 
and  easy  travdUng  to  the  pooiest  daaaea  «f  tin 
community ;  and,  rtirrf^,  the  rapid  and  extea- 
dve  difiusion  of  knowledge.  Bailwaysareoftao 
lands,— -PAite  JBii'fipqytT  or  T 
broad  andflat  rails  of  stone  or  cast  iron,  with 
without  ledges  or  flanches,  are  used  to 
the  rolling  resistance  of  sodi  oarriagea  aa 
used  to  convey  heavy  9oods  and  minenli  OB  I 
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HMD  roads;  and  BaUwojft  proper,  or  Ed^e  RaS^ 
wag9^  raited  Ibr  ouriages  of  a  special  kind,  hav- 
ing flamdwd  wheels,  and  for  locomdtive  engioes. 
Stooe  tramways  were  used  at  a  remote  pe^xl  in 
Italy.    Tramways  of  granite  or  cast  iron  aro  of 
fteqjosnt  ocomrenoe  in  Britain  and  elsewhere. — 
RaShioagi  proper  appear  to  have  been  flnt  used  in 
the  mining  districts  of  the  north  of  EngUmd,  iinr 
the  ooDTeyanoe  of  coal,  abont  the  middle  of  the 
seventeenth  centniy.    Tlie  rails  were  at  first  of 
wood,  and  allerwaifds  of  wood  proieeted  on  the 
nppo  amface  hj  a  thin  plate  of  wrought  iron, 
CmX  iroD  rails  wero  first  nsed  at  Cdetoookdale 
Ijwiworhs,  in  Shropshire,  in  1769.  Wrongfatiron 
rails  wen  first  tried  in  1805,  l^  Mr.  Nixon,  and, 
in  1820,  were  improved  eo  as  wholly  to  sopcnede 
east  iron  nib,  and  bronght  to  a  fonn  reeembling 
tboee  now  used,  by  Mr.  Bhfcinshaw.  About  this 
period,  and  Ibr  ten  years  afterwards,  the  coostruo- 
tioD  of  local  railways  of  moderate  length  became 
much  extended,  and  th^  were  used  in  yarions 
cBstiicts  fx  the  conveyanoe  of  agricultural  pro- 
duce, mwchawlise,  and  paesengers.   In  1829-80, 
the  oomi^etion  of  the  lirerpool  and  Mancheeter 
Kaihray,  by  George  Stephenson,  and  the  practical 
demonstration  of  die  poesibility  of  attaining  ratee 
of  speed  enormously  exceediag  anything  pre- 
viously known  in  travelling,  gave  that  impulse 
to  the  extension  of  railways  which  has  since  led 
to  their  adoption  as  the  ddef  mode  of  oooveyanoe 
in  everf  civilised  country.   In  the  hf/ntg  out  and 
etmstmetiom  of  the  earlisBt  railways,  the  natural 
dedivities  of  the  ground  were  IbUowed.    After- 
tnuds  the  practioe  was  l>y  degrees  introduced  of 
moderating  thoee  declivities  hy  embanking  or 
arching  across  valleys,  and  by  cutting  or  tun- 
nelling through  hiDs,  as  weD  as  the  practioe  of 
avoidfaigiutetfaience  with  the  traific  of  roads  and 
streets,  by  carrying  the  railway  over  or  under 
them  by  means  of  bridges,  untfl  at  length  the 
works  hi  earth,  masonry,  timber,  and  irMi,  em- 
ployed in  the  construction  of  railways,  have  b^ 
come  the  grsatest  of  all  mechanical  structures. 
The  extent  to  which  it  is  advisable,  on  a  proposed 
line  of  raflway,  to  moderate  the  dedivities  or 
'^  gradients,"  and  so  to  diminish  the  cost  of  trans- 
port, by  means  of  works  whidi  increase  the  cost 
of  construction,  is  a  question  Ibr  the  Judgment  of 
the  engineer.    The  mo^jm  power  which  wss  first 
employed  on  railways,  and  which  continues  to  be 
emplc^ed  in  particular  cases,  was  tliat  of  kortes. 
On  raUways,  as  on  common  roads,  the  speed  at 
whidi  the  effidency  of  a  horse  is  greatest,  varies 
according  to  his  breeding  and  other  peculiaritieB, 
from  three  to  ten  miles  an  hour.    OravUjf  is  em- 
pfeyed  as  a  motive  power,  where  the  dedivity  of 
•  descending  gradient  is  sufficient  to  overoome  the 
resistance  c?  the  ceiriagea.    Where  the  whole  of 
the  heavy  traffic  deacends  flram  a  higher  to  a  lower 
levd— as  in  some  of  the  local  minoal  railways — 
se/f-aetrnff  mefkudphmu  are  used,  on  whidi  the 
loaded  waggons  deeoeoding,  draw  up  the  return- 
ing empty  waggons  by  means  of  a  longrope^sup- 


BAt 

ported  by  sheaves  or  pulleys.    StaHonaty  JS^eam 
Engmtt  are  used  to  draw  trains  of  waggons  or 
vehides  by  means  of  ropes,  (now  generslly  made 
of  iron  wire).    The  employment  of  such  engines 
is  diiefly  confined  to  very  steep  inclined  planes, 
although  they  have  occasionally  been  used  dse- 
whers.  For  a  short  tfane,  stationaiy  steam  engines 
were  used  on  some  lines  of  railway,  called  ^Atmo- 
spheric,'* to  exhaust  air  firom  a  tube  Ijing  bo* 
tween  the  rails,  containing  a  piston,  to  whidi  the 
train  was  attadied,  so  as  to  be  dragged  by  the 
atmospheric  pressure.    The  motive  power  em- 
ployed on  all  main  lines  of  railway,  and  on  almost 
all  brandi  lines,  is  that  of  the  Locomolhft  Steam 
Engme.    In  1769  (aooordhig  to  Watt),  the  idea 
of  employing  steam  to  move  wheel>caniages  -was 
suggested  by  Robison.    In  1784,  Watt  patented 
a  locomotive  steam  engine,  whidi,  however,  be 
never  constructed.    About  this  time,  or  dxxrtly 
afterwards,  a  small  woridng  modd  of  a  locomotive 
engine  was  made  by  Murdodi,  assistant  to  Watt 
In  1802,  Trerithick  and  Viviaa  patented  a  locomo- 
tive engine,  whidi,  about  1804,  was  constructed 
and  set  to  work,  and  travdled  at  about  five  miles 
an  hour,  with  a  net  load  cf  ten  tons.  From  time 
to  time  after  this  date,  the  locomotive  engine  was 
gradually  improved  by  various  engineers,  but  by 
none  so  much  as  by  €korge  StephoDSon.  To  him, 
in  partkmlar,  is  doe  the  invaluable  inventfen  of 
the  Uati-pipe^  whidi,  by  blowing  the  waste  steam 
hito  the  chimney,  regulates  the  draught  of  the 
ftimace,  and  the  consumption  of  ftid,  according 
to  the  work  which  the  engine  is  performing  at 
the  time.    Up  to  1829,  the  ordhiary  speed  of 
locomotive  engines  did  not  exceed  that  of  horses ; 
and,  according  to  Bir.  Wood,  the  maximum  prac- 
tical performance  of  an  engine^  weighing,  with  its 
tender,  about  ten  tons,  was  to  convey  forty  tons 
atsixmflesanhour.   In  1829,  the  ImMot  ftoifer, 
essential  to  the  obtaining  of  a  huge  heating  sur- 
face in  a  limited  space,  was  invented  by  Mr. 
Booth,  and  executed  by  Mr.  Stephenson;  and 
on  the  6th  of  October,  1829,  oocuired  that  famous 
trial  of  locomotive  engines,  when  the  prize  offered 
by  the  directors  of  the  Liverpool  and  Manchester 
Bailway  was  gained  by  Mr.  Robert  Stephenson*s 
engine,  the  Bixket, — that  engine  having  attained 
the  speed,  till  then  considered  impoesible,  of  twenty 
milee  an  hour.    Shice  that  time  the  locomotive 
engine  has  been  varied,  and  improved  in  various 
details,  and  by  various  engineen,  too  numerous 
to  be  mentioned  here.    Its  weight  now  ranges, 
according  to  the  work  it  has  to  do,  between  dx 
tons,  and  fifty  tons,  induding  the  tender.    Its 
load  ranges  ftom  fifty  to  (00  tons.    Its  speed, 
for  the  conveyance  of  minersls.  Is  firom  ten  to 
twenty  miles  an  hour;  for  that  of  goods  fh>m 
fifteen  to  twenty-five;  for  that  of  passengers  and 
mails,  from  twenty  to  sixty  miles  sn  hour.    The 
true  theory  of  the  locomotive  engine  was  first 
publidied  by  Pambour  hi  1886.    The  pamve 
rmttanee  to  the  motion  of  tlie  carriages  on  rail- 
ways consists  of  three  parts; — flrstj  the  frictiun 
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of  the  axles  in  their  bearings,  and  of  the  wheels 
rolling  on  the  rails,  which  is  a  constant  quantity 
at  all  speeds,  and  varies  according  to  the  con- 
straction  of  the  wheels,  axles,  and  axle-boxes, 
and  the  kind  and  mode  of  application  of  the 
unguent,  from  3^  of  the  load  to  -^^ : — secondly, 
the  resistance  arising  from  vibration,  the  law  of 
which  has  not  been  exactly  ascertained,  but  which 
appears  to  vaiy  nearly  as  the  velocity,  and  to  be 
inappreciable,  or  nearly  so,  bebw  ten  miles  an 
hour; — and,  thirdly,  the  resistanoe  of  the  air, 
varying  as  the  square  of  the  velocity.    The  gen- 
eral result  is,  that  the  total  resistance  of  a  rail- 
way train  varies  from  about  -g^  to  yW  ^^  ^^ 
gross  load.   The  extremely  low  resistance  of  -^g- 
of  the  gross  load  has  never  been  obtained  except 
with  one  peculiar  description  of  passenger  carriage, 
formerly  used  on  the  ikorae-worked  railway  be- 
tween Edinburgh  and  Dalkeith.     Much  remains 
still  to  be  ascertained  respecting  the  resistance  of 
railways. — Acthobities.    Wood  On  RaUroadB; 
Simms's  PubHo  Works  qf  Great  Briiain;  Pam- 
hour  Om  the  Locomotive  Engine;  Hqtortt  q^  the 
Britieh  AseocioHon;  Report  of  the  Ctnnmisnonere 
on  the  GoMge*;  Annual  Rqiorte  qf  the  RaibDoy 
Commieeionen;  Gouin,  Lechatelier,  &a,  Traits 
dee  Madimee  Looomotwes;  Clark  On  EaUway 
Machinery;  Rankine  On  (^Undrical  Wheds,  &c 

Bate.    A  meteor  too  well  known  to  need 
description.     The  integrant  particles  of  a  doud 
or  fog  are  hollow  vesicles,  capable  of  floating  in 
the  air  or  of  being  kept  from  falling  by  the 
slightest  breeze.     When  these  vesicles  break  or 
ooflieeoe,  they  produce  solid  drops,  varying  in 
size  from  the  slight  molecules  of  a  drieele,  up  to 
the  massive  globes  of  a  thunder-storm.    It  has 
not  hitherto  been  explained  completely,  why  or 
under  what  cireumstanoee  a  cloud  is  resolved 
into  rain;  but  the  following  are  the  most  fre- 
quent causes  of  condensation  :  —  1.  The  cool- 
ing  of  the   clouds   through   effect  of  radia* 
tion  from  them ;   2.  The  mingling  of  vapours 
at  diiierent  temperatures, — a  mingling  effected 
through  the  agency  of  the  winds;  3.  The  rising 
of  vapours  towards  colder  strata  of  the  atmo- 
sphere; 4.  The  incresse  of  atmospheric  density 
or  pressure;  5.  The  accumulation  and  imping- 
ing of  masses  of  vapour  against  some  obstacle.  — 
The  comparative  quantity  of  rain  falling  at  any 
locality,  depending  on  the  relation  of  that  locality 
to  the  for^^}ing  efficient  causes,  is  therefwe  the 
consequence  or  result  of  very  complex  circum- 
stances, of  which  the  principal  are, — the  lati- 
tude and  elevation  of  the  place:    the  nature 
of  the  prevailing  winds :    the  laws  of  the  sea 
sons  there :  its  degree  of  proximity  to  the  sea : 
and    the  contour  of  the  surrounding  surface, 
whether  flat  or  mountainous.     We  shall  hastily 
review  what  has  been  ascertained  oa  this  impor- 
tant subject,  as  well  as  with  refBrence  to  two 
other  collateral  inquiries  of  high  physical  in- 
terest 

I.  Distribution  of  Rais  over  thb  bub- 
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PACB  OF   THB  Globe As    explained  under 

Htdbombteobs,  the  laws  of  the  dtstrifatttiaa  of 
rain  over  the  earth's  surface,  would  have 
extremely  simple,  but  for  certain  disturbing 
One  class  of  these  foroea, — ^viz.,  the  tcmdst  »  » 
poweiful,  and  so  intimately  connected  with  the 
chief  cause  of  rain, — viz.,  the  gradttaOjf  <iimm^ 
mg  heat  of  the  ^obe  from  equator  to  pok,  that 
the  two  influences  cannot  be  divided ;  a  seoond 
disturtianoe  arises  in  the  change  qf  ^eamme^t^ 
though  this,  too,  is,  for  the  most  part,  insepar* 
able  from  the  first  class;  andtothetAM — avoy 
multifarious  cilaas — dqiending  on  efeoo^MM,  im^s^ 
houirhood,  nabure  qf  toil,  &c.,  we  owe  the  exia- 
tenoe  of  anomaUet*    Althotig^  no  ^ksar  eeficrs- 
tion  can  really  be  effected,  it  may  tend  to  £»- 
tinctnesB  that  we  examine  these  three  suI^ectA 
apart 

(1.)  Ejects  <f  Tm^eratart  and  ITindL— >71» 
effects  of  these  two  leading  influences  throu^^ioBt 
the  year,  over  all  the  earth,  appear  with  sufiifirat 
dearnees,  through  the  following  leading  £acts: — 
1.  Under  (he  tropics,  rain  falls  with  a  regu- 
larity unknown  in  other  regiona.     On  the  ooeaa, 
where  the  trade  wind  blows  regulariy,  it  scareelr 
rains ;  but,  in  the  zone  of  calma,  it  runs  fr^ 
quently,  and  then,  also,  sudden  storms  frequently 
occur.     On  land,  in  these  torrid  spaces,  we  have, 
on  the  other  hand,  alternately  diy  and  wet  sea- 
sons.    Thus,  in  Southern  AJmerica,   the  skr  is 
serene  during  winter;  in  spring  it  beoixmes  moist; 
the  series  of  storms  conunencea  in  March;  m 
some  places  the  nights  are  severe,  while  in  e4hBr% 
it  rains  more  during  the  night  than  dnriqg  tlw 
day.     The  direction  of  the  wind,  and  the  beat- 
ing of  the  soil,  amply  sufllce  to  explain  these 
phenomena,  which    last    aU  summer.     2.   In 
Africa,  also  near  the  equator,  the  rainy  sesfism. 
commences  in  April;  between  the  n<Htlieni  tin|ac 
and  10^  N.  lat,  that  season  continues  from  June 
to  October.     In  places  near  the  equator,  whose 
zenith  the  sun  crosses  twice,  great  quantities  of 
rain  fall  twice  a-year,  so  that  there  are  two  wet 
and  two  dry  seasons.     The  rain  which  £dh  is  so 
great  that  the  whole  night  is  moist     This  is  the 
period  in  which  maladies  occur  that  are  so  fatd 
to  Europeans.    8.  Still  keeping  within  the  tonid 
Eone,  turn  now  to  India.     In  that  country  the 
alternation  of  rainy  and  dry  aeascms  keeps  pace 
with  the  winds.     On  the  east  coast,  during  the 
south-west  monsoon,  there  is  no  rain  ;   while, 
during  the  north-east  moDSOon,  it  frdls  in  tat- 
rents.     On  the  west  coast  the  phenomena 
precisely  reversed.     In  the  interior  of  that 
tinent,  rain  seldom  faUs ;  and  in  places  on 
side  of  the  central  region,  the  dimate  partakes  of 
that  of  the  nearest  coast;  some  places  ate  «««n 
affected  by  both  coasts,  i  e.,  it  rains  there  mon 
or  less  during  the  whole  year.     The  cause  of 
these  phenomena  is  simple.    W^inds  that  have 
blown    over   the   ocean,    and    therefore   laden 
with  humidity,  reach  the  land ;  where,  tliwa^gh 
efiect  of  a  sudden  diminution  of  tempentBroi 
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they  discharge  the  greater  proportion  of  their 
moistiire  at  onoe.  Uenoe  the  quantity  of  rain 
fiUling  at  some  plaoei  in  India  is  prodigious; 
the  drops  are  of  great  sixe,  and  they  fall  to  the 
esith  with  astooishing  foroe.  4.  Receding  now 
from  the  equator  towards  the  North,  we  reach 
countries  where  the  maximum  of  rain  falls  dur- 
ing snmnwr,  although  they  are  comparatiyely 
moist  at  all  seasons.  These  are  the  regions  over 
which  south  and  south-west  winds  prevail, — 
winds  that  are  comparatively  humid,  as,  for  the 
most  part,  they  blow  across  oceans.  Now,  when 
these  winds  mingle  with  the  colder  masses  that 
come  from  the  north  or  north-east  (currents  that 
abo  bdong  to  the  countries  spoken  of),  it  is 
manifest  that  rain  must  (kll,  and  that  the  &11 
will  be  most  frequent  during  the  seasons  when  the 
soathem  winds  mainly  blow.  Advancing  farther 
to  the  North,  we  reach  those  polar  ooun^es  that 
Mn  visited  only  by  north  winds.  In  these  high 
latitades  the  temperature  of  the  continents  is, 
dming  summer,  considerably  higher  than  that  of 
tlie  sea;  so  that,  in  that  period  of  the  year,  the 
pnvailing  winds  will  not  part  with  titeir  humi- 
dity, but  rather  appear  dry  winds.  In  winter 
the  dbtribution  of  temperature  is  the  reverse; 
and  the  aerial  currents,  accordingly,  as  soon  as 
they  reach  the  knd,  begin  to  get  rid  of  thefa* 
moisture  in  the  form  of  snow.  6.  The  wmd$ 
being  themselves  the  direct  eflfect  of  variations 
of  temperature,  and  of  tlie  rotation  of  the  earth, 
it  is  dear  that,  when  referring  the  ikll  of  rain  to 
theb  influence,  we  are  indhnsctly  referring  it  to 
temperature  as  its  primal  cause.  Nevertheless, 
as  the  winds  act  directly  in  controlling  this 
meteor,  as  well  as  in  modifying  other  cognate 
agendea,  we  must  look  to  them  as  our  best  clue 
to  what  might  otherwise  appear  inextricable. 
Tlie  winds,  indeed,  are  a  due  to  all  the  leading 
variations  or  fluctuations  of  climate;  only  it 
must  not  be  forgotten,  that,  in  every  separate 
locality,  the  diflcirant  winds  have  a  distinct  and 
peculiar  character.  This  is  emphatically  illus- 
trated by  the  annexed  tabie,  giving  the  proper- 
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tbns  of  rain  due  to  the  different  winds  in  three 
important  localities  in  Europe, — Paris,  fierliu, 
and  Petenbuig. 

TABLE  I. 
Baitu  due  to  the  several  Winds. 


H.     RB.     B.    SB.     8.     so.     O.     NO. 

Paris, OlS  0-00  Oil  0-29  0-38  0*85  0-04  C'-S 

Berlin, ....0^48  0*31  0-30  0-26  0-33  0*51  0*57  OM 

Peceroborg,..  I -00  046  0-83  071  0-84  1*00  0^46  0'7<J 

(2.)  Tnflumoe  of  the  Seasom, — The  seasons 
are  b^t  known  through  their  differences  of  tem- 
perature; and  as  that  difference  must  modify 
the  prevailing  winds,  it  cannot  be  doubted  that 
great  diversities  in  the  fell  of  rain  will  also 
accompany  these  changes, — a  divenity  propor- 
tionate to  the  intensity  of  the  change.  Referring 
to  our  previous  course  of  remark,  and,  farther,  to 
the  cloee  (^  this  section  of  our  article,  we  merely 
sul]r)otn  in  this  place  two  important  tables :  the 
firtt  indicates  the  meofi  qutoUkies  of  rain  due  to 
the  different  seasons  in  a  few  important  localities, 
and  the  tteomif  the  mmber  ofrmswf  days  charac- 
teristic of  eadi.  Our  next  table,  containing  the 
number  of  rainy  days  during  the  different  seasonii 
at  different  localities,  is  perhaps  the  best  indication 
of  the  peculiarities  of  the  productive  character  of 
a  dimate,  in  so  far  as  it  depends  on  this  Hydro- 
meter. Producti\'eness  demands,  not  only  a  cer- 
tain although  moderate  supply  of  rain,  imt  such 
a  distribution  of  it  likewise,  among  the  different 
seasons,  as  shall  be  suitable  to  the  processes  of 
growth  and  ripening,  and  to  the  operations  of 
harvest  A  slightest  glance  at  this  table,  may 
show  that  it  maiics  out  tlie  true  distribution  of 
cultures  in  Europe.  For  instance,  \h»  fourth  re- 
gion espedally,  and  after  it  the  ffSi^  are  the 
countries  which,  par  exeeHenee,  are  fitted  for  tlin 
cultivation  of  com.  And  it  is  in  these  regions, 
that  we  find  the  superb  plains  of  Lombardy,  an  1 
all  those  old  granaiieeof  Europe— Sicily,  Egypt, 
Barbary,  &c 


TABLE  II. 
QMan%  ofRaimatDifereiUSeammt. 


COUIITBT. 


West  of  England, 

Western  Coasts  of  Europe^ 

East  of  England, 

South  of  France, \ 

Italy,  South  of  the  Apennines, / 

Italy,  North  of  the  Apennines, 

North  of  France  and  Germany, 

Scandinavia, 

Ruiwia^ 


Winter. 


9-5 
78 
6-5 

7-6 

6-5 
4-9 
8-2 
1*6 


Spring. 


6-7 
5-5 
6-7 

7-6 

99 
68 
8-0 
2-4 


Summer. 


8-7 
67 
6-7 

61 

10-8 
9  0 
6-7 
6-6 


Autumn. 


11-2 
9-7 
8-0 

11-4 

13-9 
6-8 
5-8 
8-8 


Entire 
Year. 


87-0 
29-8 

27  0 

81-6 

40-2 
26-8 
18-7 
14-3 
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TABLE  IIL 
Number  qf  Rainy  Dags, 
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Winter. 

Spring. 

48*1 

87-6 

88-9 

44-9 

400 

89-6 

84-4 

88-8 

84-4 

84-4 

82-9 

88-0 

26*4 

26-2 

16-2 

25-4 

25-4 

271 

251 

26-6 

861 

87-0 

86-8 

860 

85-2 

80-8 

82*6 

851 

281 

28-4 

27-9 

26*5 

Wert  of  EngUmd, 

East  of  En^And, 

Western  Coast, 

South  of  Fraoce, \ 

South  of  Italy, / 

Italy,  North  of  the  Apennines, 

Northern  France  and  Germany 

Scandinavia, 

Russia, 


159-5 
162-7 
189-7 

91-2 

104-2 
144-9 
188-2 
100-9 


(8.)  Awmalka  in  t&s  FaU  qf  Aim.~If  one 
examines  any  laige  table  giving  the  mean  fall 
of  rain  at  a  great  number  of  localities  widely 
scattered  over  the  earth,  the  truth  of  the  General 
Laws  already  shadowed  forth  would  sufficiently 
dearly  appear :  but,  alongside  of  these,  a  num- 
ber of  extraordinary  exceptions  or  anomalies. 
For  instance,  while  die  annual  mean  quantity  for 
Scandinavia  is  18-7  in.,  the  mean  &11  at  Ber- 
gen is  88-58  in. :  the  mean  quantity  for  Bombay 
is  92*51  in. ;  while  that  of  Seringapatnam  h 
only  23-6  in.      Russia,  again,  is  generally  a 
remarkably  dry  region;  and  there  are  isolated 
districts  great  or  small  in  vaxbus  parts  of  the 
earth — some  of  these  almost  equatorial,  in  which 
no  rain  whatever  falls  during  any  part  of  the 
year.     The  causes  of  these  itiKto  have  clearly 
nothing  to  do  with  latitude,  and  not  much  with 
the  direction  of  the  winds.    They  are  the  true 
irregularities  or  anomalies  of  the  subject,  and 
depend  on  the  lesser  or  more  purely  local  circum- 
stanoes  that  influence  the  fiUl  of  rain,  viz.,  the 
structure  of  the  soil,  the  neighbourhood  or  ab- 
sence of  mountains,  &c.,  &c.    In  illustration  of 
the  mode  of  their  operation,  a  few  remarks  must 
suffice.     1.  When  a  humid  wind  impinges  on  an 
immense  mountain  wall,  its  vapour  is  i^haiged 
in  great  quantities  on  the  wind-side  of  that  walL 
The  south-west  wind,  for  instance,  that  beats 
against  the  range  of  Mont  Blanc,  discharges  at 
Chambery  no  less  than  65  in.  of  rain  during  the 
year.     Bergen  lies  in  the  same  relation  to  the 
same  wind  and  the  Scandinavian  Alps, — hence  its 
excessive  wetness.    And  a  third  instance,  in  cir- 
cumstances exactly  corresponding,  is  found  at 
Tolmerro  near  Venice,  one  of  the  rainiest  dis- 
tricts in  EuTopsw    It  is  precisely  this  dass  of 
agendes  that  induces  the  large  quantities  of  rain 
on  the  west  coast  of  Scotland,  in  Cumberland, 
Westmoreland  and  Wales,  and  on  the  west  of 
Ireland. — 2.   Comparative  dryness,  again,  fire- 
quendy  arises  firom  this; — a  moist  wind  after 
passing  a  mountain  barrier,  or  blowing  across  an 
elevated  and  cold  plateau,  where  it  has  disdiarged 
its  moisture,  becomes  virtually  a  dry  wind.  Hence 


the  rarity  of  rain  at 
the  comparative  dryness  of  Russia.  Run. and 
snow  foil  there  in  small  quantities,  beenae  tlw 
vapours  bdonging  to  the  piwaiting  winds  have 
becsn  nearly  disduuged  before  tliese  winds  aime 
at  Russia.-^.  TIrare  are  a  few  spoCs  oo  the 
earth's  suifisuie  where  rain  never  fiaUa;  vis.,  tiie 
Desert  of  Sahara;  the  North  of  India  and  Ctdna; 
some  places  on  the  coasts  of  Pern  and  QiSl,  and 
some  othen  on  the  shores  of  Mesicot.  Theeaaass 
last  referred  to  operate  ezduaivdy  in  some  of 
these  localities.  In  othen,  as  in  the  Sahara,  the 
phenomenon  is  soldy  owing  to  the  fiTiw iw  heat 
of  the  soil,  which  latlier  augments  the  capacity 
for  vapour  of  any  wind  that  can  blow  over  it 

We  cannot  oondude  this  ennmention  of 

facts  without  referring  to  tlie  admirable  graphic 
representations  of  them  now  within  readi  of  tiie 
student  The  Hyetographical  mapa  of  Baighaas, 
especially  as  they  have  been  repreinoed  and 
amended  by  Mr.  Keith  Johnston  in  liis  Fhyriosl 
Atlas,  impress  the  feets  themselves  and'their 
arrangements,  on  the  mind,  with  equal  fares  aad 
precision.  On  these  most  valuable  diarts  tiv 
position  and  extent  of  the  bands  or  aooes  of 
summer  and  winter  rains  are  represented  with 
every  deamess,  as  well  as  the  regions  of  tona- 
does,  and  the  influence  of  the  monaoona.  The 
eye  is  obliged  to  rest,  frwt^  on  a  lone  of  sonsier 
rains  stretdiing  towards  that  limit  where  tlie 
south-west  winds  become  dominant,*  wmxm^ 
on  a  aone  of  rains  at  all  seasons;  aiMl,  tftard^ 
on  the  zone  of  winter  ranis  and  anows^  In  the 
neigfabouriiood  of  the  polar  drde. — In  tibe  oon- 
tinent  of  Europe,  as  we  advance  from  Sootii  to 
North,  these  rain  sooes  are  twisted  in  oonibnnitj 
with  the  diape  of  its  coasts  Under  tlie 
dian  of  Central  Europe  we  find  equatorial 
rains;  and  near  that,  in  Russia  {vOb  aifra),  a 
space  oompantivdy  free  firom  rain.  Suooeedng 
the  dry  sone,  we  have  a  secondary  zone  of  wialv 
rains;  then  a  zone  of  xahi  at  all  aeasona,  hot 
prindpaUy  in  summer;  and,  finally,  the  polar 
zone  of  winter  rain. 

II.  STATBOrTUSBASOmTESDUSIIIoRAne. 
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^AB  obsenren  who  panne  barometrical  varia^ 
tioos  as  a  atodj,  havenmarked  that  the  mercniy 
hahitoally  Alls  on  the  approach  of  nUn,  and,  on 
the  contrary,  rises  when  the  weather  is  fine:  this 
ooinddencei  however,  prooeeda  solelj  iSrom  the 
poBition  of  onr  ooontiy,  and  tlie  direction  of  the 
wfaids  'vrtiich  bring  rain.  It  is  necessary  to  re- 
irember  that  the  barometric  ookimn  messnres 
only  the  weight  of  the  atmospheric  column  sitn- 
ated  above  it,  changes  with  the  diflferent  winds, 
and  b  generally  lower  when  the  temperature 
rises;  that  is  to  say,  hot  winds  lower  the  baro- 
meter, and  cold  winds  raise  it;  hence  it  follows 
that  the  south-west  winds,  which,  in  our  coimtry, 
oftenest  bring  rain,  being  tlie  hottest,  the  baro- 
meter fiJlswlMB  the  winds  blow  in  that  direction. 
Tliis  genenl  law  has  many  exceptions,  and  it  is 
necessary,  in  order  to  understand  the  phenomenon 
•right,  to  enter  into  some  details  respecting  it — 
Aoeoidlng  to  the  theory  of  vapours,  water  evai* 
porates  in  the  air  as  in  a  vacuum,  although  more 
slowly;  hence,  if  a  mass  of  air  is  bron^t  into 
ooDtact  with  water  of  a  certain  temperature,  the 
air  becomes  saturated,  and  the  weight  is  increased ; 
henoe,  further,  a  mass  of  air,  or  a  wind,  blowing 
oiver  a  sur&ce  capable  of  yielding  vapour,  neces- 
sarily becomes  heavier.  A  wind,  therefore^  acts 
on  the  barometer  alike  by  its  ten^perahKre  and  its 
kttmidiijf;  the  first  influence  tending  to  lower  the 
mercurial  odamn,  the  second  to  raise  it  In  oar 
dtmatea,  the  first  caoae  is  the  strongest ;  in  others 
the  contesiy;  thus,  Flinders  discerned  that,  on 
the  coasts  of  New  Holland,  the  land  winds,  diy 
and  hot,  depress  the  barometer;  at  the  mouth  of 
the  Plata,  winds  from  the  eastern  sea  raise  the 
barometer  higher  than  west  winds  which  blow 
flvm  the  land. — When,  in  any  place,  rain  falls, 
(since  the  weight  of  the  vapour  increasss  the 
weight  of  the  atmosphere  above  the  barometer), 
the  mercury  shoold  fidl  after  the  fkll  of  rain; 
but  the  reverse  is  frequently  observed.  It  is 
necessary,  in  such  caaea,  to  tsike  into  account  the 
directioa  of  the  wind,  and  the  causes  which  have 
occasioned  that  wind. — Wlien  the  rain  falls  oon- 
rinnonsly,  the  state  of  the  barometer  depends  oo 
the  direction  of  the  wind,  and  on  tliat  conden- 
sation of  vapoun  which  diminishes  the  weight 
of  the  atmoiphere ;  but  if  the  rain  fidl  in  a  short, 
heavy,  and  isolated  shower  as  in  a  storm,— i&, 
from  the  passing  of  one  or  more  clouds  above  the 
observer,  then — the  weight  of  this  cloudy  mass 
being  suppprted  by  the  atmosphere  there  results 
fhxn  it  a  kind  of  wave  which  passes  over  the 
barometer,  and  we  may  have  an  elevation  of  the 
roerearial  column  during  rain,  that  ceases  some- 
time after. — ^In  general,  in  times  of  rain,  the 
barooMter  fdb  bdow  the  mean  corresponding  to 
tlie  prevailing  wind :  the  barometer  accordingly 
can  only  serve  to  prognosticate  rain  by  indi- 
cating the  direction  of  the  prevailing  wind;  the 
barometer  fidls,  not  becaoss  it  must  rain,  but 
rather  because  the  diminution  of  pressure  is  oe- 
casioiied  by  a  wind  bringing  rain:  the  rain  is 
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not  a  canse,  but  an  efibct  It  would  then  be 
more  correct  to  put  on  the  barometers  in  our 
hoases,  instead  of  the  words  fine  weather,  rain, 
or  wfa)d,  &C.,  the  names  of  the  winds,  N.-£., 
S.-0.,  &c.,  the  means  of  which  correspond  to 
these  barometric  heights. — M.  Dov^  has  ex' 
plained  the  variable  winds  of  these  countries,  by 
the  simaltaneoas  meeting  of  the  south-west  and 
north-east  winds;  and  he  has  dedoced  from  a 
great  number  of  observations,  tliat,  in  our  hemi- 
sphere, the  wind  passes  most  often  from  east  to 
west  by  the  south,  and  in  the  southern  hemi- 
sphere from  east  to  west  by  the  north.  He  has 
condnded  from  these  conflicts  of  two  winds — ^the 
one  hot  and  humid  in  our  regions,  viz.,  the  touth- 
wett^  the  other  diy  and  cold,  viz.,  the  north-east 
— ^that  at  the  west  a  cold  wind  succeeds  to  a  hot 
wind,  and  that  at  the  east  it  is  the  reverse,  a  hot 
wind  succeeds  to  a  cold  wind.  He  has  sought 
the  pressure  during  rain  under  the  diflerent  winds, 
and  has  been  led  to  this  oondosion,  that,  daring 
rafai,  the  barometer  &lls  with  the  east  wind,  and 
rises  with  the  west  wind. — When,  in  any  portion 
of  the  atmosphere,  the  equilibrium  of  the  gaseoaa 
mass  is  broken,  a  movement  is  always  and  im- 
mediatdy  communicated  and  transmitted  as  an 
Immense  wave,  giving  birth  to  winds  more  or 
less  vblent  The  diurnal  heat,  and  a  crowd  of 
causes  which  have  not  been  fully  appreciated, 
give  rise  to  regular  movements  of  the  barome- 
trical column ;  but  il^  in  one  portion  of  the  earth, 
the  temperature  is  accidentally  much  raised,  the 
equilibrium  is  destroyed,  and  its  restoration  ooca- . 
sions  the  displacement  of  air,  and  agitattonsof  the 
atmoq>here  capable  of  producing  disastroos  con- 
sequences. In  general,  doring  these  great  dis- 
placementa,  the  barometrical  column  osdilatea 
irregularly  and  at  short  intervals.  Thus,  fre- 
quent oedllations  or  a  great  change  in  the  hdght 
of  the  barometrical  column,  indicates  great  at- 
mosplMrio  perturbations ;  we  may  thence  foresee 
a  stonn  or  gusts  of  wind  in  the  plaoe  where  the 
observations  are  made,  or  in  neighbouring  plaoea. 
Navigators,  who  have  a  great  interest  in  knowuig 
the  precursory  signs  of  tempests,  always  consult 
the  barometer;  and  Sooresby  assures  us  he  fore- 
saw, fkom  sudi  observations,  seventeen  out  of 
eighteen  storms. 
IIL    Thb  QuAnrrnsa  of  Kain  faluno 

AT  TUB  8AMB  TIMS    AT    plFFERBMT    HKIOHT8 

IN  THB  8AMB  ViBTiCAL.— A  moBt  Important 
inquiry  concerning  what  may  be  called  the 
generation  of  rain  at  diflerent  heights  in  the 
same  vertical  column,  was  recently  taken  up, 
and  carried  to  a  conclusion — in  so  iar  as  its 
relation  to  temperature  and  the  seasons  are  con- 
cerned— ^by  Professor  Phillips  and  Mr.  Gray,  at 
York.  York  is  admirably  fitted  by  its  position 
for  the  conduct  of  any  meteorological  inquiiy. 
It  is  in  the  centre  of  one  of  the  greatest  and  lent 
fntermpted  plains  in  England ;  and  accordingly 
the  march  of  temperatore  there  is  most  regular; — 
the  dififoreooe  between  the  diamal  mean  at  any 
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dnto,  and  the  annual  mean,  is  sensibly  propor- 
Uoiial  to  the  aim  of  the  declination  of  the  sun 
twenty-five  days  preTions  to  the  date  in  question. 
Three  rain  gaages  were  employed,  one  on  the 
sarfiwe  of  the  ground,  another  on  the  top  of  the 
Hofleam,  and  a  third  on  the  top  of  the  lofty  tower 
of  the  Cathedral.  Their  elevation  above  the  Quae 
were  respectively,  29,  72f,  and  242  feet  The 
fall  of  rain  diminished  with  the  altitnde;  and, 
after  continued  and  eareful  observations,  Pro- 
fessor Phillips  concluded,  that  the  dtminuHon  of 
rain  at  any  height  above  the  suxikoe  corresponds 
with  the  quantity  falUng  at  the  soi&oe^  and  is 
represented  by  the  formula, 

A  being  the  height,  and  m  a  variable  oo-efficient 
For  the  mean  of  the  ^  ear  the  oo-eflScient  at  York 
is  4*2 :  but  it  varies  with  the  seasons;  and  the 
following  ibrmula  serves  to  express  the  law  of 
that  variation : — 


1  + « •  r« 


where  a  is  the  value  of  m  for  the  year;  t  the 
mean  annual  temperature  in  degrees  of  Fahren- 
heit, and  /  the  mean  temperature  of  the  season 
in  question. — ^This  co-efficient  is  plainly  depm- 
dent  on  the  humidity  of  the  air,  and  may  be 
further  ezpreseed  as  a  function  of  that  humidit}'. 
But  the  dryness  of  the  air  is  usually  expressed 
by  the  difference  between  the  mean  temperature 
and  the  dew  pomt  Observations  of  the  dew 
point,  however,  being  comparatively  rare,  we 
must  take  instead  the  di£ferenoe  between  the 
maximum  and  minimum  temperature  <rf  each 
day.  Calling  the  general  mean  temperature  of 
the  year  if,  and  d  the  mean  difiereooe  between 
the  diurnal  maxima  and  minima  of  the  special 
period,  we  have  the  formula 


m 


d*' 


a  formula  answering  all  the  obserratioBa.  For 
further  information  we  must  refer  to  the  original 
memoir.  But  the  conclusion  reached  is  as  fel- 
lows : — The  difference  of  the  quantity  of  rain  at 
different  heights  above  the  earth's  surface,  is 
owing  to  the  (tugmentoHon  of  eadk  drop  as  it 
traverses  the  lower  humid  strata  of  the  atmo- 
sphere :  the  temperature  being  lower  among  the 
strata  where  the  drop  originated,  that  drop  must, 
since  it  carries  its  original  temperature  along  with 
it,  condense  fresh  vapour  around  it  as  it  descends. 
— This  conclusion,  which  is  not  an  hypothesis, 
but  a  rigorous  deduction,  gives  account  of  all  the 
facts  as  yet  ascertained  connected  with  the 
subject 

Bnlab«w.  The  ordinary  rainbow  oonsiats 
of  a  series  of  successive  xones  or  bands,  coloured 
like  prismatic  spectra.    These  bands  make  little 
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ooDoentrie  GircleB  on  the  spbere,   wbidi  bav« 
a  common  centre  alnoet  always  bdow  the  ho- 
rizon, and  diametrically  opposite    to  the  snn. 
The  red  band  has  the  largest  radius  (42^  20> 
It  is,  consequently,  situated  on  the  oonvex  or 
outer  edge  of  the  nunboir,  while  the  vislet  is 
on,  the  inner  edge,  having  its  radius  40^  SO', 
and  the  intermediate  prismatic  ooloars  eome  be- 
tween.   The  part  of  the  ikj  on  whkfa  the 
bow  Is  thrown  is  mudi  more  bright  trithki 
without  the  Iww,— >the  outer  apace  is  dark,  ahnoic 
black;  and  the imur  space,  on  the oaotni7,niidti 
into  the  violet  almost  insensibly.     Often,  in  the 
latter,  coloured  ra3rs  alternately  red  and  farowa 
show  themselves — ^bordering  the  violet  towards  its 
innerpart;  these  are  called  mpct'tutuui'wjf 
Besides  the  first  arc,  there  is  often  a  seeood 
parallel  to  the  first,  consisting,  that  is,  of 
centric  aones,  tlie  red  band  having  a  radiai  of 
60''  20^  and  the  violet  of  bS"*  45'.     Henes  1. 
Tliis  is  broader  than  the  primmy  rainbow.    2. 
the  oolonn  are  arranged  in  quite  the  opposite  way. 
The  dark  area  is  imSde  now,  and  the  bright  ott- 
side.    The  space  between  the  two  is  verf  notably 
darkaadblack.  There  are  in  this  also  i 
numerary  arcs.    Finally,  one  sometiniesi 
40^  from  the  sun  a  third  very  feeble  cokmredafc, 
in  whldi,  as  in  the  fint»  the  red  is  &itlMst  from 
the  sun.    The  rainbow  is  sometimes  replaced  by 
another  phenomenon — an  are  which  has  a  rafias 
varying  between  84°  and  42*^ — ^which  is  ahnest 
completely  white.     It  forms  on  doods  venr  oesr 
the  obsenrer.    Biot  fint  showed  that  laiabov 
light  is  almost  completely  polaria?d,  in  a  plane 
passing  through  the  centre  of  the  sun, — such 
the  phenomena  of  the  rainbow. — The  physical 
explanation  we  must  succinctly  exhibtt: — Sup- 
pose a  spherical  run  dn^  on  whidi  rays  coming 
from  a  very  distant  body,  and  therefore  parallel, 
are  foiling.    Cleariy  these  rays  are  putiy  rs- 
fleoted,  and  partly  rHflacted  into  the  drop.    By 
the   former,   the  drop   itself  becomca  viAle. 
The  intersection  of  the  latter  fonna  a  camde 
curve  e  y^— that  is,  all  the  raya  foiling  oaAd 
get  massed  into  b  c  ^  and  so,  much  more  cod- 
centrated.     These  rays  are  partly  refracted  oat, 
and  partly  reflected  against  the  aoifoos  of  the 


drop.  Theae  leflected  laya  nay  be  eUMr  v^ 
fracted  out,  producing  the  primary  rainbow;  cr, 
again,  reflected  and  then  refracted  out,  giving  the 
!«econdary  rainbow,  and  so  on  for  tiieum  of  the 
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third,  fimrth,  fifth,  ftc.,  order.  Snppow  Uie  red 
ruTS  to  be  considered,  then  tflking  the  index  of 
refraction  known  for  red  raje,  we  find  that  the 
angle  of  the  line  a  b,  and  a  line  from  g  Jost 
above,  between  which  a  gieat  many  of  the  rays 
constitnting  tiie  rainbow  are  masted,  is  42°  20^. 
As  the  drop  is  spherical,  we  see  that  this  line 
flnom  g  will  describe  a  cone  ronnd  a  parallel'  to 
the  direction  of  the  ray  thioogh  the  eye^  accord- 
ing 88  the  drde  b  a  is  turned  round  the  axis 
E  A  B,  so  as  to  describe  the  real  spherical  rain 
drop.  Hence  as  the  eye  sees,  for  the  plane  re- 
pmented,  a  red  spot  in  the  direction  of  g^  this 
red  will  revolve  and  describe  a  circle  in  the  sky, 
constitnting  the  red  band  of  the  rainbow.  It  is 
clear  how  Uie  other  colonxe,  having  difierent  re- 
fractive indices,  will  form  different  canstic  curves 
ef,  and  will  have  the  side  of  the  cone  to  a  point 
higher  on  the  circle  than  g^  that  is,  making  a  less 
angle  with  the  direction  of  the  rays.  This  ex- 
planation gives  tlie  whole  theory  of  the  subject 
The  same  b  repeated  over  and  over  for  all  the 
rainbows  of  difl^erent  orders.  We  refer  the  reader 
to  Engel  and  Shellbadi*s  Graphical  Reprtmnia- 
twn$  of  Optics,  plate  14,  which  will  give  him  a 
much  clearer  idea  of  the  whole  process  of  the  rain- 
bow than  can  in  any  other  way  be  obtained.  The 
mathematical  expresdoos  for  this  t]\eory  we  shall 
Dot  give  here,  because,  as  generally  stated,  they 
are  little  more  than  the  explanation  above ;  and 
the  accurate  detail  of  the  theoiy  is  somewhat  long 
and  diflkult  M.  Bravais  has  found  this  formula 
for  the  deviation  of  the  ray  from  the  middle  of 
the  spectrum,  for  the  nth  rainbow, 

D  =  (fi -4- 1)  83*' -4' -8  —  ^-— —. 
'  *+ 1 

Bainbows  of  the  third  order  have  been  seen  by 
observers,  but  the  phenomenon  is  very  rare.  Ot 
Iqgfaflr  orders  the  bow  is  never  seen.  The  ex- 
planation is,  that  so  much  light  is  lost  in  the 
successive  reSflexions  and  refractions  that  the  bow 
becomes  invisible.  A  fVirther  one  is,  that  the  bow 
becomes  always  broader,  and  the  light  therefore 
more  diffuse.  Apparatus  has  been  devised  to 
show  distinctly  the  plienomenon  up  to  even  the  thir- 
teenth order.  A  cylinder  of  glass,  dlled  with  water, 
is  used  to  ^\*e  an  approximatioa  to  the  spherical 
rain  dropsi  The  results  of  such  experiments  are 
fully  given  in  Babinefs  Memoir  in  the  Camples 
Bmdm  for  1888.— The  rainbow  is  usually  pro- 
duced during  rain^K>ften  towards  the  end  of  a 
shower.  But  many  other  conditions  of  formation 
are  poasibla  Hie  dew  drops  often  produce  the 
appearance  of  a  rainbow  along  the  ground  a 
litUe  after  sunrise :  the  arc  spears  a  large  para- 
bola. The  rainbow  is  also  proiduced  by  the  play 
of  fovmtains  and  in  cascades.  If  the  sun  be  in  a 
poaitSon  suitable,  the  rainbow  may  even  appear  in 
such  caaes  a  complete  drde.  The  rainbow  may 
be  seen  also  upon  sea  foam.  The  thickness  of 
tlie  nheet  of  water  (cloud  or  sheet  of  nun  drops) 
btsed  be  very  sligbL   Bravais  noticed  a  true  raiiw 
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bow  formed  against  the  mere  water-dust  flying 
against  the  saloon  windows  of  a  steamer,  from 
the  paddle  wheels.  He  estimates  the  thickness 
as  not  more  than  about  six  inches. — There  is 
such  a  phenomenon  as  a  hmar  rainbow.  It 
is  usually  pale  and  colourless,  but  not  alwa3r8. 
There  must  be  a  very  dark  doud-ground  behind 
the  sheet  of  water,  to  diow  it.  It  is  very  rare 
to  see  a  secondary  lunar  rainbow. — ^Another  re- 
maiicable  spedes  of  rainbow,  consists  in  the  arc 
produced  by  the  reflected  image  of  the  sun  in  a 
dieet  of  water.  The  tops  of  this  rainbow  and  the 
natural  rainbow,  will  evidently  be  separated  by 
twice  the  altitude  of  the  sun.  In  this  way,  how- 
ever, the  whole  new  bow  may  take  all  kinds  of  po- 
sitions with  respect  to  the  ordinary  one— cutting 
it,  lying  between  the  primary  and  secondary,  &e. 
If  the  sheet  of  water  be  very  small,  this  rainbow 
by  reflection  must  be  itadf  very  incomplete,  and 
the  arc  itself  will  appear  rather  in  fragments  of 
luminous  sky.  If  the  sun  be  near  the  horizon, 
and  the  reflecting  water  slightly  agitated,  the 
top  part  of  this  bow  of  reflection  disappears,  and 
the  sides  appear  like  vertical  colunna,  tangents  to 
the  ordinary  area.  The  image  of  the  sun  by  re- 
flectum  is,  therefore,  much  lengthened  out  ver- 
tically ;•  the  bow  by  reflection  is  the  envelope  of 
a  series  of  primary  bows  having  their  centre  in 
the  sun's  vertical,  which,  in  the  culminating  part, 
separate  from  one  another,  and  by  the  diffbse 
light  produce  the  invidbility  of  which  we  speak. 
When  a  rainbow  forms  on  a  mut  it  is  white  and 
colourlessy  or  at  most  with  a  slight  reddish  edg- 
ing. Further,  the  radius  of  the  bow  is  less  by 
ih>mO^  to  0^  than  the  ordinary  rainbow.  Bravais 
shows  the  phenomenon  to  arise  from  the  fact  that 
the  spherical  drops  are  hollow,  the  rainbow  be- 
ginning to  show  itself  at  all  when  the  rado  of 
the  outer  to  the  inner  diamrt^  is  not  less  than 
1*38:  the  radius  will  then  be  about  84^  Aa 
the  proportion  increases  to  1*43  the  radius  in- 
creases to  %^^*  20',  and  there  begins  to  be  a  slight 
reddish  fringe  at  the  edges.  When  the  ratio  has 
reached  1*55  the  hoUow  drop  produces  all  the 
efibcts  of  the  solid  drop. — It  remains  only  to 
discuss  the  supernumerary  arcs  which  we  have 
spoken  of— bands  red  and  green  alternately  which 
border  the  interior  of  the  arc  of  the  first  order. 
The  arcs  are  not  always  seen,  and  vary  in 
number  and  character.  Young  has  shovm  them 
to  be  a  result  of  interference,  for  which  the  drops 
must  have  sensibly  the  same  diameter; — it  is 
due  to  the  rays  near  the  efficadous  rays  of 
the  rainbow,  which  traverse  the  drop  in  sudi 
directions,  that  their  deviation  differa  from  the 
minimum  de\iation.  For  every  deviation  a 
little  above  that,  there  are  two  distinct  rays, 
the  one  with  inddence  a  little  greater  than  that 
which  gives  the  minimum  of  deviation,  and 
the  other  with  inddence  a  little  smaller.  These 
rays  having  routes  slightly  unequal,  may  inter- 
fere and  produce  alternations  of  light  and  dark 
in   the  colour  answering  to  these  ra}'8.     The 
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fringes  whidi  result  from  these  interfennoes  for ' 
all  the  colonn  ere  saperimposed  in  the  sky;  and 
bands  analogoos  to  those  in  the  odloured  rings  of 
thin  plates  result  Space  compeb  ns  to  refer  for 
detailed  experiments,  and  explanations  of  these 
mipemumeraxy  bands,  and  of  much  of  the  whole 
theory  and  history  of  the  subject,  to  an  article 
by  Bravais,  in  the  AmuAre  Meleorologique  for 
1*849;  and  to  the  OnqMcal  RejpreamiiaJtUmi  of 
Engel  and  Schdlbach,  of  which  we  have  spoken. 

Bala-Ctenge*  or  PtaTiMMCterw  An  in- 
strument whoee  object  it  is  to  measure  the  depths 
of  rain  falling  wUhin  certain  interrals  on  the 
earth's  surface,  at  tiie  locality  where  it  is  placed. 
No  meteorological  instrument,  generally  q>eak- 
ing,  is  so  imp^fect  and  little  trustworthy  as  rain- 
gauges  in  genenO.  The  simplest  form  is  tlie 
best ;  nor  can  a  better  be  devised  than  that  sug- 
gested by  the  Bev.  Professor  Flemings  of  Edm- 
buigh.  It  consiiitB  simply  of  a  cup  or  receiver, 
whose  opening  should  be  flush  with  the  soil^s  sur- 
foce,  and  which  by  a  funnel  delivers  tha  raui 
into  a  jar  below.  The  liquid  can  at  any  time 
be  poured  into  a  graduated  vessel,  and  mea- 
sured ;  or  the  jar  itMlf  may  be  graduated.  This 
arrangement,  which  costs  only  a  km  shflllngB, 
is  superior,  in  point  of  accuracy,  to  eve^  com- 
plex apparatus  that  men  of  over-ingenuity  have 
from  time  to  time  proposed.  The  right  placing 
of  the  rain-gauge  is  of  paramount  consequence. 
The  writer  (2  this  has  seen  <me  on  the  top  of  a 
pavilion  or  tent  roo^  and  across  which  any  cur- 
rent of  air  whatever — necessarily  deflected  by  the 
roof— flimply  carried  both  rain  and  snow  in  a  fine 
hcienttfic  wmil  The  extreme  imperfection  of 
our  knowledge  as  to  the  distributbn  of  rain  is 
unquestionably  owing,  in  most  part,  to  the  imper- 
fection of  this  instrument,  and  the  caieleas  way 
in  which  it  is  used. 

Bauise.  A  technical  term  connected  with 
gmiMry  and  prufectUes  (;.  v.) 

llai«lhctl«H.  The  laws  of  rarelaction  under 
increased  heat,  and  under  diminished  pressure, 
and  under  both  combined,  are  given  as  Dalton's, 
Marriotte's,  and  Amonton's  laws  in  Pkbcmatios. 

Ban*.  The  ratio  of  two  quantities  simply 
Biguifies  the  number  of  times  that  the  one  qnan^ 
tity  is  contained  in  the  other.  Sometimes  this 
number  cannot  be  stated,  re.,  the  one  quantity 
is  not  contained  in  the  other  any  definite  number 
of  times.  The  quantities  are  then  said  to  be  m- 
c(rmme$uurable,  £uclid*8  Fifth  Book  contains 
the  general  Geometrical  Doctrine  of  Ratios ;  and 
periiaps  no  portion  of  that  remaricable  volume  is 
more  worthy  of  the  ingenuity  of  the  Greek  In- 
tellect— It  is  very  clear  that  no  ratio  or  propor- 
tion can  exist  between  quantities  of  different 
hinds;  for  instance,  between  a  solid  and  a  sur^ 
face,  or  between  an  angle  and  a  line.  Hence 
that  general  principle  in  geometry  termed  the 
/Vtficipfe  of  Eomogenei^,  A  Principle  quite  un- 
(luesttonable,  if  it  be  kept  in  view  that  in  Func- 
tiunal  Equations  between  magnitudes  of  appa- 
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rently  difl^Brent  dasses,  coMftoilt  may  exist  tiwt 
converty  by  their  presence,  magnitodes  ugfanaltly 
heterogeneous  into  Batios. 


The  foregoing 
have  now  acquired  so  important  a  rignificanee  ia 
the  Modera  Geometry,  that  an  exact  dffinJIiBH 
of  them  ia  necessary  here.  (1.)  In  Arifkmeticml 
proportion  tlie  difibrences  of  any  two  t'unsciutiij 
terms  are  equaL  In  Geometrical  proportko,  tiH 
quotients  of  two  consecutive  tenna  ue  the  eon- 
stents.  The  nature  of  Hamumic  proportioD  is 
as  follows:*>Let  the  line  ab  be  ont  intmallf 


o 
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at  o  and  extemaBy  at  </,  so  tbat 

AO:  bov>ao^:bc/, 

it  is  said  to  be  ent  harwtomoai^i  o  O^  is  an 
inoniomeai between ▲</ and B</;  andifABbe 
supposed  invariable,  wlifle  o  and  {/  change,  Oese 
two  points  are  nained  kamumic  eimfi$gatm.^A 
Harmome  Pencil  is  this:  from  any  point,  o,  kt 
four  stndgfat  lines  be  dranm  cnttiog  the  IIdb  a  o 
harmonically,  or  so  that 

ADt  DO^s  AB  :BC^ 


fig.! 

These  four  Ifaies  are  an  hoFwumiepemeB,  It 
easily  be  proved  that  they  win  also 
cut  harmonically  any  otlMr  tzana- 
versal  Ime,  such  as  a'  iy,^Batio 
Anharmome,  If  four  fixed  ri^^t 
lines VA,VB,vc,VDbe  drawn 
ttom  the  same  point,  and  any  trana- 
verse  right  line  A  D  be  cut  by  them 
in  four  pointB  a,  b,  c,  d,  the  ratio 
of  the  rectangle  a  d  *  B  c  to  the 
rectangle  a  b  -  c  d  is  constant 
(This  ratio  fs  caUed  theoRAannomc 
ratio  qfthefoiarpoiHU  A,  B,  c,  D.) 
For,  through  c  draw  m  b  panDel 
to  A  v;  then,  a  d  •  b  c :  a  B  * 

^^"  |ad;cdJ*  Uv:OH) 
:  :  M  c  o  h;  but  this  last  ratio 
remains  constant  when  the  point 
c  changes  its  position  along  the 
line  V  c;  tlie  proposition  is  there- 
fore proved.  When  the  transversal 
coincides  with  x  B,  a  B  and  a  d 
become  infinite,  and  are  in  a  ratio 
of  equality,  and  therefore  a  d  .  b  c 
:ab'CD::bc:cd::xc:cb, 
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Hub  traasvene  lioe  be  drawn  through  c,  so  aa  to 
intersect  ▲  v  produced  through  v,  we  shall  still 
find  that  V  d'  .  </  b'  :  a'  b'  .  o  d'  :  !  M  0  :  o  m; 
and  if  c  mo^'es  along  v  c  into  any  other  posi- 
tion <ff  we  sliall  have  for  any  Una  such  as  ▲"  b", 
a'  d*  .  b"  (f  :  a*  b*  .  c"  d"':  :  a  i>  .  b  o  :  ▲  b  . 
c  D.  From  the  last  remark  it  immediately  HdI- 
lows  that,  if  ike  /tmr  givm  Imet  be  all  prwh^d 
tMnmgk  v,  the  ratio  if  the  reotoMglet  wader  the 
eegmentt  of  amf  tnmevertal  cutting  them  m 
amjf  vojf  wU  eheojfs  be  the  mum,  the  reetamgilet 
bdeg  written  at  ab<we^  and  the  iameleUer»AfB,Ct 
or  D,  being  meed  to  rqrretent  a  point  angwhere 
aJUmg  the  whole  extent  qf  one  and  the  etune  right 
line.  In  other  wonU,  the  anbarmooic  ratio  of 
the  fimr  points  on  the  trannvereal  will  remain 
constant  The  right  lines  meeting  in  a  point 
are  said  to  form  a  pencil;  and  the  constant 
ratio  above-mentioned  is  called  the  anharmonic 
ratio  <ifthe  pendL  This  may  be  expressed 
by  the  notation  t  .  a  B  c  d,  y  being  tlie 
vertex  of  the  penciL  It  is  evident  that,  ^  two 
peneOe  eroet  the  tame  right  line  in  the  tame  fomr 
points,  the  anharmonic  ratioe  of  ihe  peneila  are 
equal,  both  being  equal  to  that  of  the  four  pointa. 
It  is  also  evident,  that  {f  the  anglet  coiUained  bg 
corretponding  legs  qf  two  pencils  be  eqmalt  the 
pencils  have  the  tame  anluuTnome  ratio.  The 
great  importanoe  of  the  anharmonic  properties  of 
a  pencil  was  first  indicated  by  Cbades  in  the 
Notes  to  hia  Aper^  llittorique.  The  principle 
itself  is  given  iu  the  Math.  CoL  of  Pappus,  b.  viL, 
prop.  129. 

Kaitoa,  Prlas«  Mid  CIUmsh  —The  terms 
which  Kewton  employed  to  denote  the  funda- 
mental and  elementar}-  notion  of  limits,  already 
explained.  See  Liitrr.  The  ultimate  ratio  of 
two  infiniteeioials  is  that  to  which  the  prime  or 
real  ratio  of  any  two  of  them  continually  approxi- 
mates the  smaller  they  become,  beyond  wbicli, 
however,  they  in  no  case  paasL  The  notion  of 
Umits  is  nearly  the  same ;  and  as  this  term  is 
more  simple,  it  is  commonly  employed. 

Bsiya.  If  any  physical  influence,  such  as 
Light  or  Jleat,  is  propagated  along  straight  lines 
iswing  from  a  central  point,  it  is  said  to  be  pro- 
pagated along  Rags.  The  significance  of  the 
term  has  recently  been  extended.  In  its  most 
general  sense  it  means  any  group  of  straight 
lines  drawn  from  a  fixed  centre,  and  whether 
they  are  contained  within  the  same  plane  or 
oCberwise.  In  this  very  general  meaning  it  is 
now  frequently  employed  in  geometry. 

B— frtsB  Action  and  reaction  are  equal 
and  opposite.  Thus,  when  a  pistol  is  fired,  there 
i»  a  back  efl^  upon  the  pistol  id^tically  equal 
to  that  upon  the  bullet. 

BaadUag  illlcr— r»»e.  See  MlCROflOors 
and  CiBCLES. 

BcMsanmr.  For  a  description  of  the  ther- 
mometer so  named,  see  FAnBKNiiBrr. 

B«cciver.  The  vessel  from  which  the  air 
is  •»hyiMt««i  in  an  air  pump. 


REF 

By  meana  of  the  theory  of 
polars,  already  exphtined,  every  proposition  be- 
comes, as  it  were,  double;  that  b,  it  leads  im- 
mediately to  another,  called  its  reciprocal  The 
process  by  which  one  proposition  is  thus  de- 
duced from  another  is  called  redproeOtion.  The 
propriety  of  the  name,  as  well  as  the  general  na- 
ture of  the  process  itself,  will  be  understood  from 
an  example :  but  the  complete  power  and  extent 
of  the  method  can  only  be  appreciated  through  Its 
applications  to  the  Ugher  departments  of  geo- 
metry. -Suppose  it  were  required  to  find  the  re- 
ciprocal of  Pascal's  theorem ;  viz.,  \f  a  hexagon 
be  inscribed  m  a  circle,  the  intersections  qf  the 
opposite  sides  are  three  points  m  one  right  Kne. — 
Draw  tangents  at  the  six  vertices  of  the  inscribed 
hexagon ;  by  this  means  a  circumscribed  hexa- 
gon is  formed,  whose  three  diagonals  (that  is, 
lines  joining  opposite  angles)  are  the  poUus  of 


the  points  of  Inleneotlon  of  the  opposite  sidca 
of  the  inscribed  hexagon ;  for  instance,  </  i'  is 
the  polar  of  o.  Mow,  as  the  three  points  of 
InteisectiQn  are  in  one  right  line,  their  polan 
pass  through  one  point  Hence  we  have  Brian- 
chon*s  theorem,  "  The  Unes  joining  the  op" 
posits  angles  qf  a  hexagon  ciramscribed  to 
a  drde,  meet  in  one  point." — If  we  examine 
thia  process,  it  will  be  seen  that  we  have  con- 
structed a  new  figure  (the  circumscribed  hexa- 
gon, and  its  three  diagonals),  each  line  in  which 
has  ibr  its  pole,  in  respect  to  the  given  drde,  a 
oMnqxmding  point  in  the  original  figure,  the 
tangenta  having  for  poles  the  points  of  oontact 
It  will  also  be  seen  that  the  original  figure  stands 
in  exactly  the  same  relation  to  the  new  one.  The 
two  fijTuras  are^  therefore,  properly  called  polar 
reciprocals ;  and  the  same  name  is  applied  to  ex- 
praH  the  relation  between  their  propenieB.  Pas- 
chl's  and  Brianchon*s  theorems  are,  then,  mutu- 
ally polar;  and  either  being  proved,  the  other 
follows  as  a  matter  of  course. 

WUmtnimmwusdWtniwmethnm,  Terms  which, 
in  their  original  significance  as  applied  to  Ught, 
comprehended  nothing  beyond  that  ancient  Law 
of  the  Equality  of  the  angles  of  Incklsnce  and 
Reflexion,  and  that  no  less  important  Law  of 
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Snell,  whoM  pndieal  ^ppUcailons  coiutitiite  the 
two  salgects  of  Catoptbics  aod  Dioptbigb.  Bat 
Gircamstances  have  changed.  We  bare  explained 
under  LiaBT,  in  what  manner  the  two  pbenomeoa 
—the  exiatenoe  and  direction  of  a  r^ected  nj, 
and  the  exiatenoe  and  direction  of  a  refracted  ray — 
neeeworifl^  occur  when  a  wave  of  Light  impinges 
upon  the  sorfiuje  of  a  transparent  body.    These 
two  rays  indeed  arise  from  tlie  resolntion  of  the 
incident  nndolation  into  two  others :  and  it  thns 
has  become  a  ratbnal  mathematical  inquiry — not 
merely  what  are  the  directions  of  these  rays,  bat 
also  what  are  their  JtUeimtieif  The  problem  was 
fot  undertaken  by  Fresnel,  and  solved  by  him 
so  satisfactorily,  that  all  the  empirical  Laws  of 
Brewster  and  Mains  follow  from  his  formula  as 
a  matter  of  couTM.   While  explaining  the  process 
of  Fresnel,  Mr.  Airy  in  his  treatise  on  the  Un- 
dulatoiy  Theory,  has  sufficiently  indicated  that 
its  Toondations  are  not  unaffected  by  a  certain 
indefiniteness  and  obscurity;  and  the  subsequent 
progress  of  experiment  has  unfolded  truths  which 
these  formula  do  not  wholly  reach. — In  attempt- 
ing to  lay  before  the  reader  something  of  the 
present  state  of  the  subject,  we  shall  confine  bis 
attention  to  the  Rxflezioh  of  Poi,4rizwd 
Lioht;  nor  by  adopting  this  restiictiun,  shall  we 
be  placed  under  the  necessity /)f  omitting  notice 
of  any  important  principle  oonniected  with  the 
general  inquiry.    A  very  slight  oonaiderBtion  in- 
deed may  convince  us,  that  if  such  problems  are 
carelully  solved  with  regard  to  polarised  Light, 
they  may  be  held  as  solved  universally.  The  ray 
of  ordinary  Light,  as  we  have  already  said,  must 
be  accounted  a  wave  of  transversal  oscillation^ 
the  oscillations  being  such  that  no  tide  of  the  wave 
can  manifest  any  peculiarity.    Now,  a  set  of 
oecillatiooB  of  this  sort,  whatever  tboy  are,  may  be 
resolved  into  two  rectangular  and  symmetrica] 
plane  oscillations.    For  instance^  if  the  dotted 
line  bebw  be  the  transverse  section  of  an  ordi- 
nary wave,  all  its  undulations  may  be  represented 
by  a  system  of  oedllations  in  the  plane  ▲  b,  and 
a  oorresponding  system  at  right  angles  to  the 
former  in  the  jdane  o  ]>.    But  as  these  two  sys- 
tems  really  consti- 
tute two  equal  and 
rectangular     plane- 
polarized  waves,  it 
follows  that  if  ire 
]la^*e     traced     the 
changes     impressed 
on  polarized  waves 
by  any  circumstan- 
ces, we  may  deduce 
the  changes  to  wludi, 
under  the  same  ctr- 
a  ray  of  commim  light  woold  be 
is  further  manifest,  that  as  a  ray 
polarized  in  any  other  azimuth  a   o   s,  may 
have  its  vibratbus  resolved  into  a  set  of  vibra- 
ticins  along  a  b,  and 
inquhry  on  which  we 
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resolves  Hself  into  considenition  of  the  habi- 
tudes of  two  plane -polarized  rays  of 
muths  0^  and  90^  Farther,  in  the  case  of 
num  liffhtf  the  two  sets  of  vibratkoa  must  be 
mechanically  equivaknt,^^  e.,  if  the  jntwwity 
of  the  incident  wave  be  I,  eadi  ef  the  tw« 
sets  of  vibrations  Into  which  it  is  resolved 
must  be  ^. — These  prelinilnaiy  lemoikB  wHi 
make  our  subsequent  investigstions  abudsBtly 


cumstances, 
subject — It 


another  along  o  D,  the 
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subject  naturally  divides  itsdf  into  two  polls. 

(1.)  Ijows  i^  Pmianaalitm  by  B^hxkmfntm 
rte  StufaeeaofTrim^arent  UnaywiaiHtu  Bcdfia 
— The  relations  between  such  refleadoos  and  pohv- 
ization,  according  to  Brewster's  enqxiical  hnn 
and  Fr«nel*s  theory,  are  the  foDowing : — Fwti, 
when  a  beam  of  ordinary  Uglit  falla  upon  an  kk 
crystalline  transparent  surfiioe^  there  Is  a  oatab 
angle  of  incidence  which  gives  a  reflected  beim 
wholly  polarized,  and  the  index  of  rsfiaetioB 
peculiar  to  the  substance  ia  the  tmngcnt  of  tint 
angle,  (kcondi^^  if  a  unit  of  Kight  poiariaed  in 
the  plane  of  inddenoe  be  reflected  from  such  a 
surfiioe  as  the  foregofaig,  the  intensity  of  tiie  le- 
flected  beam  will  be  measured  bj  the  aqaare  ef 
the  fraction, — 

sm  (t  +  r)  ^   ' 

And  if  the  incident  unit  be  polarised 
perpendicular  to  the  plane  of  i 
tensity  of  the  reflected  light  will  be 
the  square  of  the  ihKstioa 


nddence^  the 


tan  (t  —  r) 


a) 


tan(t  +  r) 

From  which  expressions  it  fotlowB,  that  if  a  1 
of  light  be  polarized  at  an  azimuth  a  widi  the 
plane  of  incidence,  and  if  a'  be  the  azimnthef  the 
polarization  of  the  zefleoted  beani,  we  have 


tan  a'  a  tan  A  . 


cos(l  +r) 
ooa(l  — r) 


whence 


tan  A 
^      tauA 


oos(l-fr)'' 


w 


are  entering  altogether 


In  other  words,  Q  must  be  a  oomstant  quaatity 
in  all  cases,  if  Fresnd's  laws  be  strictly  tme. — 
These  formula  of  Fresnd's,  as  already  said,  di- 
rectly yi^  Sir  David  Brewster**  empfaieal  lav; 
and  if  they  are  strictly  oonect  that  law  dioBid 
hold  universally,  varying  with  diflereat  sab- 
stances,  simply  in  accordance  with  their  refrac- 
tive index.     In  the  foregoing  formnlai,  t  aad  r, 

ax«  the  angles  of  inddenee  uid  refiuctioa. 

As  pointed  out  by  the  Bev.  Mr.  HaughUn*  then 
is  an  easy  means  of  verifying  thess  fonnafa^  or 
of  ascertauning  whether  they  strictly  iqaawBt 
the  phenomena.  For  Jpstanois  wa  dednoa  fiaoi 
fonnala  (8.) 
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tanr 
and  pi 
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Q  + 
sior 


oot 


Kow,  at  the  admathi  of  aa  inddoiit  and  rafleeted 
polarised  beam  a  and  a'  can  be  detected  in  any 
case  by  aoitable  experiment,  and  as  ^  the  index 
of  refraction  of  the  n&eeting  aarfaoei  is  rigorooely 
detenninable  by  the  well-lLnown  means,  there  U 
BO  difBonltj  in  the  way  of  ascertaining  whether 
Q  is  oomloiif,  and  ^  as  thos  estioiated,  oonre- 
spoods  with  the  tme  refracting  hidex  and  is  also 
eoostant  The  fbOowing  table  represents  one  set  of 
carefol  experiments  made  by  Mr.  Haughton  :^ 

Incidence  89°  22^. 


A 

A' 

Q 

t* 

l*> 

70  ly 

8*106 

1-598 

ao 

14    M 

3-349 

1-495 

45 

23    45 

3-385 

1431 

CO 

85    89 

8*415 

l^IOZ 

75 

56     0 

t-517 

1D68 

The  tme  valoe  of  ^  in  the  case  in  question  was 
1*6329«  Now,  not  only  is  q  not  constant,  and 
p  neither  aoenrate  in  amoont  nor  constant,  bat 
it  is  qnite  dear  that  the  difierenoes  are  not  attri- 
butable to  enora  of  observation,  inasmuch  as  q 
and  p  both  vaiy  according  to  some  law.  Bat 
the  fiict  that  the  view  of  reflexion  originally  en- 
tertained most  be  incomplete,  was  previoasly 
ertahlishert  by  many  sepante  experiments.  The 
phenomena  of  metallic  reflexion,  indeed  (dis- 
cnseed  below),  had  long  been  fitmfliar,  bat  they 
were  diepoeed  of  by  being  anceremoaioosly  tiurnst 
oat  of  the  Add,  or  considered  a  eeparate  and  p»- 
caHardass;  bat  liar  yean  it  had  l>een  recognized 
besides,  that  there  were  several  transparent  or 
tnndnidd  sabetances,  for  which  noan^  of  com- 
plete pohuisation  existed.  The  discoverers  hi  this 
direetioo  were  BioC,  Sir  John  HerKhd,  and  Sir 
David  Brewster;  bot  it  is  doe  to  Mr.  Dale  of 
Cambridge,  to  name  him  as  tlie  first  inqairer  in 
this  ooontry,  wlio,  by  continaoos  and  systematic 
labour,  called  the  attention  of  physicists  to  the 
sali|ect.  He  soooeeded  in  demonstrating  tliat 
then  ia  no  angle  of  complete  polarisation  in  the 
case  of  tiie  (bUowing  substances: — ^indigo;  arti- 
idal  realgar;  the  diamond;  transparent aystals 
if  solpbate  of  zinc;  tnmslncent  g^ass  of  anti- 
mony; solphur  that  had  been  pocued  mdted  on 
poUdiedainc;  transparent  tongstate  of  lime;  car- 
bonate of  lead  in  transparent  crystals,  limpid  as 
^bss;  tnuttladd  droon;  anenious  add;  ido- 
ciase;  hdvine;  labrador;  hornblende.  And  Mr. 
Dale  did  not  rest  with  mere  isolated  experiments. 
Arranging  these  sabstances  in  the  order  of  thdr 
departure  ftxmi  the  previously  known  laws  of 
polariaation,  he  foond  that  this  order  of  departure 
bore  dear  rtiaHon  to  the  r^frmgeneg  <if  the  re- 
Jltdmff  enbttaneee.  The  deviations  in  this  case, 
therefore,  appear  as  clearly  to  follow  a  /ow,  as  the 
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deviations  of  q  and  /§  in  the  table  given  above; 
so  that  both  sets  of  dreumstancee  indicate  not  only 
the  incomplelenees  of  Freend^s  theory  of  reflexion, 
but  what  is  of  much  more  importance,  that  the 
formaUs  yidded  by  the  complete  theory  will 
probably  difibr  from  Fresnd's  formulss  in  thli 
— they  will  contain  co-effidente  depending  on 
the  magnitode  of  the  index  of  refraction,  and 
whidi  will  be  extremdy  small,  unless  when  that 
index  is  laigeu  Nay,  it  seemed  not  improbable 
that  no  substance  could  be  found  capable  of  polar- 
ising light  into  a  plane  under  any  angle  with 
abeolute  exactnees;  the  reflected  ray  appearing 
plane-polarized,  merdy  because  the  other  portion 
of  the  light  is  in  certdn  drcnmstanoes  too  small 
to  aflbct  the  e3re.  Should  this  turn  out  correct, 
the  general  phenomenon  might  be  a  case  oieUiptic 
polarieatitm—ihet  meet  probable  of  all  forms  (see 
PDLAiuzATioii)~the  ratio  of  the  axes  bdns; 
some  fonctloa  alike  of  the  anj^  of  incidence  and 

the  refringency  of  the  sabetanoe. All  doubt8, 

however,  rogsyrding  tlieee  fiicts  and  the  laws  of 
this  interesting  department  of  phydcal  optics, 
have  been  finally  set  at  rest,  by  the  recent  dsr- 
borate  and  most  successful  reeearches  of  M.  Jamin. 
In  his  two  memoirs  in  the  Anmdet  de  Ckmie,  for 
I860  and  1861,  he  has  exposed  the  resolts  of  a 
scrutiny  on  a  hundred  diflerent  reflecting  tnms- 
parent  substancee,  eoUd  and  liquid.  The  nature 
of  M.  Jamin's  experimental  method  we  have  no 
room  to  detail,  but  the  theoretical  prindple  at  its 
foundation  was,  that  dliptic,  drcnlar,  or  recti- 
lineal polarisation  would  ensue  according  to  the 
phaee  in  whfch  the  two  constituent  reflected 
plane-polarised  rays  meet  after  reflexion; — a 
truth  already  folly  explabied  under  Polabiza- 
nov.    The  foUoiring  are  M.  Jamin*s  results : — 

1.  Almost  all  solid  substances  polarise  light 
imperfoctly  by  reflexion:  meaning  that  they  do 
not  convert  a  common  ray  of  light  at  any  angle 
of  inddenoe,  into  a  purdy  plane-polarised  ray.^ 

2.  They  transform  an  inddent  plane- pdarized 
beam  of  a  given  asimnth.  into  a  beam  dliptically 
pdariaed. — 8.  If  the  inddent  plane -polarised 
beam  be  resolved  into  its  two  components,  and  m 
perpendkuhr  to  the  plane  of  inddenoe,  the  dif- 
ference of  phase  in  die  reflected  components  will 
be  180^  270%  860°,  at  the  perpendicular,  prin- 
dpal  and  grsising  inddenoes  respectivdy. — 4. 
That  the  laws  of  reflexion  depend  on  two  con- 
stants, ons^  the  index  of  refraction  (known  to 
FVend),  and  the  other  (omitted  by  Fresod), 
the  co-^ficimi  <^  eUHptiatjf  ariring  from  the  re- 
flective power  of  the  body.— 6.  All  substances 
whoee  Index  of  refraction  Is  greater  than  1-46 
acoderate  the  phase  of  the  component  in  the 
plane  of  incidence.— 6.  All  substances  whose  in- 
dex of  refraction  is  lees  than  1*46  retard  the 
phase  of  the  component  in  the  plane  of  inddenoe. 
—7.  AU  substances  whose  index  of  refraction  is 
sensibly  equal  to  1-46,  pdaiiie  the  reflected  light 
rectilineally,  and  obey  Fresnd*s  and  Brewster's 
Laws.—- Tbeae  experimental  dednctioDs  indode 
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For  €bB  exact  Imw  of  tbe  cbsnges  of  fhe  mfe 
of  tlie  axes,  aeo  the  memoir  by  Mr.  Haqghto^ 
alieadj  qaotod). — 2.  If  a  i«j  polarixed  in  aa- 
maths  0^  or  90°  be  reflected  from  a  metal  aaj 
number  of  times,  it  always  ramaios  polarixed  hi  tlit 
aame  plane  after  reflexion. — 8.  Srvy  raj  wlucfc, 
polarized  before  reflexion,  b  pbme- polarised  la 
any  other  aasimnth,  bees  Ita  plane-p(dariaatioa 
after  it  hae  andetgone  tlie  action  of  tibe  metal 
(It  beoomes  dliptically  pohuized). — 4.  Wha 
plane-pokriaed  light  is  redectad  any  nnmbcr  of 
times  from  paralM  metallic  minon,  at  tiie  iBa> 
dence  of  maximnm  polarisation,  the  polariotMa 
is  restored  after  an  epm  number  of  reflections,    5, 
Finally,  the  reflected  beam  beoomes  again  polar- 
ized after  an  even  or  uneven  unmber  of  reflezko^ 
under  a  great  number  of  inddenoes,  deCenniaed 

by  laws  which  remain  to  be  fimnd. Tfaii 

subject  of  Metallic  Reflexion  was  the  fiiat  that 
occupied  the  attention  of  M.  Jamio.  The  tatdd 
student  will  readily  detect  thai  there  is 
entirely  in  common  between  this  daas  of 
mena  and  the  class  relating  to  transparent  hodisL 
M.  Jamin  found  the  key  to  the  propositioB  re- 
garding depolarisation,  likewise  as  beflare  ia  the 
alteration  of  phase  resulting  after  reflexioB,  m 
tlie  two  rays  polarized  in  aajmutha  0  and  90%— 
into  wldch  two  any  ny  plane-polarized  at  odiBr 
azimuths  can  be  reeolved.  This  almralion  cf 
phase  will  produce,  generally,  an  elliptic  pdsi^ 
ization;  and  the  prerions  phuae-polarizatiaB  wiS 
evidently  be  restored  after  as  many  reflexkns  m 
shall  make  the  retardation  of  phase  amooat  to 
an  entire  vibration.  Not  a  shaide  of  myaterf ,  a 
fact,  now  rests  on  the  sulgeet;  and  evsiy 
doslon  of  Jamin's  experiments,  in  this 
also^  finds  its  conaterpart  in  Caachy's  fonnisL 
The  original  memob  of  Jamin  is  given  ia  pert 
17tii  of  Taylor^  Repertory. — Jamin  oondads 
his  memoir  by  resesrchea,  and  a  satJefiactocy  solu- 
tion of  the  ooibmr  ofmdaitie  mmfacn  in 
drcnmstanoes.  We  regret  we  have 
more  in  oar  power  than  to  refer  the  nader  id 

the  original  dissertation. ^It  is  acanely  oeoee- 

saiy  to  draw  attention  to  the  fiu^  tiiat,  in  tha 
phenomena  of  Beflexion,  we  liave  anotliar  rio- 
gaUr  instanoe  of  the  graap  of  the  Undalatoiy 
Theory  of  light  The  formulie  of  Caachy  wen 
evolved  long  prior  to  tiia  discovery  of  the  Ihcts; 
yet  althoogh  theae  fixts  as  they  gradually  oame 
up,  appeared  anomaloos  aa  wdl  as  intrioaae,  we 
have  foand  the  Law  of  them  all,  inlhededeetaoas 
or  even  previaions  of  the  Analyst  SeeAFVorux, 
article  Phasb. 

BcitexiMi  V«tBL  When  a  ray  enten  from 
a  rare  into  a  dense  medinm,  the  ray  within  the 
new  medinm  is  nearer  the  peqwodioilar  throaigh 
the  pointof  ineidenoe  than  the  incident rsyf  and 
when  a  ray  paaaes  from  a  dense  into  a  me 
medium  the  reverae  holda.  It  will  readily  appev 
that,  hi  the  latter  case,  as  the  angle  of  the  ia- 
tnmt  ray  with  the  perpendicolar,  increawm.  the 
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•very  known  fhet,  and  they  may  be  termed  flnsL 
Mr.  Hangltton  of  Dublin  has  ofi'ered  an  admir- 
able memoir  in  supplement,  in  which  he  inves- 
tigates the  position  of  ttie  major  axis  of  the 
elliptically  polarized  beam,  and  tabulates  the 
ratio  of  the  axes  of  the  ellipse  for  diflerent  con- 
ditions of  incidence  and  azimuth  of  incident  plane- 
pohuized  light  See  FhSL  Magasine  for  Decem- 
ber, 1854,  in  which  Mr.  Haughton  has  evolved 
several  extremely  interesting  and  important 
seoondary  Laws.— -The  question  remains,  in 
how  for  pure  theory  can  account  for  the  novel 
aspect  thus  assumed  by  the  phenomena.  The 
reply  is  in  the  highest  degree  satisfactoy.  It 
must  be  stated  of  an  inqidrsr  of  great  genius, 
Mr.  Green,  that  he  has  given,  in  the  seventh 
Tolume  of  the  Trcauacdona  qf  ike  Cambridge 
Society,  formula,  deduced  from  tfaeoreticsl  con- 
sideratiom,  that  meet  the  whole  ease— evidendy 
without  knowledge  of  the  laboura  in  the  same 
direction  of  any  other  Analyst  But  while  thb 
is  cheerfully  conceded  to  a  man  far  too  little  ap- 
preciated, and  whose  grasp  over  physical  Laws 
has  been  surpaseed  in  tbe  case  of  few  recent  Eng^ 
lishmen,  it  is  nevertheless  impossible  to  withhold 
the  honour  of  having  surveyed  and  sounded  the 
whole  of  this  subject,  from  that  remarkable  French 
geometer,  M.  Cauchy.  In  1838,  Cauchy  com- 
municated to  the  Institute,  with  an  account  of 
the  grounds  on  which  they  rest,  formuln  of  which 
FresneFs  are  only  a  limited  case,  and  which  are 
so  correct  and  rimple,  that  one  might  imagine 
them  to  have  been  deduced  empirically  from 
Jamin's  elaborate  experiments.  Reference  will 
again  be  made  to  the  achievements  of  Cauchy 
under  Undulatort  Tbbort.  Meanwhile  we 
may  be  permitted  to  express  a  regret  that  the 
general  and  very  lodd  account  he  has  himself 
given  of  them  in  volumes  vil.,  viii.,  and  ix.  of  the 
Compfea  Rendu*,  has  not  been  ftilly  brought  be- 
fore the  English  student 

(2.)  Ife/oAic  A^lcKEMMi.— Previous  to  that  dis- 
covery of  the  exceptional  facts  in  the  case  of 
transparent  bodies  which  issued  so  happily,  Sir 
David  Brewster  had  detected  the  wholly  ano- 
malous character  of  reflexion  fnm.  Metallic  sur- 
faces, in  its  bearings  on  the  change  indicated  by 
the  teim  polarization.  The  following  proposi- 
tions were  laid  down  by  liim  as  satisfiuitorily 
established. — 1.  If  a  beun  of  natural  light  falls 
on  a  metallic  mirror,  it  is  not  polarized  by  re- 
flexion at  any  incidence,  but  always  presents  the 
appearance  of  a  partially  polarized  ray.  Never- 
tbelees  there  is  a  particular  incidence  for  which 
the  polarized  portion  of  the  light  is  a  maximum. 
(Thi»  proposition  is  plainly  tantamount  to  say- 
ing, that  the  light  reflected  from  metallic  sur- 
frees  is  ellipticslly  polarized ;  that  the  ratio  of 
the  axes  of  the  ellipse  varies  with  the  angle  of 
incidence ;  and  that  there  is  an  angle  at  which 
that  ratio  is  a  mininmm.  It  thus  enters  easily 
as  a  case  of  that  general  phenomenon  to  which 
reflexion  from  transparent  bodies  also  belongs,    angle  of  the  emitted  laj  will  coma  to  ooanchk 
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wtth  the  Ixmzoiital  line ;  and  that  if  the  fomar 
angle  is  farther  augmented,  there  will  be  no 
enitted  raj  at  aD,  but  one  bent  back  within  the 
dense  medium.  In  other  words,  the  whole  rar 
is  reflected  at  the  second  surface  of  the  medium 
—a  phenomenon  named  total  r^leetum.  This 
fiict  has  many  important  practical  applications. 
For  instance,  if  one  desires  to  alter  the  dtreo- 
tkxi  of  a  raj  of  h'ght,  it  may  be  done  by  use 
of  this  principle  of  total  reflection,  with  scarcely 
any  loss  of  light  The  same  change  of  direction 
oonld  not  be  eflected  by  means  of  a  metallic 
mirror  without  a  oonsideFable  loss  of  light.  Hence 
the  great  value  of  prisms  of  total  reflection  in 
Newtonian  reflecting  telescopes. 

BelHictim.  The  Law  of  the  ^rectum  of  the 
refracted  ray,  in  cases  of  single  or  simple  refrac- 
tion, haa  already  been  fUly  stated;  and,  in  various 
articles,  the  applications  of  that  law  have  been  un- 
Ihlded.  The  rdations  of  this  phenomenon  with  the 
plieoomenon  of  Reflexion,  as  regarded  by  the  Un- 
dulatory  Theory,  have  also  been  explained.  In- 
qntiMB  remain— -suiBciently  interesting ->  respect- 
ing the  MteMdy,  &c,  of  the  refracted  ray.  The 
principles  at  their  root,  however,  are  similar  to 
those  unfolded  in  the  previiwis  article;  on  which 
account  as  well  as  our  want  of  space,  we  must 
nrfer  the  reader,  desirous  to  pursue  the  subject, 
to  systematic  treatises  on  Physical  Optics, — re- 
stricting ourselves  here  to  a  notice  of  the  more 
remarkable  manifestations  by  Crystalline  bodkB 
when  employed  as  refringent  substances. 

L  RKFRAcno.t  Double.  Thid  curious  sub- 
ject is  divisible  into  three  parts. 

(1.)  The  PkenomencL — We  hare  explained 
under  Mjmsraloot  Optical,  that  there  are  three 
great  classes  of  ciystals.  The  Jtrtt^  or  those  whose 
fundamental  form  is  the  cuIm,  have  one  mathe- 
matical axis;  or  rather  their  three  rectangular 
axes  of  fefrm,  are  all  equal:  The  momJ,  the 
rliombohedra]  and  pyramidal  systems,  in  which 
two  of  the  rectangular  axes  of  form  are  unequal: 
And  the  third,  belonging  to  one  or  other  of  the  pris- 
matie  systems,  in  which  these  three  rectangular 
axes  of  form  are  all  unequaL  It  was  mainly  to 
the  unceasing  ludustry  and  acuteness  of  Sir 
David  Brewster  that  science  owed  the  discovery 
of  the  intimate  connection  between  this  dassifica- 
tion  of  crystalline  lonns,  and  the  phenomena  of 
double  reflnaction.  Crystals,  of  the  first  class 
whoM  three  axes  are  equal,  yield  no  double 
image :  they  act  as  simple  transparent  bodies,  and 
prodooe  one  refracted  ray.  Both  of  the  other 
classes  yield  two  images,  only  in  quite  diflerent 
ways.  Crystals  of  the  second  form — of  which 
Iceland  spar  is  the  most  available  and  in- 
structive specimen — act  in  the  following  manner. 
In  most  positions  of  the  crystal  with  regard  to 
the  incident  light,  two  beams  are  produced,  one 
of  which — ^the  ardutaty  n^— obeys  the  law  of 
Sndl, — t.  a.,  it  is  Ui  the  same  plane  with  the 
incident  ray,  and  the  sine  of  the  angle  of  incUeoce 
has  to  the  sineof  the  angle  of  refraOion  a  oonatant 
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ratio,  for  the  same  medium.  The  second  beam 
does  not  generally  obey  either  of  these  condi- 
tions, that  is,  it  is  not  always  in  the  plane  of  the 
incident  ray,  and  it  disregards  the  law  of  the  dues : 
this  ray  b  called  the  extraordinary  rajf.  Now  in 
the  class  of  ciystals  of  which  we  are  speaking 
there  is  one  line,  or  ratherone  direction,  termed  the 
cptie  axis.  In  the  rhomb  of  Icdand  spar  it  is 
the  line  joining  tl)e  opposite  obtuse  solid  angles : 
all  the  faces  of  either  extremity  making  equal 
angles  with  this  line.  As  however  the  optic  pro- 
perties are  the  same  for  lines  passing,  in  this  same 
fashion,  through  all  elementaiy  and  symmetrically 
placed  rhombobedrons,  this  optic  axis  is  mani^ 
festly  a  direction  in  space  and  not  a  mere  line. 
Now  if  we  polijih  an  artificial  face  on  the  crystal 
perpendicular  to  this  optic  axis,  and  cause  a  ray  of 
light  to  fall  perpendicularly  on  that  £m»,  there  is 
no  double  rafraction~the  ordinary  ray  passes 
straight  through — without  deviation,  and  the  ex- 
traordinaiy  ray  vanishes.  For  every  other  angle 
of  incidence  there  are  two  rays ;  but  In  this  esse 
the  extraordinary  ray  obeys  one-half  of  the  law 
of  simple  refraction^it  is  always  in  the  plane  of 
incidence.  The  ratio  of  the  sines  however  in 
the  case  of  the  extraordinary  ray  Is  not  constant 
for  all  mcidences :  on  the  contrary.  It  diroini<^lies 
as  the  inclination  of  the  ray  to  the  optic  axij  in- 
creases ;  being  least  of  all  when  the  ray  is  per- 
pendicular to  the  axis.  This  least  value  of  the 
ratio,  is  called  the  extraordinary  index.  If  a 
plane  were  cut  parallel  to  the  optic  axis,  and  a 
ray  made  to  fall  on  the  crystal  at  any  angle  in  a 
plane  perpendicular  to  that  face,  the  two  images 
would  again  emerge  in  the  plane  of  incidence,  and 
at  all  angles  of  incidence  the  ratio  of  the  sines  of 
incidence  and  refraction  would,  in  both  rays,  be 
found  constant:  i,  e.,  theexfraordtfiary  index  just 
referred  to,  in  the  case  of  the  extraordinary  ray, 
which  thus  obeys  both  the  laws  of  ordinary  refrac- 
tion. The  direction  of  that  ray  in  all  circum- 
stances will  be  given  in  a  subsequent  paragraph. 
The  optic  axis  around  which  the  phenomena  uf 
double  refraction  are  evidently  grouped,  is  clearly 
the  axis  ofform^-oir  the  line  around  whidi  the 
whole  rhomboid  is  symmetricaL  It  would  seem 
at  first  sight  reasonable  to  suppose  that  the  ehs- 
ticity  of  the  crystal  is  either  greater  or  less  along 
this  line  than  along  any  others,  and  that  it  is 
equal  along  all  directions  perpendicular  to  it ;  so 
that  we  have,  at  outset,  a  significant  hint  as  to 
the  probable  cause  of  double  refhustion. — Turn- 
ing now  to  crystals  of  the  prismatic  order— an 
order  comprehending  by  far  the  larger  number 
of  crystals,  we  detect  there  no  single  axis  of 
form;  in  fact  there  is  no  single  line  around  which 
their  Amtos  are  si'mmetricaL  It  was  resen*iil 
fbr  Sir  David  Brewster  to  diaoover  that  thcMs 
crystals — such  as  arragonite,  smos,  sulphate  of 
barytes,  sulphate  of  Kme^  topoM,  and  felspar — 
have  two  optic  axes,  and  are  therefore  termed 
hi-axial  erf^tals.  These  two  optic  axes  have  rela- 
tions to  the  incident  and  tlie  refracted  twofold  rtiy, 
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quiteaoftlogons  to  the  reUtioiu  disoemed  in  the  ease 
of  loeland  sfMur ;  and  we  owe  to  oar  distingaished 
coimtiyman  the  farther  most  important  fact,  that 
if  two  lines  be  drawn,  one  bisecting  the  acute  and 
the  other  the  obtuse  angle  between  the  optic  axes, 
these  lines  (together  with  a  third  at  rig^t  angles 
to  both)  are  closely  connected  with  the  primidve 
form  of  the  crystal ; — they  are  indeed  the  fanda- 
mental  lines  of  the  physical  theory  of  doable  re- 
fraction—the two  former  being  those  in  which 
the  elasticity  of  the  vibrating  medium  is  greatest 
and  least.  Neither  of  the  rays  in  the  case  of 
biaxial  crystals  is  an  ordinary  ray.  Both  are 
refiracted  in  an  extraordinary  manner  and  ao- 
cording  to  a  new  Uw. 

(2.)  Theory  of  Oe  PAenomeno.— We  most 
be  satisfied  with  the  simplest  practicable  ex- 
planation of  the  principle  by  which  the  phe- 
nomena of  double  Befraction  are  aoooanted  for. 
The  beaotiful  geometrical  construction  by  which 
Uuyghens  represented  the  direction  of  the  ordinary 
and  extraordinary  rays  in  a  ihomb  of  Iceland 
epax,  is  as  follows.  Let  a  o  be  the  incident  ray 
and  o  F  the  section  of  the  surface  of  the  crystal 
made  in  the  plane  qfinademoe.  Produce  the  in- 
cident ray  to  any  point  b,  and  from  b  raise  the 
perpendicular  b  f.  Find  o  d,  so  that 
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Sine  incidence :  Sine  refract:  b>  c  b  :  c  d 
in  the  case  of  the  ordinary  ray.  With  radius  c  d 
describe  a  circle;  and  imagine  a  qthere  existing 
in  space,  of  which  that  drde  is  a  section.  Next 
imagine  a  spheroid  of  revolution  existing  in  the 
same  space  whose  centre  is  o,  its  axis  of  revolu- 
tion in  the  direction  of  the  optic  axis  of  the 
crystal,  and  equal  to  the  diameter  of  the  sphere ; 
the  other  axis  bemg  found  by  the  proportion. 
Ord.  index:  Extraord.  index  as  c  o:  semi-axis. 
The  surfaces  of  these  two  solids— the  sphere 
and  the  spheroid — will  represent  the  surfiuses 
of  the  ordinary  and  extraordinary  waves  pro- 
pagated within  the  crystal.  The  remaining 
part  of  the  construction  follows  as  a  matter  of 
course.  At  f  imagine  a  line  drawn  perpendicu- 
lar to  the  plane  of  the  diagram.  Through  that 
line  draw  two  tangent  planes,  one  to  touch  the 
sphere  and  the  other  to  touch  the  spheroid.  The 
point  of  contact,  o,  in  the  former  case  will  be  in 
the  plane  of  the  diagram,  and  o  o  will  be  the 
ordinary  ray.  The  point  of  contact  B  with  the 
spheroid  may  not  be  in  that  plane,  but  wherever 
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it  Is  «s  spooe,  the  Une  c  e,  will  gt^  fbe  dneerioa 
of  the  ertraordmary  ray.    This  law  of  Hnygfaas 
was  found  true  with  regard  to  all  mi-axial 
crystals:  but,  so  soon  as  the  icseaittes  ef  Sir 
David  Brewster  opened  the  raat  and  Taxied  field 
of  biaxial  cryttaht  the  oonstractkm  proved  to  bs 
a  restricted  one,  as  one  at  least  of  the  rays  ia 
these  crj'stals  seemed  to  follow  aome  new  and  as- 
known  law.    The  mysteiy  however  aooo  yielded 
to  the  analysis  of  Fresnel, — an  analysb  wUek.  ia 
this  case  also,  has  outstripped  obeervatioB  ad 
suggested  predictions  afterwards  Tuified  by  cipe- 
riment    The  student  must  not  expect  to  appe- 
hend  the  nature  of  this  theory  witlioat  a  ootaa 
expenditure  of  thought;  neverthdeaa,  if  at  each 
step  he  realizes  the  actual  meckamioal  cm£&m 
referred    to,   he  will   satisfiKtorily  IbDow  the 
general    account   of  it  whicb  we  give  Id  ^ 
very  Indd  words  of  Professor  Uoyd. — **  Fieaiel 
starts   from   the   suppoeltioii   thai   the  ciartie 
force  of  the  vibrating  medium  witUn  ever 
crystal,  is  in  general  diflforent  in  dlffaeut  ^ 
rectioDS.      This  is,  in  fact,  tlie  moat  geaenl 
supposition  that  can  be  made ;  and  wheCber  see 
suppose  that  the  vibrating  medinm  is  the  ether 
within  the  crystal  or  that  the  mdleeoles  cf  tfat 
body  itself  partake  of  the  vibratoiy  moveBsat, 
there  will  be  obviously  sncfa  a  oonnectfen  and 
mutual  dependence  of  the  parts  of  the  soUd  sad 
thoee  of  the  medium  in  question,  that  we  camcA 
hesitate  to  admit  for  the  one  what  has  been  al- 
ready established  on  the  clearest  evidfiDoe  for  the 
other. — It  is  easy  to  see,  generally,  that  the  pbe< 
nomenon  of  double  refraction  is  a  neccsaarji  eon- 
sequence  of  this  hypothesis  and  of  the  prioetFte 
of  transversal  vibrations. — Let  oa  take,  lor  ex* 
ample,  the  simple  case  of  a  beam  ni  light  proceed- 
ing fniai  an  infinitely  distant  point,  and  hSSag 
perpendiculaHjf  on  the  snrfaoe  of  a  ani-axisl 
crystal,  cut  parallel  to  the  axie.     The  IncideBt 
wave  being  plane  and  parallel  to  the  smtoe  ef 
the  crystal,  the  vibrations  are  also  parallel  to  the 
same  surface ;  and  we  may  conceive  tiiem  to  ba 
composed  of  vibrations  parallel  and  jinjiraifuMtir 
to  the  axis  of  the  crystaL    Now,  the  dasiianr 
brought  into  play  by  these  two  sets  of  vibnitiaai 
being  diflerent,  they  will  be  propagated  with  &■ 
ferent  velocities ;  and  there  will  h%  two  ««c«f 
within  the  crystal  oppoeUdtf  pohriaed.     If  die 
second  face  <tf  the  c^rstal  heparaOel  to  the  first, 
the  two  rays  will  emerge  perpendlcolariy;  and 
the  only  eflfect  produced  will  be,  that  one  wiD  be 
rttarded  more  than  the  other,  In  its  progrcsi 
through  the  crystaL     But  if  the  second  fisoe  bs 
oblique  to  the  direction  of  the  ray^  they  wiD  he 
both  r^raded  at  emeigenoe  and'd^^aneaf^;  aad 
they  wUl  therefore  diverge  fiom  one  another. — ^1^ 
return  to  the  general  theory.     Let  ns  suppose  a 
disturbance  to  be  produced  in  a  medium  soch  at 
we  have  been  considering,  and  any  panicle  of  the 
medium  displaced  fhim  its  positioii  of  rsst.    The 
rasulunt  of  all  the  dastic  forces  which  rent  tlie 
displacement  will  not,  in  general,  act  in  thedireb- 
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tion  of  tbe  displacement  («8  ivoidd  be  the  cue  in 
a  medhim  uniformly  elasUcX  and  therefon  will 
Dot  driTO  the  dispUoed  particle  directly  badL  to 
ita  potition  of  equflibrium.  Fresnel  has  shown, 
however,  that  there  are  three  directions  at  right 
angles  to  each  other,  in  every  mediam  of  this 
nature,  in  any  of  which  if  the  particles  are  dis- 
placed, the  elastic  forces  do  act  en  6^  dinatioH  of 
Ifte  <M*placememt^  wluUever  be  the  natare  or  laws 
of  the  molecalar  actioo ;  and  the  only  sappoeitJon 
whkh  he  makes  is,  that  these  three  directiofis  are 
pmrmUel  tfaroaghoat  the  crystaL  In  fact,  the 
first  principles  of  crystallization  compel  ns  to  ad- 
nit  that  the  arrangement  of  the  molecules  of  the 
crjstalliBe  body  is  simQar  in  all  panllel  lines 
ihroogiioat  the  crystal;  and  the  same  property 
must  belong  to  the  ether  within  it,  if  (as  we 
hate  every  reason  to  preenme)  its  elasticity  be 
dependent  on  that  of  the  crystal  itselt  These 
three  directions  Fresnel  denominates  amq/'ebu- 
Uaijfi  and  he  thinks  that  they  mnst  also  be  axes 
«f  symmetry,  with  respect  to  the  crystalline  Ibim. 
— If,  on  each  of  these  axes,  and  on  every  line 
diverging  ftoro  the  same  origin,  portions  be  taken 
which  are  as  the  square  roots  of  the  elastic  forces 
in  their  directions,  the  locus  of  the  extremities  of 
these  portions  wiU  be  a  sorCMS,  which  Fresnel 
dfnwninates  the  mrfoM  wid^kuiieUjf,  Itaequa- 
tkmis 

f^sstt'coiPa  +**coe»^  +  c*coB«y; 
e^,  (',  c*,  being  elastfciaes  in  the  directions  of 
tlia  thrse  axes,  r  the  radioa-vector  of  the  sur- 
fiKse  and  ih  /S,  )^  the  angles  which  it  makes 
with  the  axes.— This  snrftoe  determines  the 
veloei^  of  tke  propagatim  of  tkt  wwe,  when 
the  direotioa  of  ita  vibration  is  given.  For, 
suppose  the  particle  to  vibrato  in  the  direc- 
tion of  any  radius-vector,  r,  the  elastic  Ibroe 
which  governs  ito  vibration  will  be  proportional 
to  r*;  and,  since  the  velocity  of  wave  propaga- 
tioo  in  any  ehutic  medium  is  as  the  square  root 
of  the  elastic  force,  it  most  in  this  case  be  repre- 
•eated  l»y  the  radius-vector  of  the  snrfhoe  of  elas- 
ticity to  the  directkm  of  the  vibrations.  Hence, 
if  we  coooeive  the  vibration  in  the  incident  wave 
to  be  resolved  into  two  within  the  cryst^  per- 
tormed  to  two  determinate  directions,' these  wfll 
he  propagated  with  dUfeivnt  velocities;  and,  as 
a  diflbrenoe  of  velocity  gix'es  rise  to  a  diflerence 
of  refraction,  it  follows  that  the  incident  ray  will 
be  divided  toto  two  within  tbe  crystal,  whfch  will 
in  general  pursue  different  patlis.  Thus,  the 
tiifnication  of  a  ray,  on  entering  a  crystal,  pre- 
sento  no  difficulty,  provided  we  can  explain  to 
wha*  manner  the  vibration  comes  to  be  resolved. 
—To  see  to  what  manner  this  takes  plaoe,  let  us 
ostto^ive  a  plane  wave  advancing  within  the 
cryataL  By  the  principle  of  trsnsversal  vibra- 
tions, the  movements  of  the  etherial  molecules 
ars  all  paralld  to  the  wave;  but  the  motion  of 
each  molecule,  when  thus  removed  from  its  posi- 
tion of  equilibrium,  is  resisted  by  the  elastic  force 
of  the  medium;  and  that  Ibrea  is,  to  general. 
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oblique  to  the  direcHon  of  tbe  displacement  If 
the  plane  oontatoing  the  direction  of  the  force 
and  that  of  the  dispfaoement  were  norma/  to  tke 
plane  of  the  uwve,  the  fbroe  would  be  resolvable 
toto  two, — one  perpendicular  to  the  plane  of  the 
wave,  which,  by  the  prtodple  of  tnnsvemi  vibra- 
tfons,  can  produce  no  eflbct;  and  the  other  to  the 
direction  of  the  disptooement  itselt;  whkh  wiU 
thus  be  communicated  from  particle  to  partide 
without  change.  But  this,  to  general,  is  not  the 
ease.  Fresnel  has  shown,  however,  Uiat  in  all 
cases,  the  displacement  may  be  resolved  to  two 
directions  In  the  plane  of  the  wave,  at  right  angles 
to  one  another,  such  that  the  elastic  force  called 
into  action  by  each  oomponent  will  be  to  the 
plane  passtog  through  the  component  and  nor- 
mal to  the  wave;  and  thus  each  oomponent  will 
give  rise  to  a  ware  in  which  the  dhection  of  the 
vibrations  ii  preserved,  and  wliich  therefore  will 
be  propagated  with  a  constant  velocity. — ^The 
two  dirsi^ons  above  alluded  to  are  thoee  of  tke 
grtateet  ami  leoet  diameien  of  tke  tectum  of  tke 
mnfaoe  if  elaetieitjf  made  by  the  plane  of  the 
wave;  ao  that  if  the  original  dispUusement  be  re- 
solved into  two,  parallel  to  these  directions,  each 
component  will  give  rise  to  a  plane  wave^  to 
which  the  vibrattons  will  preserve  constantly  the 
same  direction.  The  velocity  of  propagation 
being  represented  by  the  radiua-vector  of  tke  sur- 
toce  of  ebstidty  to  tbe  direction  of  the  displaoe- 
ment,  the  velocities  of  the  two  parts  of  the  wave 
wiU  be  proportional  to  the  greatest  and  leaei  di- 
ameten  of  the  section  of  the  suifooe  of  elasticity, 
to  which  tlie  vibrations  are  parslIeL  Thus  it 
appears  that  an  incklent  plane  wave,  to  which 
the  vibrations  are  to  any  given  direction,  will  be 
resolved  toto  two  within  the  crystal;  and  these 
will  be  propagated  with  differe$U  vehcUiety  and 
consequently  assume  differeni  dirtctient.  The 
vibrations  to  these  waves  being  paraUel  to  two 
jLced  lines, — namely,  the  greatest  and  least  di- 
ameten  of  the  section  of  the  surface  of  dastfcity, 
—It  foUows  that  the  two  rays  are  polarked^ 
and  that  their  planes  of  polarization  are  at  ri^iM 
anfftetj  being  the  planes  psssing  through  the  direc- 
tion of  the  ray  and  theee  two  lines.  From  this 
it  follows  that  the  ptone  of  polarization  of  one  of 
the  rays  bisects  the  dihedral  angle  made  by  the 
two  planes,  which  pass  through  the  normal  to  tke 
toooe,  and  the  normaleto  tke  tw>  cirenlar  eeetione 
of  the  surface  of  elasticity ;  and  that  the  plane  of 
polarisatkm  of  the  other  b  perpendicular.  Thb 
coincides  with  the  rule  prevtously  given  by  M. 
Biot,  namely,  tkat  tke  plane  <f  polarieation  of 
one  of  tke  pincUehiteeU  ike  dikedralamgU  formed 
bjf  planet  drawn  tkronjik  tkeroffond  tke  two  optie 
axet;  wkile  tkat  qfike  otker  it  perpendiadar,  or 
bitectt  tke  typplemental  dikedral  angle. — Thus  we 
see  that  the  two  fundamental  facts  of  crystalline 
refraction, — namely,  the  bitorcatiou  of  tbe  ray 
and  the  oppoeito  polarization  of  the  two  penctlH, — 
are  completely  accounted  for. — Further,  the  ain- 
plitndes  of  the  resolved  vibrations  are  repreeentod 


748 


IJKF 

bv  tfae  oo*sines  of  the  angles  which  the  dbrection 
of  the  originml  vibration  oontaina  with  the  two 
fixed  rectangular  directions ;  and^  as  the  sqaarea 
of  these  amplitudes  measare  the  intensities  of  the 
two  pencils,  the  law  of  Mafais  respecting  these 
intensities  is  a  neoessary  consequence." — We 
must  again  refer  the  student  very  earnestly  to 
these  Leeturet  by  Professor  Lloyd. 

(8.)  The  optical  phenomena  of  dooble  reftsc- 
tion  are  thus  resolved  into  immediate  depen- 
dence on  the  mechanical  axes  of  elasticity;  so 
that  whcUeMr  changes  the  one  must  affed  the  other 
aiso.  In.  signal  confirmation  of  this  view,  are 
the  multitudes  of  experiments  now  opening  upon 
us,  showing  that  the  bi-refringent  quality  can  be 
impressed  mi  any  naturally  isotropic  substance, 
if  by  partial  application  of  heat^  or  by  appli- 
cation of  mechanieal  pressure  or  traction,  we 
affect  its  isotropism,  or  impress  upon  it  an  un- 
equal elasticity  in  different  directions.  The  full- 
est discussion  on  the  influences  of  pressure  or 
traction  is  contained  in  a  phamphlet  by  M.  Wer- 
theim,  of  which  a  copious  account  will  be  found 
in  the  PhUosophi&d  Afagazme  for  October  and 
November,  1854.  The  experiments  and  deductions 
of  the  writer  are  equally  worthy  of  regard,  and 
he  has  even  succeeded  in  educing  practical  appli- 
cations from  one  of  the  most  re6ned  and  re- 
mote inquiries  in  physical  science.  For  instance, 
from  the  simple  phenomena  of  colours  evdived  by 
pressure,  or  by  aid  of  what  he  has  termed  the 
Chromatic  Dynamometer,  he  obtains  immedi- 
ately, without  employing  any  oo-efflcieht  of  coi^ 
rection,  the  efiective  pressure  of  a  vioe,  press, 
hydraulic  press,  lever,  &c,  and  the  ratio  between 
the  useful  and  theoretic  effect  of  any  machine. 
See  ferther  the  researches  of  Brewster,  Biot,  and 
Mitscherlich.  The  latter  inquirer  has  especially 
and  laborionslv  analyzed  the  effect  of  heat  on  bi- 
refringent  crj'stals  of  both  classes,  and  detected  a 
number  of  curious  laws.  He  has  soooeeded  in 
impressing  so  Uu^  a  change  on  some  bi -axial 
cr3*8tals,  that  the  plane  of  the  two  optic  axes  has 
r«>ached  a  position  perpendicular  to  its  primitive 
plane.  The  dasticitiea  of  all  crystals  affected  by 
heat,  change  in  a  different  ratio  along  the  axes 
of  mechanical  elasticity;  and  the  plane  of  the 
optical  axes  must  therefore  change  also.  Valu- 
able papers  on  the  elasticity  oi  crystals,  by 
Professor  Rankine,  and  Professor  Maxwel,  have 
recently  been  printed  in  the  Transactions  of  the 
Boyal  Societies  of  London  and  Edinburgh. 

XL  Conical  Refkactiox.  —  Considering 
the  origiu  of  the  class  of  phenomena  of  which 
we  have  treated,  it  must  be  sufficiently  maniftet, 
that  Inquiry  might  be  expected  to  bring  incea- 
santly  under  review  novel  and  delicate  results 
in  great  numbers.  Several  of  theee^  such  as 
Circular  Double  Refraction,  we  must  leave  un- 
noticed ;  but  there  is  one  result  so  very  remark- 
able, alike  in  its  own  nature  and  the  manner  of 
\Xa  discovery,  that  it  cannot  be  paaeed  by.  Re- 
verting to  Uie  oonstinction  oi  Huy^ens,  it  will 
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be  seen  that  the  directions  of  the  nys  tfaroa<A 
the  bi-refringent  crrstal,  are  determined  by  the 
points  of  contact  of  t«ngent  planes,  wHh  the 
surfaces  of  the  spherical  and  spheroidal  wsres. 
Now,  these  contacts  ars  points,  and  it  aeenieJ 
natural  to  expect,  that,  in  every  ease  of  dooUe 
refractiott,  the  contacts  would  be  points  aho;  so 
that  we  should  always  have  one  or  two  definite 
emeiigeot  raya  But,  Sir  William  R.  HamikoB, 
while  considering  the  earn  of  bi-axial  crvatak, 
reached  the  unexpected  oondasnn,  that,  in  oei^ 
tain  drcumatances,  the  contact  -would  not  be 
mere  points.  The  efficient,  or  determining  con- 
tact in  these  special  cases,  fa  that  oijbs^pkmes, 
and  he  discerned  that  they  oould  not  toach  the 
snrfhoe  of  the  wave  in  two  points,  bat  ic  aa  in- 
finity of  points,  constituting  what  may  be  temed 
a  small  drele  of  contact  No  conduaioii  coald 
have  been  more  unexpected,  yet  it  followed  ligV' 
onsly  from  the  theory  of  Fresnel ;  and  Sir  Wil- 
liam did  not  hesitate  to  assert,  that,  in  the  grnn 
dreumstances,  we  should  have,  not  two  euieigeut 
rays,  but  a  cone  of  rays  diffksed  from  a  pamt, 
and  manifesting  themselves  in  the  form  of  a 
luminous  circle.  Certainly  the  histonr  of  pwn- 
tation  itself  records  no  case  of  a  purer  piredictiaa ; 
for  no  phenomenon,  in  the  remotest  de^ne 
akin  to  it,  had  ever  been  noticed  or  anticipated. 
The  experimental  verification  was  speedily  ac- 
complished at  Sir  William's  entreaty,  by  Pro- 
fessor Lloyd.  Two  separate  classes  of  phenenena 
were  predicted  by  Hamilton,  named  by  him  er- 
terior  and  interior  conical  refraction :  the  ray,  in 
the  one  case,  insuing  as  a  cone  with  its  vertex 
at  the  surface  of  emission;  and,  in  the  seoand 
case,  issuing  as  a  cylinder,  having  been  connfted 
on  entering  the  crystal  into  a  oone,  whose  veRex 
is  at  the  point  of  incidence. — (1.)  The  first  or 
exterior  phenumenoo.  ought  to  manifest  hself 
when  a  ray  passes  through  a  crystal,  akog  one  cf 
the  lines  of  eqnai  velocity^ — ^linesi,  that  is,  along 
which  the  two  acts  of  waves  move  with  eipui 
velocltiea.  Mr.  Lloyd  obtained  a  plate  of  < 
gonite,  in  which  these  two  lines  (nearly 
with  the  two  optical  axes),  include  an  aagle 
of  20^.  The  plate  was  cut  with  fooes  perpen- 
dicular to  the  line  dividing  the  ai^e  of  the  tve 
optic  axes  into  equal  parts.  If  o  F,  therefure 
be  drawn  perpendi- 
cular to  the  faces  of  Vv 
the  arragonite,  and 
o  M,  o  V  drawn,  so 
that  MOP  and  p  o 
.M  be  angles  of  10% 
then  the  ray  pasa- 
ihg  from  m  to  o,  or 
from  o  to  M  (and,  in 
the  same  way  with 
p),  ought  to  isBoe 
conically  refracted. 
Mr.  Llovd  received 
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'that  ray,  and  found  that  instead  of  the  two 
I  usual  rays  of  doable  refraction,  it  pnssMei 
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the  luminous  drde  below !  (2.)  Tbe  phenomena 

of  faiterior  oonical  re- 
fraction were  verified 
and  established  as 
facts,  with  equal  suc- 
cess :  also  by  the  care 
of  Professor  Lloyd. 
We  may  conclude  in 
the  woids  of  M. 
Plucker:  "No  phy- 
sical experiment  has 
made  such  an  impres- 
sion upon  me  as  that  of  conical  refraction. 
A  ray  of  light  entering  a  crystal,  and  issuing 
as  a  luminous  cone,  was  a  thing  unheard 
of,  and  without  analogy.  Sir  W.  Hamilton 
announced  the  tad  as  a  consequence  of  a  form  of 
the  wave  which  he  had  deduced  by  long  cal- 
culations from  an  abstract  theory.  I  confess  I 
felt  on  the  rack  to  learn  if  a  result  so  extraor- 
dinary could  be  confirmed  by  experiment, — a  re- 
sult predicted  by  the  theoiy  recently  erected  by 
tbe  genius  of  FresneL  And  now  that  Mr.  Lloyd 
has  demonstrated  that  tbe  facts  are  in  perfect 
correspondence  with  Sir  William  Hamilton's 
expectations,  every  prejudice  against  a  Theory  so 
marreOooaly  confirmed,  ought  surely  to  disap- 
pear." 

Bea«ctl«M  AtoB^aphcrlc  The  mode  hi 
which  a  ray  of  light  is  bent  by  refraction  as  it 
passes  through  our  atmosphere,  has  been  already 
explamed  generaUy  under  Dioptbics  ;  and  Mi- 
RAoi  refers  to  instances  in  which  irregular 
variations  in  the  atmosphere  have  been  known 
to  impren  upon  the  rays  passing  through  them 
very  curious  effects.  The  question,  however,  as 
to  Uie  r^ulaf  or  normal  infiuence  of  our  aerial 
envdope  on  the  direction  of  light,  is  of  vastly 
greater  oonsequoice ;  for  until  we  have  obtained 
a  reply  to  it,  we  cannot  assure  ourselves  how  far 
the  apparent  poeition  of  any  body,  seen  through 
the  atmosphere,  is  apart  from  its  real  position. 
Uncertunty  of  this  sort  remaining,  would  evi- 
dently affect  with  serious  error  our  conclusions 
alike  as  to  the  true  places  of  the  stars,  and  to 
the  true  altitude  of  any  terrestrial  object — (1.) 
The  Theory  ^  Astronomical  BeJractioiUy  or  the 
principles  on  the  ground  of  which  we  must  apply 
a  correction  to  the  observed  places  of  the  hea^ 
venly  bodies  has  long  attracted  profound  atten- 
tion. It  is  a  most  arduous  problem — one  that 
in  all  likelihood  will  never  be  completely  solved. 
The  standing  and  intractable  difficulty  is  this — 
we  do  not  huno  the  exact  eomtUiUion  <^tht  atmo- 
tpkere  through  tohieh  the  rag  paetes.  It  is  8ati>»- 
fiMlorfly  established  indeed,  that  the  refringent 
power  of  common  air  is  proportional  to  its  den- 
sity, so  that  we  can  readily  obtain  a  constant 
that  will  enable  ns  to  dednce  the  amount  of  that 
power  for  any  ordinary  density ;  and  fortnnatdy 
the  consideration  of  one  very  variable  element  of 
tbe  atmosphere  may  be  omitted,  inasmuch  as  the 
variation  of  refringent  power  incident  on  the 
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presence  of  humidity,  is  almost  entirely  compen« 
sated  by  the  concomitant  variation  of  density. 
But  what  shall  we  say  regarding  the  arrangement 
of  the  atmosphere  in  reference  to  our  globe's 
surface?  The  answer  universally  given  in  these 
investigations,  is  in  the  form  of  an  oMumpHoiK, 
viz.,  that  the  atmosphere  is  arranged  with  its 
surfaces  of  equal  density,  spherical  and  concentric 
to  the  earthy  and  therefore  that  the  differnntial 
of  refraction  is  a  function  of  the  density  and  dis^ 
tance  from  the  centre.  The  inquiry  remains, 
What  is  the  relation  between  these  two  variables, 
viz.,  the  density  of  concentric  strata,  and  their 
altitude  or  distance  from  the  earth's  centre  ?  This 
relation  is  utterly  unknown,  and  the  equation 
cannot  be  integrated  unless  it  is  known.  As- 
sumptions are  again  resorted  to ;  sometimes  a 
law  is  taken  for  granted,  because  of  its  supposefl 
conformity  with  known  physical  laws;  some- 
times one  is  assumed,  because  of  the  fecilities  it 
affords  for  integration.  Besides  these  uncertain* 
ties  however,  it  may  further  be  confidently  as- 
serted, that  the  original  or  fundamental  assump- 
tion is  not  true.  Near  the  earth,  surfaces  of 
equal  atmospheric  temperaturo  and  density  de- 
pend on  the  figure  of  the  ground ;  varying  even 
in  contiguous  localities,  according  to  the  structure 
of  the  soil — whether  it  be  covered  by  forests, 
large  bodies  of  water,  &c.,  &c.  Such  irregulari- 
ties must  extend  at  least  as  far  as  the  region  of 
the  clouds— about  six  miles  high;  and  this  b 
the  portion  of  the  atmosphere  which  most  power- 
fully acts  on  the  ray  of  light  Happily  these 
and  other  disturbing  causes  produce  no  appre- 
ciable effect  when  the  external  object  is  near  the 
zenith;  and  it  is  exceedingly  fortunate,  that 
through  the  multiplication  of  Observatories  in 
different  latitudes,  so  large  a  portion  of  the  tOay 
is  now  within  neighbourhood  of  the  zeniths  of 
the  best  Instruments.  Each  Observatory  has 
thus  its  peculiar  and  appropriate  range  of  sky — 
a  range  within  which  its  determinations  must  in 
all  delicate  kquiries  be  accounted  of  greatest 
weight.  It  must  not  be  supposed,  however,  that 
analysts  have  succumbed  under  the  embarraas- 
mcnts  now  enumerated.  Since  the  period  of 
Newton — (who  seems  to  have  discerned  the  law 
that  until  we  reach  low  altitudes  the  refraction  is 
sonsibly  proportional  to  the  tangent  of  the  zenith- 
distance) — remarkable  skill  and  industiy  have 
been  expended  on  the  construction  of  acceptable 
theories  and  convenient  tables ;  and  with  almost 
unexpected  success.  The  places  of  stars  within 
70^  of  the  zenith  of  an  Observatory  can  now  bo 
corrected  by  aid  of  these  tables,  to  a  predsion 
so  great  that  the  errors  of  single  determinations 
due  to  incalculable  irregularitiets  may  reasonably 
be  expected  to  be  eliminated  in  the  mean  of  a 
sufficient  number;  and  correctwns  of  the  places 
of  objects  considerably  nearer  the  horiaon  may 
be  much  relied  on,  if  they  have  been  observed 
under  favourable  circumstances. 


(17.f  reader  wUl  new  tmm  to  page  GAOL) 
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REP 

For  an  analysis  and  judictoos  appredaUon  of 
the  procedures  of  Bradley,  Laplace,  Ivoiy,  and 
Beaael,   we  must  refer  the  student  to   recent 
memoirs  by  Biot — memtiira  drawn  from  this 
%*eteran  pbysicbt  by  a  dutcussion  daring  the  year 
1855,  within  the  French  Academy  of  Sciences. 
It  were  easy  to  print  in  this  place  the  fbrmuke 
arrived  at  by  these  Analysts ;  but  as  our  space 
would  not  admit  of  due  explanations,  it  appears 
needless.    The  foregoing  tables — printed  by  per- 
mission of  the  author — are  constmcted  by  Dr. 
Robinsoo  of  Armagh,  who,  in  respect  of  that  com- 
bination of  the  speculative  and  practical  facul- 
ties so  necessary  to  an  astronomical  Observer,  has 
at  present  very  few  rivals.    The  memoir  on  which 
the  tables  are  founded,  is  printed  in  vol.  six.  of 
tlie  DrantactUmt  qf  tfte  Rityal  Irish  Acadamf. 
•^(2.)  The  same  atmospheric  influence  neces- 
sarily afiects  the  apparent  altitudes  of  points — 
such  as  the  top  of  a  mountain — not  far  from  the 
surface  of  the  earth.    This  influence  is  named 
Terrutrial  JRtfraction.    An  approximate  evalu- 
ation of  this  evidently  muoh  concerns  the  accu- 
racy of  measurements  of  elevation  by  the  usual 
trigmiometrical  methods.   It  may  be  found  very 
nearly  by  aid  of  simultaneous  and  reciprocal  ob- 
servations ;  t.  e.,  by  observing  the  angle  of  de- 
pression from  one  station  and  the  angle  of  deva- 
tion  from  the  other,  at  the  same  moment     Such 
Observations  however,   cannot  be  obtained  In 
very  many  cases,  so  that  general  rules  are  de- 
siderated.    Suies  of  a  ver>'  general  nature  have 
been  ^ven  by  different  geodetic  surveyors  of 
great  eminence — dependmg  on  one  variable  only, 
viz.,  the  assumed  distance  of  the  observed  point 
from  the  observing  station.     Even  these  are  far 
from  corresponding.     Maskelyne  estimated  the 
refraction  at  ^th  of  the  distance  expressed  in 
degrees  of  a  great  curcle.     Legendre  allows  only 
<^th  for  the  refraction  in  altitude.     Pelambre 
takes  -^h  part  of  the  arc  of  distance.     Colonel 
Mudge  prefers  the  -j^th  part     It  seems  indeed 
that  the  fraction  varies  from  the  f  th  to  the  ^th 
of  the  contained  arc,  according  to  the  weather 
and  the  state  of  the  atmosphere.     A  good  solu- 
tion, therefore,  cannot  be  obtained,  unless,  along 
with  the  distance,  we  give  attention  to  the  vari- 
ables affecting  the  state  of  the  atmosphere.    This 
has  often  been  attempted — especially  by  Plana; 
most  successfully  and  conveniently,  however,  of 
late  years,  by  M.  Bravais,  whose  rather  com- 
plicated formulie  have  been  expressed  in  very 
manageable  tables  by  M.  Delcros.     All  who  are 
practically  interested  in  geodetics  are  referred  to 
these  tables  in  the  Anmiaire  Meteorologiqm  for 
1S51. 

ReikBCti^m  Solar.  Many  indications  seem, 
at  present,  to  make  it  likely  that  an  ether  con- 
taining multitudes  of  meteoric  bodies^  fills  our 
hiterplanetary  spaces ;  and  that  its  substance  con- 
centrates, or  augments  in  density,  according  to  its 
nearness  to  the  sun.  If  this  be  true,  stars  seen 
in  the  neighbourhood  of  the  son  ought  to  nndei^o 
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a  peculiar  rs/rad&m.     This  nfiraction  is  tcnned 
B(dar  r^raction.    Obaervation  has  not  yet  eon- 
firmed  its  existence ;  but  means  are  beio^  osod 
that  will  prove  its  reality  or  the  revene. — Pro- 
fessor Piazzi  Smjrthhad  this  sabject  in  view  dar- 
ing his  late  residence  on  the  Pok  of  Tenerifife. 
RcOnictiTti  Indicx.     The  o&so&te  re/ractm 
index  of  a  body  is  the  propoftion  which  the  sine 
of  the  angle,  made  by  a  ray  paaring  firaoa  vacnam 
into  the  body  and  the  perpendicnlar  to  the  sur- 
face of  the  body  at  the  point,  bears  to  the  sine  of 
the  angle  made  by  the  refracted  ny,  with  tbe 
perpendicular  produced.    The  theorem  on  which 
the  laws  of  refraction  are  baaed,  is,  tkat  this  is  a 
constant  quantity  for  any  medium.     Ttie  retotH 
refractive  index  of  two  media  is  the  propartioa 
of  the  sine  of  the  angle  made  by  the  ray  passQg 
from  the  first  medium  with  the  perpendioolar  to 
the  surface  of  contact  of  the  media  at  that  pant 
compared  with  the  sine  of  the  angle  made  by 
the  ray  passing  after  refiraction  thioogh  the  seoond 
medium  and  that  perpendicular  prodoced.    The 
method  of  finding  the  relative  refrmctive  indioeft 
for  two  media,  whose  absolute  refinactive  mdieei 
are  given,  is  indicated  m  Diopxbics  (g.  r.) 

BoAwBglbllity  I  BcfHaceBcy.  Tlie  le- 
fhmgibility  of  any  ray  is  its  liability  to  be  refracted, 
and  the  measure  of  it  is  the  angle  of  vefracdon. 
Thus  the  several  coloured  rays  have  difiSsrent  le- 
fhuigibilities  depending  on  the  lengths  of  the  warei 
or  undulations  causing  them.  The  rtfriagemqf,  if 
of  a  substance,  on  the  other  hand,  is  the  power 
to  refract  a  ray,  belonging  to  the  sabstaDce  or 
medium  through  which  the  ray  pasaes.  Thus 
prisms  of  various  substances  have  dififerent  nfrin- 
gencies.  So  also  a  rhomb  of  Iceland  §pu  b 
bi-refringent 

Rcpcatbm  CIrele.    See  CmcLB. 

BopalslMi.  See  BoaconcB,  Flectucitt, 
for  theory  and  illostratton  of  repulsive  forces. 

Beal«t8iace.  A  most  important  subject  ia 
Molecular  Physics,  but  whidi  at  present  is  so 
much  more  within  the  range  of  Practical  Media- 
nies  and  Engineering,  that  we  do  not  feel  it  oar 
province  to  diaoosa  it  here.  The  term  b  appli- 
cable to  a  variety  of  phenomena ;  for  Instanei^ 
that  very  important  class — the  resiatanoe  ef 
wires  of  difieient  materials  and  lengths  to  the 
transit  of  electrical  currents. — See  TKLeoRAPii. 
Its  most  comnM»  application,  however,  b  to  the 
eneigy  with  which  materials  resist  the  action  ef 
external  wdghts  or  forces  tending  to  bend  «r 
break  them.  We  can  add  nothing  to  what  has 
aheady  been  given  under  EtAsnciTT  and  Fwo* 
TioN.  The  same  resisting  force  likewiaa  appein 
when  bodies  endeavoar  to  move  throqgh  Aind^ 
whether  liquid  or  gaseous.  These  Utter  ques- 
tions are  aboot  the  most  complex  in  pradtiosl 
mechanics,  and  cannot  be  said  to  be  in  any  way 
theoretically  resolved.  The  formulsa  that  hare 
been  deduced  are  little  more  than  indications  as 
to  the  direction  in  which  experiments  ought  Is  be 
pushed.    See  any  good  work  on  eoginaerii^  and 
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Mraral  valtuible  nportt  among  the  Thimactiom 
of  the  Brituh  AMoeUtion. 


Botlcalaa,  or  BctlcBlaai  Mfc>i>wiiala, 

One  of  Lacaille's  Mnthem  oonstellations,  rita- 
atad  right  between  the  large  stan  of  Aigo  and 
Eridanus.  The  itar  m  ledculi  is  of  the  thiid 
magnitude. 

lltitiigiB<Bii<a.  A  movement  in  which 
the  planeta  eeem  to  go  backward  in  the  ecliptic, 
or  oontraiy  to  the  order  of  rigna.  A  planet  often 
aeems  to  move  forward,  stops  gradoally,  and 
then  moves  backward.  Both  the  superior  and 
inferior  planets  are  sntijeot  to  this  apparent  mov^* 
ment,  but  from  difierent  oaoses.  Of  oonne,  since 
we  know  that  their  real  motion  is  in  ellipses,  the 
caose  of  this  apparent  irrogularitj  is  the  move- 
ment of  our  point  of  sight,  viz.,  the  Earth  itself. 
The  mean  periods  of  retrogradation  are— for 
Satom,  140  dajrs;  Jupiter,  120  days;  Man,  73 
dajs;  Yenoa,  42  days;  Mercury,  22  dsys. 

Mtoyhitl#w.  For  the  periods  of  the  planet- 
ary revoltttkms,  see  Elbmbitb.  For  the  theory 
of  motions  of  revolation,  see  Rotatiom. 

llli»i>»  ffucatiTa.  A  rhomb  of  orown  or 
St  Gobain*s  giaas,  so  cut  that  a  ray  of  light 
entering  one  of  its  faces  at  right  aisles,  shall 
eoierge  at  right  angles  at  the  opposite  face,  after 
nndeigoing  within  the  rhomb,  at  its  other  fiuMS, 
two  total  re/leetioiu.  It  is  used  to  produoe  a  ray 
drcmlarhf  polanzed, 

Bhaask.  This  word  has  come  to  signifV  (me 
of  the  thirty-two  points  into  which  the  ctreum- 
ference  round  which  the  compass  may  vibrate  is 
divided.  Hence,  to  proceed  upon  a  rhumb  is  to 
proceed  ooostantly  in  one  direction, 

BImnsb  lilae.  If  a  vessel  sail  either  due 
E^  W.,  N.,  or  S.,  she  evidently  describes  a  circle 
on  the  earth's  surface.  But  if  she  sail  in  one  oon- 
stant  direction  >-to wards  the  same  intermediate 
point  of  the  compass — that  is,  preserving  a  line 
which  cuts  the  successive  meridians  at  a  constant 
angle,  she  will  doMribe—as  any  one  may  aee  by 
dnwfaig  such  a  line  on  a  sphere — a  spiral  curve, 
called  the  loxodromio  ipiral^  which  constantly 
approaches,  but  never  reaches  the  pole.  It  is 
caUed  the  rhumb  line  for  the  point  of  the  com- 
pass towards  which  the  vessel's  oonrm  is  steered. 

BMe,  a  flre-arm  constructed  in  such  a  man- 
ner as  to  mske  its  bullet  or  prqjectile  revolve  on 
its  axis  of  flight  The  rifle  is  a  most  ingenious 
and  sncoHsftil  application  of  mechanical  science^ 
— in  theory,  a  beautiful  deduction  from  a  few 
slmpta  principles— in  practice^  a  weapon  of  ter- 
rible eflideney,  eitlMr  in  the  field  of  war,  or  in 
tiM  hand  of  the  sportsman  who  pnisoes  the 
deniasns  of  the  forest,  the  jungle,  or  the  plain. 
Hie  name  of  its  inventor  and  the  period  of  its 
inventioo  have  not  been  oorrectly  ascertained; 
but  it  appears  to  have  been  introduced  in  Ger- 
many about  a  hundred  years  after  the  invention 
of  fire-arms.  The  theory  is  this:  a  projectile 
drii-en  through  the  air  is  subject  to  deflectioo, 
fiwu  inimualitiHi  in  its  form  or  wdgbti  or  from 
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the  Imperltet  manner  in  which  the  original  im- 
pulse is  comronuicsted.  A  bullet  may  be  irre< 
gttlarin  form,  heavier  on  one  side  than  the  other, 
or  the  propelling  force  may  not  be  given  quite 
accnrately  at  the  last  point  of  contact  with  the 
propelling  weapon,  whether  that  weapon  be  a 
bow,  a  musket  barrel,  or  a  cannon ;  or  otherwise, 
the  bullet,  in  being  projected,  may  be  made  to  roll 
on  its  traosvene  axis,  so  ss  to  csose  deviation  on 
one  side  or  the  otheriVom  the  line  of  direction.  The 
causes  of  deviation  are  numerous,  and  the  prin- 
ciple of  the  rifle  is,  that  theffe  shall  be  compen- 
sated for  by  their  rspid  reproduction  on  all  sides. 
This  is  effiieted  by  causing  the  bullet  to  revolve 
on  the  axis  of  flight,  so  that  any  inequalities 
may  be  reproduced  too  rapidly  to  allow  of  devia- 
tion on  one  side  or  the  other.  The  best  illustra- 
tion of  the  rifle  is  that  given  by  Robins  more  than 
a  hundred  years  since.  It  is'  that  of  a  common 
top,  used  as  a  plaj^hing  by  children.  Wo  can* 
not  balance  the  top  on  its  point  If  the  point 
be  quite  sharp,  by  no  effort  can  we  succeed  in 
making  the  top  stand  upright  It  falls  over  on 
one  side,  in  spite  of  our  utmost  endeavours.  Let 
us  spin  it,  and  immediately  the  top  not  only 
stands  on  its  point,  but  we  are  unable  to  upset 
it,  so  long  as  the  spinning  motion  continues.  If 
spun  on  a  table,  we  may  throw  it  to  the  ground, 
or  knock  it  on  the  side,  or  endeavour  to  overturn 
it;  but  so  long  as  the  rotatory  motion  continues 
we  cannot  make  it  upset  If  struck,  it  imme- 
diately recovers  its  uprif;ht  position,  and  if  the 
motion  be  fast  enough,  it  will  again  spin  true. 
Suppose,  then,  that  we  wished  this  top  to  Call 
through  the  afar  with  its  point  alwa3:B  in  advance, 
either  down  the  shaft  of  a  mine  or  from  the  top 
of  a  precipice, — we  have  only  to  spin  it,  and  it 
will  infallibly  foil  oorrectly.  until  the  roUtory 
motion  Is  exhausted.  To  apply  this  principle  to 
a  musket  or  cannon  bullet,  we  have  only  to  make 
it  rotate  on  the  line  of  fire,  and  its  course,  instead 
of  being  irregular,  will  be  practically  nearly  per- 
fect— subject,  of  course,  to  the  force  of  gravity, 
which  will  make  the  bullet  fall  to  the  ground 
in  the  time  it  would  require  to  fall  ttam  the 
muzzle  of  the  piece,  supposing  the  line  of  fire  to 
be  dead  level — and  auhject  also  to  the  actkm  of  the 
wind.  Rifling  corrects  the  causes  of  deviation 
which  may  be  inherent  in  the  projectile,  but  not 
those  general  causes  which  operate  externally. 
To  cause  the  bullet  to  revolve  on  its  axis,  grooves 
are  cut  in  the  inside  of  the  rifle  barrel,  which 
grooves  are  intended  to  communicate  the  rotft- 
tory  motion.  The  grooves  are  not  stra^it — ^in 
which  case  they  would  be  inoperative— but  are 
cut  spirally,  like  a  string  on  a  walking-cane, 
which  makes  one  turn,  more  or  less,  ftom  one  end 
to  the  other.  The  amount  of  turn  is  called  the 
pitch,  and  this  pitch  may  be  one  whole  turn  in 
Uie  length  of  the  barrej,  or  half  a  turn,  or  a 
quarter  of  a  turn,  acco'ding  to  drcwnstances. 
The  rapidity  with  which  the  bullet  turns  mav 
be  nndeiBtood  from  the  ponsadeFatkMi  th%t  a  ritle 
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bullet  travds  through  the  air,  mj,  1,200  feet  in 
a  second ;  and  if  the  ballet  reyolvee  once  in  three 
feet,  it  will  turn  on  iu  axis  400  times  in  a  second, 
— a  Telodrf  of  rotation  which  we  could  scaroely 
oommonicate  bj  any  other  means  whatever.  If 
the  pitch  were  one  tnm  in  sbi  feet,  the  ballet 
would  only  spin  20d  times ;  and  if  the  pitch  were 
one  torn  in  eighteen  inches,  the  ballet  would,  on 
the  contrary,  spin  800  times  in  the  second  of 
flight— that  is,  fai  pasung  through  the  air  a  di»- 
tance  of  400  yards.  The  proper  pitch  or  proper 
amount  of  turn  given  to  the  grooves  of  a  rifle 
barrel  has  long  heaa  a  matter  of  dispute.  The 
extremes  are  from  one  turn  in  two  or  throe  feet 
to  one  turn  in  twelve  or  fourteen  feet  The  first 
would  be  called  rapid  rifling,  the  latter  slow 
rifling.  The  principle  was  not  understood  untU 
lately,  that  the  rapidity  of  turn  ought  to  increase 
with  the  length  of  the  prqjectlle.  The  turn  in 
the  Enfield  musket,  employed  in  the  British 
army,  is  one  turn  in  six  feet  six  inches;  but  this, 
from  experiments  reosntly  made,  appears  to  be 
rather  too  slow  for  the  best  practice.  One  turn 
in  four  feet  would  probably  be  better  for  a  barrel 
of  the  regulation  calibre. 

To  make  the  bullet  receive  the  rotatoiy  mo- 
tion— that  is,  to  be  influenced  by  the  spiral 
grooves — it  was  formerly  the  practice  to  use  a 
bullet  huige  enough  to  require  considerable  force 
to  make  it  enter  the  muzzle  of  the  gun.  It  was 
driven  in  by  a  wooden  mallet,  or  heavy  iron  ram- 
rod, a  process  causing  much  delay  and  trouble. 
This  sj'stem  has  been  entirely  revolutionized  by 
the  system  of  the  expanding  bullet  Lead  being 
easily  compressible,  it  occurred  to  various  expe- 
rimentalists to  cause  the  bullet  to  expand  by  the 
force  of  the  explosion,  so  as  to  be  forced  into  the 
grooves  sufficiently  to  make  it  **  take  the  rifling.** 
Mr.  Greener  claims  the  invention,  but  his  sug- 
gestion was  not  adopted  by  Grovemment  at  the 
time,  though  acknowledged  at  a  later  period. 
Captain  Mini^  was  the  first  who  gained  noto- 
riety for  the  new  system.  He  employed  an  iron 
cup  or  capsule  at  the  l>ase  of  the  bullet,  which 
cup  being  driven  in  by  the  explosion  of  the  gun- 
powder, squeezed  out  the  lead  laterally,  and 
made  it  fill  the  grooves.  The  cup  was  alto- 
gether misapplied  in  practice,  though  good  in 
theory.  It  was  sometimes  driven  right  through 
the  bullet,  leaving  a  ring  of  lead  in  the  IwmiL 
It  was  too  powerful  an  agent  for  the  purpose. 
In  the  service,  a  wooden  plug  has  been  substi- 
tuted, and  is  found  to  answer  tolerably  wdL 
Another  plan — the  plan  used  by  the  Swiss — ^is 
to  make  rings  in  the  bullet,  so  that  when  the 
bullet  is  acted  on  by  the  explosion  of  the  pow- 
der, the  lead  drives  v/>,  and  takes  the  rifling. 
This  plan  succeeds  admirably  where  great  nicety 
is  observed  in  the  fltting  of  the  various  parts — 
the  bullet  to  the  calibre,  &c.  Another  plan — 
that  used  by  the  late  lamented  General  Jacobs 
the  greatest  rifleman  who  ever  put  gun  to  shoul- 
der—is to  have  the  grooves  cut  deep,  and  to  have 
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rings  wjkmgmim  Hie  bnUet,  wfaidi  llfctliegnMVBi^ 
and  cause  it  to  take  the  rifling  withoat  difficalty. 

The  number  of  grooves  in  the  baird  of  m  iliBd 
musket,  or  barrel  of  a  sporting  tifle,  is 
a  matter  of  taste.  The  smallest  nomber 
is  two;  and  the  two-grooved  rifle,  eooH 
since,  was  very  extensively  patrooiaed,  wfesa  it 
was  found  to  obviate  the  difficulty  in  ktaBSag 
attending  the  old  qrstem.  It  has  now  dnm 
disappeared.  The  Brunswick  rifl^  empkyud 
in  the  British  service,  was  a  two-^roow^  aid 
probably  the  worrt  weapon  ever  pat  iBto  Ah 
hands  of  the  British  soldier  in  the  form  of  a  fin- 
arm.  Tlie  present  Enfield  mnaket  has  tkras 
shallow  grooves.  Five  or  six  would  pnktkify 
be  found  mors  advantageooa.  Seven  is  a  vvy 
ccHnmon  number  in  G«inan  rf 
deservedly  held  in  high  repute;  and  in 
riflei^  which,  in  wliat  may  be  temoed  the 
horse  class,  namely,  those  tliat  poeseai  the  U^ 
est  velocity,  are  the  first  In  the  worid.  fSftesa 
grooves  may  also  be  used,  or,  in  Cut,  almost  any 
number  that  can  be  cut  by  a  maciiinei. 

Recently,  however,  a  system  has  bean  iafiD- 
duoed  which  bids  foir  to  supersede  aU  the  iage- 
nious  plans  at  present  in  vogue  for  n^i^  the 
bullet  take  the  rifling—- that  la,  expand  snfi- 
ciently  to  be  acted  on  by  the  spiral  groofei  ss 
as  to  give  the  transverse  rotatory  motion.  We 
refer  to  the  system  of  breech-londteg.  Wha 
the  bullet  Is  placed  in  the  banel  by  tibamuBH 
its  diameter  must  be  small  enough  to  allow  it  to 
enter  with  some  d^grae  of  ease.  Bat  in  thsl 
case  there  is  a  danger  tiiat  aome  of  tfaa  hrihti 
may  &U  to  be  rifled,  and  conseqoentljr  may  tarn 
over  and  over.  They  then  go  abtny. 
of  going  forward  like  an  airow,  they  ton 
over  heelt,  like  a  stick  thrown  from  the 
They  are  then  useless  tor  all  practical  puzposei^ 
and,  in  addition,  are  extremely  dangenmsfor 
taiget  shooting,  as  their  deviation  may  be  mmdk 
greater  than  could  be  imagined  beforehand.  We 
have.  In  fiict,  known  capped  ballets  peifena 
antics  in  the  sir  not  unlike  the  peiformanem  of 
the  boomenmg.  This  is  one  ofajeotloa 
the  muzzle-loader.  Another  otgeccion  is, 
it  requires  mora  time  to  load.  Another,  ^st  If 
a  flask  be  used,  there  Is  always  the  poasibifity  of 
an  accident  by  the  blowing  up  of  the  flask.  Tht 
probability  may  be  very  small,  but  eve^r  season 
acddents  of  this  nature  do  occur,  and  the  use  of 
the  flask  gives  at  least  one  more  chance  of  daqgeb 

To  remedy  these  inoonvenienoes,  the  breHh> 
loader  has  been  introdooed.  In  its  present  stale 
it  b  sufilciently  periect  for  nse,  and  at  least  rivals 
the  muzzle-loader.  The  probability  aeema  to  bs 
that  in  a  few  years  the  muzzle-loader  wffl  bs 
laid  aside,  like  the  flmt-gnn,  altfaongfa  it  anat 
still  be  eUted  that  hitherto  the 
holds  the  flrst  and  best  place  far  good  and 
rate  shooting.  No  breech-loader  has  ysft 
constructed  to  surpass  the  muzzle-loader  in . 
rate  shooting,  although  the  Ibnner  has  tlie  advaB- 
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tage  of  npiditr.  The  breedi-lotding  syiteni, 
bow«vw,  wban  tpplied  to  the  rifle,  bu  thb  great 
•dTaotage,  that  it  mrm  all  troable  icgarcUng  the 
rifling  of  the  ballet  If  the  s^retem  were  per- 
ftdod,  there  cannot  be  the  slightent  doubt  of  its 
anperioritj.  In  the  meantltne,  eo  many  new 
aehemes  are  started  by  the  ablest  gonmakers  and 
BieoiianioB  of  the  day,  that  no  long  period  can 
elapse  beftwe  tlie  best  and  most  prsctieable  system 
is  dnoorersd* 

In  tlie  rifle,  flie  breeefa-loader  aasames  the  form 
of  an  onlinaty  piece,  with  some  small  yariatlons 
nquirsd  finr  the  change  of  mechanism.  The 
barrel  it  first  rifled  throoghont  At  the  breech 
end  a  space  snflicient  for  a  cartridge  is  then 
determined -^Tarj-lng  in  length  according  to 
ealilMn,  Ac— and  the  rifling  is  bored  out  of  this 
apace  say  two  incfaeo,  or  tliereby.  This  cham- 
ber is  made  large  enoogh  to  receive  the  cartridge, 
which  contains  a  bnllet  of  greatv  diameter  than 
tba  rifled  portion  of  the  barrel  When  the  pow- 
der asplodss,  the  bullet  is  diiren  through  the 
band,  and  flu  it  so  tightly,  that  no  gas  escapes 
nond  the  ballet.  There  is  no  wnmIs^  Bvery 
bttDst  mast  inlhUiUy  be  rifled  if  the  cartridges 
are  pmperiy  made;  but  if  the  cartridge  case 
is  too  long,  and  enten  the  rifled  portion  of 
the  barrel,  tha  leaden  bullet  Is  crushed  agahist 
the  paper,  insUad  of  being  crashed  toto  the 
grooT«%  and  of  couree  does  not  sofltdently  take 
the  rifling.  The  ordinary  cartridges  sold  for 
breach-loading  liflee  require  improvement  hi  this 
nspeot  The  paper  or  pasteboard  case  pEt;|eota 
loo  for  ibrward  on  the  biaUet. 

The  MIH  of  the  rifle,  next  to  the  barrel,  li  the 
ol^aot  of  most  importance.  Almoet  every  ima- 
ginabla  shape  has  been  tried;  and,  according  to 
tha  porpoee  for  which  the  gun  is  to  be  used,  dif- 
fonent  ehapes  have  their  respective  advantagee. 
Tha  elsmentary  shapea,  from  which  all  rifle 
buUete  may  be  said  to  be  constrnctsd,  ars  the 
sphere  and  hemisphers — the  cylinder,  longer 
or  ehoiter;  and  tha  cone  or  conoid— the  cone 
with  a  curved  side,  instead  of  a  straight  sldsL 
Tha  sphsre,  or  round  ball,  was  employed  until 
about  flAen  years  sines;  and  tlie  true  reason 
that  tlM  rifle  made  no  progrees  was  the  fact  that 
the  round  ball  was  still  universally  in  use.  It 
haa  DOW  disappeared,  or  is  employed  for  short 
dietances.  At  100  yards  the  round  ball  shoots 
as  wiD  aa  any.  B^ond  that  distance  it  mora 
and  neors  shows  its  iniiuiority.  For  ehooting 
aaimale,  however,  at  ehort  distances,  it  is  prob- 
ably aa  cflident  as  any,  as  it  makes  a  big  hole. 
The  Americans,  for  their  wonderfully  accurate 
sliootinft  use  a  conoid,  without  any  portion  of 
cylinder.  They  are,  however,  compelled  to  use 
a  loading  muzsle,  which  may  be  described  as  a 
nuisaace  of  over  refinement  The  military  bul- 
let ie  a  cylinder  with  a  hemisphere  on  the  point 
and  a  cup  at  the  butt  of  the  bullet  The  cupped 
bullet  ia  never  to  be  depended  on  for  accurate 
shouting,  tliough  well  soough  for  military  pur- 
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poses.  The  best  bullet  we  haw  ever  seeR  ib 
practice  is  compoeed  of  the  hemlsphen  for  the 
butt  or  part  next  the  powder;  then  two  rlngv, 
with  a  portion  of  c}iinder  between  them;  then, 
for  the  point  a  graoefttlly  curved  conoid.  We 
have  shot  this  bullet  for  yean  from  a  well-made 
rifle,  and  on  no  single  ooeaslon  ever  saw  one 
bullet  go  astray;  and  this  drcumstanoe  rifle 
shooters  will  recognize  as  a  foct  of  the  utmoet 
importance  in  esthnating  the  value  of  a  bullet 
For  pierdng  iron,  we  should,  on  the  oontrar>', 
take  a  blunt  bullet — hi  fisct  a  cylinder  two  or 
three  diameters  in  length  would  be  nearer  the 
form  ibr  that  porpoee. 

Next  to  the  bullet  is  the  patch,  or  piece 
of  greaeed  doth,  placed  between  the  bnllet 
and  the  barrel,  to  prevent  the  ^rt  from  ao- 
comulating.  We  can  let  the  reader  into  a 
secret  Tht  great  art  of  good  rifle  shooting  is 
a  straight  bora  and  plmig  ofgr&ue.  Whatever 
ingenknis  gunmakere  may  say  to  sportsmen  or 
rifle  shooters  who  ara  aflraid  of  dirtying  their 
flngers  or  soiling  their  gloves,  we  can  assure  all 
rifle  shooters,  that  without  plenty  of  greaee  they 
will  never  make  good  shooting  with  guns  coo- 
structed  to  bun  gunpowder.  The  grease  is  not 
merely  for  the  purpose  of  making  the  ball  load 
easily,  but  for  the  purpoee  of  prsvniting  the  pow- 
der caking  in  tha  lower  part  of  the  barraL  The 
bestrlflein  theworldcan  bethrownont  of  itsshoot-. 
ing  by  flring  three  shots  with  it  without  grease; 
ai^  many  guns  have  entirely  deceived  those  who 
shot  them  from  this  simple  drcnmetanee. 

For  the  material  of  the  rifle  barrd,  we  ars 
inclined  to  sida  with  the  Americans,  that  flne 
cast-sted  is  superior  to  everything  yet  employed. 
It  is  comuig  into  use  hi  Qreat  Britain,  and  is 
approved  by  some  of  the  bsstrifle  shots.  It  does 
not  ehow  a  flgura  like  the  twisted  barrals,  but 
browns  phdn.  Next  to  it  weshoukl  select  a  |rfece 
of  plain  good  iron,  such  as  the  Enfidd  musket 
barrels  ara  made  o£  But  tha  sportsman  wiU  still 
probably  adhcn  to  the  flgured  barrd,  as  custom 
has  assodated  it  with  tha  best  dam  of  flre-amw. 

The  powder  for  rifle  shootbg  ought  to  be 
much  larger  in  the  gnln  than  that  used  for 
the  sikot  gun.  If  too  fine,  H  explodes  too  ra- 
pidly, and  Jerks  the  bnllet  out  of  shape.  A 
compressed  or  expanding  boUet  must  always  be 
driven  into  an  altered  simpe.  It  becomes  shorter 
and  thicker.  But  too  fine  powder  blows  it  out 
of  shape;  and  tills  the  Americane  call  upsetthig^ 
or  setting  up^-a  term  which  English  writers 
have  confounded  with  upsetting,  or  turning  over. 

The  great  error  in  all  English  rifles  has  been  the 
want  of  weight  For  shooting  animals,  the  short 
double  rifle  Is  the  right  weapon;  but  for  tlie 
practice  of  the  art  of  rifle  shooting  in  its  perfrc- 
tkm,  wdght  Is  the  eeeential  next  to  a  straight 
holck  If  the  hole  Is  not  straight,  the  piece  is 
valueless.  Bot  weight  and  thickness  ara  neces- 
sary— the  one  to  prevent  recoil,  the  other  to  pre- 
x-ent  expansion.     For  a  slngla-barreUed  ride^ 
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tliirty  inoheB  long  and  eighty  bore,  aeren  or  eight 
pounds  are  not  an  ounce  too  much  for  tlie  bare 
barrel,  without  ribs  or  patent  breech  Tlie 
vulunteer  rifle  now  used  is  a  remarkably  good 
weapon  for  its  purpose;  but  it  would  shoot  in- 
oomparably  better  if  loaded  with  flask  and  patch, 
instead  of  the  hideous  cartridge,  that  seems  de- 
signed to  piwent  the  gun  shooting  welL  From 
tlie  cavity  in  the  Government  bullet  being  so 
deep,  the  powder  pinchM  the  sides  of  the  cup 
against  the  barrel  as  powei fully  as  if  the  lead 
were  held  hi  a  vice,  and  the  head  ot  the  bullet 
is  blown  away,  leaving  the  ring  of  lead  in 
the  barrel,  to  complicate  the  after  proceedings. 
These  cupped  bullets  are  quite  erroneous  in  prin- 
ciple  when  the  sides  of  the  cavity  an  parallel 
with  the  barrel. 

In  the  form  of  a  pistol,  the  rifle  is  a  most 
efficient  weapon.  Th«  revolver  is  only  a  rifled 
pifttol  with  a  repeating  cylinder,  with  five  or 
six  chambers,  eadi  of  which  contains  a  charge. 
After  each  shot,  when  the  finger  is  pulled  for 
another  shot,  the  cylinder  revolves,  so  as  to 
being  a  new  chamber  in  prexence  of  the  single 
barrel,  and  the  ballet  is  driven  through  the 
barrel  when  the  explosion  takes  place  m  the 
chamber  of  the  cylinder.  This  pistol  is  one  of 
the  best  weapons  that  ever  was  oonstmcted  for 
rapid  performance.  Ifaoertaio  number  of  men 
in  each  regiment  were  armed  with  them,  if  the 
eesmen  and  marines  were  supplied  with  them, 
and  if  the  volunteers  were  to  adopt  them,  in 
adsiition  to  the  rifle  and  artillery  gun,  the  Bri- 
tish nation  would  be  so  absolutdy  impregnable, 
that  no  hostile  foroe  could  touch  our  sboroB  with- 
out certain  and  inevitable  destruction.  In  the 
form  of  OMfiofi,  the  rifle  has  recently  been  con- 
verted into  the  moat  formidable  arm  that  the 
world  has  ever  seen.  Sir  William  Armstrong 
has  produced  guns  which,  though  feariiilly  ex- 
pensive in  manufacture,  are  yet  completely  suc- 
cessful in  performance.  The  range  these  guns 
command  would  previonsly  have  been  considered 
impossible — at  least  by  military  engineers.  The 
first  succesarul  cast-iron  rifled  cannon  appean  to 
have  been  rifled  in  the  city  of  Glasgow,  in  the 
month  of  June,  1868. 

BIgldity.  A  body  is  said  to  be  rigid  when 
the  connections  of  its  parts  are  supposed  to  be 
capable  of  destroying  some  foroe  tending  to  break 
tiiem.  In  the  last  part  of  article  Rotation,  it 
will  be  seen  how  the  rigidity  of  a  rotating  body 
caufles  a  definite  percussion  and  a  definite  per- 
manent pressure  upon  the  rotating  axis. 

Hm0tm  mf  B^aati^Ms.  Suppose  the  follow^ 
ing  equation  given 

x»  ■{■  pi  «•-*  +  ^2*  """* -P*  =  o» 

all  quantities,  a,  6,  c,  &c.,  which,  l)eing  substi- 
tuted for  X,  satisfy  this  identity,  are  called  roots 
of  the  equation.  It  is  the  object  of  the  theory  of 
equations  to  discover  those  roots  in  every  case. 
To  eflect  the  graeral  solution,  would  be  to  obtain 
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an  ezpreasfaD  for  « in  terms  of  the  oo-effidots 
Pi  P9i  ^t  Ji>*t  OS  is  done  for  qnadnaks. 
has  yet  <Kily  been  accomplished  generaiBj, 
such  as  are  of  no  higher  than  the  fouth 
But  methods  have  been  obtained  which 
either  aocnrately  or  apfioximalely  the  i 
values  of  the  nal  roots  of  nanMrfeal 
The  general  propositions  npon  which 
proceases,  so  for  aa  they  are  complete^ 
constitute  the  theory  of  equations. 

If  a  quantity  a,  aatisAes  tiie  eqnation/x 
theny  X  is  divisible  by  as  —  a  withoni 
Let 


tvo 


=  a. 


0 — a 


Q   + 


the  division  being  carriad  on  until  r  contaiaf  w 
power  of  X.  Hence  b  wiU  remain  the  sase 
whatever  special  values  are  given  to  x, 

fx  =  Q  {x — a)  +  B.     Let  x  =  « 
Then/a=Q  x  o  +  b,r  being  the  same  a5  be^iR. 
But  /a  =  o,Qxo  =  o,  hence  b  =>o. 

Therefore,  .jL^ —  ^  ^^ 


For  tiie  aetnal  diviaian  it  will  be  easy  to  prove 

this  rule, — in  the  quotient,  die  co  elBcisBt  «f 

jB*~i,  the  first  term,  is  unity,  and  the 

of  the  other  terms  are  formed 

of  the  preceding  by  a,  and  adding  theeci  ifliiiiiit 

of  that  tenn  in  fx,  which  inyolves  the 

power  of  «  aa  the  precedin 

then,  that  a,  ^e,  ^, /  satia^r  the 

X  —  a,x — i^x — c,&c.,  will  divide  it 

and  we  shall  have  /  9  s  (  x~^  a)  {x  —  ^) 

(x  —  e)(x  —  <i),  &C., (s  —  i),  wiiveths 

number  of  the  roots  a,  6,  e,  d J  ii  m  the 

same  as  the  order  of/ jB.  If  anyef  tfaeasfoeun, 
X  —  a,  X  —  6,  &c,  he  equal,  we  aiiall 
fx  =s  (x — o)»  (x  — by  (x  —  eyp,  &C., 
HI,  n,  j9,  &C.,  indicate  tlie  number  ef  tinas  of  le- 
petition  of  that  foctor  to  which  it  is 
We  may  consider,  then,  that  all  forms  in  x, 
bb/xj  are  really  the  products  of  certain 
of  the  first  order,  a -^o,  x  —  6,  ftc,  ■  in 
her.  Now  we  shall  dearly  obtain  oomple;e 
solution  of /c  =s  o,  if  we  can  ledooe  it  to  ^ 
foctorial  fom. 

For  if*  =  a,  fx  =s  (a — a)  (a-.-6)  Ae^  =  a 
And  so  for  x  =s  any  of  the  quantities,  6,  c,  dl&6 
And  no  other  quantity  but  a,  ft,  e,  d^  Sbc^  esn 
satisfy  the  equation.  Forif  it  eouU,  letebeliM 
quandty.  Then 
/«  =  («  — a)  (e  — ft)  (a  — c) (e-0 

which  cannot  he  equal  to  o,  because  none  of  its 
factors  is  so. — If  t^  trial  with  two  vahus  a,  K 
we  obtainy*a,/ft  of  diflerent  aigna,  then  atkti^ 
one  root  lies  between  a  and  ft.  For  in  passis^ 
slowly  fix>m  a  to  ft,  as  we  pass  fiom  one  side  ci 
zero  to  the  other  with  /  z,  there  must  be  a  point 
where/x  passes  through  zero, — that  is,  most  be 
a  value  c  between  a  and  6,  which  is  a  root  of 
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/x  =  o,— If  ;i  be  the  greatest  oo-effident  in/ar, 
uithottt  r^ganl  to  sigii,  it  is  easy  to  sliow  that 
forp  +  1,  and  eveiy  grater  value, /« is  poei- 
Clve;  also  for  —  (p  +  1)  and  every  less  value 
(ncgmtive  bat  naroeiiorily  gnttlter^/x  is  posi- 
tive or  negative,  acoordtog  as  m  is  even  or  odd. 
By  using  this  proposition  with  the  last,  and  con- 
sidering the  value  of /«  for  «  s  o,  we  shall  see 
that  every  equation  of  an  odd  degree  has  at  least 
one  real  finite  root,  of  a  sign  contrary  to  that  of 
ita  last  term,  and  every  one  of  an  even  degree 
has  at  least  two  finite  roots  of  difiierent  signs. — 
Another  proposition  assisting  us  in  determining 
the  manber  of  real  roots  is,  that  impossible  roots 
enter  equations  in  pairs.  Let  a  +  6  V  —  1  be 
a  root    Then  the  substitution  wOl  give  r  +  Q 

V  —  1  a  o,  an  equation  only  satisfied  for 
r  :=  o,  Q  =  0.   Again,  subetitnting  in/g,  a  —  b 

V  —  1  for  X,  we  have  p  —  q  \/  —  1,  which 

must  also  be  o.    Therefore  ifa  +  ^V  —  Ibe 

a  root,  a  —  (  V  —  1  is  so  also.  These  propo- 
sitions, then,  give  certain  rough  approximations 
to  the  number  and  value  of  these  roots. — ^Before 
praoeeding  further,  it  is  better  to  obtain  power  to 
transform  equations  into  certain  others,  whose 
loots  bear  spiedal  relatioos  to  those  of  the  first, 
before  tliose  of  the  fint  become  known.  Consider, 
then,  in  (j;  —  a)  (r  —  b)  (x  —  e)  &&,  what  the 
co-effldents  are.  Evidently  the  co-efficient  of 
x«-»  is  —  (a  +  6  +  c  +  &c),  that  of  a*-«is 
ttb  +  a  0  +  &&,  via.,  the  sum  of  tlie  product  of 
0verv  two  quantities  a^b^  e^  Ac, — ^that  of  the 
third  ia,  the  sum  of  the  products  of  every  three, 
and  ao  on.  Hence,  if  we  have  the  equation 
(x  +  a)  (x  +  b)  (x  +  c)  &C.,  =  o,  hi  which  the 
roots  are  those  of  the  last,  with  their  signs 
changed  in  OTSiy  dasa,  tlie  first  term  x"  rsmains 
the  sane, — the  second  changes  its  sign, — the 
third  remains  the  same, — the  fourth  changes 
its  sign,  and  so  on.  Hence,  to  change  the  signs 
of  the  roots  of 


+  i>- 


±P. 


«•  +  Pi  Jt*"*  +  Pi  a:*""* 

we  liave  only  to  write 

«•— pix»-»  +Ptx*-« iN=»«* 

for  the  new  equation.  Again,  suppose  we  wish 
to  diange  the  roots  by  adding  or  subtracting  one 
uniform  quantity  from  each.  Thus,  to  subtract 
h  fttNn  the  roots,  we' have  only  to  substitute 
X  +  A  for  X  in  tlM  equation  /  x  »  o^  which 
gives  us  the  new  equation 


the  sign  ^^  r  standing  for  the  product  of  all 

whole  numbers  up  to  r.  Clearly  one  use  that 
may  be  made  of  this  is  to  take  away  one  term 
of  an  equation.  To  take  away  the  second,  for 
example,  we  must  have  »  A  +  Pi  which  is 
the  new  co-efBcient  of  a5•~^  =■  o  .•.  A  «  — 


ROO 

p*  pi 

— ,  and  by  Increasbg  the  roots  by  —,  we  get  rid 

of  the  second  term  of  the  equation. 

Similarly,  for  the  third  term,  we  must  have  =:  o 

and  so  for  the  other  terms.  Solving  these  equa- 
tions we  get  values  of  A,  by  which  the  roots  mo^t 
be  diminished.  This  is,  in  fact,  as  the  reader  will 
see,  the  process  for  quadratic  equations. — Only 
one  other  transfonnation  need  he  noticed — ^that 
in  which  each  root  is  made  a  constant  multiple 
of  the  original  one.     Thus,  instead  of 

(x  —  a)  (x  —  b)  (x — o)&c., 

we  are  to  have 

(x  —  ma)  (x  —  mb)  (x  —  «c)&c. 

Remembering  how  pxPsPs  &c.)  >i^  constituted, 
it  will  at  onoe  be  seen  that  if 

(Ji>-a)(x— A)&c.,==x»+piX^*+Pi  «*-*...p. 
(x  —  ma)  (x  —  mb)  &c., 

=  X*  +  mpi  x»-*  +  »»•  p2  x^"* »*•  Pn 

By  means  of  tUs  transformation  we  can  evi- 
dendy  get  rid  of  fractions  in  the  co-efficients 
taking  m  as  the  l.  c.  m.  of  the  denominators,  or 
sometimes  a  len  number. — Returning  to  the 
theory  as  distinguished  from  these  auxiliary 
problems,  we  may  state  the  following  propoeition. 
Quantities  between  which  the  real  roots  of  an 
equation  lie  when  substituted  for  x,  give  results 
alternately  positive  and  negative.  Let  a,  6,  e, 
&C.,  be  the  real  roots  in  order  of  magnitude, 
and  f  X  the  part  containhig  the  impossible  roots, 
which  is  neosssarily  poeitive  and  oif  even  order. 
Then 

/x  =  (x^a)  (x— 5)  (x  — c) ^x 

If,  here,  a  quantity  greater  than  a  be  substituted, 
all  the  terms  are  positive, — if  one  between  a  and 
by  we  have  one  negative  factor,  and  all  the  rest 
positive, — if  one  between  b  and  c,  two  negative 
factors,  and  therefore  a  positive  result, — if  be- 
tween c  and  dy  three  negative  foctors,  and  a  ne- 
gative result,  and  so  on.  Hence  the  proposition. 
Again,  suppose  all  these  roots  lie  between  m  and 
fit  and  that  these  are  all  the  real  roots.    Then 

fm^  (a-^tt)  (—5)  (•— c) (•— 0    J» 

ffi    0*-«)(P— "*)0— 0 05-/)'   P^ 

Kow,  0  m  and  f  ^  are  both  of  one  sign,  becaura 
f  X  has  no  root  between  m,  fi,  AUo  one  set 
(m .-a)  (• — 6),  (•  —  c),  &C.,  are  all  negative, 
and  the  other  all  positive.   Hence,  the  number  of 

ftKrff,  OybyC^ Xy  which  lie  between  «  and  jS,  is 

oddy  Vtfm  BBdffi  have  different  signs,  and  even 
if  they  have  the  same  sign.  This,  however,  sup- 
poses the  roots  to  occur  wingfy.  It  will  be  evident 
that  in  theee  propositions  indications  are  given  of 
a  real,  but  very  loose  tentati\'e  approximation  to 
numerical  roots.    If^  indeed,  one  could  find  as 
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many  qnmtitiaB  as  dimemioiis  ct  /x,  whidi 
gave  NBults  altflroatively  positive  and  negative, 
we  should  evideoUy  have  these  as  limits  between 
which  the  roots  miut  lie.  If,  farther,  we  can 
find  limits  beyond  which  we  can  look  for  no  roots, 
other  approximate  qnantitJes  are  obtained.  We 
have  seen,  for  example,  that  if  p  be  the  greatest 
eo-effident  without  regard  to  sign,  Cp  +  1)  and 
—  (p  +  1)  are  limits  beyond  which  there  are  no 
roots.  By  the  very  same  proof  we  may  show  that 
If  p*  be  the  greatest  negative  oo-effident,  p'  +  1 
is  a  limit  of  positive  roots,  narrower,  nsnally,  than 
the  preceding.  One  of  the  most  convenient  prac- 
tical limits  is  obtained  thus :— Each  negative  co- 
efficient taken  positlvdy  is  divided  by  the  sam 
of  all  the  positive  co-efficients  which  pnoede  it, 
and  the  greatest  of  the  fractioDS  thus  formed  is  a 
saperior  limit  of  the  positive  roots.  All  these 
methods,  however,  give  but  veiy  wide  limits  to 
the  roots.  What  i  called  Newton*tt  method  of 
the  Limits  of  Boots,  depends  on  the  principle 
that  all  values  whidi  raalce  /z,  and  all  the  de- 
rived equations  positive,  are  superior  limits  of 
positive  roots.  This  will  be  evident  by  substi- 
tuting x+Aforj^soasto  liave 

/(a?  +  A)  =/x  +/*.*  +  &€.,      «o 

where  it  is  manifest,  that  if  all  the  eo-effidents 
be  podtive  lor  any  value  ^  of  x,  A  most  be  ne- 
gative,— ^that  is,  X  +  A  must  become  x'  —  A',  -a 
quantity  less  than  if.  What  is  called  Warii^s 
method,  is  also  commonly  used  liar  equations  of 
not  higher  order  than  the  fourth. — ^llie  last  of 
what  we  may  call  propositions  of  approximation, 
which  we  shall  note  here — ^Is  Des  Cartes'  mk 
of  signs.  It  is,  that  no  equation  can  have  more 
podtive  real  roots  than  it  has  cAoi^es  of  iig» 
from  +  to  — ,  and  from  —  to  +  ;  and,  again,  no 
complete  equation— that  is,  supplying  void  plaoes 
as  by  o  x" — can  have  more  negative  roots  than 
ooniimuUkmi  of  the  tame  mgn. — We  pass  now 
from  these  metiiods  of  approximation  to  soch  as 
give  us  at  all  events  the  accurate  number  of  real 
roots,  and  thepodtion  about  which  each  of  these  lies. 
Of  these  there  are — Solutions  of  OnUcs,  as  Car- 
dan's Bule,  and  of  Biquadratics  by  reductbn  to 
Cubics,  by  Euler*s  and  Des  Cartes'  method.  Each 
of  these  processes  enables  us  to  find  complete  solu- 
tion of  even  purdy  symbolical  equations;  but 
the  results  come  fai  such  a  form,  that  they  are 
only  of  practical  use  when  there  are  two  impos- 
dble  and  two  posdble  roots, — ^in  the  cases  where 
three  or  all  of  the  roots  ar^  posdble^  we  diould 
have  symbolical  expressions  containing  impoe- 
dble  forms,  from  whidi,  however,  it  is  impoadble 
to  disentangle  them.  But  there  is  a  theorem, 
Sturm's  theorem,  which  gives  a  complete  prac- 
tical solution  to  any  numerical  equation  of  what- 
ever order,  so  far  as  its  real  roots  go.  A  still 
dmpler  prefimtfuwy  prindple,  however,  enables 
us  to  find,  not  merely  in  approximation  but  with 
complete  accuracy,  all  the  tqwxl  roots  of  any 
equation,    iiet 


KOO 

/x»(x-a)»(x-6)(x-c)(x-.>)-(x...O 

Than      /*x  =- (x— ii)»/(x—6)*c.,\ 

+  (x^-h)  (x  — e    t  (x  — o) 

Therefore, /*«  and /x  have  the  oommonmoawne 
0^-  0.  Henee,  by  taking  the  Gw  gl  m.  of /x 
and  /'  X,  we  obtdn  (x — a),  and  we  knov  &t 
it  is  repeated  Iwioe  in  the  eqaatfeo  fx  =  a 
If  we  have 

«.^./«a(x—o>»(x— »)•(*  — e>p,  it, 
/»x  =.  A  |«  — •)-- 1  (x— *>•- » 

the  o.  a  K.  of  whidi  will  be 

(x — a>»-i  (»— »)•- '(x  —  c)F-»,  At 
Similarly  the  Gw  a  K.  of/*  x  voAfx  will  be 

(x— a)— «(»  — J)--fOf— 0^-".*^ 


and  BO  on,  until  w«  ndnce  by  auocaadwe  din- 
sfons,  to  tiie  last  equal  root,  (x  —  dy,  Whn, 
therefore,  wo  have  an  equation  pneented,  thejbnrt 
process  is  to  detect  and  remove  Ike  equal  losCa 
This  presents  no  diffionl^.  Siipposey*  =  «v  to 
be  freed  from  equal  roota.  ThenStana'atheona 
applieSL  Let/ix  be  the  fiatteivedfoDBdH 
fhm  fx.  Find  the  a.  a  x.  vifx  taAfi  x^  sad 
iikatige  A»  mgm if  ikt remamier.  Let^t*^ 
this  remalndeF— prooeed  with  it  andy^a^soai 
to  find  ttidr  o.  o:  x. ;  and,  again,  ehaqgi  As 
dgns  of  the  remainder,  andirptoeaed  in  ti£  war 
until  we  reach  a  nvmber  aa  the  last  nmsfadov 

Then  if /x,/,aPi /,«......../•  *»»  thesai* 

of  modified  remaindsn,  Stnim'a  thaorem  i^  lid 

thsrtmdUoftkemMtxIkMtifmmdb^xm 

rooi9q^tiis=a,wkickimbetwemti€mdhk  TWs 
theorem  we  shall  piov«^  and  show  how  to  snfy. 
Call  the  sacoesdve  quotiantB  ^  q^f  &&,  1km, 
since  the  ramainden  are — ^^«ij^x^&e.,mhaie 


fx 


ft  /i » 
ft/«* 


Ax 


^-l*  =  J,  fm^  —  fm  +  l9 

Now,  since  yx,  and  fi  x  have  no  common 
sure^  the  last  remainder/iX  is  neoessarily  a  num- 
ber. Hence  no  two  sncoesdve  muDbers,  fm  x 
tmdfm  -f- 1,  X  can  both  beoomeO,  for  any  value  of  x. 
Because  in  thatca8e^4.sxs  0,  yS^^sxsO 
and  so  on,  therefore  y,  x  =  0.  But  this  cu 
never  be  so,  sinoe  H  is  independent  of  the  vafaie 
of  X.  Again,  any  one  value  which  makai  one 
of  the  fnnctions>^x  vanish,  reduces  tlie  two  ad- 
jacent to  have  different  signa.  Now,  snppoM  the 
value  X  s  e^  to  malbe  one  of  tlte  amfiliaiy 
tions  /*  X  vanish,  without  making  fx 
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ttira  m  shall  sedc  the  effect  opon  the  number  of 
changes  of  lign  hi  paering  through  c,  that  is,  for 
e  —  h  and  e  +  h  where  A  ia  a  qoantity  infiottely 
araaO.  We  neeri,  evidentlT,  onl}'  ooninder  thoee 
^—1  'B,  /m^  /■+!  ^  becauM  no  alteration  in 
the  offder  of  eigne  will  at  all  he  made  whichever 
value  e — A,  c,  or  e  +  A,  is  subetitated  in  any 
other  bot^  x.  Thns,  then,  uniting  e — h  in 
thoee  three,  we  have 

And  rinee  ^  e  Tanishes,  we  have^  as  already 
elMwii,  diflerent  signs  tor/m^ic,  and/^^ic, 
Therelbre  there  is  one  change  of  sign.  Now,  snb- 
Btltoting  e  +  A  ibr  X,  we  find 

>-i  c,  +  A/»,  c,  /,+i  c^ 

whicb  similarly  has  one  change  of  sign.  There- 
ftire  in  passing  through  e,  which  is  any  root  of 
aiiy  of  tibe  equations  /*«  s  s  c^,  except  the  ori- 
ginal/r  s  o,  there  is  no  change  of  sign  lost 
Suppose^  •ffixK,  that  x  s  o,  makes  /»  »  o, 
ranUi.  Then  we  need  only  consider  /as,  /i  m. 
8abstitating  « — A,  and  e  +  A  soooenively,  we 
have 

-*/'«./'« 
+  */*  C  /'  c 

In  the  first  of  which  there  is  a  change,  and  in 
the  aeoond  a  continuation  of  irigns.  Therefore, 
in  passing  upwards  through  any  value  e,  wbich 
ia  a  real  root  of /x  s  o,  a  real  change  of  sign  is 
lost.  Thus,  evidently,  in  passing  regulariy  up 
from  any  limit  a  to  any  other  A,  there  wlU  be 
lost  Just  as  many  changes  of  sifpi  as  there  are 
real  loota  of  the  equation,  a  being  the  less  and  A 
the  greater  of  the  Umits.  Hence,  then,  the  num- 
ber of  veal  roots  between  any  two  UmitB  chosen 
arbitrarily  can  be  at  once  firand  by  means  of 
Storm's  auxiliary  fhnGtkms.  All  real  roots  are 
between  —  «.  and  -l-  « .  Thenibrek  by  substi- 
tating  these^  we  can  find  the  total  number  of 
real  roota  It  is  evident  that  this  is  the  same  aa 
forming  the  first  terms,  containing  the  higliest 
power  of  X  into  a  series,  and  then  changing  x 
into — X,  and  seeing  how  many  ehanges  of  sign 
are  gained.   By  means  of  this  theorem,  then,  we 

1^  for  example^  wa  find  between  +  10  and — 10, 
tAras  real  roots,  we  can  interpoee  the  otbw  limit 
0,  and  thus  find,  aay,  two  real  roots  between 
0  and  +  10,  and  one  between  0  and — 10.  The 
latter  we  can  treat  by  finding  whether  it  is  be- 
tween 0  and —  A,  or — 6  and  — 10,  and  so  on, 
nanowing  the  limits  until  we  obtain  any  degree 
of  approximation  desired.  We  see,  then,  that 
Sturm's  theorem  cnableB  us  certainly  to  ibid  all 
the  real  roots  of  any  numerical  equation,  to  any 
dq;ree  of  accuracy  that  may  be  desired. 

Take,  fiw  example,  x*  —  7x  +  7a0. 


Here 


EOT 

r^x  =«  8x«  — 7)  3x»  — 21x  +  2  1  (x 

Sx*  — 7x 

—  Hx  +  21 
/,x  =  2x— 8)6x«  — 14(8x+  f 

6x»  — 9x 


/sx=a  +  1 


»x— U 
9x--_V, 


The  leading  terma  are  all  +  here,  hence,  substi- 
tnthig — X  fat  x^  there  would  be  as  many  as  three 
changes  of  sign,  therefore  all  the  roots  are  po;*- 
riUe.  Also  +  2,  gives  the  same  sign  as  +  « , 
henoe  we  need  not  go  higher. 


x»  2 
1 
0 

—  1 

—  2 

—  8 

—  4 


+ 
+ 
+ 
+ 
+ 


+ 


+ 
+ 
+ 


ft  9 

+ 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


and  since — 4  gives  the  same  series  of  signs  that 

—  ac  does,  we  may  stop  here.  Hence,  loddng 
at  the  taUia^  we  see  that  two  real  roots  lie  be- 
tween +  2  and  +  If  aod  one  between  — 8  and 

—  ^  To  eeparate  the  two  between  1  and  2, 
tiy  X  s  |>  then  we  have 

—  —  0  + 

in  which  there  is  one  more  diange  than  in  the 
first,  and  one  less  than  in  the  second  line.  Hence, 
one  root  lies  between  2  and  1*5,  and  one  between 
1*5  and  1.  It  is  easy  to  see  how  to  cany  the 
process  further  to  any  approximation.  In  pro- 
ceeding, then,  to  the  solution  of  a  numerical 
equation,  we  should  first  find  the  equal  roots  and 
divide  by  them,  so  as  to  have  the  equation  aa 

/»  =  {x  —  o)  (x  —  A)  (x  —  c)  Ac., =  o 

Next  proceed  to  form  Sturm's  auxiliary  ftinc- 
tions,  /i  X,  ^  X,  &c  Then  apply  some  of  the 
principles  of  approximation,  which  give  the  limita 
of  roots,  which  have  been  noted  above.  Substi- 
tute these  limits,  and  any  number  of  numbers 
between  them  in  Sturm's  auxiliaiy  fonctiona, 
and  note  where  changes  of  sign  occur,  and  how 
many  there  are.  Where  there  is  more  than  one 
change  of  sign  between  two  consecutive  values 
choose  intermediate  ones,  until  the  separatkm  is 
completely  effected. — Tiiere  is  another  equally 
genend,  but  pertiaps  more  troublesome  pro- 
cess, called  after  its  discoverer,  Fourier;  and 
many  processes  of  quite  special  but  important 
applicatfen  for  ree^roeai  equations — approxi- 
mations by  meana  of  continued  fractions,  fta 
For  foil  exposition  we  must  refer  the  reader  to 
Hymcr*s  or  Tonng's  Theory  tf  Algtibrmoai  Equa- 
tions. 

lief  tle«  Wa  can  conceive  of  a  body  aa 
moving  round  a  Joed  axitf  or  definite  line.  In 
this  conception  aU  is  distinct— we  see  that  one 
rate  of  motion  belonge  to  the  whole  body,  that 


70d 


BOT 

all  pmnts  at  equal  distanoa  from  the  axis  more 
in  equal  ctrdes  and  with  aniform  velocities.  We 
can  pictnre  the  modon  of  every  single  point  of 
the  body,  as  a  simple  oonne  with  wboee  whole 
chaimcter  we  are  ikmiliar,  and  whose  position  in 
space  we  can  at  once  determine.  Again,  we  can 
conceive  of  a  body  as  moving  round  a  tU^le 
pointy  fixed  in  the  body.  Here  there  is  by  no 
means  the  same  simplicity — what  paths  the  body 
may  describe  in  space,  it  is  very  difficult  to  grasp, 
so  as  to  be  able  to  follow  completely  every  angle 
partide  in  its  course.  Both  these  conceptions 
are  purely  CmenuUical — connected  with  the  geo- 
metrical theory  of  motion  per  se,  apart  from  all 
discussions  of  its  cause.  But  evidently  the  ele- 
ment of  cause  may  be  added,  and  we  may  have 
given  us  to  discuss  the  character  of  the  motions 
which  will  result  from  the  application  of  certain 
definite  forces  to  the  body,  which  b  made  to  rotate. 
This  is  the  dynamical  part  of  the  subject  We 
shall  try  to  exhibit  briefly  the  more  important 
propositions  in  both.  It  is  evident  that  rotation 
round  an  immovable  axis  in  no  way  changes  the 
figure  of  the  body.  Internally  it  remains  quite 
the  same,  if  the  body  be  perfectly  rigid.  We  can 
readilv  see  what  is  a  fit  measure  of  the  amount  of 
rotation.  All  the  points  describe  in  the  same 
time  arcs  of  a  circle  in  a  plane  perpendicular  to 
the  axis  of  rot4ition,  which  are  proportional  in 
length  to  their  radii    Hence  the  standard  of 

Arc 
velodty  may  be  taken  ^  p^,.  ■<   which  is  con- 
stant for  the  whole  body.    This  is  the  same, 
then,  as  the  measure  of  actual  velodty  of  a  point 
for  which  the  radius  is  1.     Hence  if  /  =:  oi^u- 

Arc 
lor  veloeUy  =  p   i»-*  Sr  ^  absolute  velodty. 

Suppoee  two  movements  of  rotation  round  axes 

op,  09,  which  are  Unes  in 
proportion  of  the  angular 
vdodties  p  and  q.  Then 
these  two  rotations  can  be 
destroyed  and  completely 
replaced  by  one  rotation, 
the  magnitude  and  direc- 
tion of  whose  axis  are  re- 
preiiented  by  o  </,  the  dia- 
gonal of  the  parallelogram 
on  o  J),  o  q.  Suppose  any 
point  fA,  of  the  body  in 
tlie  angle  which  is  sup- 
plemental to  p,  o^  q.  Draw  from  m  perpendicu- 
lars »,  jf.  A,  on  o  p,  o  9,  o  o'.  Then,  in  consequence 
of  op — supiKising  the  rotations  in  the  same  direc- 
tion— the  point  m  will  be  nused,  let  us  say,  ftx>m 
the  plane  of  o,p,  q^  with  a  vdocity  p  x.  Agun, 
in  consequence  of  the  rotation  9,  it  will  be  raised 
^ith  a  velodty  q  y.  Therefore  it  is  raised  with  ve<- 
\odtypx-\-qif.  But,  by  a  well  known  geometrical 
property,  op  .»-{-o;.y=:Oo'.  A, or px-{-^y 
=  o'  A,  and  o'hiB  the  velocity  with  which  a  rota- 
tion round  o  o\  with  angular  vdodty  /,  would 
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lift  the  body.    Hence  the  two  rotatiioiis  as  re* 
spects  m,  that  is,  any  point  in  the  pUoe  op  qam 
b(B  replaced  by  the  rotation  i.    But  the  whde  body 
moves  with  this  plane,  so  that  the  propositiaa 
holds  true  generally.     We  must  lay  down  here 
a  convention,  however,  for  the  geometrical  repre- 
sentation of  rotatory  movement — the  line  wbich 
represents  it  is   uniformly  along  the  axis  of 
movement — proportional  to  the  angular  velo- 
city, and  drawn  in  that  one  of  the  two  direc- 
tions of  the  axis  from  any  given  pcdnt,  whidi 
lets  one  see  the  rotation  as  one  would  see  the 
hands  of  a  watdi.    Thu^  for  a  rotatkm  whick 
to  one  looking  down  on  a  watch  held  in  lui 
hand,  appears  in  the  same  direction  as  tfes 
hands,  the  line  whidi  measures  rotation  woold 
have  the  point  o  at  the  watch  face,  and  op  would 
be  measured  outwards  toicard*  the  holder  of  tfae 
watch,  proporUonal  to  the  angular  velocity.  Ano- 
ther illustration — and,  in  fkct,  the  real  ori^  of 
the  convention — is,  that  the  apparent  rotation  of 
the  son  would  be  measured  bv  a  line  drawn  froa 
the  ecliptic  plane  tovardg  spectators  in  onr  noftb- 
em  latitudes.    Motion  in  the  o(^»osite  ifinetioo  i« 
measured  by  lines  drawn  frxMn  the  edtptic  plase 
away  from  the  spectator.     Using  this  oonvcntioe, 
we  see  that  o  p,  o  9,  represent  rotatioos  winck 
move  m  ^  from  the  plane  of  the  paper.    Con- 
sider now  a  point  in  the  angle  op  q  itsell  Urn 
the  rotation  o  p  wHl  move 
it  up  and  o  q  move  it  down. 
Hence  —  P  ^  -{•  9  9  >>  the 
resultant  rotation.  Also,  00^ 
moves  the  body  up  or  down 
according  as  m  is  inp  o  o', 
or  in  ^  o  o'.  Hence,  aoowd- 
ing  to  these  suppoeitions — 
P  X  -\-  q  ff  ought  to  be 
equal  to  -4-  o'  A,  or  —  o'  A. 
We  know  this  to  be  the 
case  from  the  geometrical    propositian  aCve> 
said.     Hence  in  all  cases,  two  lotatioDS  roiird 
axes  pasdog  through  one  point,  can  be  oon- 
poundcd   into  one,  upon  identically  the  same 
principle  as  forces  acting  at  a  point  are  com- 
pounded.    There  is  therefore  a  paruBeieyrtm 
of  rotations.    It  is  an  immediate  conseqasioe 
that  there  is  also  a  paroUeiop^ped  qf  rotatt/m-s 
that  is,  if  any  rotations  op,  o  9,  o  r,  be  replseedi 
the  diagonal  o  </  of  the  paralldopiped  whidi  the/ 
form   is   thdr  resultant     Hence,  uideed,  any 
number  of  rotations  whose  axes  all  pass  throiigh 
a  pdnt  can  be  compounded  according  to  the  same 
laws  as  the  same  number  of  foroes  proponJoosl 
to  them.    We  indicate  here  an  immediate  geo- 
metrical inference  from  the  dnematical  prindpfes 
just  proved.     If  any  pomt  m,  not  in  the  plaoe, 
opkybe  taken,  and  x  jr  A  drawn,  then  p  x.  9  yi 
o'  A  are  again  proportional  to  the  roCttioas  £nr 
m.    Also,  these  are  proportional  to  the  triaqgics 
m  o  p,  m  o  o',  m  o  9,  and  the  directioo  of  motictt 
is  perpendicular  to  these  planes,  so  that  the  lines 
of  motion  for  each,  form  the  aame  an j^  as  tm 


FU.X 


756 


ROT 

plfliiM.  Bat  these  lines  of  motion  form  the  sides 
nnd  diagonal  of  a  parallelogranL  Hence  the 
three  triangles  stand  to  one  another  in  the  same 
relation  as  the  sides  and  diagonal  of  a  parallelo- 
gram, whose  sides  and  diagonal  contain  the  same 
angles  as  the  triangles  do.  This  proposition  can 
be  proved  quite  independently ;  bat  it  comes  oat 
as  a  rery  beaatifol  eonseqaenoe  of  the  principles 
of  rotation.^Proceeding,  then,  according  to  the 
analogy  of  the  theory  of  fbroes,  which  is  now  sug- 
gested, consider  two  ro- 

J'. Jf    tations,  p  and  9,  round 

parallel  axes,  0  pj  o  q. 
Sappose  m  a  point  in  the 
plane  of  rotation.  Then 
let  m  =  X,  A  B=a(the 
perpendicular  distance  of 
the  axes.)  Here  m  will 
be  lifted  p  X  by  p  and 
9  (a  +  x),  by  B.  Henoe  altogether  m  will  be 
lifted  with  velocity  px  ■\-  qa  +  q  x.   One  roU- 

twnp  +  J,  at  distance  mo      ^ '  .   ^  ' — 

p  ■¥  q 

win  then  prodnce  the  same  effiKt  apon  this  one 
point  m. 


I 


n»& 


Now  AC 


■10  —  ar» 


px  +  qx  -f  qa 


P  +  i 


And  OBB.a  —  Ao^a 


—       ^°       ^      "**  .    Henoe  o  is  the  point 
p  +  q  p  +  q 

where  a  B  is  divided  in  inverse  proportion  to  the 
adjacent  rotations  p  and  g,  and  is  therefore  the 
ftnme  for  all  points  m  in  the  plane.  Henoe  the 
two  rotations  may  be  replaced  completely  (since, 
M»  before,  with  the  movement  of  the  plane  /»  a  b  9, 
all  the  body  movoA)  by  p  -|-  g,  acting  at  c. 
That  is,  we  may  compound  rotations  roand  paral- 
lel axes  by  the  same  rules  as  we  compound  par> 
allcl  forces.  Keeping  this  analogy  in  mind,  or 
proceeding  from  firat  principles,  the  student  will 
vtry  Msily  apply  the  proof  to  the  case  where  the 
point  m  is  toifhin  the  space  p  ab  q.  Let  us  fol- 
low 9at  the  analogy  already  so  productive,  to  the 
case  of  rotations  round  parallel  axes  in  different 
The  figure  will  show  to  any  one  ac- 
quainted with  the  de- 
monstratbn  of  the  oor- 
^  0  responding  statical   pro- 

1  blem,  that  it  still  holds. 

I  Where  the  two  forces  are 
i  equal  in  statics,  we  get 
as  the  result  an  Infinitdy 
small  force  applied  at  an 
infinite  Stance.  Here 
also  an  infinitely  small  ro(atUm  applied  at  an 
infinite  distance.  Of  course  either  result,  in 
Itself  nngatoiy,  sends  us  back  to  first  prin- 
ciples. Let  us  see  what  will  be  the  eflfect 
of  two  SQch  opposed  rotations.  Consider  any 
point  »  in  the  phmfl^  distant  m  firom  the  first 
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axis  p,  and  x  —  a  firom  the  second  -  a  bcln;^  the 
perpendicular  distance  between  the  axes.     Then 
the  velocity  with  which  m  rises  from  the  plane 
]»  p  X  -^  ( —  P)  (.*  —  a)  :=  j>  a,  a  qnantity 
constant  wherever  m  is  taken.     What  is  the 
meaning  of  this  resalt,  except  that  the  whole 
plane,  and  therefore  the  whole  body,  rises  evenly 
and  simultaneously,  with  a  uniform  velocity. 
Hence  we  see,  then,  that  the  coupes  of  rotatioru 
gives  a  motion  purely  of  trantlaUim.    It  is  sufil- 
dently  clear  from  the  analogy,  now  wrought  out 
in  all  fundamental  pouits,  that  we  can  compound 
and  decompound  rotations  in  the  very  same  man- 
ner as  forces.    Hence,  if  we  have  any  number 
of  rotations,  pqr^  &c,  anywhere  in  space,  we 
can  take  any  point  0,  place  these  two  equal  and 
opposite  rotations  p,  and  —  p^  and  thus  have, 
instead  of  the  original  p,  p  at  0  and  a  couple  of 
rotations  p'  —  p.    It  is  evident,  then,  that  we 
can  decompose  any  motion  given  by  rotations 
round  fixed  axes  anywhere  in  space  into  two 
final  results — ^a  resultant  rotation  /  (correspond- 
ing to  the  resultant  force),  and  a  resultant  couple 
of  rotations — ^whicfa  we  have  seen  to  be  equiva- 
lent to  a  motion  of  pure  tramlation.    As  we  can 
for  the  case  of  decomposed  forces  make  a  final 
redaction,  and  obtain  a  central  axis  of  resultants, 
and  a  minimum  couple  in  a  plane  perpendicular 
to  it — so  here,  as  we  see  from  the  analogy,  we  can 
reduce  any  system  of  rotations  to  one  where  thera 
is  a  central  axis  of  rotation  and  a  minimum 
couple  of  rotations,  whose  axis  is  the  central  axis 
— that  is  a  minimum  motion  of  translation  along 
this  line.   This  final  reduction,  then,  enables  us  to 
lay  it  down  as  a  proposition — that  we  can  reduce 
all  movement  of  a  body  in  virtue  of  any  number 
of  rotations,  wherever  situated,  to  a  motion  of 
turning  round  a  given  right  line,  and  at  the  same 
time  slipping  along  it    This  is  also  the  final 
reduction  of  motions  of  translation,  for  we  can 
bring  ybrcei,  which  produce  them,  to  have  the 
same  efiect  as  a  force  and  a  couple.     Hence  we 
might  already  infer,  that  since  all  motion  is  either 
one  of  trmuiathn  or  one  of  rotaHon,  and  since  each 
of  these  can  be  reduced— according  to  independent 
proofr— to  this  motion  of  turning  round  a  given 
line,  and  at  the  same  time  slipping  alon^  its  axis 
— that  is,  in  fact,  to  the  motion  of  a  point  along 
the  thread  of  a  screw,  that  all  motion  oould  ^ 
reduced  to  that  elementary  motion.    We  shall 
see  immediately  what  propositioo  we  anticipate 
and  assume  here.     The  analogy  between  rotaUont 
and  tnmdation§ — their  mutual  convertibility — we 
may  l)est  exhibit  in  tlie  words  of  M.  Poinsot : — 
**  We  may  now  see  the  perfect  symmetry  of  this 
composition  of  rotations  and  of  forces ;  they  are 
almost  identical ;  for,  had  we  originally  called 
fon»  the  cause  which  is  capable  of  making  a  body 
turn  on  an  axis,  we  should  have  had  a  system  of 
statics  perfectly  like  what  we  now  have  for  these 
new  forces.     Only  in  it  simple  forces  (considered 
always  as  transported  to  the  centre  of  gravity*  of 
the  body),  would  have  answered  to  our  cou|>l(»  in 
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ordioary  staticii  and  couyUm  to  ouriimple fbroea. 
Indeed,  the  same  treatise,  written  on  the  acience 
of  ibnea,  might  be  peiftetlj  exact,  and  might 
treat  the  edenoe  eompletelj,  although  the  word 
force  hi  it  shoold  be  underrtood  in  theie  two  eom- 
pletely  different  eeoMe. " 

n.  In  the  ultimate  reduodon  of  all  motion  to 
that  along  the  thread  of  a  scnw,  given  above, 
we  had  not  taken  into  consideratioa  at  all  the 
motion  ronnd  a  point,  instead  of  a  fixed  line. 
We  proceed  to  show  that  we  may  reduce  an  j  mo- 
tion of  that  lund  whatever,  into  a  series  of  saooes- 
sive  motions  round  fixed  axes.  From  that  of 
course  follows  the  completo  generality  of  the  re- 
duction spoken  o£    Suppose  the  p<unt  o  fixed. 
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Suppose  A,  B,  two  pohitB  of  a  body,  to  take,  after 
an  instant's  rotation  round  o.  the  position  a" 
nf".  Draw  o  A  b,  o  a"  b".  Then  if  o  s  be  the 
line  of  section  of  these  two  planes,  evidently,  rota- 
tion round  it,  will  bring  a  b  into  A  B',  in  tlie 
plane  o  a"  b".  Abo,  all  the  lines o  a,  o  b,  ab, 
are  unaltered,  because  o  is  fixed,  and  the  body 
rigid.  Hence  all  possible  positions  which  a  b 
can  take  in  the  plane  o  A"  b''  will  be  taken  by 
sbdtng  the  permanent  triangle  o  A'  b'  (=»  cab) 
round  in  that  plane,  o  A''  b"  will  therefore  be 
one  of  these  positions.  But  this  sliding  is  actually 
a  rotation  round  an  axis  through  o  perpendicular 
to  die  plane.  Therefore  two  rotations  round  axes 
through  o  will  bring  tlie  points  a  b  into  any 
positfen  A"  B"  which  is  possible  for  them.  Bnt 
these  two  may  be  compounded  into  one  o  l 
Hence  we  may  consider  any  motion  round  a  point 
as  produced  by  rotation  for  an  instant  round  an 
immovable  aids.  Xext  instant,  the  body  may 
be  considered  as  moving  round  another  immov- 
able axis,  difierendy  situated,  and  so  on.  Hence 
any  total  movement  round  a  fixed  point  is  repre- 
sentable  by  an  infinite  number  of  movements 
round  axes  fixed  for  the  moment,  bnt  momenta- 
rily changing  in  position.  We  are  not  to  conceive 
the  instantanbous  axis  as  passing  continuously 
along  from  o  i,  but  as  successively  occupying  the 
posiUons — ^perfectly  immovable  for  the  instant — 
o  I,  0  I',  0  I'',  &C.  The  instantaneous  axis  then 
always  passes  through  die  fixed  point,  a  It  is  to 
be  coiiftfdsod,  huwover,  that  we  have  not  yet  a  very 
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dear  ideaofthemodeof  motion  roondafixed  potaC 
The  little  deraentary  rotations  nmnd  tostaotan- 
eonsaxes  cannot  be  graphiraHy  wpnef  inted  Ukcthe 
little  demcDtaiy  polygm's  sides,  vhkh  afipnud- 
matotoacnrve.    Let  as  try  to  gain  yet  a  deaicr 
idea  of  it    Concdve  a  body  rotating  round  o  l 
JThe  instantaneous  axis  will  take  a  certain  path 
inthebodyitsdf,  andaocftain  pathin  space.   U 
wesnppose  the  body  cut  by  a  sphcra  wfaessceabe 
Is  0,  die  instantaneous  axes  may  be  lepiesealed 
ibr  tiie  sake  of  distinctness  cf  coooqitioB,  as  rafi. 
Now  the  end  i  has  properly  no  path  cither  ■ 
space  or  in  the  body;  but  yet  since  It  has  an 
infinite  number  of  snoceasive  positions,  we  may 
evidendy  group  them  best  together,  by  consider- 
ing them  to  consdUtte  a  continooos  path.    Sqn 
poae  that  maiked  out  in  the  body,  befon  Ae 
commencement  of  rotation.    Let  it  be  the  tmre 
ft  and  anppoae  the  finit  instantaneMi  axis  to  be 
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ox.  Themodonroondoi  wfll  btiiv  thei 
elementary  position  i',  wliere  the  next 
neons  axis  cuts  the  sphere,  suppose  to  i,  ud 
would  alter  the  poaidon  of  the  leatcrthecwe 
$  hi  apace.  Botation  round  o  •'  would  hnag  f 
to  t",  andsoon.  Thusweshould  havethecarrt 
r,  which  represents  tlie  path  m  ipaee,  of  tlie  ex- 
tremity of  the  inatantaneoua  axis.  This  axis 
may  be  conceived,  then,  aa  deacribing  m  tieMf, 
and  t»  ^Moe  two  diflRsrent  ooims,  wfaoae  baaes  an 
f  and  r,  where  they  are  cut  by  the  sphere,  bs» 
cause  they  always  paaa  through  o.  W§  ktm 
tku8  mcdedtd  ta  r^rtatnting  the  m&oli  bmImb 
to  tmndvu;  tu  eonnttimg  m  Ae  roBmg  ^He 
ame  wAoes  b<ue  u  f ,  tfxm  that  wftose  bate  k  #, 
wtkoiU  OHjf  iXippmg  being  parmiUed,  It  foDms 
that  in  whatever  way  a  body  moves  round  afixed 
point,  the  movement  may  be  repreaented  bj  tbat 
of  a  definite  cone  rolling  upon  another,  lb  ia- 
stantaneous  axis  is  the  line  where  the  two  ooaicsl 
surfaces  meet  This  is  perfaape  the  dearart  way 
in  which  it  is  possible  to  present  to  our  conception 
motion  ronnd  a  pohit  List  ns  oonsider  it  fiirtfaac 
We  note  die  following  quantides,  wiiieb  pre- 
sent themsdves  In  thought,  as  in  casmectiottwith 
this  idea.  The  angular  vdodty  0  of  ntatiaB 
round  o  x — the  angular  vdodty  m  with  wUch 
the  extremity  i  deaoribea  #  or  r,  fbr  evitody 
both  are  described  bk  the  aarne  dma,  te  sat 
curve  behig  just  the  other  nnroUed.  The  nB 
of  curvature  r  and  fi  of  «  and  «>— the 
movemcntojiandw  of  the  pole  i,  ronnd  Che  i 
0  p,  o  n  of  the  oadllating  cone  ibr  the  two 
curves.     If  ti  a  be  the  two  anglaa  ef  the  tb- 
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meatuy  polygon,  whidi  oonstitotei  r,  ti  and 
therelbre  the  dihedral  ugles  fbr  the  sides  of  the 
lOrrunid  whidi  malces  the  oone,  we  have  tdt^ 
tfaa  angle  described  in  d(,  «■  de  —  dt.    And 

dt 


Hence/ 


rdi  — 


41  f   SM ,        a  6  ss  J. 

e  r 

±L.  And  le  „  Ir  .  «.  Thefefon  #» 
^  ij  I  dt         dt 

/I     .      1\ 

Again,  if  the  mdilTeetons 


■  (v  t  T> 


iFsr,  ills^aie  drawn,  o  f,  o  n  aie 
axes  of  the  right  oeculating  cones.    If  o  i  be 


when  a  B*  the 


or        oi« — o', 
ladins  of  the  base  of  the  osculating  right 


Bat  ~i  —  arsjp,  w  lespeetlvelj  and  y  -■  sin 

sena-angh  of  one  oone,  and  —  a  sin.  send-angle 

of  other.  Therefore  #ap  cos  i  +  roos  •'.  Also 
p\  Q::  sfai  I' :  sfai  I  .*.  /  =  K(8hif'oosi  +  sin 
t  COS  t'.)  Heneep,  «>,  I  are  sides  and  dhigonab 
of  a  paraltdogram,  whose  angles  ars  i^  i\  t  +  t\ 
— We  shall  consider  finally  the  nMSt  genersl  idei 
whidi  we  aie  able  to  form  of  the  movement 
of  a  body  in  absolate  space.  Evidently  it  may 
be  redneed  to  a  simple  translation,  starting 
fhxn  a  point  o,  and  a  simple  rotation  #,  roond 
an  aids  o  l  If  the  direction  of  trsndation  is  in. 
the  plsne  of  rotation,  we  can  reduce  the  whole 
movement  to  a  simple  rotation.  For  the  transla^ 
tion  may  be  represented  by  a  couple  of  rotations, 
one  of  whose  elements  is  equal  and  opposita  to 
that  which  causee  the  rotation  and  which  destroys 
It;  and  the  other,  equal  of  courm  to  this,  is  hi  the 
same  plane  parsllel  to  it  The  axis  o' a  of  thb 
ntatfon  Is  odled  the  iponlaiieow  acii .  If;  how- 
ever, the  direction  of  translation  is  not  hi  the 
plane  of  rotation,  we  may  transfer  it  into  two 
couples  BBverthdess,  one  of  which  will  be,  as  in 
the  last  case,  in  the  plane  of  rotation,  and  the 
other  not  This  (brmer  may  be  compounded  with 
the  original  rotation,  as  befors,  so  as  to  leave  of 
h  and  the  original  rotation  only  one  roUtion. 
Th«re  is  thus  one  rotation  and  a  couple  of  ro- 
tatkos  in  a  plane  perpendicular  to  it— tliat  is, 
a  Cranalatioa  along  the  axis  of  rotation.  This  Is, 
m  we  have  already  seen,  a  motion  represenUble 
br  the  motion  of  a  particle  in  the  thread  of  a 
imw.  AD  motion,  then,  of  a  rigid  body— the 
moat  general  it  can  have  in  space— may  be  repve- 
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sented  twtentaneond^,  by  the  motion  of  a  point 
in  the  thread  of  a  screw. 

III.  We  come  to  consider  the  purely  dynamical 
part  of  the  snl^Jeet — what  are  the  forces  capable 
of  producing  a  given  movement?  It  may  be 
laid  down,  In  the  first  ph^e,  that  then  are 
always  forces  capable  of  producing  a  given  move- 
ment Thus,  every  particle  has  a  oertain  velocity 
«,  and  a  foroentfmwottldtherefbre  produce  this. 
Hence  a  set  of  forces  udm,  applied  to  every  par- 
tide  of  the  body,  may  be  conceived  capsible  of 
prodndng  the  movement  in  question.  These 
foroes  can  be  reduced  to  p,  <),  b,  Ac,  by  ordinary 
methods  of  reduction.  We  must  note,  however, 
the  ftmdamental  difference,  that  these  reductions 
presume,  and  imply  oonnectlons  between  the  dif- 
ferent parts  of  a  body,  of  which  the  dementary 
foroee  udm  an  quite  Independent,  in  the  firrt 
instant,  when  they  are  ^>pUed.  The  forces  p, 
Q,  B,  &C.,  imply  these  connections  then  alsOb  If 
we  do  not  consider  these  internal  connections,  but 
think  only  of  the  external  forces,  we  may  com- 
pound m  dm  Into  such  foroes  as  p,  9,  b,  Ac 
Thb  we  shall  do  hi  the  first  instance.  After- 
wards we  shall  come  to  what  the  effects  of 
oentriftigal  force  are.  A  pure  movement  of  tnms- 
lation,  in  which  all  the  partides  advance  with 
one  vdodty  u  In  paraOd  lines,  may  evidently  be 
oomponnded  Into  the  action  of  one  single  force 


/ 


mdwi,  pasdng  through  the  centra  of  gravity. 


In  the  same  way  a  single  force  b,  passing  through 
the  c.  o.,  may  be  decomposed  into  parslld  forces, 
applied  to  the  moleenles,  and  proportional  to  their 

massei     The  nnlfonn  vdodtf  will  be  — ,  whera 

m  is  the  whole  mass.  These  conseqoencee  would 
not  obtain  if  n,  always  passing  through  the  a  o., 
changed  occasionally  or  continuoady  in  msgni- 
tude  and  direction.  They  would  hold  for  eadi  suc- 
cessive instant,  and  therefore  altogether,  though 
the  partides  would  move  not  in  straight  but  in 
curve  lines.  Next,  consider  a  pure  movement  of 
rotatUm,  Lei  a  body  turn  round  o  z  with  angu- 
lar vdodty  #.  Then  taking  two  arbitrary  rect* 
angular  axes  o  z,  o  T,  and  reducing  the  fimss  fiir 
every  element,  we  find 

X  S3       0pdm,    T  SB  — /«cf «,  a  s  o 
Ls  —  ixsdmy  M  s  — /jfs<fin,N  s  # 
(«*  +  y*)  d  m  a  #  r*  <f  m.    Hence  summing 

up  we  have  1^*2  foroes  z,  t,  which  an  if  if  dm, 
and  —  ^ /*'  ^^  respecdvdy— or  their  reealtant 

Or  dnce  if  a  =  the  perpendicular  from  the 
centre  of  gravity  of  the  body  on  0  z. 


>^(/.-«)-k(/,-)«; 
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w«  have  p  =  /  M  a.    2®.  Two  ooaples  l  =  —  ^ 

I  X  zd  nifV  =s  —  0J  If  z  d  m,  ar  tk  single 

ooaple  K,  round  an  axis  perpendicalar  to  o  z, 
whoee  moment  is 

K  =  #  A   /  ^fatdrny  •\-{^fy  9  dmy. 

8**.  And,  lastly,  a  ooaple  h,  whose  aids  is  o  z, 
and  moment 

V  =  ^  fi  **   +   y')  <ifli  =  if  9   dm. 

If  0  z  pass  throngh  the  centre  of  gravity /y<{m 

=o« /x  (7  m  s  0  .*.  p  s  o,  and  there  are  only 

left  two  oonples,  which  are  reducible  to  one. 
Henoe  forces  which  turn  a  body  round  an  axis, 
through  its  centre  of  gravity,  can  be  reduced  to 
a  dingle  couple.    If  o  z  be  one  of  the  principal 

Bxs^Jx  B  d  m  =  o^  f  y  »dm  =  o.  Hence 

K  =  o.  Therefore  if  the  forces  torn  the  body 
ronnd  a  principal  axis,  they  can  be  reduced  to  a 
couple  whose  axis  that  is.  And  inversely,  if  a 
couple  be  applied  to- a  free  body  in  a  plane  per- 
pendicular to  a  principal  axis,  its  effect  will  be 
to  make  the  body  turn  ronnd  on  this  axis  with 
an  angular  velocity  equal  to  the  moment,  divided 

by  the  moment  of  inertia  (  f  r^  dm  ^  ofthe 

principal  axes.  It  is  easy  to  see  that  tbeseprin- 
ciples  will  apply  abo  to  the  case  in  whidi  there 
are  both  translations  and  rotations. — We  pass  to 
centriftigal  foroe^  To  have  a  clear  idea  of  these, 
let  us  note  that  the  particle  d  m,  under  the  tan- 
gential force  udm,  could  notdescribe  an  arc  of  a 
cirde,  but  a  line.  But  it  does  describe  such  an 
arc,  and  therefore  there  must  be  some  cause  to 
I  end  it  inwards.  This  centripetal  ton»/  is  of  the 
fame  kind  as  gravity.  Hence  ^/.  ^  t*  is  the 
ImH  for  a  time,  t  But  udt\&  the  space  moved 
through  along  the  tangent  iadt.  Hence  (^Euc, 
HI.,  86),  i/d  <•  .  (2  r  +  «)  =  ««  dt*,  .-. 


J 


«' 


=  — *  neglecting  e,  which  is  the  excess  of  the 


secant  of  an  infinitely  small  angle  over  1.  This 
gives  us  the  magnitude  which  /  must  have  to 
produce  its  actual  eflfocts.  Of  course  this  result 
applies  to  all  curvilinear  movement  Since  u  =  ^r, 
f  ^=s  $^r.  We  may  therefore  represent  the  physi- 
cal circumstances  as  follows : — There  is  no  centri- 
petal force  among  the  data.  If  such  be  evolved, 
there  must  be  evolved  along  with  it  an  equal  and 
opposite  centrifugal  force,  so  that  the  circum- 
stances of  the  problem  do  not  change.  Thus, 
the  centripetal  force  being  —  4"^  r  dm  di 
(—because  it  tends  to  diminish  r),  we  must  have 
a  centrifugal  force  +^  rdmdt  opposite  to  the 

centripetal that  is,  in  the  direction  of  the  radius, 

and  tending  to  increase  it  And  this  gives  us 
the  elementaiy  idea  and  measure  of  centrifu- 
gal forces.  Let  us  see  how  these  reductions  can 
be  operated.    0*  rdmdt  ss  f  dt.^rdm^ihat 
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is,  the  centriftigal  force  bears  a  owistaiit  ratio  to 
the  tangential,  and  is  perpendicular  to  it  Bedbne 
them  just  like  the  tangcntiaL  Then  n  =  rcsak- 
ant  force 

=s  /  p.  And  sfaioe  all  the  forces  that  make  up 
this  are  perpendicular  and  propovtioDal  to  thMS 
which  make  np  p,/  p  is  peipeodiciilar  to  the  di- 
rection of  p.    Similariy 

X  =  ''>y/  (/«.i«).  +(/,.rf-)' 

=  ^  K,  and  theaxis  of  ;^  is  perpeDdioolar Id  dat 
of  K.  But  it  is  to  o  z  also,  that  is  to  the  axiB  ef 
N.  Therefore  it  is  to  the  axis  ofthe  rmltaBl  cf 
N  and  K  which  isG.'  Hence  the  axisof  tbeeoapfe 
due  to  centrifugal  forces  is  perpendicolsr  to  the 
axfe  of  rotation  and  to  that  of  the  ooaple  of  tnt- 
polsion.  We  may  repeat  the  same  snpposiiiPBs 
about  o  z  passing  through  the  oentre  of  gravitv 
or  being  a  principal  axis  with  quite  anakgees 
results.  The  last  question  which  we  shall  con- 
sider we  now  come  to.  Suppose  a  body  in  rea, 
moveable  ronnd  a  fixed  axis  o  z,  to  be  sCraekbf 
a  couple  a  perpendicular  to  it — ^find  1^  the  sb- 
gular  velocity  of  the  motion  S  ??  the  perconoa 
which  the  fixed  axis  reodves  8®  the  eootioad 
pressure  which,  in  consequence  of  the  centrifapd 
forces,  it  has  to  support  Take  oo  o  z  a  fineoK, 
representing  at  once  the  magnitade  and  diractkia 
of  the  oonple  of  impulsion.  Sappoae  now  two  ftnes 
p,  V  equal  and  opposite,  and  two  couples  k  sad 
K'  so  also,  p  and  k  being  the  force  and  eoapb 
which,  with  n,  make  the  body  rotate  as  if  tfas 
axis  were  perfectly  ftee.  9,  p,  k,  then  arc  eap- 
able  of  making  the  body  move  qnlte  ikeely.  Bat 

they  produce  an  angular  velod^ ;  aad 

fr*  dm 

the  other  two  quantities  are  destnn-ed  by  the  axiSi 


Henoe 


N 


is  the  valoeof  the angatar' 


locity.     Again,  p'  is  the  pereuasicp  en  the  asix, 
and  V  the  continual  pressure,  and  p'  =r  —  p  = 

K'=—  K  =  — ^ 

— We  have  given  only  the  elements  of  this  vfrr 
important  sulgeet    The  fullest  and  dearert  iofiir- 
matkm  respecting  it  is  to  be  had  in  Poinsoc'i 
Thwrie  Nouwik  de  h  Rouakm  det  Ccrpa. 
B«iautoB  mt  the  Phwcta.     See  SoLiB 

B«t«iw7  PsfaurintiMB.    See  Volamxut 

TION, 


760 


SAF 


S 


SAT 


8m  Labcp. 

tiafmj'  TalTv.  In  looumotWe  engfno,  the 
nfetj  ralrm  are  two  yal\m  loaded  with  certaia 
finiutu,  and  placed  on  the  boiler  for  the  escape 
of  steam  of  pressures  be}*ond  thoae.  The  one  is 
beyond  the  engineman's  control,  and  is  called  the 
lodc-np  valve:  the  other,  at  a  little  lower  pres- 
sure, Is  under  his  power,  and  regulated  by  a  lever 
and  spring  balance.  It  is  only  necessary  to  have 
the  aperture  sufficiently  large  to  let  off  the  steam 
■a  laat  as  it  is  generated,  wtien  the  eogitie  Is  at 
oDoe  put  oat  of  work.  The  valve  is  sometimes 
loaded  by  a  heavy  weight  laid  on  it — sometimes 
by  means  of  a  lever,  with  a  weight  to  move  along 
to  suit  the  required  pressure. 

n«iliin  The  Arrow.  One  of  the  old  oon- 
■tfUations,  near  the  back  of  Aqoila.  It  con- 
tains no  Stan  higher  than  the  fourth  magidtude. 

SagltiMiaa*  The  Archer.  One  of  the  xodi- 
acal  constellations.  It  is  situate  below  Aquila, 
between  Scorpio  and  Capricomus.  Tliere  are  no 
atan  above  the  third  magnitude. 

tinrss.    An  Egyptian  period.    See  Ctctjl 

a«miH— .  iSSKoiubry  Planets,  or  those  which, 
like  onr  Moon,  accompany  Primaries.  It  seems 
remarkable  that  while  all  the  known  planets 
bayoQd  the  region  of  the  Asteroids  are  accom- 
panied by  systems  of  satellites,  our  globe  is  the 
only  one  within  that  region  which  has  a  com- 
pankm  or  attendant  The  elements  of  all  known 
aatellites  are  given  under  Elbmbxtb.  Keg«rd- 
ing  the  satellites  of  Uranus,  there  isstill  a  puzzle. 
Swne  astronomers  relying  on  the  unsorpassed 
accuracy  of  Sir  William  Henchel,  are  in- 
clined to  accept  it  as  probable  that  this  planet 
has  BiouT  attendants  of  the  periodic  times  as 
below :-~ 


Ko. 

Periodic  Tlmea 

Ist&telUte, 

8d  Sitellite, 

Sd  Siitellite. 

9d.     lab. 

6       81         ~- 

8       IS     Mm  31 

10       28          -  - 

13     11    m^e 

88         8 

107       18 

4ChSalcUlte, 

fttli  Satellite, 

6thSatemie, 

TttaSstelHte 

•    SthitatrJlile, 

It  cannot  be  doubted  that  some  such  scheme  is 
necessary  to  reconcile  all  obsen'ations ;  and  that 
SQch  an  one  does  so.  We  shall  soon  have 
addltiona  to  Neptune's  satellites.— It  has  been 
alleged,  regarding  the  rotation  of  these  satellites 
on  their  axes,  that,  like  the  Moon,  they  alwa>*s 
present  the  same  flue  to  their  primaries.  ThU« 
however,  as  it  seems  to  the  writer,  on  no  sub- 
stantial ground.  Had  not  the  condition  of  the 
Moon  In  this  respect  been  previously  known, 
the  obaen'ations  in  question  would  never  have 


been  held  adequate  to  sustain  such  an  lufSavnosL 
But  the  case  of  the  Moon  constitutes  no  ground  of 
analogy.  Quite  as  likely,  her  state  is  a  pecu- 
liar one — depending,  for  the  moat  part,  on  her 
own  internal  structure. 

SaiaratI*!!.  When  a  soluble  substance  Is  pot 
into  a  solvent,  there  is  In  many  cases  only  a  de- 
finite proportion  of  the  substance  which  will  dis- 
solve. The  solvent  is  then  said  to  be  saturated 
with  the  substance.  Son  etimes  a  solution  satu- 
rated with  one  substance  vill  yet  dissolve  a  dif- 
ferent one. 

Satura.  Without  doubt  the  most  interesting 
of  all  the  planets  belonging  to  our  solar  system. 
It  is  not  so  large  as  Jupiter,  its  diameter  being 
only  79,160  miles,  while  that  of  Jupiter  is 
87,000;  but  faistead  of  four  sateUites  it  has 
eight,  and  it  is  distinguished  besides  by  that  ex- 
traordinary appendage  of  Rings.  Of  the  planet 
itself  little  can  be  said.  Its  surface  is  marited 
by  a  few  bands  of  various  shades  passing  across 
it,  although  with  the  exception  of  a  bright  one 
near  its  equator — (a  band  dearly  belonging  to 
the  planet  itself,  and  having  no  relation  to  re- 
flexion from  the  rings) — these  are  not  so  weU 
marlced  as  in  the  case  of  Jupiter.  It  is  purely 
elliptical  in  form,  not  irregularly  so,  as  Sir 
William  Herschel  originally  supposed.  It  ro- 
tates on  its  axis  In  10  hours,  29  minutes ;  and 
its  period  of  revolution  In  its  orbit  is  29  years, 
5  months,  and  24  da}'s;  or,  more  exactly,  its 
periodic  time  is  10,768  daj'S.  The  spocific 
gravity  of  Saturn  is  about  the  lowest  among  the 
planetary  bodies,  being  only  0*14  of  the  spodflc 
gravity  of  the  Earth ;  so  that  this  gigantic  globe 
must  be  composed  of  materials  not  much  hes\ier 
than  cork.  The  celestial  landscape  from  the 
surface  of  Saturn  must  indeed  be  oaagnlfioent ; 
near  it,  its  Satellites,  Mimas,  Enoeladus,  Tethys, 
Dioiie,  Rhea,  Titan,  Hyperion,  Japetus,  shin- 
ing like  Moons ;  and  that  wonderful  ring  now 
shading  or  eclipsing  large  bands  of  the  planet, 
and  again  illuminating  them  by  the  light  it* 
broad  sur&oe  reflects.  The  relations  of  the  rings 
to  Saturn,  in  this  latter  respect,  have  recently 
been  fully  and  exactly  discussed  by  Dr.  Laiti- 
ner,  in  a  memoir  in  the  transactions  of  the 
Astronomical  Society,  to  which  we  gladly  refer 
the  curious  student  Concemmg  the  satellites, 
whose  distances,  periodic  times,  &c,  have  been 
given  in  Elbmb.nts,  nothing  further  need  at 
present  be  said,  but  the  habitudes,  history,  and 
probable  development  of  the  Rings  are  connected 
with  facts  so  varied  and  novel,  that  we  are  con- 
strained to  devote  a  separate  article  to  the 
subject 

MaiarB*b  BIbib.  The  general  aspect  of  the 
planet  and  those  appendages,  is  given  in  fig.  4, 
plate  IL,  copied  from  a  sketch  by  Captain 
Jacob,  firom  his   fine  achromatic  at  Madraa. 
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It  will  aid  the  reader  as  he  foUows  our  dlacoa- 
aion  of  details. 

(1.)  General  Description  of  the  Ringe. — Soon 
after  hia  discovery  of  the  satellites  of  Jupiter, 
Galileo  became  aware  that  aomethlog  peculiar 
attached  to  the  planet  Saturn :  but,  as  his  tde- 
scope  had  not  power  to  discern  the  actual  pheno- 
menon, he  merdy  placed  on  record  the  facts 
which  pnazled  him.  The  ring  being  of  ooufm 
best  seen  at  the  sides  of  the  planet,  presented  the 
appearance  of  two  aiua  or  handlet  attached  to 
the  central  orb;  nor  was  the  reality  ascertained 
until  the  time  of  Hayghens,  who  gave  pablidty 
to  his  disooveiy  in  the  foUowtng  sentence  (the 
letters  of  which,  after  the  ftshion  of  the  time,  he 
tranqpoeed),  **  Anmdo  dngitur  iawit  plano^ 
nufjuom  oohmrente,  ad  ectipticam  ino&uUo.** 
Not  long  after  the  discovery  by  Huyghens,  the 
chief  division  of  the  ring  was  noticed  by  Mr. 
William  Ball  in  England ;  and  It  was  speedily 
placed  beyond  doubt  by  Cauini,  that  Saturn  has 
two  concentric  rings  of  different  breadths,  sepa- 
rated  all  round  by  an  interval  easily  distinguish' 
able.  TheM  are  the  rings  we  shall  refer  tfl,  as  ▲ 
audi;  the  latter  the  one  nearer  to  Saturn.  Sub- 
sequently, from  Sir  William  HerKheVs  time 
downwtfds,  statements  have  been  made  of 
visible  divisions  In  the  midst  of  these  two  rings. 
One  in  the  middle  of  ▲,  as  represented  in  our 
plate,  appears  pretty  well  established ;  but  vari- 
ous others  have  beoi  reported  by  Captain  Kater, 
the  Astronomers  of  the  CoUegio  Romano^  Encke, 
and  several  more.  These  divisions,  however, 
have  not  continued  visible,  and  the  solution  ap- 
parently accepted  was,  that  they  do  not  exist; 
but  that  through  defects  of  his  telescope  or  the 
condition  of  the  atmosphere,  the  Observer  report- 
ing them  was  deceivel  This  solution,  it  need 
scarcely  be  remarked,  was  far  fliom  satisfao- 
toiy.  Besides  the  apparent  divisions  or  black 
lines,  broad  mottled  and  dark  sCripev,  especially 
within  the  ring  b,  had  been  noticed,  by  Mr. 
Dawes  among  others. — But  while  the  question  as 
to  the  significanoe  of  these  various  appearances 
f>till  remained  an  unsettled  one.  Astronomers  were 
startled  by  the  discovery  of  a  third  ring  o,  with- 
in the  ring  b,  of  a  slaty  colour  and  therefore 
comparatively  dark,  but  nevertheless  sending 
out  so  much  light  that  the  marvel  was  it  had 
not  been  discovered  before.  This  third  ring 
was  first  detected  by  Mr.  Bond  at  Cambridge 
Maasachnssets,  on  November  15,  1850;  and 
again,  without  any  knowledge  of  what  Mr.  Bond 
bad  noticed,  by  Mr.  Dawes,  on  November  29 ;  and 
a  few  days  later  by  M.  LaaaelL  The  third  ring 
c  is  represented  in  our  engraving.  It,  too,  ap- 
pears to  present  puzzling  phenomena  akin  to 
those  noticed  above.  Various  accounts  have 
been  given  of  its  breadth,  which  seems  augments 
ing.  Mr.  Dawes  feels  persuaded  that  he  has  seen 
at  least  one  division  in  it ;  and  at  times  it  has 
looked  as  if  it  were  separated  from  ring  b.  This 
ring  is  manifiostly  no  new  or  veiy  recent  forma- 
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tkm.  Appearances  were  seen  by  Gafle  at  Bofia, 
— ^that  can  alone  be  explained  by  its  exiatenoe — 
in  the  year  1838  :  and  in  some  of  Sir  WOSsa 
Herschers  drawings,  a  dark  belt  is  lb«nd  aeraai 
Saturn,  attributable  to  no  other  eanae.  Tet  had 
it  been  as  folly  developed  aa  bow,  wliy  dU  as 
many  admirable  observers  miss  it?  It< 
be  seen  in  dear  nights  tbroqgli  a  good 
matk:  of  four  inches  diameler;  and  we 
that  telescopes  veiy  greatly  more  powerfU,  hsi 
often  been  intently  directisd  towaids  Satank 
What  can  be  made  of  this  aooomnlalioB  of  po^ 
plexing  circumstances  ?  Is  diera  an  mctaai  »- 
eUAiUig  in  this  singular  ayatem? — We  ahiB 
attempt  the  solotion  in  the  raoaainder  ef  ttii 
article ;  but,  in  the  meantiine^  let  us  realns  fta 
diwiswtMWs  of  the  formation,  eoooeniiqg  wkick 
we  are  apeeulating.  The  best  aveniga  meassni 
of  the  rings,  &c,  are  probably  tha  lalkNnag>— 


Exterior  dlsmetwr  of  a. 
Breadth  of  da, 
Intemd  between  ▲  and  s, 
Exterior  diameter  of  a, 
Breadth  of  da. 
Breadth  of  c 

Distance  of  Inner  edtre  of  c 
and  the  limb  of  Satom, 


about 
{-about 


17fi,«M 
VKSn 

1U» 


1, 


Breadth  of  entire  Syatem  of  Eioga,         Ujm 


It  Is  difficult  to  asoertmn  tha  exact 
this  system.  A  bright  line  so  tfaliif  is 
measorable;  and  besides,  there  is  no  i«i«Kfcfl«iJ 
that  Hoe  thickness  is  measorabla.  Bessel  ef 
Konigsberg  determined  the  faasa  of  tha  ajslua  «f 
rings  by  their  effiset  on  tlie  apsides  of  tha  satdlila 
TVftm,  to  be  the  .^f^h  part  of  Saturn^  uml 
Combining  this  deurminatkia  witk  the  beit 
measures  we  have,  which  are  probably  those  af 
Mr.  Bond  of  Cambridge,  it  may  be  iwwrlwlBd  thst 
the  thickness  is  somewhere  about  100  mOeB,— 
that  is,  about  the  three  thonsandth  pait  of  the 
breadth.  Conceive  a  cake  one  imA  in  tVt^*^ 
and  too  hundred  and  Jiftg  Jhel  in  braadlh,  i:s 
length  bdiig  indefinite; — ^that  b  a  ■jiwiUfiMi*  <if 
the  mechanical  condition  of  this  Bing-appendi^ 
of  Saturn ! 

(2.)  ne  Siabimy  o/Ae  peri-.Sfafmmian  itty. 
— ^The  character  of  an  arrangement,  apparently 
so  unlike  any  other  within  oar  ayatem,  \»ai 
realized,  the  question  immediately'  arises  as  to 
the  mode  or  the  combination  of  fbroes,  by  whidi 
it  Is  secured  In  its  position,  and  protiMxei  fioai 
the  influence  of  disturbing  causes.  The  thegreaa 
of  Celestial  Mechanics,  show  distinctly  enough  bow 
a  planet  or  satellite  suitably  placed,  most  rsvelva 
for  e\'er  around  its  central  Ort>;  bat  we  caanoC 
Infer  that  the  same  stabUity  may  be  exteaded,  br 
the  same  agendes  or  any  combiaatiaa  of  theaa 
to  s\'stems  of  Rmgs.— flie  qnestioa  bow  pro- 
posed is  divisible  into  two  pska,  the 
of  which  leads  directly  to  veiy  onazpcelal  < 
elusions. 

1.  Tha  sabject  was,  earitest  of  aU,  takesi  up 
by  Laplace.  That  great  philoaopher  looked  at 
it  ondsr  two  of  its  phases.    Tha  one  case  hs 
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•xposed  to  a  Marehing  inqttii7,  aad  observatioii 
•joo  ouafiimed  his  remilts:  respecting  the  other 
be  expressed  an  opmioH  only,  but  left  no  inves* 
Ugstion;-  imfiMtiimitelj  this  opinion  was  wrong. 
Befleoting  on  the  immense  attFactire  power  of  so 
▼ask  a  globe  as  Saturn,  Laplace  discerned  that 
wUh  siidi  a  fiyroe  in  its  interior,  any  description  of 
ring  would  assuredly  be  liroken  and  dm^^ped  in- 
wards piecemeal,  if  Its  particles  were  not  endowed 
with  what  is  ordinarily  ealled  a  oentriltagal  force 
capable  of  resisting  that  attractive  central  energy. 
The  ringi  therefon,  he  alleged,  most  recohe  In 
about  the  same  time  that  a  satellite  should  re- 
▼olve  at  its  mean  distance; — a  oonclasioD  quite 
Imsiettble^  and  speedily  oon6imed  by  the  scru- 
tiny of  Sir  William  Hencfael,  who,  by  watdiing 
the  progress  of  certain  dnsky  spots  on  its  snif  ace, 
OTtaMished  the  period  of  levolntion  as  10  hours, 
29  minutes,  11  seconds.    Laplace  also  saw  fiv- 
ther.     He  found  that  as  the  outer  and  inner 
circumferences  of  so  broad  a  ring,  rotating  as  a 
whole,  would  necessarily  have  conflicting  velo- 
cities that  might  endanger  its  security,  it  was 
necessary  that  it  consist  of  separate  rings, — and 
that  this  was  the  mechanical  significance  of  the 
permanent  division  between  ▲  and  b,  oonfirmed 
by  Caaiini.   An  inference  subeequently  impugned 
by  Plana,  on  the  ground  of  a  meet  erroneous  con- 
ception of  the  maw  of  the  rings:  sofarlhnnLap- 
]aoe*8  theory  being  invalidated,  we  shall  soon  see 
that  it  may  be  imshed  Teiy  much  further.-^— 
Another  question  however,  cognate  although  es- 
Mntially  difieient,  came  up  next  before  the  great 
Geometer.   If  Satum*s  mass  could  be  presumed  to 
nounn  mvariabfy  m  tkeprtci$e  emitre  of  (he  sjfi' 
ttm  o/rmg$,  that  system — ^proteoted  by  the  fore- 
going motion  of  rotation — might  continue  stable. 
But  it  is  impoesible  to  conceive  this  rigorous 
coincidence  of  the  two  centies.  The  ring;  aflReeted 
by  the  varying  positions  of  the  satellites,  must 
^ange  its  place  by  small  quantities ;  and  obser- 
vation itielf  appears  to  have  sometimes  detected  a 
aiiglit  eccentricity  in  the  position  of  the  planet 
Now,  if  the  ring  be  nniibrm  around  Its  circuit, 
tlie  oceuTenoe  of  the  smallest  eccentricity  of  posi- 
tion would  be  fetal  to  its  existenceu    The  rim 
aearest  Saturn  would  indubitably  be  mora  at- 
tracted by  the  planet;  the  eccentricity  would  in- 
crease^— tlie  aneigy  of  tlie  destructive  force  in- 
creasing akmg  with  it;  tmdtheRinffmmaiq»eedify 
JmlltipomtkePlanet,  The  oeeurrenceof eccentricity 
being  certain,  how  then  is  jtoMtty  maintained? 
It  was  here  that  Laplace  satisfied  himself  with 
oAring  an  qprnjon,  the  authority  of  which,  it  is 
not  too  mudi  to  say,  lias  retarded  or  ratlier  pre- 
vented subsequent  inquiry  into  the  constitution 
of  Satom^s  Biogs.    The  opinion  or  conjecture  of 
tide  great  Geometer  was  as  ibllows: — suppose  the 
ri^  ring  not  uniform,  but  loaded  in  one  or  more 
parts, — ^this  irregularity  will  prevent  its  destmo- 
tion.    For  instance,  if  the  part  of  the  rim  which 
is  fenhest  away  limn  Saturn  on  the  occurrence 
of  an  eccentricity,  is  the  loaded  one^  or  contains 
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more  matter  than  the  opposite  portion  or  that 
nearer  the  planet,  then  will  the  superior  energy 
of  attraction  arising  firom  that  addUumal  matter 
counterpoise  the  tncrement  of  force  acting  on  the 
opposite  rim  as  arishig  out  of  U$  greater  proximity, 
and  equilibrium  may  still  endure.  But  supposing 
the  eccentricity  originating  the  distmbanoe,  should 
continue  for  a  peri^  of  time,  is  it  not  evident  that 
in  the  course  of,^  hourn^the  period  of  a  semi- 
revolution  of  the  ring — this  loaded  or  masrive 
part  would  be  brought  nearest  the  planet,  and 
that  the  very  arrangement  which  forroeriy  acted 
as  a  conservative  foroe,  would  now  l}eoome  a 
powerfiil  destructive  force,  against  which  nothing 
could  possibly  avail?  The  eccentricity,  indeed, 
might  not  remain  steadfast — we  know  it  does  not 
remain  steadfast — but,  to  avert  the  efibcts  now 
spoken  of,  it  would  require  to  change  in  exact  coa- 
formity  wkh  the  period  ^  the  rin^a  revchtlioni 
— a  period  with  which,  if  we  Judge  from  the  na- 
ture of  its  producing  causes,  it  ha$  nothing  what' 
ever  to  do.  The  question  may  be  put  in  other 
forms  and  encumbered  with  various  refinements; 
but  accurate  Inquiry  leads  in  every  case  to  the 
same  conclusion,  that  no  analogous  arrangement 
seems  capable  to  tecdn  the  stability  of  a  Bigid 
Bing  which  is  subject  to  shifUngs  of  its  centre. 
It  may  not  be  unsuitable  to  add,  that  such  Hy- 
potheses have  generally  the  air  of  being  too  in- 
genious, worthy  of  every  admiration  amidst  a 
display  of  mechanical  toys,  but  rarely  constitut- 
ing an  essential  part  of  the  vast  and  dmple  ar- 
rangements of  Nature. 

2.  Bevertingto  Laplace's  first  conception,  viz , 
that  one  division  of  the  ring  is  necessary,  so  that 
it  be  not  destroyed  by  Its  motion  of  revoludon, 
let  us  pursue  it  to  its  full  consequences.  It  is 
easy  to  obtain  an  exact  idea  of  the  ground  of  the 
alleged  necessity.  For  instance,  the  Earth  moves 
around  the  Sun  in  one  year,  and  Mercury  in  throe 
months, — which  periods  are  necessary  to  the  sta- 
bOity  of  planets  at  their  respective  distances  from 
the  Sun.  But  suppose  the  two  planets  bound  to- 
gether— say  by  a  material  rod — so  that  they  most 
both  revolve  in  the  same  time.  If  Mercury  were 
thus  constrained  to  revolve  as  slowly  as  the  Earth, 
the  Sunwouki  pull  it  towards  it  with  an  attrac- 
tive force  so  yastly  under-counterpoised,  that  the 
rod  would  in  all  probability  ixeak,  and  Mercury 
would  rush  nearer  the  Sun.  If,  on  tiie  other  hand, 
the  two  revolved  ae  quickly  as  Merouiy  does,  the 
Earth— through  its  excess  of  oentriAigal  force — 
would  also  break  the  rod,  and  fiy  off  to  a  great 
remoteness.  In  any  such  case,  the  rod  would  be 
subjected  to  a  heavy  strain ;  and  the  amount  it 
would  bear,  would  evidently  depend  on  its  own 
inherent  toughness  or  strength.  Now,  a  broad 
rigid  ring  rotating  around  a  central  body  is  pre- 
cbely  in  the  foregoing  position :  the  danger  to  it 
depends  on  its  breadth;  and  its  power  lo  resist 
the  destructive  force,  on  its  tUcbwte  compared 
with  its  hreadAf  as  one  main  element  Ac- 
quainted aa  we  now  are  with  the  general  character 
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avd  leading  fimeDsioiis  of  tlut  pecaliar  fi»niiatloa» 
a  Uixer  mnd  more  real  qnestioo  than  Laplaoe  pro- 
posed han  beoome  solable; — ^the  qnesdon,  viz. : 
what  is  tie  extreme  hrtadtk  of  a  ring  ofneh  §01% 
which  could  be  expected  to  endwef  It  is  to  two 
American  Men  of  Science  that  the  flnt,  and  appa- 
rently the  foil  and  eatiwfactoiy  eolation  is  doe. 
Mr.  Geoige  Bond,  of  Cambridge  Obeervatoiy, 
broached  the  inqniiy,  which  was  taken  np  and 
completed  by  Profissor  Pierce,  with  his  well- 
known  acntenees,  and  tried  analytic  ekilL  There 
appean  no  daU^  about  the  resalts,  for  the  con- 
ditions are  nnchaUeogeable,  and  the  cooree  of 
investigation  plain.  These  results  n^Jint^  that, 
to  produce  a  chance  of  stability  or  to  prevent  the 
rings  being  torn  asunder,  their  breadths  must  be 
greatly  less  than  the  breadths  of  ▲  or  b — in  short, 
that  a  stable  formation  can  be  nothing  other  than 
a  very  great  number  of  separate  narrow  rigid 
rings  revolving  with  their  own  MwCaMe  vdodUea. 
If  this,  or  anything  like  it,  were  real,  how  many 
new  conditions  of  instability  do  we  introduce  1 
Observation  tells  us,  that  the  divirion  between 
such  rings  must  be  extremely  narrow;  so  that  the 
slightest  dbturbance  by  extonal  or  internal  causes 
would  cause  one  ring  impinge  upon  another ;  and 
we  should  thus  have  the  seed  of  perpetual  catas- 
tropbies !  Nor  would  such  a  constitution  protect 
the  i^rstem  against  that  mode  of  dissolution  which 
Laplace  afterwards  scrutinized.  There  is  no  escape 
from  the  difficulties  therefore,  but  through  the 
Jimal  flection  of  the  idea  that  Satvm^e  ringt  are 
rigidf  or  in  any  tente  a  aoSd  formoHon.  Mr. 
Bond  at  first  indicated,  as  an  available  resource, 
the  hypothesis  that  the  ring  might  be  liquid, 
or  a  vast  isolated  and  flat  ocean ;  and  while  cer- 
tain grave  difficulties  would  thereby  be  removed, 
the  conception  enables  us  to  recognize  the  possi- 
bility of  fluctuating  rings— of  temporary  separa- 
tion of  currents — thereby  in  so  far  explidning 
those  perplexmg  and  varying  statements  of  our 
best  Observers,  r^arding  the  number  of  sodi  di- 
visions. But  Mr.  Pierce  has  poshed  his  analysis 
farther,  by  a  process  through  which  we  cannot 
now  follow  him,  to  a  conclusion  highly  unfavour- 
able also  to  tfajs  new  form  of  the  hypothesis 
There  is  manifestly  but  one  other  resouroe^vix., 
the  peri-Satwrman  tyetem  ma$  he  a  maae  of  me- 
teorites analogous  in  aU  respects  to  those  streams 
i^  meteors  ooeasuming  an  iniermUting  periodidit/ 
in  the  shooting  stars ;  and,  probablg  also^  to  the 
Zodiacal  Light.  The  conclusion  ii  far  firom  being 
free  from  difficulties;  but  it  is  subject  to  fewer 
than  any  other.  It  disposes  of  idl  difficulties 
recurding  Stabili^,  for  each  minute  mass  is  vir- 
tuaUy  a  free  satellite;  it  enables  us  to  understand 
changes  in  the  rings;  and  the  dark  ring  itself 
loses  ito  enigmatical  charscter.  This  ring  is  semi- 
transparent  ;  the  body  of  the  planet  is  seen  faintly 
through  it — a  foct  wholly  reoondleable  with  the 
idea  that  it  too  Is  composed  of  meteorites,  although 
they  must  be  very  sparsely  strewn. — Waiting  for 
fhrther  elucidation  from  the  probable  results  of  the 
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competition  for  the  Adam*s  Prise,  it  may  at  ps^ 
sent  be  pennitted  us  to  reninrk,  that  should  tbi 
fioregoing  result  be  verified,  it  will  aaerdy  be 
another  proof  of  the  importance  within  our  inrv 
tem,  as  indeed  within  the  whole  uni^eue^  of  the 
minutest  objects  it  contains. 

(8.)  Histoij  of  the  Rimgs. — One  oCfaer  inqoifT 
has  recently  been  started,  of  n  still  more  singakr 
kind: — nnlbrtnnatdy  oar  limited  space  w31  ic- 
ceive  nothing  more  than  its  heads.    Discrepasrief 
in  the  measures  of  the  breadths,  and  reladous  ^ 
the  rings  a  and  b,— results  taken  after  intanb 
of  a  few  years,  by  the  best  instruments  and  the 
best  obserren, — stiired  the  question  whether  the 
breadths  of  the  rings  are  really  fixied,  or  whether 
their  dimensions   are  evolving?      These  dn> 
crepandes  are  quite  too  great  to  be  aeooantcd  far 
bvetrors  of  observation;  so  that  tfaer  must  ksve 
some  phgsieal  cause.    Eveiy  fact  bearing  on  thh 
curious  subject  has  been  collected  by  the  indoitrT 
of  Otto  Strove,  and  discussed  with  bis  heredionr 
eagacUy.    Besting  first  on  the  drawings  cf  the 
rings  made  by  the  eariier  observers ;  cun»euHg 
their  measures,  by  an  acute  crttical  process,  ate 
the  nearest  attainable  relation  to  1 
micrometrical  determinations,  and  ooaa| 
series  by  these  latter  results  rla wailed  and 
dered  compaisble,  he  has  felt  aothoriaed  to  pre- 
sent  a  histiory  of  the  Rings  from  the  year  1(57 
downwards.    Measurements  directlv  and  sbm- 
Intely  reliable  cannot  be  said  to  have  been 
beforethetimeaofBradley,  inl719;  ne\ettbeii'< 
these  older  indications  must  be  alloired  a  certaia 
positive  weight   Stnive*s  essay,  oontainiBg&]kit 
details,  is  m  the  Reeuea  de  htesneer^  ^  As^e- 
Homes  de  tOhservatoire  Central  de  Ruasie;  sad 
merits  wdl  on  several  accounts  the  earaett  st- 
tention  of  the  student.    The  following  are  kii 
general  condusions: — (1.)  The  interior  edffet  rf 
the  rings  have  been  graduoUg  but  mmiatemptedlf 
approaching  &rlun».-^2.)  The  t^fproadk  cf  iie 
interior  edge^  has  been  accompanied  bg  an  iacrmm 
in  Oe  total  breadth  of  the  roa^— (S.)  /■  <Ae  m- 
terval  between  the  observations  nf  J,  D.  Ccstini 
and  Sir  WiWam  Hertchel,  the  breadth  0/ b.  km 
inereased  at  a  hi^^  rate  than  the  breadth  fifs.^ 
The  phenomenon,  then,  is  this:  the  exteriordis- 
meter  of  ▲  not  being  appreciahly  altered,  it  ii 
dear  that  the  matter  of  the  rings  is  stretchins 
out  inwards  or  towards  the  body  of  the  pIsaeL— 
Aoondusion  unexpectedly  confirmed  by  the  reeat 
greater  devdopment  of  the  dark  ring  c,  and  by  the 
startling  fact,  that  the  augmentation  of  its  bmdA 
has  alrndy  been  traced.     It  were  prematait  to 
condesoend  on  actual  numbers;  fant  the  mts  ef 
increase  is  manifestly  so  great,  that  no  grest  ipaiB 
of  time  shall  elapse  ere  these  fbrmataaas  icack 
the  body  of  the  central  gMw.— How  dosdy  don 
this  new  result  harmonize  with  theoonduMas  «f 
our  former  section !  And  it  adds  great  probability 
to  the  speculation,  that  within  our  systeoi  itsd( 
there  are  causes  of  change  which  will  gndasflv 
bring  all  aeoondaiy  bodies  into  contact  with  Ihilr 
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eenlMl  Lomiiuuy. — Apart  ftt>m  these  general 
vieMTB  howarer,  the  hUtoiy  of  this  inqpiiy  oon- 
Uioa  a  fact  alike  interesting  and  instructive.  It 
hegtat  with  (air  hypotheses  explanatory  of  the 
MabUitjf  of  Saturn's  rigid  Rings :  it  has  ended  in 
a  proof;  that  they  are  neither  rigid  nor  ttabU  I 
It  is  ever  wisest  to  malce  sure  in  the  first  place, 
of  the  facta  whose  causes  we  undertake  to  assignl 
tic^lca.  See  Thkbmombtkk. 
fifciatlUattoa.  See  Twxnkliko  of  Stabs. 
Sc«tvtaia«  or  Sc*rpl«.  A  zodiacal  oonstel- 
latkm  lying  between  Libra  and  Sagittarius,  and 
between  Ophiuchus  and  Lupus.  It  has  one  star 
(«  SoorpioniA)  of  the  first  magnitude,  which, 
along  with  Sf^  Yirginis  and  Arcturus,  form  a 
ooD^icuous  triangle. 

Screw.  A  screw  may  be  conceived  as  made 
in  two  ways, — either  a  solid  cylinder  is  rimmed 
itmnd  with  a  spiral  thread  which  keeps  a  con- 
stant inclination  to  the  vertical— describing  thns 
tlie  corve  called  the  heUx^  and  thus  constituting 
the  ooQvex  screw.  Or  another  hollow  cylinder, 
Just  capable  of  containing  the  thread  of  the  screw 
is  attached,  so  that  there  are  really  hollow  tubes 
when  grooves  were.    This  is  the  concave  screw. 

AVhen  the  screw  is  em- 
ployed to  raise  weights, 
f;^^_<|  or  as  a  mechanical  power, 

(^'^^A  we  may  suppose  equili- 

brium produced  between 
a  foroe  p,  acting  at  a 
distance  a,  a  weight  w  at 
the  top,  and  the  reacting 
forces  of  the  screw.  Call 
any  one  of  those  r,  then 
resolvuig  the  total  fbrce^ 
and  let  t  »  angle  of  inclination  of  the  thread  to 
the  horixon ;  1°  vertically,  we  have 

W=  SRCMk 

Then,  as  the  axis  of  the  screw  is  supposed  fixed, 
liorizontal  revolutions  would  only  dietermine  the 
pruimrt  upon  that.     But  take  moments  ruunM/ 

P  a^  S  Bsin  t .  f. 


y- 


SEA 
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distance  between  the  threads 

circumference  of  circle  whoM  radius  is  a 

If  we  oonsider  friction  aa  operating,  we  have  b, 
P  R  in  the  limiting  caaei 
Ucnee  resdving 

w^2Rooet+  J^Rsint 

Taking  moments 

^.a^S.Bsint.6'f  J^R6cost 
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We  have  taken  the  force  p  as  figured,  becaane 
always  in  practical  use  of  the  screw,  the  power 
is  applied  in  this  way  by  means  of  a  horizontal 
lever.  An  endless  screw  consists  of  two  or  more 
spiral  fillets  on  a  rod  capable  of  rotation  round 
its  axis.  These  thrpads  work  in  teeth  on  the 
circumference  of  a  wheel,  so  that  while  the  revo- 
lution of  the  rod  continues  the  screw  keepe  moving 
on  its  own  axis.  For  examples  of  very  delicate 
screws.  Micrometer  is  referred  to.  Where  a  low 
ratio  of  power  to  weight  is  wanted,  the  method, 
as  we  see  from  the  first  result,  is  to  lessen  the 
distance  between  the  threads.  But  this  has  a 
limit,  because  the  pressures  opposite  to  R,  on  tiie 
threads,  would  break  them  in  a  too  fine  screw. 
To  obviate  this  a  screw  is  used  within  a  screw, 
the  two  turning  in  different  directions.  If  the 
distance  between  the  threads  in  the  two  are  nearly 
equal,  there  may  be  a  very  low  ratio,  indeed,  of 
power  and  weight,  and  yet  both  of  the  screws 
may  be  sufficient  against  the  pressures  r.  It  is 
a  purely  Kinematical  result,  as  seen  in  Rota- 
tion, that  the  most  general  motion  that  can  be 
given  to  a  body,  may  be  represented  tfMfantofie- 
omalg  by  motion  along  the  throad  of  a  screw. 
Screw-  In  Shipa.  See  Appendix. 
See  OcKAV  and  Tides. 
■a.  The  phenomenon  of  the  seasons 
can  be  explained  in  a  veiy  few  words.  Let  the 
reader  take  any  ball,  with  a  pin  through  its 
centre,  and  carry  it  in  a  horizontal  plane  round 
a  centre,  keeping  it  constantly  at  a  given  oblique 
inclination  to  the  horizon.  Let  him  suppose, 
now,  a  candle  in  the  centre,  and  so  consider  the 
effects  of  its  light  in  illumining  the  ball.  Further, 
let  him  take  one  point  upon  the  ball — nearer  the 
upper  pole  or  end  of  the  axis  of  rotation  in  the 
ball,  than  the  bottom — corrc^tponding,  stay,  to  the 
position  of  Glasgow  on  the  Earth.  Now,  suppose 
the  candle  Joined  in  ever}*  succe&uve  |H)sition  of 
the  ball  with  its  centre.  *  If,  tlien,  67**  be  the 
constant  incUiuttion  of  the  axis  of  the  ball  to  the 
horizon,  there  will  be  a  position  where  the  line 
will  make  with  the  axis  an  angle  67^,  another 
where  the  angle  is  180''— 67"^  =  113'';  and,  in 
passing  round  from  67^  to  113®,  and  from  113® 
back  again  to  67®,  the  angle  wQl  pass  through 
all  values,  and  be  at  90°  twice.  At  the  pUc-e 
for  which  it  is  67®,  the  illumined  space  wfll  be 
limited  by  a  circle  which  includes  and  goes  up 
behind  the  upper  pole ;  and  for  the  point  p  con- 
sidered, if  a  circle  be  drawn  through  P,  perpen- 
dicular to  the  axis,  this  circle  will  have  it«  grrattr 
pari  in  the  illumined  space.    It  will  coutinuo  80| 
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bill  dienuiiigl;  n,  till  90°,  whm  lU  half  k  In 
llie  mumiDtd  tpuM,— <Aer  90°  ]tm  iLan  lU  lulT 
will  b«  Ml,  and  a>  od  to  118°,  wbera  it  bu  th« 
I(uC  put  of  it  Ifait  it  can  hav*  in  thli  apace. 
Paaringon  tromll8°  to90*  we  ahall  haie Mill 
tba  leaat  halt  bnt  a  bait  aloaja  approacUiig  an 
e-inal  half  In  thb  qiace.  At  90°  thla  eqnal  dl- 
viiim  taksB  places  ■''''  ^  paadng  from  90°  to 
67°,  the  greater  half  Is  ao,  and  iocraaain^j'  ao^ 
unlit,  at  67°,  it  begina  to  dimialih.  Now,  in  the 
can  al  the  eaitb  moTing  round  the  tun,  we  have 
exactlj  tbia  daeetiption  fuUlled.  Evidaotl/, 
while  the  graaltr  hidf  of  the  drcia  throngb  p 
ia  In  the  UlamiDalRl  ipace,  the  daya  will  be 
lunger  than  the  nighla,  for  the  eulh  turns  tmnd 
her  own  axia  at  a  rate  parfectlf  unLfbm ;  and 
tnougb  p  doa  not  desizibe  thii  dicle  on  theearth'a 
Fuifu^  jet,  it  thli  drclfl  wen  meielyUid  iwnd 
the  earth — which  would  not  alter  the  drcnni- 
alaaoca  of  the  iUamlnatloa  al  all— p  would  paaa 
mond  thb  drcle,  and  the  proportion  ot  the  time 
of  dayllglit  to  tweDtf-rour  houn,  would  be  Juat  i 
the  proportliHi  of  the  illiimloat«l  put  to  the  whole  j 
cirde.  We  npiHent  tlie  whole  arrangement 
by  the  flgme.    The  leada  will  levlily  ooder- 


Aqida,Oiilk- 
chm,  libra,  and  Bercohi.   On  tbe  ■!■{■  it  ia  R- 
pnMiiladaalwUiotliahnidiif  OpUHfaaa.  Im 
larecMstariiiif  tlwnaoDd  aaagntrada 
One  rf  HvnUnf  «       "   ' 


Mand  how,  tba  vemal  aqninoz  —  eorreqionda 
tu  tbe  90°  Sir  which  the  angle  i*  dimlDiiliing, 
end  the  propoitiaD  of  the  dida  which  b  iUumi' 
iiated  increaaing— how  oo  ftrxn  that  to  the  jxdnt 
erirmponding  to  67°,  the  daya  lengthen  uid  the 
nifitals  ahorten)  and  at  that  point  there  ia  the 
■uinnier  aolatice,  and  to  on  through  the  j-car. 

tin  obUqne  Inclination  of  the  axis  of  the  eaitb'a 
rotatiiHi,  to  tlie  plana  of  ita  motion  round  the  too, 
or  the  ecliptic.  Were  it  perpenfUcnlar  to  the  i^ane, 
Iben  woiUd  be  no  aeaaons.  It  ie  eaiy,  by  fixing 
the  pohit  V  In  dlBb^nt  po^tlone,  to  aaa  what  will 
be  the  plieaomoii  ot  the  aeaaana  tor  any  point  on 
the  auih'a  aortkce.  The  maximum  inecgoallty  of 
day  and  nlgbt  will  be  aeen  ibua  to  extend  within 
33  on  a  meridian,  all  round  both  polea,  there 
being  no  night ;  and,  again,  no  day  there  at  cer- 
tahi  timca  of  the  year.  Again,  fijr  the  equator, 
tbe  days  and  nlghla  an  alwaya  equal,  and  the 
grealeat  1  •^^naliij-  increases  as  we  recede  {run 


[  which  It  la  belli— Um  othar  hand  vinle  ohwrag 
movee  tbe  Index  o.  The  bit  &  b,  wliidi  si^H) 
of  60°,  is  divided  into  1£0°,  and  ewb  into  f« 
of  liy  each.  The  renter  abows  dhWooi  rf 
ID".  The  micnnoope  x  la  a4}iistad  te  the  ida 
of  reading  off  the  dirialocB  and  adajidog  t>  IW 
einployiDaitaftheTeriier(TEUiEB>.  Itatii 
a  tangtnt  aciew  D  to  en^de  ooe  to  a^a  fta 
acfjustmenta  thai  an  necaasaiy.  Tbe  nppir  ■! 
tenninatea  in  a  circlCi  acnaa  wbidi  ia  ind  t 
ailvcrad  glaa  O  orei  the  cnin  of  modiB,  Bid 
peqiavUcaUi  to  the  plane  of  the  imtRUHnL  7* 
the  fhanie  b  attached  at  H  the  boriioa  glai%  tba 
loww  half  of  wblcta  ia  aOravil,  and  tba  q^  act. 
This  aim  <•  perpeodknlir  to  ^  plana  if  tba  h- 
■trnnient,  aidsoflxedtbatitiipaiBlMlecwta 
the  index  o  mom  ID  nra.  Tba  tdaaeapa  T  b 
canled  by  a  ling  s,  and  can  be  i^aed  or  lownl 
byaimaUeraarew.  TUaia  meant  to  [iMBdsMle- 
nope  ao  that  tbe  flddof  Tlaw  maj- be  Usaclad 
by  tba  tine  of  aeparallon  on  tbe  borinai  ^aa  K. 
Two  daifcglaaei  are  plaoed  at  r  ao  aa  to  BodaMa 
tbe  Intenaity  of  llglit  ootning  Ikeen  a  brigbc  olject 
Hkatbeaun.  WeahallbrMjdacrihetlHBelkid 
of  obua  \  Ing  an  angle  by  tbe  sextant.  The  Ida- 
acope  is  directed  to  see  tike  cue  otiject  r  al  tba 
Ihie  whara  tite  silTaed  and  unatlTered  psrtt  <f 
n  meet.  Then  the  index  o  is  tnriKd  m  that 
the  ray  refiected  frcan  s  the  other  object  npm  t^ 
te£icted  bsck  again  than  the  bItbhI  part  of  K, 
should  form  an  angle  of  a  ' 
directly. 
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sen  —  C2vp  =  p  =  z.  ooa 
IleDoe  if^  as  in  the  sextant,  for  e%'ei7  actual  de> 
gree  of  angolar  measure,  two  be  marked  on  the 
scale,  the  number  mariud  on  the  scale  will  re* 
present  the  angle  p.  In  the  oidinary  case,  the 
altitude  of  a  sun  or  star  is  to  be  taken,  and  the 
borizoD  answers  to  the  olrject  a'.  Where  the 
horizon  la  seen  dimly  a  mercury  trough  can  be 
uied,  and  the  reflection  of  the  trough  in  it  em- 
ployed as  af.  The  altitude  will  evidently  be  half 
of  the  actual  reading.  For  all  instrumental  de- 
taOs,  and  for  a  deacription  of  a  convenient  variety 
of  tlds  ordmaiy  form  of  lladley's  sextant,  by  Pis- 
tor  and  Martins  of  Beriin,  see  Loomis*  Praetieai 
h  pp.  96--102. 

The  sidereal  day  is  the  interval 
between  the  anooessive  transits  of  the  meridian 
by  any  star.  The  sidereal  year  is  the  interval 
between  the  sun's  being  in  any  particular  position 
auMing  the  stars.  See  Calbmdab. 
See  Zodiac. 
See  Winds. 
A  very  nrnple  instrument  of  great 
use  in  the  arts.  It  has  been  sometimes  also  em- 
ployed with  advantage  to  turn  aside  the  course 
of  streams,  when  that  was  required 
for  the  construction  of  works  of  hy- 
draulic engineering.  In  its  simplest 
form,  it  consists  of  a  bent  tube  ▲  b, 
with  unequal  arms.  The  short  arm 
▲  is  dipt  in  a  itssel  of  water  until 
the  top  o  becomes  level  with  the 
water,  wldch  then  flows  over  down 
the  arm  c  b.  The  tube  can  then  be 
raised  until  a  is  just  bdow  the  water, 
all  the  rest  of  the  tube  bemg  out  of  it 
The  flow  will  still  continue. 
An  instrument  invented  by  Cagniard 
la  Toor,  ibr  ascertaining  the  number  of  vibra- 
tiooa  corrasponding  to  any  specified  musical 
BoiiikL  Its  principle  is  this:  suppose  two  circu- 
lar plates,  perforated  by  a  corresponding  number 
of  small  holes  disposed  along  the  drcumforenoe 
of  a  drde  smaller  than  their  external  diameter. 
Let  the  one  plate  be  fixed  in  a  horizontal  posi- 
tion, and  the  second  plate  laid  o>-er  it  (the  two 
Burfiioea  being  in  contact)  but  connected  with 
machinery  that  can  make  it  revolve  with  any 
giren  speed.  It  is  manifest,  that,  aooording  to 
the  q>eed  with  which  the  upper  plate  revolves, 
wfn  be  the  frequency  with  which,  in  a  given 
time,  the  perforatfens  are  in  contact,  so  as  to 
eetablish  a  perforation  through  both  plates.  Below 
tiie  lower  plate  is  a  tube,  through  which  a  con- 
atmit  current  of  air  is  being  forced;  and,  above 
the  upper  one,  a  suitable  vessel  WImu  tlie 
vcppet  plate  revolves,  puflb  of  air  will  pass  into  the 
mpper  vessel,  with  a  determinate  frequency.  As 
tb9  vdoetty  of  revolution  increases,  these  pufib 
will  begin  to  produce  a  musical  sound,  rising  in 
piftch  with  tike  rapidity  of  that  revolution.  But 
as  tills  rapidity  of  revolution  is  measured  by 
the  apparatua  itseU^  the  instrumient  will  dearly 
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enable  us  to  state  whh  precision  the  number  if 
atrial  vibrations  required  to  produce  the  various 
notes.  Other  instruments,  with  the  same  otr^ect, 
have  been  proposed ;  none  superior  to  the  Siri^ne. 

BIriM.    The  brightest  star  in  the  sky.    It  is 
•  Cams  MqjorU.    For  its  parallax,  see  Stabs. 

8lr«cc««    See  Winds. 

Skew  Arch  is  an  areh  whose  face  !s  oblique 
to  the  axis  of  the  archway.  Its  figure  is  derived 
from  that  of  a  symmetrical  areh  by  distortkm  In 
a  horizontal  plane,  and  is  usually  an  are  of  a 
drcleorofanelUpee.  The  elevation  of  the  foee  of 
a  diew  areh,  and  every  vertical  seetk>n  parallel 
to  its  foce^  behig  similar  to  the  eorrespondiiig 
elevation  and  vertical  section  of  a  symmetrical 
areh,  the  ibroes  which  act  in  a  vertical  layer  or 
rib  of  a  skew  areh  with  its  abutments,  are  the 
same  with  thoee  which  act  in  an  equidly  thick 
vertical  layer  of  a  symmetrieal  ardi  with  its 
abutments,  of  the  same  dimenskms  and  flgvrei, 
and  afanUarly  and  equally  loaded.    Fl^  1  repre- 
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sents  a  plan  of  a  skew  areh,  with  coooterforted 
abutments ;  and  fig.  2,  an  elevatkMi  of  the  same 
areh,  in  a  plane  pwalld  to  its  faces.  The  M$r2s 
qf  tkaot  or  obU^ptUjf,  is  the  angle  whidi  the  axb 
of  the  areh  way,  a  a,  makes  with  a  perpendicular 
to  the  face,  b  c  a  b,  of  the  arch.  The  span  of 
the  archway,  «*on  the  tqnart^^  as  It  is  called 
(that  Is,  the  perpendicular  distance  between  the 
abutments),  is  less  than  the  span  on  the  skem, 
or  panlld  to  the  fooe  of  the  arch,  in  the  ntk> 
of  the  cosine  of  the  oblkiuity  to  unity.  It  is  the 
span  on  the  ahew  which  is  equal  to  that  of  the 
corresponding  symmetrieal  arch.  The  span  on 
the  iguan  bdng  the  width  of  the  passage  which 
a  skew  ardi  allovrs  for  the  roadway  or  stream 
over  which  it  is  built,  it  is  obvious  that  in  arches 
of  difierent  degrees  of  obliquity,  built  across  the 
same  road  or  stream,  the  span  on  tAe  Aud  varies 
proportionally  to  the  secant  of  the  obliquity; 
and  if  the  breadth  of  the  roadway  above  the 
arch,  and  the  depth  of  the  arch  stones  be  both 
constant,  the  quantity  of  material  in  the  areh 
varies  as  the  secant  of  the  obUqoity  also;  and 
the  horizontal  thrust  vaiM^  jh  the  square  of  the 
secant  of  the  obliquity,  aooording  to  the  prin- 
dple  of  the  "transformation  of  structuras,** — 
as  to  which,  see  Prooeedin^  <(fihe  RogaLSoeiehf 
for  Fd>ruaxy,  1856,  and  Bankine  on  Aj^pl&td 
Meehames,  It  is  In  general  advisable^  how- 
ever, to  make  the  depUi  of  the  areh-etonea  of 
a  skew  ardt  increase  proportioiially  to  the  span 
on  the  skew.  The  best  podtion  for  the  bed- 
Jdnts  of  the  aich-stones  la  peipeDdioalar  to  the 
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tbrnst  along  the  arch.  It,  therefore,  there  be 
drawn  on  the  soffit  of  a  skew  arch  a  series  of 
parallel  curves,  made  by  the  intersections  of  the 
soffit  with  vertical  planes  parallel  to  the  face  of 
the  arch,  the  beet  forms  for  the  bed-joints  will 
be  a  series  of  carves  drawn  on  the  soffit  of  the 
arch,  so  as  to  cat  the  whole  of  the  former  series 
of  carves  at  right  anglesi  sach  as  o  c  in  figs. 
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1  and  2.  In  order  to  draw  the  figures  of  the 
arch-stonea,  a  drawing  is  made,  representing  the 
devdopmni  of  the  soffit  of  the  arch ;  that  is  to 
say,  the  appearance  which  the  under  side  of  the 
aiih  would  present,  if  it  were  flexible,  and  were 
spread  out  flat  on  a  plane  surface.  On  this 
drmwing  are  Uid  down  awries  of  carves,  paral- 
lel to  the  curves  representing  the  developments  of 
the  lines  of  intersection  of  the  faces  of  the  arch 
with  the  soffit  A  second  series  of  curves,  drawn 
with  the  free  hand  perpendicular  to  the  first 
series,  sliow  the  development  of  the  figures  of 
tbe  bed-joints  of  the  arch-stones,  when  these 
are  made  of  the  best  form.  The  projections  of 
thuae  two  series  of  curves  on  a  plane  parallel  to 
tbe  face  of  the  arch,  as  well  as  their  developments, 
cut  each  other  at  right  angles.  The  execution  of 
the  best  form  presents  some  practical  difficulty, 
owing  to  the  arch-stones  being  of  different  thick- 
nesses at  diiTerent  points.  To  avoid  that  difficulty, 
it  is  a  common  pracUoe  to  use  spiral  bed-joints. 
These  are  laid  down  on  the  development  of  the 
soffit,  by  drawing  a  series  of  parallel  straight  lines 
as  near  as  may  be  to  the  curved  lines,  which  are 
the  development  of  joints  of  the  best  form.  The 
weakest  parts  of  a  skew  arch  are  the  stones  at 
and  near  the  acute  angles  of  the  abutments 
Skew  arches  of  great  obliquity  ought  to  be 
avoided  as  far  as  possible  by  the  engineer,  as 
being  more  expensive,  more  difficult  to  buiM, 
and  less  strong  and  stable  than  symmetrical 

arches. 

Sk«w  Bridsca  are  those  in  which  the  pas- 
sage beneath  the  bridge  (whether  for  a  road, 
mil  way,  or  water  channel)  and  the  passage  over 
the  platform  of  the  bridge  cross  each  other  at  an 
oblique  angle.  A  skew  bridge  may  contain  one 
or  more  skew  arches,  of  masonry  or  brickwork 
(as  to  which,  see  the  preceding  article);  bnt  it 
may  also  be  constructed  witliout  skew  arches, 
by  supporting  the  plaUbrm  on  a  series  of  arched 
ribs  of  brick,  stone,  iron,  or  timber,  or  of  beams 
o(  timber  or  iron,  each  of  which  ribs  or  beams  is 
symmetrical  in  itself;  although  their  arrangement 
i^  oblique  i  or  otherwise,  by  building  ^  symme- 
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trical  archway  of  length  aafiicieiit  to  allov  the 
oblique  roadway,  channd,  or  other  paaaage  abore^ 
to  traverse  it  diagonally.  This  last  method  ob- 
vionsly  involves  a  waste  of  groond,  mateciab,  aivi 
woricmanship,  unless  some  ase  can  be  madeof  tlie 
two  triangular  spaces  which  are  left  on  ths  plat- 
form of  the  bridge  at  either  side  of  the  roadwaf . 

8n«w.  When  the  temperature  of  the  atmo- 
sphere approaches  zero,  snow  falla  instead  of  tsin ; 
the  colder  the  air  is,  the  leae  conaiderBfale  is  tbt 
fall,  in  consequence  of  the  very  small  qnantxtvof 
aqueous  yapour  that  can  exist  at  low  tRQpera- 
tures.  Snow  has  a  very  great  vaxiety  U  fianM, 
all  referable,  however,  to  five  le^ling  types— e&» 
plates;  a  ^herical  or  plane  nucleus,  brittSitgwik 
radial  spUxs;  Jme  spikes  or  prisms,  vdk  ms 
edges ;  pyramids,  with  uxfoees  ;  tpites  or  aes&i, 
terminated  at  either  extremitjf  or  botk^  iy  a  (i» 
plate  or  lenf.  The  fall  of  anow  takmg  {iiee 
only  in  regions  where  the  temperature  sinks  bdo« 
zero,  it  never  snows  at  the  equator  except  at  great 
heights  on  the  sides  of  mountains.  In  referoiae 
to  this  hydrometeor,  Europe  may  be  divided  iat» 
three  r^ons, — viz.,  the jErsf,  oomprebeodtng  lbs 
South,  where  snow  melts  as  it  foils :  tbe  seeomL 
comprehending  Northern  France,  Belgimu,  sad 
Soutiiem  England,  where  snow  ahowen  do  £dL 
and  the  snow  lies :  and  the  (htrd^  in  wlydk  mv 
is  found  during  great  part  of  the  wioisr;  ikii 
comprehends  all  tbe  Korthean  OQantiii%  mA  i 
laiige  continent  to  the  East,  from  FknmiftaaA 
the  eastern  limits  of  tbe  Black  ForQit«iilMitks 
plains  of  Hungary. — -For  line  of  perpiMiWEiw, 
see  Temperature. 

Solsir  fly.ii  e  ■.  The  name  gCvoft  #•  that 
assemblage  of  material  orbs — the  Silfll  Waf 
one — which  revolve  around  our  vMt  InfesiT 
tbe  Sun,  receiving  from  him  lii^ht  aoAIwi^  and 
retained  in  their  orbits  chiefly  by 
In  all  respects  it  is  fitting  that  the 
receive  its  appellation  from  that 
ing  that,  irrespective  of  the  importaoot  «f  Mi  ia> 
fluences,  his  mass  is  so  great  as  to  oswl  the 
masses  of  all  his  attendants  nearly  serva  Indied 
and  forty  times.  Various  Inquine<  rcgaidbf  ths 
Sun  and  his  several  Planets  have  been  iiad«rtakea 
m  other  parts  of  this  Cydopiedia :  oevcrthefeM 
there  remains  something  to  be  stated  coaeenuag 
the  system  and  its  arrangements  as  a  wlusle. 

(1.)  The  Bodies  of  which  otw  System  is  Gm- 
posed.— These  are  exceedingly  various,  la  lot- 
mer  times  we  reckoned  a  few  planets  alone;  bot 
these  planets  are  only  the  daas  of  larger  masm 
circulating  round  the  sun ;  and,  as  snch,  the  eufr 
eAt  seen.  Thuy  are,  as  is  well  known,  Hercsiv, 
Venus  the  Earth,  Mars,  Jupiter,  Sat  una,  Uraiuis 
and  Neptune, — some  of  them  aooomponiad  bv 
satellites  or  moons.  The  breadth  of  space  ooca* 
pied  by  their  orbits  is  enormous.  Taking  ttM 
earth's  distance  from  the  sun  as  unity,  the  mesa 
distance  of  Mercury  is  -3871,  while  Uuu  of  N^ 
tune  is  30-03B8.  In  other  words,  between  tbe 
orbits  of  Mercury  aud  Neptune  there  is  a  sfios 
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«r  thi  bmdtk  «f  our  iktmiet  tnm  At  Mn— 
•■7  BiHtj-lni  nillUoB*  of  mihi— muhlpIiBd  117 
»-S4eT  I  Nor  cu  It  bs  toAOij  nld  that  oiD 
■rMan  li  conflMd  «m  irithin  that  immBn 
^4Mr&  Thm  tnav  b«  |riuMO  b^ood  tha  otUt 
of  Maptana ;  artalnl  j  tlwra  in  ubIbU  pordau 
af  tha  ajaMni  wlthiii  Ibe  dRmlt  of  Hncni; : 
amd  who  Aall  htbom  tlia  abjaaa  (lum^  nikb 

tag  an  thawhilanbjaettothapOTartf  IbaBm! 
Tba  iplwa  of  oar  q-rttm  indeed,  eamot  ba 
aaMj  alidad  U  lanniMM  nntil  h  laMliaa  a 
raBMM  linilt,iTlMra  tbacncrgyof  iuoentral  Oit> 
■H  balaiiaHl  bf  Hut  of  nua  othar  flxad  Sttr^ 
Tba  ihearaj  tbat  ftnt  di^ielkd  thcaa  anclMit 
Ideal  coKianung  tba  almplid^  and  nnUbimh; 
of  tba  Solar  Sy^am  wu  Ibat  of  tba  AarxBOica. 
of  vhlcb,  Ddder  tba  ^ipnipriata  aiticla,  tm  bare 
■Imdy  giT«n  an  acaiimt.  Tba  podtloa  of  tb«M 
CBriou  bodla  ma;  baat  ba  bidlcatcd  b7  tba  dia- 
'  '  '  am  b  Qalbnitb  and 
la  DiaimaL  Tba  breadth  of 
lb*  ipbas  tb^  oucapj  k  rsy  gnat — Dot  Icaa 
•vtatal?  thw  tba  dlatanca  batmoEi  tba  Son  and 
tba  Eutb.     Bat  tbcn  wbM  nniDben  of  «ba 


•wana  vttbta  that  i^anl  ITcnr  atrangelT  tb« 
orMta  of  laaor  of  tbuni  iateilaca  I  How  Indni- 
WdBal  Ibaj  an,  and  fai  all  napecti  hov  ado- 
tiMtad  with  a  globa  of  tba  babitwiea  of  JapJter 
ararmoftbeEaitbl  Yet  bltn  tbeae  bodb>  Qa, 
ocatfjbig  ■  distinct  poaltka,  and  dwbtkal  witb 
iaifintaiM  Ibhctiooaof  tbtir  o*D.  Otbsn,wbi«a 
Ubimn  led  In  ibit  ringalar  eoona  of  dbcorarj, 
in  tbeiyagnMntoafiianieorblbatbad 


phkal  and  ntcoabla.  PbTaleal  KteKS  lacOK- 
abiM  tatiulTvpkm  onl  j  in  tba  laM  naait.  At- 
mutdlj  w  ban  no  lilla  to  aaii  tMr  M  mtaij 


T  knowladgt.    Ifor  ii  tbia  bTpotlMala 
laaa  otjaeilncubl*  bi  lia  nlatlon  to  tba  prindpls 
■f—iraPtaHtm*  Attend  b^ny 
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«HM,  «*A  IragnMit  woaU  In  lla  nsir  orUt 
ntara  paiadlcaIl.T  to  tba  qnt  vban  tba  cata*- 
tnpba  originally  wjuiied, — a  oonditioo  in  no 
napect  fnlfllled  bj  tba  Aalanrfda.  Wbatarer  Ibe 
cUinia  of  tha  Nuulab  HiroTKBua  (,gf.),  it 
la  mndi  nun  llkrlr  tlut  the  ftinnaCion  of  th«M 
mlDnla  worlda  belongi  to  the  nuntier  and  cbumb 
at  the  (Higin  of  tha  <ntln  ayUon. — The  Aitn^ 
™  only  OUT  Unt  tUf  down  amldat 


n  filler 

be  lagMded  ■•  ehanoa  Ti^tm  Ihan  as  integranli 
of  the  planetaty  ijitam :  bat,  obaerre  tbcae  mnl- 
lUndes  of  Hantaa  (s.v.'),  now  flaihing  oM  la 
oor  nUnl^t  AIm  as  nparat*,^ilivi<arii,and 
again  iVTeiklbg,  by  ptiMic  ihowan,  Ibe  U^  pro- 
habOlty  tbat  itrMOis  of  thsiD  exist  wbicb,  daring 
ewtsin  IntMTals  «f  jean,  inunecl  at  lagolar 
Maions  the  oMt  of  tbe  witb  t  Fartbtr  jec,  we 
Iwn  tbat  stnnge  ZoBUOU,  Lioht  (j.e.),  and, 
H  aucf  be,  tb*  still  man  araDeaccnt  iDlerplane- 
taiT  Ellisr,  bdooging  psnbabtj  to  tlw  (bndaoMi- 
tal  coodiUona  of  ooT  sjitfsn,  and  asrioosly  aflbct- 
ii«  its  btas.— How  altetly,  In  presoios  of  socfa 
Taristf,  bm  aU  bntisd  rimpUdty  disappsand! 
and  boir  man  ages  nost  pass  over  Inqaby,  ere 
the  boaat  abaU  bi  raallnd  tbat  aren  tba  toIobs 
of  oar  PUbsMij  AstroDooij  tntjr  be  dossdl 
U-.  _.  ^  f}!!^  pbanooMSka  ta  iiolaMd  ordis- 
Bvst7  oib  and  atom  is  iwanlial  to  tbe 
—  ■  ■  -  ■ oftlN  wholei  b«,  as 

t,  w  Beta  diacenMd  tiM  eooiMetiooa  oaljr  of 

a  mdtr  and  mcaa  visible  patta. 

m  r 


haimooj  and  di 


flKl  tlut  tlw  whola  of  this  plaoelary  ntattar  of 
iriialBnr  fcn^  Bppeanlo  rerolTe  around  the  Sao, 
tbtre  an  *  mnnber  of  peealiar  laws  a  inaika  of 
-    idlMlr  «Dlarli«  f- 

ttMtlMtioD  of  oar 

I0S7  thsorjr  will  n 
•aaMlt.  CbMjr,  Ibase  «  tba  MIowiogi— 
1.  Bode'a  law,  or  ratb«  tba  law  of  Htliw— a 
kw  tbandsd  OD  na  known  ptintipla,  bol  expnss- 
ing  actual  telaticaia  so  earioos  and  Dametrnw. 
tlwt  It  la  fanpoadbis  to  eenoelTe  it  dsroid  of 
raUoDal  fbotdatiDa.  TUs  ptindpla  has  already 
baendboMadander  tba  soluble  anlde.  S.TIuaa 


setaofpbnab.  AH  ^tbin  the  aslsnUal  ting  or 
aoo^oa^  lobe  tssned  tbe  tifffHrplMMta,  and 
tbosa  bmod  It  tba  ecMrMr.  Hm  two  riatips 
aia  itmmAMr  dtadt«aUnd ;  wbllt  the  faidivl- 
daabof  OKksslin  dossl;  condsttd  In  lagari 
of  Ibrir  pbTsteol  attiibalee.  Tba  contiaata  and 
anneafondsaeas  an  mainlj  m  iatknn:_ThB 
avaraga  spedSo  gnritj  of  tba  foor  inner  plaiie4t 
la  almost  aZMtlj  the  ipedBo  gnri^  ef  the 
aaifli,  wbOe  tbat  of  tbe  fcor  onM-  onee  fa  onlr 
ooe-Bfth  part  of  Ibis  qwuthj.  Tba  avaaga  din- 
nalw  of  the  oata  plaotts  k  lOM  IbiMs  tbw  of 
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fhe  inner  OMB :  the  period  in  which  tlie  eztamd 
pUnets  route  on  their  axes  is,  for  eadi,  nearly  ten 
hoon;  while  the  corresponding  period  in  the 
case  of  the  inner  planets  is  veiy  nearly  the 
length  of  our  own  day.  It  is  beyond  the  ring 
of  the  Aateroids  that  we  find  that  grand  display 
of  seoondary  planets  or  moons ;  witliin  the  ring, 
oar  Earth  done  has  a  satellite.  Assaredly  we 
jMst  agree  with  the  illoBtrioas  Hamboldt,  that 
the  eoristence  of  two  systems  or  groups  of  ortie, 
so  separated  and  so  stran^^y  contrasted,  is  not 
without  its  significance  and  relation  to  the 
general  haraxmy  of  the  sdieme.  d.  The  fol- 
lowing facta  are  so  important  that  they  have 
long  attracted  profound  attention: — the  mere 
action  of  gravitation  as  a  snstafaiing  force  ex- 
plains none  of  thesa  Fint,  Akhoogh  the  ort)itB 
of  all  the  larger  masses  within  the  system  0n- 
doding  the  Asteroids)^  are  eXSpmt^  tlie  eocentriei- 
lies  of  these  eDipses  are  so  small,  that,  for  general 
purposes,  the  orbits  m^  be  taken  as  eMu, 
Seamdbfn  These  orbits  lie  almoet  In  the  same 
fhme — theplaneof  the  equator  of  the  sun.  Some 
of  the  Asteroids  deviate  by  comparatively  large 
quantities,  bnt  it  is  unquestionable  that  the  Sun's 
equator  plane  is  the  normal  plane  of  the  system. 
7%crici^,^The  planets  all  revxdve  around  the  Sun 
'  in  the  same  direction,  and,  in  so  far  as  is  known, 
they  rotate  on  their  axes,  likewise  in  that  direo- 
tion.  Foiir<%,  The  satellites  are  snl:!$ect  to  all 
these  arrangements,  except  tiiose  of  Ur€Hm$^  tlw 
orbits  of  which  are  nearly  at  right  angles  to 
the  ediptic,  and  whoee  motions  are  retiogiadei 
FiflMjft  The  existence  of  these  conditioas  is  an 
eBsential  element  towards  the  stability  of  the 
planetary  orbits,  as  already  stated  under  Pbb^ 
TURBAnoiis  (q,  «.)— These  are  the  conditions 
on  whidi  Laplace  founded  his  memorable  Nkb- 

ULAR  HTPOTHBSIB  (9.  9.) 

(8.)  McHoM  qf  the  Bodkt  m  cut  Ssfakm,^ 
Theee  motione  are  those  of  rwohHon  in  an  or&at; 
and  rotaiticn  around*  an  oaM.  The  nature  of 
the  moUon  of  Teonhmon^  was  first  laid  down  in 

Explbb's  Laws  (st*  *-)  ^  ^^^  ^^^  ^^ 
immortal  theory  of  Gbavitatioii  was  built; 
and  from  that  theory  we  have  deduced  the  diar^ 

'  acter  and  laws  of  the  Pbbturbatioxb,  ^sub- 
jects all  already  discussed  under  suitable  heads 

'  in '  our  Cydopndia.  As  to  the  motion  of  Bo- 
TAiTOV,  one  consideration  alone  remains  worthy 
of  notice.  Whence  tlie  variety  of  the  periods  c^ 
this  motion?  Why  is  it  that  Jupiter  performs 
his  rotation  in  nine  hours,  fifty-six  minutes, 
while  the  Earth  occupies  nearly  twenty-four 
hours?  Doubtless  there  is  a  law  at  the  root  of 
these  varieties  also;  but,  as  yet,  it  has  not  been 
cleariy  discerned*  A  very  ingenious  American 
however,  has  recently  started  an  idea  meriting 
all  consideration,  and  by  wludi  he  attempts  to 
attach  these  tpeeyUi  periods^  to  the  Nebular  Hy- 


pothesis.    For  clearer  illufltratlon,  imagine  tiie  UonJ* 


planets  all  ranged  in  a  straight  line  from  the 
buUf^d  let  us  confine  our  thoughts  to  the  three 
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bodfes,  ITorv,  the  £ar<i,  and  FaHM.  Itisevi- 
dent  that  a  point  must  exiet  between  TcaBS  and 
the  Earth,  such  that  any  atom  of  matter  plseed 
hi  it  would  be  equally  attracted  towards  dlhsr 
of  these  two  eriis;  and,  in  tlie  same  wi^,  a 
similar  ^otB<  rfMifirvMM  eonld  be  foend  be- 
tween Uke  Earth  and  Man^  Now  the  space  be- 
tween these  two  points  mav 
be  said  to  be  the  breadth  ef  the 
which  (among  existing  plaaetary  amngeoMDliX 
is  controlled  by  elk  ottrodsM  jwwer  qfcfte  £arA; 
in  other  words,  an  atom,  placed  anywhere  with- 
in that  space,  would — aH  other  conditions  khtg 
suitable — ^be  drwBH  from  a  state  of  test  tswadi 
ths  Eartii,  and  not  either  to  YEam  or  Mm. 
Advandng  a  step  fivther,  a  xoro, 
iB  determined  by  the  distance  beiwecu  the 
going  two  points,  may  ba  sopposed  to 
the  Sun— tlie  earth^s  arbst  beine^  withhi  it; 
this  ring  may,  for  raanifost  leaeoaa,  be 

ally,  arising  in  precisdy  the  same  iDanner,  aay 
plimet  may  be  conceived  aoeompanled  by  in 
rfaig,  the  breadth  of  wfaidi  wfll 
weigH  in  the  systeoi,  or  Us 
power:  and  theae  rings  nu^  be 
the  former  case^  the  j%)Aerct  ofAUraeiim^  tfcs 
several  Globes. — It  would  be  rash,  indeed.  Is 
allege  a  priori,  that  the  original  primicive  rings 
were,  as  a  naUer  i^Jiui,  framed  on  the  $»- 
going  principle ;  and  certainly  the  Inqoinr  weald 
egregioualy  mistake  the  logicBl  poakion  «f  the 
nebidar  hypotbeus  who  could  ventnia  to  saytibt 
th^  «Nti<  have  been  so  formed.  No  deaisa- 
strative  result  so  minute  or  aatloCMtocy,  cm 
poesibly  foUow,  from  any  knowledgo  attaksHs 
by  man,  regarding  that  remarkable  apecalatiBa; 
and  the  attempt  to  detect  sach  results,  as  weD  as 
the  dogmatic  demand  that  they  be  detected,  ne 
alike  inconsistent  with  the  only  practkaMe  pia- 
tion  we  can  occupy  in  regard  to  it :  neverttekB 
this  much  may  be  said:  **  Tke  partiAm  y<ftf 
origmal  nebula  inio  a  avm6er  o^rn^s,  wiA  aal 
breadthe  or  neoHg  tadk,  ie  perfic^ 
tnth  the  Jact,  that  the  said  rinffe  haie 
reeohed  themeehee  into  pkmeU  ^  Ifte 
orcbr  amd  majputudet  ditHngmiehmg  dkoss  mm 
exie^"  Not  only  is  thia  new  SHppasitka  aac 
hostile  to  the  general  tenor  of  the  Nebalar  Hypo- 
thesis; but,  on  the  contrary,  it  is  atteeeOer 
ooniastent  and  congruous  with  it — ^We  rca^  the 
remarkable  and  conduslve  result.  Mr.  Kiric- 
wood  of  Peansvlvania,  who  first  started  the 
idea  of  theee  ipkeree  if  oMnMlioa,  has  fyaad  in 
them  the  periode  of  the  reiaHone  of  the  savcrsl 
PLASBTg.  The  law  announced  by  him  ia  tUk 
~vis.,  ^Th€  BQDABX  qf  Ae  mmtber  ^Ame 
Aoi  6ao4  pionet  Tote^ee  dbraw  eae  TeeeietttB 
m  Iff  orUc,  is  proportional  to  the  Cobb  ^ 
the  hteadth  or  diameter  ef  iie  anfers  e£ 


SalM.    A  body  trfiosepartfaileB  are  hdd  to- 
gether, so  that  an  appredabie  foice  k  rafaired  is 
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Mpirate  them.  Ab^  a  geometrical  term  fcr  a 
body  with  length,  breadth,  and  thickneee.  Sdida 
are  divided  into  irregular,  as  meet  of  those  in 
nature  are^and  regular— as  roanj  crystallhie 
forms.  What  are  called  regular  solids  are  ter- 
minated by  regular  and  equal  phmes.  There 
•re  only  five  r^^lar  solid8,-.the  tetrahedron, 
bounded  by  four  equal  trian^^ — the  cube  or 
hexahedron,  by  six  equal  squares, — the  octa- 
bedno,  by  eight  equal  tiiuigleB,— the  dodecahe- 
dnm  by  twelve,  and  the  loosahedron  by  twenty. 
Balirtee.  For  the  meamng  of  solstloe,  see 
Skamokb, 


PcrML  See  Ctcle. 
^  Under  Acx>uanc8,  all  the  general 
phenomena  of  sonnd  have  been  adverted  to. 
Had  space  permitted,  we  should  have  occupied 
the  reader  hi  this  phne  with  some  late  contre- 
▼ersies  regardlog  the  mode  of  propagation  of 
aoimd.  But  we  shnply  reftr  to  the  recent 
immeroos  papen  by  Professore  Stokes,  Bankm, 
Haughton,  and  Potter,  hi  the  Pkila9opkioal 
Magaam.  The  common  and  now  old  theory, 
as  delivered  by  LapUoe,  has  certamly  not  been 
invalidated;  and  that  the  heat  evolved  dur- 
ing the  wave  motion,  is  exactly  adequate  to 
bring  up  Newton's  velocity  to  the  observed 
or  measured  velod^,  has  been  experimentally 
cstebliahed  by  M.  Joule.  One  omisskm  hi 
AooTOnci,  is  noticed  in  our  Appendix.  —  It 
nay  just  be  sUted,  that  as  it  has  been  hmg 
known  that  waves  of  sound  are  sul^ect  to  lefleo- 
tion,  and  fiffther,  that  these  mUafere  with  each 
other,  so  there  now  remains  little  doubt  that 
th^rmsny  ect  to  r^^KioeiM  ab^ 

SpuMe  Climvlij.  If  a  given  mass  of  a  body 
welfl^  ■»  times  as  much  as  the  same  mass  of  water, 
mis  called  the  specific  gravity  of  the  body.  Air  is 
taken  as  the  unit  fbr  gases,  and  a  gas  of  which, 
a  given  volume  under  any  definite  pressure  weighs 
M  times  as  much  n  the  same  volume  of  air  under 
the  same  pressure,  is  said  to  have  the  specific 
gravity  m.  The  readiest  method  of  flndhig  the 
•pecifie  gravity  of  a  solid  is  by  means  of  the 
Htdbostatic  Balakcx, — that' for  a  liquid  by 
means  ofa  flask,  which  is  filled  soooeisively  with 
water  and  with  the  liqnidt  and  gases  may  be  col- 
lected and  compared  in  a  similar  way. 

flpocUc  Kcat*  Where  a  given  amount  of 
boat  raises  a  substance  SI  degrees,  and  raises  water 

a  degrees,  the  specific  heat  of  the  substance  is  -?. 

m 

Hence,  evidently,  the  specific  heat  is  a  measure 
of  the  comparative  amount  of  Heat  required  to 
rrise  a  substance  through  one  degree  of  (em- 
penture. 

•peaindn ;  consist  simply  of  lenses  so  ar^ 
tanged  as  to  be  conveniently  applied  to  the  eyes, 
the  purpose  of  which  is  to  aUdlstmctness.  The 
properties  of  these  Lkksbs  are  discussed  under 
that  articles    See  Pbbiboopic. 

The  name  i^ven  to  the  contents 
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of  a  Solar  beam,  in  so  far  as  th^  can  be  sepa- 
rated and  the  beam  resolved  into  its  sfanple  ele- 
ments.— This  beam  or  ray  produces  three  dbdnct 
species  of  efibets,  and  when  the  constituents  of 
the  beam  are  dispersed  by  Refractktn  or  by  the 
Prism,  these  efitets  are  (bund  to  proosed  ftom 
difibrent  portions  of  the  longitndmal  space  filled 
by  that  dispersion.  The  efibcts  hi  so  fv  as  they 
are  known  to  us,  are,.»the  Actinic  effects,  or  the 
power  to  produce  diemical  changes — ^the  excita- 
tion of  the  sensation  of  Light  and  Golonr^— and 
the  power  of  Heating.  The  light-giving  portion 
of  the  Spectrum  lies  between  the  o&r  twa  The 
acthdc  power,  beghming  within  the  visible  spec^ 
tram,  stretches  quite  bqrond  it  at  its  vkdet  extre- 
mity :  the  heating  power,  on  the  contrary,  liko- 
wise  beghining  within  the  visible  speotnim,  also 
stretches  beyond  it,  but  towards  the  red  or  t^po- 
site  extremity.  We  shall  briefly  study  the  dis- 
tribution of  these  three  effects,  taking  them  in 
the  fi>1]owfatg  order— the  Actinic,  the  Thennal, 
and  the  Ligfat-giviog. 

I. 
The  reality  of  a  prolongation  of  the  spectram 
beyond  tiie  upper  or  moot  refrangible  rays  bad 
long  been  suspected.  Very  acute  eyes  seem  to 
have  detected  shadee  of  oobur  in  certain  circum- 
stances outside  the  violet  cohmr,  very  fidnt  in- 
deed, but  of  a  Uvender  shade.  Beoently,  how- 
ever, the  existence  of  such  rays  has  been  placed 
beyond  doubt  by  two  dasees  of  discoveries^ — 
(1),  Photographic  changes  can  be  piodnced  bv 
influencee  flowhig  from  that  extra  or  hivisibie 
space,  as  well  as  by  the  more  refrangible  visible 
rays:  and  (2),  Bays  whose  podtbm  is  in  that 
same  portkm  of  space  may,  as  Mr.  Stokes  has 
shown,  be  in  a  certahi  sense  rendered  visible. 
The  remarkable  faiterpretation  put  by  this  very 
emuient  physicist  on  the  curious  phenomena 
named  Fluorescence  by  some,  and  £|5polic  Dis- 
penkm  by  Sir  John  UerMdiel,  has  akeady  been 
explained  under  article  DnpXBSioir  Epipouc; 
nevertheless,  it  may  not  be  unacceptable  that  we 
briefly  sum  up  the  discovery  hi  this  pUoe.  M'heii 
the  violet  ray  and  those  hig^  and  visible  nys 
enter  oertahi  liquids  near  their  surlSus— ibr  hi- 
stance,  a  sdutkMi  of  the  sulphate  of  qulniiie— a 
pale  blue  ootour  is  seen  about  the  surfirn  of  the 
solution.  The  explanatkm  is,  that  the  fluid  hito 
whfch  these  rays  enter  is  eanssd  by  them  to  emit 
a  mixed  light  of  k>wer  periods.  The  violet,  or 
higher  my,  does  not  pass  through  the  liquid  and 
issue  a  pale  blue;  it  merely,  as  we  have  Just 
ssid,  causes  a  thfai  kyer  of  the  Kqukl  near  tlie 
sureMse  to  emit  a  iUnt  blue  l^ht,  ssen  hi  all . 
dhections,  even  through  theliquki  itseli;  whiefa  is 
transparent  for  this  pide  blue  light,  although  not 
for  the  violet  light  hi  which  it  originateB.  It  can 
scarcely  be  saM  that  the  rigorous  analysis  of  this 
supra-vkdet  space  Is  more  than  entered  on;  ne- 
Tertheless,  the  probabflity  is,  that  the  uWmate 
result  will  cohidde  with  what  is  eetabUshed  be- 
yond doubt  hi  the  case  of  Thermal  efiect»— vis.< 
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That  it  is  fiUed  with  the  nme  Etiier  which  gires 
riae  to  Light  «nd  Coloon;  otdy  TihratM  more 
rapidljr,  and  difihses  itself  by  means  of  shorter 
waves.  In  an  interesting  memoir  in  Poggendorfi 
Annalenj  part  xcviii^  Essdbach  thinks  he  has 
established  tliat  the  ondnlar  length  of  the  ex- 
tremest  flnoresooit  rays  yet  known  to  ns  is  0-0008 
mtllinieten. — Our  next  inquiry,  however,  is  at 
length  freed  from  all  nnoertainty  and  vagoeDess. 

11. 
Under  articles  Radiaivt  Hsat,  DiATmft- 
M AVCT,  &C.,  an  account  has  been  given  of  the 
memorable  researches  of  Melloni,  confirmed,  and 
in  some  cases  anticipated  by  Professor  Forbes. 
—The  dosest  similarity  between  what  were  then 
termed  the  Heating  rays  and  the  Light-giving 
rays,  in  all  their  affections,  was  placed  l)eyond 
doubt  by  that  brilliant  series  of  discoveries.  The 
rays  of  Heat,  whether  in  the  Solar  Beam  or 
riring  from  some  o6sc«rs  heated  source,  can  be 
reflected,  refrmcted,  dispersed,  and  polarijEcd  pre- 
cisely as  a  ray  of  Light  But  a  vital  qnecdon 
still  remamed  at  issue.  Is  the  ray  of  Heat  an 
inc^fendaii  although  analogoui  ray?  Is  the 
spectrum  merely  a  compound  spectrum,  consisting 
of  a  light-giving  spectrum  and  a  Thermal  spec- 
trum, distinct  although  partially  superpoeed?  or 
is  it  one  single  spectrum,  merely  varying  at  dif- 
ferent parts  of  the  space  over  which  it  is  dis- 
persed, by  the  feet  of  a  slower  or  more  rapid 
vibration  of  one  and  the  same  Ether  ?  In  short, 
are  we  entitled  to  lay  down  the  general  proposi- 
tion, "  All  effects^  Actinic,  UgU-giving,  ThmnoLt 
fow  from  one  and  ih»  same  ph/ncal  agency — 
tFis.,  from  the  propagation  qf  vibraUonM  having 
different  velocUiet  or  periods,  through  the  same 
elastic  Eiherf^  If  the  affirmative  be  established, 
the  following  proportion  may  be  laid  down: — 
**  The  Light-giving  efiect  is  confined  within  limits 
in  the disperMdray,  l)ecause— as  with  the ear-^ 
the  eye  can  be  afiteted  only  by  vibrations  within 
certain  limits  of  rapidity:  some  vibrations  do 
not  afibct  the  eye,  but  they  afibct  our  other 
senses  through  their  heating  power;  while  vibra- 
tions of  the  higher  range  appear  diiefly  through 
their  chemical  influences.*'  Melloni,  In  the  earlier 
stages  of  his  inquiries,  was  disposed  to  accept 
the  theory  of  two  superposed  spectra;  but  he 
subeequentiy  gave  a  modified  assent  to  the  doc- 
trine now  almost  universally  received.  The 
truth  of  the  doctrine  seems  indeed  to  be  placed 
beyond  reach  of  question  by  the  recent  elaborate 
rmearches  of  Masson  and  Jamin — these  eminent 
physicists  having  demonstrated  that,  if  on  at^ 
part  of  the  visibk  spectrin  angpihysieal  change  he 
impressed  affecting  its  uohivqxvuio  power,  prf 
ciselg  the  same  change  wiU  be  found  to  have  passed 
over  its  bvattho  power.  For  insUnoe,  take  the 
method  of  absorption.  Destroy  by  the  interven- 
tion of  coloured  media,  the  light  of  any  of  the 
colours  of  the  spectrum;  the  heat  belonging  to 
that  colour  Is  destroyed  also.  Or  inversely,  take 
any  oobnred  medium — such  as  red  glassi  certain 
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green  glasses,  a  sohitiDn  of  snlphate  or  bicbn- 
mate  H  copper  in  ammonia — ^wMdi  can  be  tra- 
versed by  one  colour  only,  every  audi  msdiaa 
permits  the  heat  belongmg  to  the  special  oobar 
to  pass,  and  it  ezrirpates  or  intercepts  all  othv 
heat  Again,  employing  a  glass  of  Uoe  eobsh, 
which  is  known  to  divide  Uie  vfaible  apectriBB 
into  bright  and  obscure  strips  or  bands — the  sasis 
bands  exist  as  to  its  heating  efiects^  The  sans 
Inquirers  have  however  gone  fiulher,  and  ooes- 
pied  themselves  with  still  more  deBcats  le- 
seardtes.  They  polarized  the  oolonred  ray  on  itt 
issuing  from  the  prism;  they  caused  ft  to  paa 
through  quartz  of  different  thicknesses  sod 
through  solutions  of  sugar,  and  they  fcond  iovi- 
riably  that  the  planes  of  polarization  of  I^ght 
and  Heat  deviate  in  the  same  directson,  sad  Ij 
the  same  amount  Also,  three  thin  plates  k 
I,  i,  and  1,  the  length  of  a  wave,  presented  ths 
same  interferences  for  both  dasses  of  phenooHoa; 
the  first  giving  a  drcolar  polarizatioii,  the  ssooad 
a  plane  polarization  in  a  plane  at  r|gbt  as^ 
and  the  third  leaving  the  emeiged  ray  polsiiaed 
as  the  radiant  ray. — Kqteating  tHe  foiesaiB| 
general  proposition  in  terms  mcne  spedflc,  Ifss- 
son  and  Jamin  oondnde  thus :— "  In  all  pfasss- 
mena  produced  by  a  radiation  of  definin  sad 
distinctive  refrangibility  at  once  Thennd  sad 
Luminous — the  relations  of  the  quantilies  «f 
Heat  and  of  Light,  before  and  alter  the  aedoa, 
are  identical.  All  vibratory  modificatMOS  estab- 
lished in  regard  to  Light,  hold  with  the 
tensity,  and  the  same  numerical  value  in  the  < 
of  Heat  And  thb  invariable  oorrespondeo^  tf 
Effbcts,  compds  us  to  admit  an  identity  of  Csaik* 
2. — ^The  inquiry  next  demanding  attaBtion  le- 
lates  to  the  di^iowon  or  lo^gitodinal  distriba- 
tion  of  this  heating  influence  through  the  special 
space.  In  Poggaulotf*s  Annaien,  part  cL,  As 
student  wQl  find  a  dear  resnmS  of  all  the  ions- 
tigations  undertaken  in  rdation  to  this  intera** 
ing  Butject  The  most  recent  and  the  msil 
complete  are  by  J.  Mliller,  and  to  ao  aeoooat  sf 
these  we  shall  here  confine  ouradvesi  Mnlkr 
first  proceeded  by  aid  of  abeoTption;  bnthesBb- 
sequently  adopted  tlie  mndi  more  aoeorate  ■»• 
thod  of  estimating  the  heat  hi  sQOcesslvestrijps  er 
portions  of  the  vl^le  spectrum,  and  in  the  spaes 
beyond  the  red,  by  means  of  a  ddioate  sad 
powerful  lineal  thermo-multiplier.  He  aho  took 
the  essential  precaution  to  compare,  previoos  ta 
making  his  experiments,  the  various  dcdezkas 
of  the  needle,  with  the  force  of  the 
causing  these  deflections.  He  began  by 
for  dispersion  a  fluid  glaas  prism,  and  iatfae 
spectrum  so  produced  he  detected  die  folknriiv 
thermal  effects:— ~ 

fioandanr  of  Indigo  and  vIoleL  ........~i  f 

Middle  ef  the  blM, .. . 4 

Middle  of  the  yellow,..............^ T 

Middle  of  the  nd 10 

1"*  bqjond  body  efred, IS 

s;^         da         da   11 

4l'         do.         da    • 7 

r^         da         da   . .....  S 
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Bui  UuMmnch  as  glan  abaoriw  portknu  of  the 

dark  heatiiif  nyn^  or  is  not  perfectl/  diAtberman- 

ooa,  Mailer  next  resorted  to  a  prism  of  rock-salt, 

which  doss  not  impede  the  passage  of  any  of  these 

imys.  The  following  are  the  mean  of  his  results : — 

In  the  blue, 87 

In  the  yellow, .. ...... . .  7*9 

In  the  red, ... . lOD 

1'*'  In  the  hiTldble, IS*! 

t^       do^       do.    ......................  ]6'9 

4*      da       do.     W-S 

S*'      dow       do. IT 

The  natme  of  these  resnlts  will  be  best  seen  by 
the  aid  of  a  graphic  representation.  In  the  line 
B  8  the  bracket  is  supposed  to  indade  the  entire 
ytsibls  speetmm,  the  spacs  to  the  right  of  B 
iMing  the  dark  heating  space.    For  the  sake  of 


Astinctncss,  the  positkms  of  Om  chief  of  Franen- 
hofer's  lines,  H,  G,  F,  &&,  are  laid  down.  If 
tlM  ordhiates  or  perpendicnlan  represent  the 
measured  qnandties  of  heat  at  each  of  the  ponds 
fton  which  they  spring,  the  cnnres  wUl  be  the 
cores  of  faitensl^.  The  bwer  curve  is  that 
glYea  by  the  flint-glass  prism ;  the  upper  one— 
of  eourse  the  line  cunre— represents  the  results 
obtained  by  a  prism  of  rock-salt  It  will  be 
noticed  that  Franenhofer's  line  B,  lies  about  the 
middle  of  the  line  B  S.  Now,  the  refractive 
Index  lor  the  line  H  is  about  1*646,  and  for  B 
1-628,   Taking  this  proportion  as  our  guide,  the 
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nftactivo  index  for  the  rays  at  the  extremit}'  of 
the  dark  thermal  spectnmi  would  be  1*606^  But 
from  these  separate  indices  the  sensiblf  length  of 
the  undulation  of  the  ether  at  8  may  be  ooro- 
pnted.  Miiller,  in  the  end,  employs  a  yen- 
simple  process.  Slightly  deviatidg  from  his 
earliest  method,  he  adopts  the  formula  of  Gauchy, 

J?  =•*•*"  P 

which  expresses  the  relative  position  between  k, 
the  hidex  of  sepantion,  and  X,  the  length  of  the 
wave;  or  the  more  accurate  equation, 

;j=a  +  6x'+^ 

and  detcnnlneB  tlie  constants  a,  h^  and  e,  by 
equations  of  oondition:  this  result  If— adopting 
Fssslbach's  oondusion— that  we  can  disdnctly 
noQgnize  within  the  extreme  limits  of  the  flu- 
orescent and  thermal  spectra,  waves  of  the  fol- 
lowing kngths,  estimated  in  millimeten  ;— 

0-0008;  0-0006 1  0*0018;  0-0024;  00048. 

Consequently  the  solar  speetnnn,  aa  at  present 
aaalyaed,  indudea  Fodb  Ogzitib;  and,  of 
these  Four  Octaves,  the  visible  part  extrnda  over 
one  only. — ^It  must  not  be  nuhly  oonelnded, 
however,  tiiat  there  are  no  vibrations  outside 
tlieee  two  limits.  They  are  merely  the  limits  of 
tlie  vibrations  as  yet  recognised  by  us. 

We  owe  to  the  kindness  of  Professor  8tokes  a 
plate  and  deecription  of  a  series  of  lines  he  ha^ 
found  in  tiw  Invisible  part  of  the  spectrum,  made 
visible  by  the  use  of  (tilute  tincture  of  turmeric. 
Fart  of  the  ordinary  spectrum  is  induded  hi  tlie 
pUte,  to  exhibit  the  relative  scale  of  the  two 
portions. 
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There  follows  a  group  of  six  nearly  equidistant 
Hoes  or  bands,  of  which  the  first  is  rather  hacy,  and 
rituated  at  a  distance  from  the  second,  somewhat 
less  tlian  the  mean  interval  of  the  Unes  of  the 
group;  the  third,  marked  P,  is  more  conspicuottS 
than  its  neighboura;  the  last,  msrked  Q,  is  re- 
markably black,  and  wdl  defined.  After  a  faint 
group  follows  tiie  gronp  R,  which,  according  to 
drenmstances,  to  seen  as  a  dusky  band,  or  is 
resolved  into  four  Imcs  (the  third  of  which  to 
marked  B),  of  which  the  two  more  refrangible 
are  darker  and  sharper  than  the  other  two,  and 
are  also  somewhat  doser  together.  The  interval 
between  the  groups  R  and  8  to  faintly  shaded 
with  inconspicuous  Ihies.  About  half-way  be- 
tween these  groups  to  a  space  brighter  than  usual, 
in  consequence  of  its  freedom  from  fixed  lines, 
which  aooordingly.  In  negative  photographs, 
comes  out  as  a  striking  dark  band.  8  to  a  very 
striking  gronp,  oonsi^ing  of  three  dtak  bands, 


separated  by  nther  shady  faitervals.  Tbeaeoond 
of  theee  bands,  marked  8,  divkies  the  intsrral 
between  the  fint  and  third,  hi  the  proportbn  of 
almost  three  totwo.  Aftertwo  Unes  not  remark- 
able^ comes  the  Ihie  T,  which  to  a  remaikably 
black  and  wdl-defined  band,  of  sendble  breadth. 
T  to  separated  by  three  faint  Unes  from  U,  whkh 
to  a  remarkably  conspicuous  double  band,  of 
some  breadth.  Y  to  also  conspicttons.  When 
the  sun  to  higli,  as  during  the  middle  honn  of 
the  day,  throughout  the  summer  months,  and  to 
shinbg  deariy,  the  Unes  are  seen  without  any 
difllculty,  ae  far  as  U,  or  even  V;  but  the  Ught 
then  becomes  so  voy  foint,  tliat  the  last  two 
Unes  in  the  group  are  hardy  visible.  The  npi- 
dity  with  which  the  Ulumlnation  decreases  at 
the  end  of  the  spectrum  to  remarkable. 

III. 
IIL  Let  us  now  turn  to  an  analysb  of  the 
purely  ~ 
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I.  Tub  Spectrum  ov  Dispsimoir,  as  maki- 
FS8TBD  BT  THB  Pbisk.— The  aoaljsb  of  the 
LuniDom  Spectrum,  throiigli  agenc/  of  Befrao- 
tion,  we  owe  to  Sir  laaao  Newton.  The  pheno- 
mena of  the  prooen  are  dtocribed  as  foUows  by 
8ir  John  HerMhd,  in  the  Treatise  <m  Lightj  ori- 
ginally contributed  to  the  Enqfckptddia  Metro- 
polittmaf^.B,  treatiae  requiring  only  a  degree  of  re- 
▼iaal  by  the  'same  master  ha^  to  be  not  only  the 
Viost  satisfactory  dissertation  existing  in  oar  lan- 
)?uage  on  that  important  department  of  PhysiGB, 
but  also  periuipe  the  finest  production  of  his  dassic 
pen. — **  When  a  ray  of  light  falls  obliquely  on 
the  surface  of  a  refracting  medium,  it  is  not  re- 
fracted entirely  in  one  direction,  but  undergoes  a 
separation  into  several  rays,  and  b  <2^penetf  over 
an  angle  more  or  leas  oomddenble,  according  to 
the  nature  of  the  medium  and  the  obliquity  of 
incidence.  Thus,  if  a  sunbeam  s  o  be  bddent 
on  the  refracting  suiftoe  a  b,  and  be  afterwards 

recdved  on  a  screen 
B  ▼,  it  will,  instead  of 
a  single  point  on  the 
-C  jg  screen  as  b,  illuminate 

a  space  B  ▼  ^  a  greater 
extent  tbagreater  is  the 
angle  of  incidence.  The 
ray  8  c,  then,  which, 
"*  '•  before  refraction    was 

single,  is  separated  into  an  infinite  number  of 
rays  o  B,  c  o,  c  T,  &c.,  each  of  which  is  re- 
fracted diflferently  from  all  the  rest — ^The  several 
rays  of  which  tiie  dispersed  beam  consists,  are 
found  to  difi^er  essentially  from  each  other,  and 
from  the  incident  beam,  in  a  most  important 
physical  character.  They  are  of  difi'erent  colours. 
The  light  of  the  sun  is  white.  If  a  sunbeam  be 
received  directly  on  a  piece  of  paper,  it  makes  on 
it  a  white  spot;  but  if  a  piece  of  white  paper 
(that  is,  such  as  by  ordinary  daylight  appears 
white)  be  held  in  a  dispersed  beam,  as  b  T,  the 
illuminated  portion  will  be  seen  to  be  difierently 
coloured  in  different  parts,  according  to  aregular 
succession  of  tinto  which  is  always  the  same^ 
whatever  be  the  refracting  medium  employed. — 
To  make  the  experiment  in  the  most  striking 
and  satislStictory  manner,  procure  a  triangular 
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prism  of  good  flint  glass,  and  havfaig  darkened  a 
room,  admit  a  sunbeam  through  a  small  xound 
bole,  0  p,  in  the  wfaidow  shatter.    If  this  be  re- 


SPE 

oelved  on  a  white  screen  d  at  a  ifistiBcs,  tiien 
will  be  formed  a  round  white  spot,  or  image  of  the 
sun,  which  will  be  laiger  a9  tbe  paper  i  finthir 
reoKived.    Kow,  in  the  beam  before  the  senesu 
place  the  prism  a  b  c^  having  one  of  its  ta^ 
c  downwards  and  parallel  to  the  horiioQ,  and  st 
light  an^^  to  the  direction  of  the  aanbeam;  and 
let  the  beam  foil  on  one  of  ite  sides,  B  o,  oblk|ady. 
It  win  be  refracted  and  tamed  out  of  its  ooos^ 
and  thrown  upwards,  pursoing  tlie  ooune  rat, 
and  may  be  reoeiyed  on  a  screen  B  properiy  piaoed, 
But  on  this  screen  there  will  no  longer  be  sen  a 
white  round  spot,  but  a  long  streak,  oi^  as  it  is 
called  in  optics,  a  spedmm  b  v  of  most  vivid 
odioars,  (provided  the  admittftd  f^nlwam  be  bk 
too  large,  and  the  distance  of  the  screen  from  fin 
prism  oonsldeFBble).    The  tint  of  the  Itnm  or 
hoMtr^firaetedeattnaSity-B.  is  a  brilliant  red,  aen 
frill  and  vivid  than  can  be  prodnoed  by  anyodw 
means,  or  than  the  oalour  of  any  nntual  sob* 
stancei  This  dies  away  first  into  an  orai^  ad 
then  passes  by  imperoeptSbk  gradatfona  into  a  ias 
pale  straw-yellow,  wfaidi  is  quiddy  sooeeedBd  kf 
a  pore  and  very  intense  green,  which  again  paans 
into  a  blne^  soon  deepening  to  tlie  porest  iaSgfi^ 
Meanwhile,  the  intensity  <tf  the  illaminatian  is  dh 
miniahfag,  andin  the  upper  portion  of  the  hi^ 
tint  is  very  feeble,  but  it  is  continned  sdll  beyond, 
and  the  blue  acquires  a  pallid  east  of  pmpliab-nfi, 
or  livid  hue,  more  easfly  seen  than  described,  sad 
which,  though  not  to  be  exactly  malfhwlbyaay 
natural  colour.  Approaches  moet  neaiiy  to  ^«t«f 
a  fiiding  violet:  ^tmctm  vkHa  paUor.*—Jf  ths 
screen  on  which  the  spectrum  be  reeeived  bars  a 
small  hole  in  It,  too  small  to  allow  the  wliale  of 
the  spectrum  to  pass,  but  only  a  verj  naaew 
portkmofit,  asz,  the  portion  of  the  bean  wUch 
goes  to  form  that  paiticalar  spot  z  may  be  le- 
oeived  on  another  screen  at  any  ^HflnCT  bdilBd 
it,  and  win  then  fiinn  a  spot  d  of  the  TSiy  aaais 
oolour  as  the  part  x  of  the  spectnnn.    llini,  M 
X  be  placed  in  tbe  red  part  of  the  apeetiin,  the 
spot  D  will  be  red;  if  in  the  green,  green;  and 
to  the  blue,  blua    If  the  eye  be  plamd  at  s^  it 
win  see  through  the  hole  an  image  of  the  soa, 
of  dazzling  bri^^tneBB;  not,  as  nsnally,  wbikt, 
but  of  the  colour  which  goes  to  focrn  tbe  spet 
X  of  the  spectrum.    Thus  we  see,  that  the  jeiot 
action  of  all  the  raya  is  not  eesential  to  the 
production  of  the  oolonrsd  ^ypearanoe  of  the 
spectrum,  but  that  one  ooloor  may  be  insaialad 
from  tiie  rest,  and  eiramined  separately.    U, 
histead  of  recdving  tbe  ray  x  d;  transadttcd 
through  the   hole  x,    on  a  screen 
ately  bddnd  It,  it  be  Intercepted  by 
prism  a  e  ^it  will  be  refracted,  and  bent  IKn 
ito  course,  as  in  x/jf  x;  and  after  this  seeond 
refractkm  may  be  received  on  a  screen  e.    Bat 
it  is  now  observed  to  be  no  longer  separated 
into  a  coloured  spectrum  like  the  orij^nal  one 
B  y,  of  which  it  fonned  a  part     A  aiii^ 
spot  X  only  is  seen  on  the  screen,  the  colov  of 
which  is  nnifomi,  and  pndselv  tiiat  wlddi  the 
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|wrt  X  of  tibe  •peetram  moid  h$iw  had  vera  It 
fateroepted  oo  the  tni  aamtL    It  appeen,  then, 
that  the  raj  wUch  goee  to  fbtm  any  ihigle  pofait 
ti  the  speetmm,  is  not  onlj  independent  of  all 
the  TCBt,  bat  having  been  onoe  ineolated  ftmn 
them,  h  no  longer  eapaUe  of  Anther  eepaiation 
into  difftrent  colonn  by  a  seoond  leftaction.— 
Thie  simple,  bat  insttaetire  experiment,  then, 
makes  as  aoqndnted  with  the  following  pnper- 
tiee  of  light:— 1.  A  beam  of  light  consists  of  a 
graat  and  slmoet  infinite  variety  of  n^  difiWng 
from  each  other  in  coloor  and  reftangibOitj. — For 
the  ray  a  r  from  any  one  point  of  tlie  eon's  disc, 
whidi,  if  reeeiTed  immedietriy  on  the  screen, 
tpoold  have  oeeopled  only  a  nngle  pobit  on  it, 
«r  (sopposhig  the  hole  in  the  scrsen  to  hare  a 
aenrible  ffiameter)  only  a  space  equal  to  its  araa, 
is  dilated  into  a  Hne  ▼  x  of  eonskkrable  lengtii, 
•rety  point  of  which  (spesldog  looetly)  Is  illa- 
mfaiated.    Now  the  rays  whfch  go  to  v  mast 
neeessaiily  hare  been  more  refracted  than  thoee 
whidi  go  to  K,  wUch  can  only  have  besn  la 
▼irtne  of  a  peealsr  qaaHty  in  the  rays  them- 
aalvBs,  since  tlie  lefraedng  mediam  is  tlM  same 
IbraH.— f.  White  fight  may  be  dBeoflyose(i;mia- 
ifud,  or  separated  into  ite  elementary  coloorsd 
rays  by  refraction.    Theaetof  snehrefraetioals 
esJled  the  ihptrnm  of  the  coloored  rays. — 8. 
Each  elementary  rsy  once  sepamted  and  insa- 
lated  from  the  lest,  is  incapable  of  ftuther  de- 
compositionoraaalysis  by  the  seme  means.  Troe^ 
wa  may  place  a  thbd,  and  a  fourth,  priem  in  the 
7  of  the  twice  refracted  ray  of  x,  and  refract 


It  in  any  way,  or  in  any  pisiie ;  it 
dbpermd,  and  preeerves  ite  colear  qaite  aneltersd. 
—4.  The  dispendon  of  tlie  coloeBed  rays  takes 
place  hi  the  plane  «f  the  refraction;  Ibritisfeand 
that  the  speetium  v  x  is  always  elongated  in  this 
plane.  Ito  braadth  ie  Ibond,  on  the  other  hand, 
by  meseorement,  to  be  precisely  the  same  as  that 
«f  the  wUte  image  d,  of  the  son,  received  on  a 
aersen  at  a  distance  o  D  from  the  hole,  (ilg.  8) 
eqoel  toov-t-va  +  on,  the  whole  coam  of 
the  refracted  Qght,  which  shows  that  the  beam 
has  ondergone  no  coBtrection  ordilstetlnn  by  the 
dftet  of  leftaeikm  in  a  pUna  perpendleahur  to 
the  plane  of  rsfraetioa.**  In  the  pcstJon  ef 
this  smne  artlele  hnmediately  eoeceeding^  Sir 
John  Hersehel  offen  insti  actions  concerning  the 
wenipalaltnn  reqoislte  for  the  evolntion  of  a 

As  BO  inatractioB  can  be  of 
to  the  laqainr  Into  the 
oonetHotion  of  the  spectrom,  we  quote  his  woids 
nearly  at  length. — ^^  Refraction  by  a  prism 
aflbids  OS  the  means  of  separating  a  ray  of 
white  Ight  into  tlw  rays  of  diflbrant  reftan- 
gibOlty  of  which  it  conslste,  or  of  aaalyiing  it 
But  to  make  the  saalyris  compleU,  and  to  inso- 
late,  a  ray  of  any  psitfeular  refrangiMllty  in  a 
state  of  perfoct  pmity,  several  preeantfons  ars 
laqoirBd,  thechief  of  which  ars  as  follows:— 1st 
The  beam  ef  Hght  to  be  analysed  moet  be  very 
MteOg  aa  xemly  as  pomlMa  aoBCoaeblaig  to  a 
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thematicel  ray ;  for  if  A  B,  a  6  (fig.  8)  be  a  beam  of 
parallel  rsys  of  any  sensible  breadth  inddent  on 
the  prism  p,  the  extreme  rays,  A  B,  a  6,  willeach 
be  separated  by  a  refraction  into  spectra  o  b  h 
and  ffbh:  bo,  6^,  befaig  the  violet,  and  b  b, 
6 A,  the  red  rays  of  each  respectively;  and  since 
AB,a6,  are  parallel,  therefore  oo  and  c^  will 
be  so^  and  also  d  k  and  d  h.  Hence  the  red  rav 
DR  from  B  will  failerMot  the  violet  eg  ftwni, 
in  eonw  point  f  behind  the  prism;  and  a  screen 
X  F  if  placed  at  f  will  have  the  point  f  illomi- 
nated  by  a  red  ray  from  b,  and  a  violet  one  frtm 
h\  and  therefore  (as  Is  easily  seen)  by  all  the 
rays  hitennediate  between  the  red  and  violet, 
from  pointe  between  B  and  ».    f  therefore  will 


be  white.  If  the  screen  be  placed  nearer  the 
prism  than  Fasat  XLir^  it  la  dear  that  firom 
any  point  between  l  and  x  linee  drawn  parallel 
to  K 1^  D  L,  to  any  intermediate  direction,  will 
foil  between  o  and  c,  d  and  d,  Ac,  respectively; 
and  therefore  that  every  point  between  l  and  k 
will  receive  fnm  eome  point  or  other  of  the  sur- 
foce  o  d  of  the  prism  a  ray  of  each  colour,  and 
will  therefore  be  white.  Again,  any  point  as  x 
between  k  and  /  can  receive  no  violet  nYf  nor 
any  ray  of  the  spectrum  wboee  angle  of  devia- 
tion is  greater  than  180^— a  6  «;  for  such  ray  to 
reach  s  must  come  flxrni  a  part  of  the  prism  tie- 
low  i,  which  ii  contrary  to  the  suppoeition  of  a 
limited  beam  a  D,  a  ft ;  but  all  raya  whoee  angle 
of  devhuion  la  lem  than  ISO""— «6x  wiU  reach 
x  ftcm  aome  part  or  other  of  the  surfoce  b  d. 
Hence  the  colour  of  the  portion  ifc  /  of  the  Image 
on  the  aereen  win  be  white  at  k^  pure  red  at  i^ 
and  intermediate  between  white  and  red,  or  a 
mixture  of  the  leaii  refrangible  nys  of  the  spec- 
trum at  any  intsrmedhite  point;  and,  fai  the  same 
manner,  the  portion  x  l  will  be  white  at  l,  violet 
at  X,  and  at  any  Intermediate  point  will  have  a 
colour  formed  by  a  mixture  of  a  greater  or  lew 
portion  of  the  more  refrangible  end  of  the  apec- 
tram.  If  the  aereen  be  removed  beyond  f  aa 
faito  the  situation  o^  h  A,  the  white  portion  will 
dieappear,  no  point  between  g  and  r  being  cap- 
able of  receiving  any  ray  whoee  angle  of  devi^lMi 
Is  between  180^— a  Ay  and  180"*— «  6  b.  We 
may  regard  the  whole  image  o  A  aa  consiating  of 
aa  infinite  number  of  apectn  formed  by  every 
riementaiy  ray  of  whkh  the  beam  a  b  a  A  is 
compoead,  overiapptog  each  other,  ao  that  the 
end  of  each  in  aucoeeeion  pio|eete  bejrond  that  of 
the  foregoing.  The  fower,  therefore,  there  are 
of  theaa  overiapptog  apeetia,  or  the  amaUor  tha 
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bnndtli  of  the  inddnt  beam,  tbe  leM  wffl  be  dM 
mLutve  of  rajs  ao  ariaiiigi  and  the  purer  the 
adoan.  BemoTal  of  Cbe  scrmD  to  a  graater  dia- 
taooe  from  the  prim,  evidently  produoea  the  tame 
eflect  as  diminutioii  of  the  eise  of  the  beam;  lor 
whUe  each  coloor  ooeuplea  oonstantly  the  same 
apace  on  the  taeen  (for  o  ^  =  k  A),  the  whole 
fpectrom  is  diffiieod  over  a  larger  space  as  the 
screen  is  ramoved,  bj  the  divergence  of  its  oom^ 
ponent  rajrs  of  different  ooloors,  and  therefore  the 
individual  oolours  mnat  of  necessity  be  oontina- 
ally  more  and  more  eeparated  ftom  eaob  other. — 
Sdly.  Another  source  of  oonfiieion  and  want  of 
perfect  homogeneity  in  the  oolours  of  the  spee- 
^trom  is  the  angular  diameter  of  the  eon  or  other 
"luminary,  even  when  the  apertore  throu^  which 
the  beam  is  admitted  is  ever  so  much  diminished. 
For  let  a  T  be  the  sun,  whose  rays  are  admitted 
to  the  prism  a  b  o  through  a  very  small  hole  o 
in  a  screen  placed  doee  to  it  The  beam  will  be 
dilated  by  refraction  into  the  spectrum  vr.  Now, 


if  we  consider  only  the  rays  of  one  partfflolar 
kind,  as  the  red,  and  regard  all  the  rest  aa  anp- 
preesed,  it  is  dear  that  a  red  image  r  of  the  son 
will  be  fbrmed  by  them  alone  on  the  screen;  the 
rays  firom  every  pomt  of  the  sun's  disc  croasing 
at  o,  and  pursuing  (after  refraction)  different 
ooursen.  If  the  prism  be  placed  in  ito  position 
of  minimum  deviation,  which  at  present  we  will 
suppoee,  this  image  will  be  a  drde,  and  it  and 
the  snn  will  subtend  equal  angles  at  o.  In  like 
manner,  the  violet  rays  (con^ered  apart  firom 
the  red)  will  form  a  dreular  violet  image  of  the 
sun,  at  V,  by  reason  of  their  greater  refrangibility ; 
acd  every  species  of  ray,  of  intermediate  refran- 
gibility, will  form,  in  like  manner,  a  circular 
image'between  r  and  v.  The  oonstitution  of  the 
spectrum  so  arising  wHl  therefore  be  as  in  fig.  4, 
a  being  an  aasemblage  of  images  of  every  pos- 
sible refrangibility  superposed  on  and  overlapping 
each  other.  Now,  if  we  diminish  the  angular 
diameter  of  the  sun  or  luminary,  each  of  theae 
images  will  be  proportionally  diminished  in  siae; 
but  thdr  number,  and  the  whole  en^tent  over 
which  they  are  spread,  will  remain  the  same* 
They  wiU  therefore  overlap  lees  and  lass;  and  if 
the  luminary  be  conceived  reduced  to  a  mere 
point,  (as  a  star,)  the  spectrum  will  consist  of  a 
line  d  composed  of  an  infinite  number  of  mathe- 
matical points,  each  of  a  perfectly  pure  homo- 
geneons  light  Then  are  several  ways  by  whieh 
the  angular  diameter,  or  the  degree  of  divergenee 
of  the  inddent  beam  may  be  diminiahed.  Thus, 
first,  we  may  admit  a  sonbeam  thieved  a  small 
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bole^  in  a  scieso,  and  reodve  the  diwgeot 
of  rays  bdiind  it  on  another  aereen,  at  a  oonsi 
able  dirtance,  having  another  aBMU  hole  to  let 
pass,  not  the  whole,  but  only  a  small  pcrtioii  ef 
the  sun's  imaga  The  beam  so  tnanemitted,  will 
manifestly  have  a  degree  of  dtveigeBce  less  than 
that  of  the  beam  Unmedlately  transmitled  fim 
the  fiis^  screen,  in  the  proportion  of  the  disnelcr 
of  the  second  aperture^  to  the  diameter  of  the  sea  s 
unage  on  the  first  screen. — ^Anotiier  and  mndi 

nWTP  1?ftmFT"^*»M  nmthnil  ia  to  mhiritiito  kr  tfea 

sun  its  image  fonned  in  the  focus  of  a  oootpex 
lens  of  short  focus.  This  image  ia  of  very  naU 
^ensiona,  its  diameter  bein^  eqjiial  to  fecal 
length  of  tiie  lens  X  sine  of  annW  amgahr  dia- 
meter, (or  sine  of  SIK,  whidi  is  about  one  lllth 
part  of  radius,)  eo  that  a  lena  of  an  inch  fee^ 
concentrates  all  the  r^ys  which  foil  on  it  witlK 
a  drde  of  about  the  114th  ef  an  inch  in  dia- 
meter, whidi,  for  this  purpose,  maj  be  regarded 
as  a  physical  point  It  shonld,  however,  bsie- 
niarlDBd,  that  the  faitensi^  of  the  fnuified  rar, 
and  the  quantity  of  homngeoeona  U|^  so  ob- 
tained, are  diminished  In  the  aame  naSie  as  tkt 
puri^  of  the  ray  ia  increaeed*^  third  msthod 
ef  obtaining  •  homogeneous  beam  ia  to  npmt 
the  prooees  of  analysia  on  a  my  m  nearly  pan 
as  can  be  conveniently  obtained  bj  lefraciion 
throttj^  a  smgls  prism.  Thns  the 
Ibnned  by  a  first  rsfraction  is  received 
screen  whidi  intercepts  the  whole  of  H, 
that  psrticniar  oobur  we  wish  to  insalsMa  and 
purify,  which  ia  allowed  to  pees  thmngfa  anaper- 
ture;  behind  this  is  placed  another  prism,  es ea 
to  refract  this  beam  a  second  time.  I^tfani,te 
portion  tiaiiemitted  wen  already  pcrfbct^  psR» 
it  would  pass  the  seeond  prism  wkbont  vodsr- 
going  any  farther  separation;  bat  if  there  he  (as 
there  always  wilQ  oUier  ra>'S  mixed  with  it,  thoa 
win  he  dibrted  by  the  subsequent  lefradsoB  iMa 
a  second  spectrum  of  faint  ligbt,  with  a  meoh 
bi^^er  portion  In  the  midst,  and  if  ths  i«st«f 
the  ray  be  interrupted,  and  tbia  portion 
allowed  to  pass  throned  an  apeitnre^  the 
gent  beam  will  be  much  men 
befora  its  inddenoe  on  the  second  prism, 
propoftjon  aa  the  distance  between  tfee 
prism  and  the  ecreen  is  increassd,  the  parity  ef 
the  ray  obtained  will  be  greater.— Anotbn 
of  Impurity  in  the  prismatie  lays  ia  the 
fectioa  of  the  materials  of  ovr  ordinary 
which  are  ftdl  of  strin  and  veine,  that  diqwoe 
the  light  irregulariy.and  thna  confennd  tr^gsthn, 
m  the  spectrum,  rays  which  pieper^  beksig  i* 
difieient  parte  of  it  Thooewboarenotfortanats 
enough  to  possess  glass  prisms  fles  from  this  de- 
fect, (whidi  are  very  rsrs,  and,  Indeed,  haid^ 
to  be  prooured  for  a^y  price,)  may  obviate  dn 
inconvenlenoe  l>y  employing  boUow  piisnn  fell 
of  water,  or,  rather,  any  of  the  moie  dispeidta 
oil&  A  great  part  of  the  inoonvenlenee  arisi^ 
tnm  a  bad  prism  mey,  however,  be  avoided  by 
transQUttiog  the  nys  «§  aeor  tkt  e%e  qfkm 
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pmtibkf  ao  as  to  diinioiah  the  quantity  of  mate- 
rial tbaj  bavo  to  pas  throogh,  aod  thexefore  their 
chanoa  of  eoooanteriDg  Yebos  aod  tUxim  in  their 
pawiagr" — Besidea  tbeea  general  rules,  as  hiid 
down  by  Sir  John  Henchel,  there  are  other  pre- 
eantiooa  quite  necessary,  so  that  a  pure  spectrum 
ba  obtained ;  or  if  not  absolutely  pure,  one  sufii- 
cianlly  pare  to  entitle  it  to  rank  as  evidence  in 
Twy  deUcate  inquiries.  The  imperfection  of  the 
glaaa  of  the  priam,  as  noticed  above,  cannot  pro- 
bably be  wholly  got  rid  at  Let  a  prism  be  per- 
tet  aa  it  may,  there  are  scratclieB  on  its  polished 
aai&oe^  and  minute  stray  points  in  its  interior ; 
and  these  so  disperse  the  incident  light,  that  no 
absolntely  pme  spectrum  can  be  expected.  If 
tbia  caose  of  error  cannot  be  wholly  removed  or 
oomterbalanoed,  there  is  another  of  similar  eflbct 
which  may  easily  be  destroyed.  This  caose  of 
iBOcertalnty — first  indicated  by  H.  Helmholts — 
ia  the  rtpeaUd  r^kxUm  ^  Ab  UgM  within  /As 
^riias.  In  the  majority  of  prisma  used  for  ez- 
perimeota  on  dispersion,  the  two  refracting  sur- 
faces alone  are  polished,  the  other  tliree  behig 
ground  dulL  If  sueh  a  prism  be  placed  upon 
a  dark  ground,  so  that  the  dark  sarfiioe  shall  be 
innminiited,  then  within  the  prism  a  series  of 
reOectsd  rays  of  this  surfiioe  Is  observed.  The 
two  poliibed  sides  act  as  aa  angular  medium 
which  exhibits  a  series  of  dronlar  images  of  any 
object  placed  between  its  rcAectork  In  the  case 
noder  conaldention,  the  third  surfSMS  occupies 
this  position,  aod  we  look  through  one  of  the 
ledecton  into  the  interior.  ThereOectsd  images 
of  the  third  sulfide  appear  in  exactly  the  $am» 
dinaliom  as  the  spectra  which  are  observed  on 
looking  through  the  prism;  aod  as  a  portion  of 
tbe  Incident  light  usually  falls  upon  the  third 
aorftoa,  illuminating  it  and  its  images,  a  weak 
wkiu  hminotitif  is  thus  created,  which  spreads 
Itself  over  the  spectrum.  The  quantity  of  the 
lefleotsd  light  is  certainly  very  small,  and  in 
gensnl  will  not  be  at  all  observed  beside  tbe 
ngnlariy  leAfacted  light  To  cut  it  off,  it  is 
necessary  to  Uadbm  all  tke  mafaeu  weil,  except 
tka  two  r^ractmg  ones. — The  spectrum  thus 
developed  has  beoi  the  sat^ect  of  much  scru- 
dny.  The  most  important  disoovery  regard- 
ing it— at  least  until  quite  recently— being 
that  of  the  dark  Imeib  See  Fraujuvhofbr's 
Lciifa.  Time  singular  lines  are  invaluable 
in  Optica,  furnishing  fixed  positions  within 
the  asperate  ooloun,  by  which  may  be  de- 
tarmined,  with  every  accuracy,  the  refrangibilitv 
Answering  to  theb  several  poeitions.  Hav- 
ing already  given  these  determinations  under 
DiaPBBaioif ,  we  shall  not  repeat  them  here.  But 
It  may  be  advantageous  that  we  enumerate  the 
ftmdameatal  proporitions  to  which — as  contem- 
plated by  the  UndnUrtoty  Theory  of  Light— the 
phenomena  of  Dispersioa  give  risa  They  are 
mafaily  Foon.— FxrsI ;  The  doctrine  of  the  Pro- 
pagation of  Light  by  Undulations,  has  been 
^liown  by  M.  Cauchy,  to  comprehend  the  fiict 
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of  Duptrdom.    Tbe  various  waves  of  which  the 
solar  beam  is  made  up  are  not  propagated  on- 
wards with  exactly  the  same  velocities;  and  the 
phenomena  of  Ditpersion  arise  out  of  these  vary- 
ing velocities.    The  fact  of  Refraction  assumes 
a  proportional  change  in  the  vriodty  of  the  im- 
pinging wave,  on  iu  entering  a  new  medium ;  and 
as  such  changes  must  be  diflbrent  with  regard  to 
the  different  components  of  the  wave,  we  have 
necessarily,  the  separation  of  these  components  or 
their  duptnion, — Second^:  Cokur  within  the 
spectrum,  and  a  special  d^pee  of  B/^fiungHtiUtify 
are  imepiarable.    To  the  tSoht  ooloor,  and  to  the 
red  colour,  specific  reJranffibHitiee  belong,  as  cer- 
tainly and  essentially  as  their  tpeci/ic  tint:  Colour^ 
it  must  be  recollected,  is  by  its^  purely  sitbfec' 
Hv€ :  it  is  a  conception  originating  in  an  action  on 
the  retma,  interpreted  by  the  perceptive  iaailty. 
The  pkgdoal  action  is  indicated  by  tbe  reftan- 
gibility  of  the  ray ;  which  again  depends  on 
the  rapidity  of  the  vibrations  of  the  molecules  of 
the  ether  that  conveys  the  wave.   CoUmr^  in  this 
respect,  Is  analogous  to  Soimd,    And  tM  the 
elementar}'  cobun  indicate  specific  velocities  of 
vibration,  it  is  dear  that  no  elementaxy  edour 
can  be  decomposed  by  subsequent  refraction. — 
Thirdly:  Just  as  the  notes  of  music,  although 
in  themselves  distinct,  merge  insensibly  Into  each 
other,  so  do  the  separate  colours.  Hence  the  im- 
possibility of  assigning  absolute  limits  to  any 
coloured  space  in  the  spectrum.    Strictly  speak- 
ing, the  solarrey  b  composed  not  of  seven  coloura 
only,  but  of  an  infinite  variety : — to  every  sepa- 
rate shade  or  tint  however,  belongs  its  special  re- 
ftangibility.— So  fundamental  Is  this  lact»  that 
if  a  change  of  colour  should  appear  under  any 
circumstances,  the  most  natural  inference  would 
be,  that  it  was  caused  or  accompanied  by  a 
change  of  refrangibility — a  subject  referred  to 
below. — Fourthly:    Enough  has  perhaps  been 
ssid  already  in  reference  to  the  discovery  by  Ur. 
Stokes.    It  may  be  well,  however,  to  record 
here  the  specific  propoeitions  with  which  he  doses 
his  memoir:—"  (1.)  In  the  phenomenon  of  true 
internal  dispersion  the  refirangibility  of  Light  is 
changed;  incident  light  of  definite  refrangibility 
giving  rise  to  dispersed  light  of  various  refrangi- 
bilities.— (2.)  The  refrangibility  of  the  faiddent 
light  is  a  superior  limit  to  the  refrangibility  of 
t^  component  parts  of  the  dispersed  light. — (8.) 
The  colour  of  light  is  in  general  changed  by  in- 
ternal dispereion,  the  new  colour  always  cor- 
responds to  the  new  refrangibility.    It  is  a  mat- 
ter of  perfect  indifference  whether  the  incident 
mye  belong  to  the  visible  or  invisible  parts  of  the 
'  spectrum. — (4.)  The  na  ure  and  intensity  of  the 
light  dispersed  by  a  solntioo  appear  to  be  strictly 
independent  of  the  state  of  polarisatien  of  the 
incident  rays.    Moreover,  whether  the  incident 
rays  be  pdarixed  or  unpolariaed,  the  dlsperssd 
light  offen  no  traces  of  polariiatlnn.    It  ssstes 
to  emanate  equally  in  all  directions  ss  If  the  fluid 
were  selMominoua.— (6.)  The  phenomenon  of  a 
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cluinge  of  nfrangibnity  prow  to  be  eztremely 
common,  espediU jr  in  the  cmo  of  oigwiic  snb- 
Btanott,  00011  ts  thow  ordinarilj  mot  with,  in 
which  It  is  almost  always  manifi»ted  to  a  greater 
or  leas  d^gree.--<6.)  It  affords  pecoUar  ftdlitJes 
for  the  study  of  the  invisible  rays  of  the  speo- 
tium,  more  refrangible  than  the  yiolet,  and  of  the 
absorbing  action  oi  media  with  respect  to  them." 
It  is  not  mora  than  a  bare  acknowledgment  of 
the  tmth,  to  say  that  these  propositions — whether 
regarded  in  themselves  or  tlieir  nndonbted  effects 
— are  the  most  important  oontribntions  made 
in  recent  times  to  Physical  Optics. — Donbt^ 
loH  the  stodent  will  remark  that  the  phenomena 
suggest  no  hesitation  as  to  the  connection  be- 
tween speoifio  colour  and  specific  refrangibiUty-, 
rightly  interpreted,  they  do  the  very  reverMi 

II.  Thb  AMALitais  or  the  Spbctrux  bt 
DiFFRAcnoH. — ^The  Phenomena  and  Laws  of 
D^/hicUon  have  been  ftilly  explained  nnder 
the  appropriate  article.  See  further,  DrFFRAO 
TiOH  in  Appendix. — If  an  ordinary  ray  of  Light 
be  sut||ected,  by  any  of  the  methods  described, 
to  the  operation  of  Difihustion,  we  have  a  suc- 
cession or  seiies  of  spectra.  These  spectra, 
examined  by  a  telescope,  exhibit  all  the  usual 
colours  and  intermediate  tints,  and  also  the 
dark  lines  of  Wollaston  and  Frauenhofer.  But 
they  differ  fh>m  the  ordinary  spectra  in  one  im- 
portant particular.  The  form  of  the  latter  (the 
relative  spaces,  i.  e.,  occupied  by  the  various 
coloun)— -changes  with  the  matter  of  the  prism 
and  the  position  of  the  screen :  the  character  of 
spectra  of  IHfiraction,  on  the  contrary,  is  deter- 
mined by  one  element  alone,  ou.,  the  lengths  of 
the  undulations  corresponding  to  each  colour.  On 
the  ground  of  their  developments,  FraneohofiBr 
calculated  the  lengths  of  the  waves  conreeponding 
to  the  principal  fixed  lines  in  the  spectrum ;  and 
the  values  he  obtained  must  be  accounted  the 
most  exact  values  yet  extant,  of  these  optical 
constants. — ^It  scarcely  requires  to  be  remarked 
that  the  entire  theory  of  Diffraction,  confirmed 
in  every  instance  by  experiment,  depends,  (as 
well  as  the  theory  of  Dispersion,)  on  the  identity 
of  th&  ol^ective  cause  of  colour,  with  the  refiran- 
gibHity  of  the  various  portions  of  the  spectrum. 
— The  phenomena  of  PoLABizAiio2f  have  not  in 
the  main  much  direct  relation  to  Dispersioni 
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nevertheless  Aey  also  throw  a  oettain  U^  eu 
this  sal^ject  The  dllfaent  ooikNOS  ha««  dightir 
dUbrent  polarizing  angles  (see  HAXDiirGtB*s 
FRnoBs);  hence  a  slight  Apersioii.  Tbeaas- 
lysb  of  the  spectrum,  in  so  far  as  the  prodaetian 
ofoolovrisat  all  involved  In  the  phenomBaa  or 
Pohnisatlon,  yields  the  results  established  by  Ub 
two  Ibnner  methods.  Beyond  tiiese  there  appesn 
no  mode  of  detecting  the  deaaenta  of  aiay  of  ^gfaL 
III.  The  Spboikum  as  Abaltzbd  bt  Sis 
Dayid  BRBWSTEn. — A  view  of  the  ooostxtatioe 
of  the  Solar  Spectrum  has  been  plaped  befae  the 
woiid  by  the  very  eminent  phyridst  just  nsised, 
which,  tf  weD  founded,  not  only  npeeCs  the  saa> 
lysis  of  Sir  Isaac  Newton,  but  renden  nugatarr 
dl  supposed  advances  in  the  Theory  of  I4g^ 
since  the  times  of  Hnyghena.  Sir  David  ooi^ 
idders  that  the  experiments  he  has  detailed  sCtoif 
dissolve  connection  between  the  R^rttagSbSi^  of 
a  ray  and  its  C^ar,-— a  blow  as  fiital  to  the 
doctrine  of  the  PropsgBtk>n  of  Light  by  Os- 
dulations,  as  it  woidd  be  to  the  grand  hv 
of  our  Celestial  Mechanism,  if  that  bond  coold 
be  severed  which  connects  the  AUradim  h- 
Jhisnee  of  a  Planet,  with  its  Man. — la  St 
David  Br6w8ter*s  opinion,  the  apeetriuu  coanib 
of  three  simple  colours  overiapinng',  or  niher 
superimposed.  Each  colour  extends  across  the 
entire  length  of  tlie  speetrum,  and  tbcnfae 
indudes  within  itsdf  rays  of  all  digices  rf 
refrangibOity ;  but  the  ookmrs  avs  ao  distri- 
buted in  repaid  to  intensity,  that  the  red  li^ 
contains  a  preponderance  or  raya  of  least  le- 
ftangibility,  the  ydlow  more  rays  of  mesa  te* 
fhmgibility,  and  the  Mm«  of  greatest  nfim^biEiy. 
In  other  words,  let  the  carve  -whose  apex  is  s 
indfcate  by  its  ordhiates  the  intensities  of  Ae 
red  at  each  part  of  it,  the  carve  t  the  JntiarfHiii 
of  the  yettow,  and  the  curve  b  the  intensities  ef 
the  Mce,  then  the  seven  cdooiB  of  the  apeotnaa  Sit 
formed  by  the  overiapping  and  proportioad  ad- 
mixture of  all  these.  Itisdeareooaghthstwhis 
each  line  or  portion  of  the  qwctram  would  coatiDBS 
as  befoie  to  preserve  its  specifie  reftani^biBtT, 
the  supposed  ooimectkm  between  simple  odaor 
and  specific  refrangibility  must  be  hdd  a  deWsB, 
if  this  formidable  analysis  provetmOi — ^Thespeea- 
lation  as  to  the  existoioe  of  three  primltivetfan, 
or  Whet  three  tints  by  whoae  intsmiixtan  dl 
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otlMr  tlnla  might  be  firodaoed,  Is  by  no  moans 
new ;  nor,  taken  in  a  ootain  aooeptation,  would 
that  be  TOy  startling.  Meyer,  Toang,  and  others 
have  pot  forth  notions  of  this  kind ; — ^most  of 
iHiieh  have  been  xeosntly  very  acotdy  criticised 
by  M.  Hefanholts : — the  assertion  pecoliar  to  Sir 
Danrid  Brewster,  is  that  the  tpectmm,  at  ^^tperted 
hf  tke  pritm,  eonnili  qf  tke  aoerhppmg  of  tkree 
ditpened  nmfHt  n^s,  tack  havmg  fAhm  Utt^all 
dtigrtftM  qfrefrangSb^ty,    The  prooeas  employed 
to  establish  this  condosion,  belongs  to  a  portion 
of  Physical  Optics,  to  the  phenomena  of  which, 
Sir  David  has  made  many  very  remarkable 
ooBtribnIions,— 4he  sobfect,  vts.,  of  AhtorpH/on, 
If  he  woold  obtain  a  right  oompreliension  of 
tlie  experimental  part  of  die  inquiry,  it  is  quite 
in^spensable  that  the  student  resort  to  the  ori- 
ginal memoirs.  In  these,  however,  it  is  Tirtnally 
asswted  as  follows : — Fint ;  By  transmitting  the 
offdinaiy  speetmm  of  Dispenion,  thnnigh  ooloored 
or  absortiing  media,  oneor  two  of  the  sfanpleooloars 
mny  be  dertroyed,  and  the  lesidattm  exposed  to 
cxaminatiott.— 'SscoiMf^;  Experiments  oondncted 
oo  this  principle,  leave  no  doubt  as  to  the  exis- 
teoeeof  a  red,  ayeUow,  and  a  blue  colour,  through 
the  entire  length  of  the  spectrum,  varying  only 
in  intensity,  according  to  the  piiot  of  the  spec- 
tram  nnder  examination. — Tkirdbf ;  Each  of 
tiie  so-called  simple  ooloors  of  the  Newtonian 
spectrum  can  be  changed  into  other  ooloors  qfiht 
tame  r^rtrngUnHUg^  simply  l>yremoving— through 
agsDcy  of  an  absoibing  medium— K»e  or  two  of 
its  oumponent  tints. — And  LaHhf ;  As  white  light 
consists  of  a  mixture  of  red,  ydlow,  and  blue  in 
certain  proportions,  a  ray  or  band  of  white  light, 
mieoompomdik  bjf  diipitumt  inay  be  extracted 
fkom  any  part  of  the  spectrum  by  the  simple  ab- 
sorption of  the  overplus  of  one  or  two  of  these  its 
eonponents.     The  view  now  given  has  been 
attacked  by  many  able  men  and  good  experi- 
menlen.    The  Abbtf  Molgno  ol^|Mts  theoreti- 
cally  tliat  we  do  not  at  present  know  the  nature 
of  the  agency  named  ilftsofTftoa ;  and  that  we  am 
not  entitled  to  assert,  that  it  consists  in  mcrdy 
stopping  one  portion  of  an  intrant  ray  and  per- 
mittfiig  the  lesiduom  to  pass  nnaifiicted.    He 
adda  tliat  altlKNigh  the  doctrines  of  Erman  and 
Yon  Wrede  promite,  they  as  yet  only  promise^ 
to  bieak  in  on  the  mystery  still  enshrouding  the 
satject  of  the  natural  coloon  of  bodies.    But 
critfdsms  mudi  mora  formidable,  aro  those  of 
an  experimental  kind,  coming  from  practised 
handiL    In  a  v«ry  remaikaUe  memofar,  Hehn- 
holts  has  pointed  out  new  precautions  as  esieii- 
ImSs  to  tiie  prodnctioQ  of  a  pure  spectrum ;  and 
he  asserts  that  the  very  puzzling  appearances 
seen  by  Sir  David  Brewster,  are  not,  under  such 
cireomstanoes,  leproduceable.     The  student  is 
referred  to  the  memoirs  by  Sir  David  Brew- 
ster hfanself  hi   the   Eduimrgk   PkUotopUad 
TfwttacUoat  and  the  PhUotopMeal  Magazmt; 
to  thooe  by  Airy,  Draper,  Melloni,  and  Hebn- 
bolUinthePiU2Mt^«M2ifivasM«;  andtothe 
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memob  by  Bernard  hi  the  Annakt  de  PhytiqM 
a  dt  CftmM.— It  is  demanded  by  Justice  tostote 
that,  while  Sir  David  Brewster  firmly  adheres 
to  his  first  views,  and  has  reproduced  them  in 
his  recent  hitefesdng  Life  of  Sir  Ittae  Neittoih 
Helmholts  thus  concludes  his  daborato  essay: — 
"  I  have  now  mentioned  all  the  facts  adduced  by 
Brewster.  Although  I  have  been  unable  to  repeat 
all  his  experiments,  I  believe  the  discussion  of 
those  which  I  have  succeeded  in  repeating,  abun- 
dantly proves  that  in  his  method  many  hitherto 
unobeen^  Influences  come  into  play  which  render 
a  sure  judgment  of  the  colours  impoesible  and  de- 
prive his  argumento  of  all  force.  If  the  assumed 
connection  of  refrangibility  or  length  of  wavof  with 
colour,  is  to  be  proved  entmeons,  it  must  be  done 
by  some  more  certain  method  of  observation, 
—a  principal  condition  of  whidi  is,  that  the 
colour  investigated  be  separated  from  the  other 
cdoun,  and  rendered  free  fi^m  every  trace  of 
iirsgnlariy  dispersed  light" 

flpeealuBk  In  optMS,  a  metal'ic  mirror, 
specially  one  of  those  which  are  used  in  the  con- 
struction of  reflecthig  telesoopes.  Beferring  to 
other  arddes  ibr  the  detailed  theoiy  of  these  in- 
struments, it  suifices  here  to  stete  that  they  con- 
sist essentially  of  a  large  concave  speculum  wldch 
forms  in  ite  focus tiie  image  of  a  luminous  object; 
and  of  some  optic  apparatus  for  magnifying  that 
image.  As,  however,  the  image  and  ol^ect  are 
on  tibe  same  side  of  the  speculum,  some  oontriv- 
snoe  is  dso  required  to  prevent  the  observer  tnm. 
tUmdmg  w  Ut  won  hghi.  In  the  first,  and  in 
many  respecto  the  best  ibrm,  that  contrived  and 
executed  by  the  illustrious  Newton,  the  oone  of 
rays,  before  meeting  in  die  focns,  is  reflected  at 
right  taa^m  by  a  plain  speculum,  little  larger 
tlum  ito  section  there,  to  the  side  of  the  tube, 
where  it  enten  an  ordinary  eye-piece.  The  ob- 
server, therefore,  is  at  the  top  of  the  tube,  and, 
it  may  be  at  a  oonsfaSersble  height  ihmi  the 
ground;  or  the  great  speculum  ii  perforated  at  ite 
vertex,  and  the  ray-cone  is  received  on  a  specu* 
lum  paralld  to  the  other,  so  that  it  is  reflected 
back  along  ito  path  through  the  opening,  and 
forms  a  second  image  behbid  the  grsat  speculum, 
where  the  eye-piece  is  placed.  No  Ugfat  is  lost 
by  the  aperture,  as  it  is  always  screened  by  the 
small  speculum.  If  Mt  be  concave,  the  tele- 
scope is  the  one  proposed  by  Orsgory,  before 
Newton's,  but  not  executed  for  nouiv  half  a 
centary  after ;  if  convex,  it  Is  Csss^grain^s.  Both 
have  the  inconvenience  of  magnifj^ng  too  mudi, 
in  oonsequence  of  the  action  of  the  second  spscu- 
lum.  TIm  fourth  kind  of  tdescope  has  its  great 
speculum  inclined,  so  that  ite  focus  is  at  the  very 
edge  of  the  tube*s  mouth,  and  the  observer  lodu 
through  the  eye-pieoe  ri^t  at  the  mirror.  It  is 
called  the  HerseheUan,  from  the  great  astrono- 
mer, who,  with  instrumentt  of  thii  construction, 
explored  so  deeply  the  abysses  of  the  starry  uni- 
verse. In  an  the  four,  it  is  obvious  that  their 
power  depends  on  the  quantity  of  light  whidi  they 
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cftn  concentrate  Into  the  eye,  that  is  on  the  rarfaoe 
exposed  by  the  great  speculum ;  and  also  on  the 
precisian  vfith  which  that  light  is  condensed  into 
a  single  point,  qualities  depending  on  the  mag- 
nitude, the  curvature,  and  polish  of  the  sarfiaoe. 
If  every  part  liave  the  same  focus,  the  surface  is 
parabolic ;  if  the  edge  be  of  shorter  focus  than  the 
centre,  it  is  an  ellipsoid  of  some  kind,  if  longer, 
an  hyperboloid.  Any  attempt  to  produce  this 
precise  figure,  by  any  process  of  copying,  is 
utterly  hopeless ;  for  even  at  the  edge  of  a  six 
feet  speculum^  a  deviation  Ax)m  the  parabola,  suf- 
ficient to  make  it  useless,  could  scarcely  be  de- 
tected by  the  most  refined  means  of  measurement 
vhioh  man  has  invented.  Yet  the  difficult  has 
been  completely  vanquished,  though  only  in  our 
own  time;  and,  independ^t  of  the  inestimable 
results  which  have  been  given  to  mankind  by  the 
labours  of  the  two  Herschels,  Lassell,  and  ItDSse, 
it  will  not  be  without  interest  to  consider  a  pro- 
blem of  mechanics  of  so  high  an  order. — It  in- 
volves the  me:hoda  of  casting,  figuring,  and 
supporting  specula,  and  we  purpose  to  give  a 
brief  exposition  of  each  of  these,  referring  those 
desirous  of  fuller  information  to  the  list  given  at 
the  end  of  thb  article. 

(1.)  Caotino.— -The  material  generally  em- 
ployed (and  whose  use  goes  back  to  the  remotest 
depths  of  Egyptian  and  Etruscan  antiquity)  is  an 
alloy  of  copper  and  tin  in  the  proportion  of  32  to 
15  nearly.  This  *^  speculum  metal  **  is  very  bril- 
liant, but  is  perhaps  the  most  intractable  among 
metallic  bodies,  so  brittle  that  it  breaks  ev«n  in 
large  masses  with  a  slight  blow  or  sudden  change 
of  temperature,  and  so  hard  and  friable  that  it 
cannot  be  wrought  by  tools  of  steeL  Some  per- 
sons add  a  litUe  arsenio,  as  recommended  by 
Newton,  to  make  it  still  more  reflective,  others 
zinc:  these  volatile  metals  seem  oljeclionable. 
Silver  makes  it  too  soft,  and  nic&el,  which 
whitens  so  much  the  yellow  alloy  of  copper  and 
zinc,  makes  this  yellowish.  Lord  Roase,  after 
many  experiments,  prefers  the  simple  speculum 
metid,  but  attaches  much  Importance  to  having 
it  a  definite  atomic  compound,  consisting  of  four 
equivalents  of  copper  to  one  of  tin,  or  82  to 
14*911.  In  these  proportbns  it  is  much  less 
liable  to  be  tarnished  than  when  either  compo- 
nent is  in  excess ;  and  we  have  seen  a  two  feet 
speculum  of  it,  which  retains  much  of  its  original 
bvightness,  though  it  has  been  left  uncovered  in 
an  open  workshop  for  more  than  sixteen  yean.* 
In  forming  this  alloy,  grain  tin  should  alwa\'8 
be  used ;  for  laige  specula  the  purest  commercial 
copper  must  be  selected,  but  for  smaller  (4  or  5 
inches  diameter)  it  is  certainly  advantageous  to 
use  tiiat  obtained  by  the  electrotype  process. 
The  copper  is  to  be  fused  by  itself;  the  tin,  pre- 

*  A  qMcatara  should  always  be  kept  covered  when 
not  in  tue;  and  If  vcny  lurgo^  its  \>ox  aoonld  commanl- 
cAte  with  a  vesiei  containing  qulekilrae,  to  dry  ttie  air 
in  contnct  with  it  Smaller  one^  are  m>  easily  repoUiJied 
tliat  for  them  it  Is  scarcely  rtqulitML 


SPE 

viously  melted  in  a  separate  cracible,  h  to  be 
poured  into  it,  rapidly  stirred,  and  as  soon 
possible  the  mixture  is  cast  Into  ingots, 
precautions  are  taken  to  prevent  as  modi  as  pos- 
sible the  oxidation  of  the  tin  at  the  high  ten- 
perature  of  melting  copper.  The  alloy,  when 
once  formed,  mdts  at  a  macfa  lower  beat,  and 
should  always  be  re-melted  for  casting.  It  k  a 
ourious  foct  that  it  is  scarody  poasdbk  to  obtain 
a  specimen  of  it  witfaont  a  number  of 
pores,  which  are,  in  fovourable 
only  to  be  seen  with  tlie  nucroaoope^  but  if 
at  too  high  a  heat,  especially  if  they  be  pieon  of 
the  original  ingots,  these  are  afOapicDOBs  to  the 
naked  eye.  This  seems  analogona  to  the  extri- 
cation of  oxygen  from  copper  and  silver  wbea 
they  become  sdid  after  fusion,  and  might  perlsapi 
be  obviated,  as  in  the  first  of  these  m^afa^  if 
**polmg,**  that  is,  stirring  the  fluid  metal  ^ 
dry  polea  of  wood.  As  the  cogipar  may  not  be 
quite  pure,  orsonM  tin  may  be  lost  by  oxidstian, 
samples  should  be  exanuned,  and  a  little  taa 
added  to  the  mass  if  they  fidl  abort  of  the  stsad- 
ard  brilliancy. — The  casting  a  large  and  perfeet 
disk  of  this  most  nfndborj  subatanoe,  ia  ooeof  the 
highest  triumphs  of  the  founder^s  art.  If  rapidhr 
cooled,  or  cast  in  a  dose  mould,  it  will  ariai^ 
.fly  in  pieces,  and  if  cast  in  sand  as  an  open  cssi- 
ing,  it  will  most  probably  be  spomgy  or  bafe  a 
ciystalUne  structure  that  will  be  visihle  whai  it 
is  polished.  These  defects  are  prevented  by  east- 
ing it  on  a  '*  chill,'*  a  surfiue  of  iron  nsodeialdy 
warmed,  which  (as  in  the  case  of  east  iron)  gins 
a  fine  grain  and  increased  oompactnesa  to  asoMtt 
distance  from  the  sufaoe  whidi  has  been  ia  eoa- 
tact  with  it  Ur.  Lassell's  mode  of  doing  thi^ 
as  improved  by  Mr.  Nasmyth,  is  as  foQowk  A 
cast  iron  mould,  a  little  deeper  than  the 
Inm,  with  its  bottom  convex  of  the 
is  attached  to  the  end  of  a  strong  lever,  mhSA  u 
loaded,  ao  that  when  the  monld  la  empty,  itt 
bottom  makes  a  ocmsiderable  angle  with  tisB  ho^ 
rizon,  but  becomes  horizontal  when  duoged  with 
the  proper  quantity  of  specolum  metaL  The 
fused  metal  is  poured  into  a  lateral  odl 
nicating  with  the  monld  at  its  lowei 
This  neat  arrangement  allows  the  metal  to 
smoothly  and  evraly  along  the  bottom,  and 
free  the  cast  fh»n  aU  entangled  air  or  sooiia»  bat 
b  not  so  likdy  to  dear  it  from  the  gaees  evolved  ia 
its  solidification  as  that  which  Lord  Roam  had 
contrived  after  a  long  aeries  of  experloMDla  It 
may  also  be  questioned  whetlier  it  wtmld  be  of  eaay 
management  with  specula  of  the 


sizes.* — Lord  Roese  makes  the  bottom  of  his 
mould  of  pieces  of  hoop  iron,  wedged  tight  ea 
edge  in  an  uron  frame  and  turned  to  the  pnpv 
curvature :  it  holds  the  fused  metal,  bat  lets  gtm- 
ous  matter  pass  fredy  through  its  intcntacsR. 
On  this  a  wooden  pattern  is  laid  alioot  twia  as 


*  Hie  two  fp«t  specalum  weidw  S|  cvi,  the  Chne 
feet  13  owt,  aod  the  bIx  Ibet  SOcwv 
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deep  as  the  intended  ■peeoliim,  and  ^  larger 
(Co  allow  for  the  ehiinkage):  sand  is  rammed 
roond  this.  Wlicn  the  m^al  is  ponred  into  the 
eavity  so  formed,  the  lower  sakacB  is  chilled, 
tlie  ndes  in  contact  with  the  sand  become  hard 
next,  but  the  central  parts  remain  longer  fluid, 
the  top  or  back  of  the  specnlnm  congealing  last, 
which  allows  all  the  contraction  and  irregularis 
of  texture  to  occur  there  where  they  are  not  in- 
jurious. He  finds  it  essential  to  insora  the  pro- 
per quality  of  metal  that  the  Anions  should  be 
performed  in  covered  crudbles;  these  are  of  cast 
iron,  and  must  be  cast  with  their  mouths  up,  or 
they  win  be  too  porous  to  retain  it ;  the  best  fuel 
is  peat  or  charcoal.  In  this  way  all  his  three 
and  six  feet  specula  have  been  cast,  without  (we 
beUere)  a  single  case  of  failure,  and  we  have 
reason  to  think  that  even  Urgfr  diameters  could 
be  managed. — However  suooessfully  the  casting 
may  have  been  accomplished,  the  annealing  must 
be  still  more  carefully  attended  to.  While  yet 
red  hot  Oa  ^Uch  state  it  is  not  brittle),  it  must 
be  removed  to  a  fomaoe,  which  for  some  days 
previous  has  been  kept  heated,  so  that  all  its  in- 
terior brickworiE  is  at  a  full  red  heat  If  cast  in 
in  iron  mould,  it  may  be  transferred  in  that,  but 
if  not,  the  floor  of  the  furnace  should  be  curved 
to  match  the  speculum.  AH  the  space  round 
it  should  be  packed  with  ignited  fuel ;  and  every 
apertnie  of  the  furnace  bdng  carefully  luted,  it 
is  left  to  oooL  For  a  six  feet  thb  requires  a 
month  or  six  weeks;  and  it  has  Been  found 
that  the  walls  and  vault  of  the  fiimace  should 
be  at  least  two  feet  thiclL  Small  specula  may  be 
placed  in  a  Dutch  oven  filled  with  burning  peat, 
and  sorronnded  with  a  iire  of  the  same^  which  is 
kit  to  bun  out. 

(2.)  FiouBB. — ^The  giving  to  the  disc  of  metal, 
thus  obtained,  a  brilliant  polish,  combhied  with  a 
true  parabolic  figure,  is  one  of  the  most  wonder- 
fid  achieveraents  of  art ;  and  it  must  be  kept  in 
mind,  notwithstanding  all  the  improvements  of 
the  prooess  which  have  recently  been  made^  that 
it  ii  one  of  the  greatest  delicacy,  that  it  requires 
the  moat  scrupulous  attention  m  every  part, 
that  a  Yery  slight  omission  will  make  it  foil, 
and  that  even  the  most  experienced  operator  is 
not  aeenre  fh>m  disappointment — ^Ttiis  process 
is  twofold,  grinding  and  polishing.  The  first 
cf  theae  Is  peribrmed  when  the  speculum  is 
Rmgh  firom  the  annealing  furnace,  by  a  tool 
on  which  small  pieces  of  gritstone  are  cemented, 
drened  to  the  convexity  of  the  surface  by  the 
gauge.  Two  gaoges  should  be  provided,  a  con- 
vex and  a  concave ;  they  are  pieces  of  sheet 
iron  on  which  cfarcular  ares  are  struck,  of  a  radius 
equal  to  twice  the  focal  length,  and  afterwards 
kit  tnb  by  filing  and  grinding.  When  the  sur- 
feoe  is  made  even  by  this  tool,  it  is  changed  for 
another  of  cast  iron,  truly  turned  to  the  convex 
gauge,  and  cat  up  into  small  squares  by  two  sets 
of  grooves  about  \  inch  wide,  and  the  same  depth, 
cut  by  the  planing  macliiuo,  or  otherwise^    This 


b  chai|ped  flrst  with  quartrose  sand,  then  with 
emery  and  water,  and  made  to  traverse  the  face 
of  the  speculum,  by  one  of  the  madiines  here- 
after described,  as  in  the  prooess  of  polishing, 
but  with  shorter  strokes.  From  tune  to  time 
the  mud  must  be  washed  away,  and  emery  of 
increasing  fineness  applied,  till  all  the  scratches 
of  the  earlier  part  of  the  process  are  removed, 
and  the  tool  is  in  perfect  and  uniform  contact 
with  the  speculum.  If  the  surfece  be  broken  up, 
the  emery  is  not  fine  eoou^^ ;  but,  if  in  the  process 
of  levigation  it  has  been  suspended  in  water  for 
four  minutes,  it  will  give  a  face  sufficiently 
smooth  to  show  a  star  weQ  enough  for  determin- 
ing its  focal  length,  and  even  the  quality  of  its 
figure.  If  the  focal  length  prove  too  short,  the 
central  parts  of  the  grinder  must  be  cautiously 
reduced  by  filing  or  scraping,  and  the  prooess 
repeated  with  the  fine  emery;  and  vice  vena. 
Even  in  this  stage  the  figure  is  under  control, 
and  it  is  best  that  it  should  be  kept  elliptic.  If 
a  duplicate  speculum  be  wanted,  it  is  well,  as 
suggested  by  Mr.  Lassell,  to  cover  the  fiuse  of 
the  grinder  with  sheet  lead,  for  the  coarser  part 
of  the  woriL ;  the  emery  beds  itself  in  this  cut- 
ting very  keenly,  and  the  iron  surface  is  only 
used  at  the  last,  thus  being  not  liable  to  much 
alteration.  After  the  emer}',  tools  of  blue  hone 
or  slate  have  been  used  to  remove  scratches ;  but 
if  the  emery  be  of  the  qualities  Just  mentioned, 
and  the  metal  good,  they  are  quite  unnecessary. 
During  the  first  part  of  this  process,  the  edge  of 
the  speculum  should  also  be  ground  true  with 
sand,  and  a  divided  hoop  of  iron,  which  can  be 
tightened  as  it  wears  by  a  screw;  it  is  also 
desirable,  though  not  absolutely  necessary,  that 
the  back  should  be  brought  to  a  uniform  surfooe. 
(3.)  PoLiBHiMCk — In  this,  the  grinder,  or  a 
similar  tool  (sometimes  made  of  lighter  materi- 
als), is  coated  with  pitch  to  a  thickness  vaxying 
from  the  ^  to  the  (  of  an  inch,  keeping  open  the 
grooves  which  divide  it  into  squares.  The  specu- 
lum, secured  level  on  the  polishing  madiine, 
and  most  carefully  cleared  from  emery  or  dust,  is 
smeared  with  a  mixture  of  water  and  that  form  of 
peroxide  of  iron  known  in  commerce  as  JeweDei's 
rouge,  and  the  polisher,  warmed  to  80^,  is  laid 
on  it  for  a  minute  or  two.  If,  on  raising  it,  it 
appears  that  all  the  squares  of  the  pitch  have 
not  come  into  full  contact  with  the  speculum, 
the  process  must  be  repeated  till  this  is  eflected. 
Pitch  was  originally  proposed  for  this  purpose 
by  Newton,  and  nothing  has  been  found  which 
answers  so  weU.  It  must  have  a  definite  hard- 
ness, which  can  be  proved  by  Mr.  LasseU's  test. 
A  sovereign,  when  standing  on  it  vertkadly  for 
one  minute,  should  leave  on  it  the  impression  of 
four  nicks  of  its  milling.  If  softer  than  this,  it 
should  be  kept  some  time  boiling;  If  harder, 
softened  by  a  little  oil  of  tnipentfaw.  The  pol- 
isher is  now  ready  for  work.  In  the  old  manual 
process,  the  polisher  is  fixed  on  a  firm  block, 
and  the  opentor,  holduig  the  speculum  by  a 
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handle  cemented  to  Its  back,  woriu  it  iMukwarda 
«nd  forwards  acroas  the  other,  by  straight  strokes 
passing  the  edge  a  little,  and  applying  no  pies- 
sure  beyond  that  cansed  by  its  own  wdght. 
After  a  few  of  these  **  cross  strolces,"  he  shifts 
his  position  to  give  them  a  new  direction,  and, 
at  the  same  time,  tarns  the  specnlnm  a  little^  to 
prevent,  as  far  as  possible,  any  inequality  of  the 
abrading  action.    Occasionally  he  varies  them 
by  a  few  drcular  ones,  canying  the  centre  of  the 
speculnm  round  that  of  the  polisher  in  a  small 
spiral.    As  the  moisture  evaporates,  a  few  drope 
of  water  must  be  supplied  at  the  edge  (or,  in 
the  modem  process,  through  holes  in  the  polisher, 
wliich  is  always  the  uppermost).  Just  sufficient 
to  prevent  it  from  getting  UaL    The  adhesion 
and  fHction  rapidly  increase,  and  the  red  of  the 
peroxide  changes  to  bronze  colour  by  the  abra- 
sion of  the  metal    At  last  all  traces  of  the 
emery  disappear,  a  fine  polish  covers  the  surfkce 
to  the  edge,  and  then  a  few  of  the  dnnilar  strokes 
should  make  it  perfectly  or  nearly  parabdic.     If 
this  figure  be  passed,  it  is  scarcely  poesible  to 
recover  it,  except  by  regrinding  and  repeating 
the  whole  process. — The  most  unequivocal  way 
of  examining  4he  figure^  is  to  have  a  series  of 
diaphragms  and  dudks  which  can  be  placed  in 
the  mouth  of  the  tube  so  as  to  divide  the  surface 
of  the  speculum  into  successive  rings ;  and,  ad- 
justing each  of  these  to  distinct  vision  of  a  does 
double  star,  to  measure  its  focal  length  by  means 
of  a  vernier  attached  to  the  focal  adjustment 
It  is  thus  found  that  when  all  the  rings  agree, 
the  image  possesses  a  character  by  which  tliis 
quality  can  be  recognized  at  once.    Throwing  it 
a  little  out  of  focus,  it  swells  into  a  ring  with  a 
dark  centre  (the  shadow  of  the  small  speculum), 
and  this  is  similar  at  equal  distances  on  either 
side  of  the  focus.   If,  on  the  other  hand,  the  ring, 
with  dark  centre,  is  seen  ouituk  the  locus,  bat 
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mmfe  of  It  the  centre  shows  a  plane  with  a  bffgkt 
central  point,  the  speculom  wiQ  prove  dfiptk; 
and  if  the  reverse  be  the  case^  it  iahyperiKilic;  tad 
a  practised  eye  finds  this  criterion  qaatt  mSMm 
— It  is  evident  that  all  this  manipalatioa  ii 
tentative  and  uncertain ;  and,  equally  so,  that  all 
of  it  can  be  perfbnned  with  precision  by  naekiBK 
ery.  The  supposed  advantage  of  the  hand,  ifcat 
otfedmff  if  anything  goes  wrong,'  ean  be  db- 
pensed  with  by  paying  such  attention  to Uieeaa- 
ditions  of  the  operation  (Aat  noiMuig  MB  fi 
wrong.  It  may  be  added,  that  the  hand  fill 
entirdy  fbr  specula  above  nine  inches^  the  eolr 
sort,  which,  in  the  present  stale  of  pneticd 
optics,  are  of  any  great  value.  Bat  it  reqved 
a  combination  of  no  ordinaiy  qoafities  to  raiias 
these  antidpations.  The  fizsl  who  appesr  tB 
have  succeeded  in  meehanical  polidiiqg  mtt 
Sir  W.  Hersdid  and  his  not  less  lUaatrioai  son; 
but  thdr  process  has  never  been  deat^btd;  aad 
it  would  Ix)  a  valuable  boon  if  the  latter  voald 
give  some  record  of  the  experience  whUk  wai 
crowned  by  such  results.  Lord  BoaeemoBttkm- 
fbre  be  conddered  the  person  to  whom  is  doe  tiK 
credit  of  having  given  the  impolae  to  this  at, 
not  only  by  directing  attention  to  it,  bat  bf 
himself  bringing  it  to  a  high  state  of  perfbctka,  iB 
a  series  of  researdies  combining  fiiat-rate  jnt- 
tical  skill  with  extensive  theoretic  knoviedge. 
That  others,  following  in  this  trade,  faavebeea  as 
succesaful,  is  the  best  proof  aa  well  as  the  tat 
reward  ot  what  he  has  aooompliafaed. — ^He  aed 
they,  however,  liave  taken  dififerent  parts  of  the 
proceas  just  described,  as  the  basea  of  theirqfi- 
tems.  Lord  Rosse  works  by  a  doable  sjnteB  of 
cross  strokes ;  while,  at  the  same  time^-tha  ^so- 
lum and  polisher  revdve  dowly,  bat  with  m- 
equal  vdodties.  This  madiine  Is  thomn  ia  fig. 
1.  The  speculum,  h  i  (under  wfaidi  are  seen  the 
lever  anpportii  that  i^all  be  expbined  afi»- 
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vaidi),  is  etfried  by  a  iinn  diae  or  obnek  which 
tnnw  with  iti  sCroog  wrtictl  shaft  in  the  dttem 
B  F.  This  k  flUed  Marly  to  the  fiuse  of  the 
ipeculiim  with  water  kept  at  66°,  to  inenra  the 
proper  winriirfwKie  of  the  pitch,  as  mach  heat  is 
evolved  by  the  frictioD  of  a  laii;e  polisher,  k  l 
is  the  poUsher,  which  lies  on  the  specolnm,  end 
is  held  in  an  annular  expansion  of  the  polishing 
bar  D  o,  in  which  h  fits  loosely.  The  polisher, 
of  the  same  diameter  as  the  specnlom,  is  made  of 
cast  inn,  with  six  ribs  at  the  back  fin*  lightness;* 
bat  as  it  is  still  iu  too  heavy,  it  is  suspended 
(by  six  points,  to  lessen  the  chance  of  flexure), 
ftora  one  end  of  the  lever  h,  the  other  being 
loaded  so  as  to  reduce  the  pressure  on  the  specu- 
lum to  a  pound  ibr  every  drcular  foot  of  suHace; 
this  lever  is  free  to  tniverw  with  the  polisher. 
The  polisliing  bar  receives  a  rectilinear  motion 
from  the  variable  crank  B|  combined  with  the 
Joint  c,  and  the  guide  d;  it  alsoreodvesatrans- 
vene  one  from  the  crank  o^  (called  the  eccen- 
tric). These  cranks  and  the  speculum  are  driven 
by  bands  and  drums  from  the  shaft  a,  in  a 
way  which  is  obvious  on  inspection.  He  con- 
eiders  a  one  horse  power  sufficient  to  polkh 
and  grind  a  three  feet  speculum.  When  this 
mechanism  is  acting,  the  efibct  of  the  primary 
crank  b,  corre^Mods  to  the  cross  stroke  of  the 
manual  procese;  giving  the  same  movement, 
and,  of  course,  the  same  polishing  action  to  eadi 
point  of  the  polisher.  This  would  produce  a 
ioaa  nearly  spherical,  but  the  rotation  of  the 
apecolum  adds  to  this  a  fhrther  action,  increas- 
ing from  its  centre  to  its  edgOi  and  lengthening 
the  focus  of  the  exterior  tones  of  its  surface. 
This  is  the  eflect  which  is  desired,  but  theie  two 
agcodes  are  not  sufficient  to  produce  enough  of 
it ;  and  he  increasee  it  bj  the  eccentric,  which 
aagments  in  any  requirsd  degree  the  drcum- 
ftnntial  action,  besides  giving  a  truer  suffice. 
The  figure  then  depends  on  four  things,  the 
ndlus  of  the  primary,  that  of  the  eccentric, 
and  the  aagnlar  velocities  of  it  and  the  spec- 
nhrni.  Lord  Bosse  has  found  it  solBcient  to 
make  the  second  the  Tarlable  one,  giving  the 
othen  TsJoes  ertablished  by  a  very  wide  course 
of  experiment  He  makes  the  primaiy  stroke 
ODO-thini  of  the  speculum's  diameter,  the  eccen- 
tric revolves  in  fifteen  primary  strokes,  and  tlie 
gpfcuham  in  twenty-six.  The  control  of  the 
pnioesB  is  made  by  the  throw  of  the  eccentric, 
wliich  must  be  ngnlated  by  drcnmstances,  espe- 
cially by  the  proportion  of  aperture  to  focal 
kngtiL  In  his  laige  specula,  where  this  ratio  is 
1  to  9,  it  win  in  general  be  suiBcient  that  it  shall 
make  the  centre  of  the  polisher  move  one-fifth  of 
the  diameter.  It  shonki  also  be  noted  that,  in 
polishing  his  six  feet  speculum,  the  number  of 
atnkee  per  minute  ia  eight,  and  for  smaller 
enei^  in^ranely  as  their  diameter.    The  poBsher 

*Be  hM  sinee  amde  the  poHJwir  maf  h  lUMer  by 
anaaglag  a  number  cf  deep  rlbe  like  tbo  wills  of  a 
haaeyeouilH  and  wUh  greater  hMraaaed  ■tHlhem. 
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should  alao  revolve  to  keep  its  flgnre  uniform ; 
but  this  requiree  no  special  mechanism,  became 
at  eadi  dumge  of  stroke  it  is  released  from  late- 
ral friction  «^  is  left  free  to  be  carried  round  by 
its  adhesion  to  the  speculum :  it  thus  makes  one 
turn  for  eleven  or  twidve  of  the  other.  The  by- 
grometric  state  of  the  air  must  be  attended  to^ 
as  when  it  is  too  dry  the  rouge  is  not  uniformly 
distributed  over  the  speculum ;  and  in  that  case 
it  should  be  damped  by  permitting  a  Jet  of  steam 
to  escape  into  the  laboratory.  The  polisher,  like 
the  grinder,  is  cut  up  into  squares  by  transverse 
grooves;  but  Lord  Roese  found  its  action  im- 
proved by  still  further  reducing  the  surface  by  a 
set  of  drcular  grooves.  In  the  six  feet  there  are 
thirty-one  of  diese,  and  the  squares  are  of  2^ 
inches  on  (he  side.  We  have  found  the  same 
advantage  by  making  the  rectangular  groovei 
twice  as  wide  at  thrir  extremities  as  at  their 
centre.  With  this  machine  a  coating  of  pitch 
alone  is  not  sufficient  to  produce  the  union  of  a 
high  polish  and  perfect  figure.  It  gives  the  first, 
and  to  a  certain  extent  the  other :  the  general 
form  is  correct,  but  there  are  irregularitiee  which 
spoil  the  definition.  The  pitch  must,  therefore, 
be  covered  with  a  layer  of  harder  compoeltion 
(roein  fused  with  an  eighth  of  dry  flour  to  toughen 
it,  and  oQ  of  turpentine  added  UU  at  66**  it  barely 
yields  to  the  pressure  of  the  nail).  It  seems  as 
if  the  reveruog  of  the  motion  at  every  stroke  en- 
ables the  abrading  material  to  bite  too  sharply  on 
any  parts  of  Inl^ior  hardness,  when  bedded  in 
the  soft  pitch,  while  the  harder  coat  will  not  ac- 
commodate itself  to  such  irregularities.  With- 
out the  eofter  stratum  below,  l^wever,  it  will  not 
give  a  true  figure.  Lord  Boese  rolls  the  pitch  to 
a  sheet  of  the  proper  thickness,  by  a  roller  with 
guides  at  its  ends,  and  under  tepid  water.  The 
hard  composition  reduced  to  powder  is  sifted  over 
this,  and  fbsed  by  a  hot  bon  held  over  it.  The 
sheet  is  cut,  under  water  as  before,  into  pieces  of 
the  requisite  else,  and  these  are  separately  at- 
tached to  the  prqjectfaig  parte  of  the  poUsber 
slightly  heated.  In  fine,  to  faisure  the  highest 
polish  with  this  hard  suifhoe,  it  is  found  nieful 
to  moisten  the  speculum  towards  the  end  of  the 
process,  not  with  pure  water,  but  with  a  sdutioa 
of  soap  in  strong  water  of  ammonia.  The  po- 
lishing a  six  tttt  requiree  five  hours.  These 
details  may  seem  too  niinute,  but  on  such  depends 
the  diflerecce  between  suooess  and  fkilure.  If 
attended  to  with  care,  thqy  will  be  Ibnnd  to  give 
very  satisfactory  resultib  The  proceee  has  been 
proved  through  a  yery  wide  range  of  size,  fkom 
specula  of  six  feet  to  thoee  of  two  inches ;  and 
with  a  very  great  ratio  of  aperture  to  focus,  fior 
example,  that  of  his  equatorial,  eighteen  inches 
aperture  and  ten  feet  Ibcua,  and  one  of  ten  inchee 
and  five  feet,  both  very  good.  The  marfaine  is 
also  simpler  and  less  expaieive  than  thoee  which 
we  proceed  to  describe.  <  A  few  years  later,  Mr. 
Laseell,  also  an  amateur  optidan,  wlio  had  con- 
structed for  himadf  Qoa  cf  the  flneit  nbm  inch 
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pBed  to  tlie  npper  on&  Tlie  loww  Tortical  shaft 
ctrries,  as  in  Lord  Bosse*!,  a  dsteni  (not  abown 
in  this  fignn),  in  whidi  fciie  apeeolum  reats  on 
ita  lever  aapporta  and  revolves  slowly.  The 
oppMr  abaft,  passing  tkrmigh  a  Jlxtd  vahed  of 
aeventy-two,  carries  at  its  lower  aztremity  the 
crank  \  and  in  doing  so,  gives  rotation  to  the 
wheel  which  is  seen  bdow  it,  also  of  seventy-two, 
by  means  of  the  pinion  of  sixteen,  which  gears  in 
the  fixed  wlieeL  There  is  In  a  a  drcalar  dove- 
tall,  coooentiic  with  the  arbor  of  the  pinion  and 
wheel,  in  which  there  can  be  fixed,  at  any  mode- 
rate distance  from  tlie  axis  of  the  shaft,  a  slid- 
ing piece,  on  wliich  turns  the  second  crank  q,  by 
means  of  a  second  pinion,  also  of  sixteen,  seen 
between  it  and  &  In  this,  there  is  also  another 
dove-tail,  bat  a  straight  one,  in  which  slides 
another  piece  carrying  the  pin  wliich  drives  the 
polisher.  This  elegant  medumism,  analogoos  to 
the  geometrical  pen  of  Soardi,  makea  the  pin, 
and  of  course  the  polisher,  deacribe  h^-poc}  doidal 
corves,  the  radius  of  whoee  base  is  that  of  the 
crank  a,  and  of  their  describing  drde  that  of  q  : 
the  precise  form  of  them  depending  on  the  pro- 
portions of  these  radii  and  the  reUtion  of  their 
angular  velocities.  The  actual  loigths  are  much 
less  than  in  Lord  Bosne's  machine ;  s  being  for 
a  two  feet  speculum  1^  7  and  Q  1^  4,  these  two 
quantities  bdiig  the  variables,  and  q  making 
about  thirty-four  revdutioos  in  a  minute.  In 
this  arrangement  it  is  difficult  to  counterpoise  the 
poUsher,  it  is  therefore  made  of  deal  for  l^phtness ; 
and  to  prevent  it  from  warping,  it  is  in  two 
pieces,  glued  and  screwed  with  tfadr  grains  at 
right  angles.  It  vt  about  two  inches  thick,  and 
only  0-85  of  the  speculum's  diameter ;  not  itself 
grooved,  but  when  covered  with  pitch,  thu  is 
divided  into  squares  of  an  inch  by  a  suitable  tooL 
It  appeals  that  ordinary  pitch  alone  is  used, 
which  is  a  great  advantage;  on  the  other  hand 
tli««M>od(SM  polisherseenis  objectionable,  both  i^om 
the  difficulty  of  making  it  exactly  fit  the  specn- 
Inm  in  the  first  mstance,  and  the  likelihood  of  its 
siiape  changing  after  a  time,  both  which  make 
doubtfril  that  uniformity  of  thickness  of  the  pitdi, 
which  is  believed  to  be  veiy  important*  This» 
liowever,  cannot  wdgh  against  the  fiu;t  tlut  the 
prooesB  has  produced  admirable  two  feet  specula ; 
as  is  shown  by  Mr.  Lassdrs  discovery  of  an 
eighth  satelfite  of  Satnn,  one  of  Neptune,  and 
numy  other  splendid  proofs  of  their  sharp  defini- 
tioo.  When  applied  to  larger  specula,  it  may 
possibly  require  some  modification,  at  least  we 
believe  that  Lord  Boese  has  not  found  it  to  give 
as  good  results  as  his  own  process.  One  reason 
for  this  seems  probable;  the  appUcatkm  of  the 
moving  fiiroe  (which  on  sodi  a  sc«Ie  is  very  con- 
aUerable)  at  the  centre  of  the  polisher,  where  it 
is  much  more  likely  to  distort  the  figure  of  this 

*  file  lerester  inertU  of  the  metal  poliaher  nnut  make 
Ma  action  duier  ftmn  th»t  of  the  wooden  one,  even 
ttioogh  it  be  counterpoised  to  eiert  only  an  equal 
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tool,  than  when  applied  round  its  dremnlbrooce 
by  the  ring  of  the  polishing  bar. — Mr.  Lassdl 
subsequently  suspected  a  tendency  to  polish  iu 
rings ;  to  remove  which  he  introduced  a  small  rec- 
tilinear motion  ;  which  is  done  still  moreeflfectually 
by  Mr.  Warren  Ddame,  who  has  made  veiy  fine 
specula  of  thirteen  inches.  His  machine  is  of  the 
same  character  as  Mr.  LaseeH's,  with  a  provision 
for  insuring  a  given  rotation  to  the  polisher. 
This  appears  necessary  to  unifbrm  action,  but 
seema  not  to  be  aa  certainly  obtained  aa  in  Lord 
Roese*8. — It  will  be  observed  that  the  motion  of 
the  crank  8  is  concentric  with  that  of  the  specu- 
lum, and,  therefore,  usdesa  except  as  a  means  of 
driving  Q.  If  the  centre  of  the  crank  q  were 
fixed  at  a  distance  from  that  of  the  speculum  = 
radios  of  a,  and  the  angular  velodty  of  the  spec- 
ulum made  =  the  relative  vdodty  of  it  and  a  in 
Mr.  Lassdl' s,  and  in  the  oppodte  direction,  it  is 
manifeat  that  predsdy  the  same  curve  must  be 
described  by  the  polidier.  This  was  at  once  per- 
cdved  and  acted  on  by  Mr.  Grubb  of  Dublin,  a 
distinguished  mechanician  and  optician ;  and  his 
madiine  appears  to  deserve  the  preference,  not 
merdy  on  this  aooount,  but  ibr  the  wider  range 
of  ita  powers,*  which  comprise  thoee  of  the  other 
tvro.  Fig.  8  (taken  firom  a  photograph)  will 
give  a  sttffident  explanation  of  it.  The  bed-plate 
or  base  a  supports 

1.  The  worm-shaft^  which  drives 

.2.  The  woim-whed  h :  thia  is  bdted  to  the 
spur-whed  e,  both  of  ninety.  They  turn  on  the 
stud  g^  and  are  fiirmed  with  a  drcular  fiange 
near  their  periphery,  the  lower  surfooe  of  which 
bean  on  a  trued  part  of  A,  and  the  upper  gives  a 
firm  support  to  the  speculum  and  ita  dstem 
(which  are  not  shown  in  the  figure).  The  wlieel 
0  drives  another  of  fifty-two,  not  aeen,  but  at- 
tadied  to  the  lower  surfoce  of 

8.  The  cam  d\  in  the  groove  of  thia  ia  en- 
gaged a  pin,  fixed  in  the  bwer  Eoxbab  ot 

i.  The  cam-lever  e,  which  ia  thus  made  to 
vibrate  aa  the  cam  revolves ;  the  lever  has  a 
series  of  holes,  to  any  of  which  can  be  attached 
one  end  of  a  link  whoee  other  end  ia  connected 
with 

6.  The  upper  or  sUifing-plato  b,  which  thus 
by  the  rotation  of  the  cam  ia  made  to  vibrate 
to  and  i^  aoooiding  to  any  requfaed  law :  the 
actual  law  b  one  of  uniform  motion.»The  plaie 
B  carries  a  strong  q>ind]e  A,  on  which  vibrates  the 
arm  t.  Thia  arm  can  be,  at  pleasure,  dther  held 
in  podtion  by  the  connecting  Unlc  ifc,  or  made  to 
vibrate  by  the  revolution  of  the  variable  crank  /, 

*  If  r.  Ombb  has  lince  oontrfred  another  machine  of 
rBooxakable  simplicity,  which  leemt  to  po«Be»  th« 
powers  of  dl  tboee  deacrtbed  In  the  text,  with  tome 
pecdlar  to  It  It  la  not  described  here,  because  It  hoa 
not  yet  been  tried  od  wpeaHm.  Its  chief  performduce 
aa  yet  has  been  the  leaass  of  an  obJect-gl»>s  of  twelve 
inenes^iVertnrB^  wbich  it  baa  wrouKht  with  tinjnilar 
focUlty.  varying  the  corves  at  pleasure,  by  changing 
tbeaonatnents,  so  as  to  make  alight  change  of  the 
oorrecnons* 
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whidi  ia  drivcD  bj'  •  atuft  «t  tbe  back  at  the 

itide-plcU  B.  Tba  um  cairiv  ■  TuUble  imk 
■t,  which  tan  be  driToi  dtbs  qnicklj-,  b;  tbe 
•iuft  and  pulley  ■,  or  liowly  b;  the  vonii- 
whnl  e.  Tbe  pin  of  n,  u  In  Ui  LueeU'i, 
drini  lh«  pidl^«r. — If  it  be  nqnind  to  give 
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Lord  Rom'*  Mtlni ;  the  cnnk  a  bfaf  Ewl 
Bod  hi  pin  B4  cosbvl,  the  a>nk  I  b  nt  ia 
modon ;  thia  gina  tba  pciraarj  Mnke,  aad  tka 
ndpneethxiaf  thedld»^lslaB  gina  thai  af  Ilia 
aaenute.  If  tbe  w 
at  the  ame  tine,  a  1 


earrr  nmnd,  nith  a  alow  miidon,  tbe  polisher  b; 
a  atud  prelecting  at  lu  drcomfereaoa. — If  It  ba 
-wiahed  to  have  Mr.  Lamell'i  nuXloD,  the  crank  / 
ia  •topped  and  It  la  fixed  \a  such  a  poaition  that 
the  [dn  of  n  ihall  be  at  the  nqaind  distance  (= 
ndiiu  of  a)  from  the  cenln  of  the  apeeulam,  the 
arm  i  bong  held  Arm  bv  the  link ;  the  ph  of  ■• 
ia  next  aet  to  the  distance  irbich  =•  ndina  of  Q, 
and  it  ia  drina  b;  a.  In  tlue  caae,  boverer, 
them  ia  no  proTirion  to  aeeura  the  roUtloo  of  the 
polisher.*  The  eccentrielt]'  caa  alao  be  gtvoi 
■  ILlivimhjDfbotlcelhetLoTdRcnF'amaeblnebA- 


b;  iDetns  of  b  ;  aod  as  It  can  be  made  to  vitnH 
ilowlf  on  each  ride  irf  this  to  atir  teqiriirJ  ex- 
tent, the  el&ct  of  Hr.  LaaaelTa  laot  iiii|iiiii^iiil 
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k  ghr«n  fai  perfectkni. — Mr.  Orabb  decidedl}' 
priAn  ths  Roesean  actUm  for  grinding,  but  thinks 
the  other  leas  Iikdj  to  lUl  m  the  polishing  with 
mpnctised  luuids,  and  naes  it  himself.  He  be- 
gins with  a  laT)^  eooentridty  and  gradually  di- 
niniflhes  it,  which  can  be  done  without  stopping 
the  machine.  His  poliaher  is  also  of  wood,  but 
■lade  with  pecoliar  care.  It  is  formed  by  six  layers 
of  mahogany,  each  f^  of  an  inch  thidc,  and  not 
oontinaoas,  but  bniU  np  of  pieces  three  inches 
sqaarSi  These  are  only  glued  where  they  cross, 
beings  at  least  in  the  interior,  not  in  close  contact 
at  tMr  edgesi  and  the  direction  of  their  grain 
▼aried  as  moch  as  possible:  The  disc  when 
turned  true,  is  plugged  at  the  edges,  varnished, 
and  eoated  with  Un  foil,  at  the  edge  and  back.  It 
is  the  same  diameter  as  the  speculum.  He  uses 
pitch  alone;  r60a  it  like  Loid  Kosse,  cuts  it  into 
squares  of  f  inch,  and  attaches  them  to  the  sur- 
face, wanning  it  by  a  spirit  lamp. — ^This  machine 
measures  about  three  1^  every  way,  and  can 
work  a  two  feet  speculum ;  but  the  largest  on 
which  it  has  been  tried  is  the  Newtonian  of  the 
Glasgow  Observatory,  twenty  inches  aperture 
and  fifteen  feet  focus. — Its  arrangements  seem 
particulariy  adapted  to  the  figuring  a  speculum 
for  the  Herschelian  telescope,  respecting  which  a 
few  remarlcs  must  be  premised.  In  the  other 
three  fonns  of  the  reflecting  telescope,  the  light 
suflers  two  reflections  instead  of  one ;  and  there- 
fore the  image  with  a  given  great  speculum  will 
be  blighter  than  thein  inversely  as  the  per  cent- 
age  of  reflection.  This  per  centsge  was  found  to 
be  0*647,  by  careAil  experiments  with  a  plane 
speculum  of  Lord  Roaie*8  metal,  which  has  been 
2(  years  in  use,  and  therefore  may  feirly  be  ae- 
sumed  to  represent  the  ordinaiy  working  condi- 
tion of  a  telescope.  Hence,  the  Herschelian  will 
be  as  efl^ctive  as  the  others  in  point  of  illumina- 
tion, when  its  aperture  is  to  theLnsas  four  to  five: 
and  a  still  greater  advantage  than  mere  economy 
and  conveiUence  follows  fo>m  this  reduction  of 
bulk  in  the  diminished  efiiect  of  atmospheric  dis- 
turbance. Beskles  the  influence  of  this  oo  all 
telescopes,  reflectors  are  qwdally  afifected  by  the 
current  caused  in  their  tubes,  by  the  diflbrenoe 
between  the  temperatures  of  the  air  and  the 
speculum  which  almost  always  exist  This  dis- 
turbance will  be  as  the  man  of  air  traversed 
by  the  Ught  and  as  the  eM6a  of  the  diameter.* 

It  might  eooM  Bearer  to  equality  by  making  the  cis- 
tern ■nailer,  and  o  sa  ckMe  to  it  as  pottlDle.  The 
action  of  the  eceentrle  Is  not  Interfered  with,  theoonn- 
terpoislag  remalM  nndianffed.  and  the  moflng  fam 
acts  as  before,  at  the  drcamlbreiioe  instead  of  the 
centre.  The  eocentrldty  mntt  be  gtTen  eitlwr  by 
abactenina  ttie  Sliank  of  the  bar,  or  In  some  Umaa  of 
this  madHne  more  oonrenlentiy  by  shifting  the  eooea* 
trie  latendly. 

•  A  IsTfEG  reflertcr  will  aometimes  define  marrel- 
Inusly  fcr  a  few  tninntes  after  the  dew  (which  la  apt  to 
eorer  the  qieculam  when  opened  too  early  In  the 
cveolng)  has  diied  off:  bat  as  the  Dlght  grows  colder, 
while  the  large  man  of  meul  retains  Its  heat  for  a  long 
timo.  it  loses  all  defining  power,  though  It  wlU  stlU 
perfonn  well  with  a  redocea  apertnre.  and  this  viihovt 
mm^ehangtq/Jfgun.  Thiserll  ^\ould  he  ^i-eatly  loauned. 
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It  is  therefore  of  the  utmost  importance  to  keep 
this  diameter  as  low  as  possible.    Lord  Rosse 
has,  by  a  very  ingenious  proce!<f«,  made  the  plane 
speculum  of  pure  silver,  whose  reflective  power 
is  no  less  than  0*93 ;  but  the  metal  tamif^hes  sc 
rapidly,  that  such  specula  can  only  be  used  on 
special   occasions,  for  they  can  rcaroely  be  re-* 
polished.  Mr.  Lassell  has  substituted  for  this  spec- 
ulum a  glass  prism  of  forty-five  degrees,  as  origi* 
nally  proposed  by  Newton ;  but  the  gain  is  not 
conriden1)le:  the  reflection  is  indeed  total,  but 
much  light  is  lost  by  the  first  surface  and  by 
absorption  in  its  substance.    One  of  very  clear 
glass  made  for  this  purpose  was  found  to  give 
0*746,  the  length  of  its  sides  is  1*125,  it  is  of 
English  plate  and  certainly  moch  clearer  than 
Munich  flint :  the  abeorption  will  of  course  in- 
crease with  the  size  of  the  prism.     It  is  there- 
fore an  important  matter  to  perfect  the  Hersche- 
lian. But  here  as  the  reflection  is  oblique,  there  ia 
no  deflnlte  focal  pomf,  even  with  a  speculum  whoee 
direct  action  is  perfect ;  there  are  only  two  ill- 
conditioned  focal  lines  at  right  angles  uid  not  in 
the  same  plane.    To  act  properly  it  should  be  a 
circular  segment  cut  out  of  a  paraboloid  with  the 
vertex  at  its  edge ;  and  a  rude  mode  of  conceiv- 
ing and  perhaps  executing  it  is  this:  let  three 
specula  be  arranged  on  the  machine  in  contact 
round  its  centre,  and  let  them  be  polished  at  once 
by  a  polisher  of  double  their  diameter,  as  if  they 
were  in  one  large  one,  then  supposing  that  per- 
fect, each  of  them  would  have  its  focus  in  the 
general  axis.    Now,  if  the  properties  of  such  a 
disc  be  investigated,  it  will  be  found  that  the 
change  of  curvature  across  any  diameter  is  as 
the  cosine  of  the  angle  which  it  makes  with  what 
may  be  called  the  speculum^s  '*  line  of  dip."    it 
therefore  is  probable  that  as  the  curvature  is 
changed  by  varying  the  eccentricities;  if  this 
were  altered  according  to  a  law  whose  period  is 
that  of  the  rotation  of  the  speculum,  at  least  an 
approximation  to  the  true  figure  would  be  ob- 
tained.    Mr.  Grubb  proposes  to  do  this  very 
simply,  by  making  the  cam-wheel  of  the  same 
number  as  the  wheel  c,  and  if  the  present  cam 
were  found  not  to  be  of  the  proper  form,  by  sub- 
stituting one  of  a  shape  whidi  would  be  indi- 
cated by  the  result    A  few  trials  would  show 
what  that  should  be.    This  seems  quite  fiaasible : 
and  it  is  to  be  wished  that  some  person  would 
work  the  problem  out,  for  assuredly  it  is  by  such 
means  that  the  remotest  limits  of  telesooiac  vision 
will  be  reached.     Lord  Boeae  appean  to  have 
thought  on  the  subject  and  tried  some  experi- 
ments, but  he  has  probably  been  di\-erted  ftom 
it  by  the  wondrous  results  of  his  great  telescope. 
It  ^onld,  however,  be  remembered  that  unle»«i 
considerable   defining  power  can  be  obtained 
along  with  a  focal  ratto  not  much  larger  than 
that  of  bis  specula,  this  oonstructkm  lo^  mucii 

If  not  remoTod,  by  Sir  J.  Hersehera  derlce  (Oitpe  ffh. 
ffrratiotu)^  of  an  open  fjramc-work  of  Iron  instoad  uf  a 
tal»e. 
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ot  Its  value. — The  small  bpecnla  are  best  6gured 
in  the  same  way  as  the  great,  eveii  the  plajie  of 
the  NewtouUn,  ejcoept  that  its  polisher  most  be 
laiger  tliaa  the  metal:  it  most  be  examined 
during  the  pracew,  viewing  some  distant  object 
by  lefleetion  in  it,  and  then  direct,  with  a  good 
achrumatic.  Thus  any  curvature  can  be 
detected,  which  must  be  corrected  by  properly 
altering  the  adjustments  of  the  machine.  With 
respect  to  those  of  the  Grugorian  or  Cass^grain,  it 
is  still  more  important  that  they  should  be 
polished  by  the  macblae,  as  their  figure  most  be 
carefully  adjusted  to  that  of  the  great  one,  which 
they  may  even  compensate  if  it  be  8%htly  de- 
fective. 

(4.)  SuppoBTS. — Whatever  perfection  the 
large  speculum  may  possess,  is  all  in  vain  unless 
it  be  properly  supported ;  and  more  difficulty  is 
felt  in  doing  this  rightly  than  perliaps  any  oUier 
part  of  its  history.  To  many  it  will  seem  incredible 
that  a  disc  of  this  hard  and  rigid  material,  four 
or  six  inches  thick,  can  bend  except  under  some 
great  force  purpoedy  applied ;  while  the  fiict  is 
that  it  requires  the  most  refined  mechanical  con- 
trivauce  to  pnveui  iijnrious  flexure  from  its 
own  weight  Even  a  nine-inch  one,  if  resting 
on  a  ring  at  its  circumferenoe,  on  three  screws, 
or  aooording  to  the  old  plan,  pressed  by  springe 
against  tliree  stops  bearing  on  its  edges,  loses  its 
defining  power.  The  system  ai  support  must  be 
twofold ;  fur  the  back  and  for  the  edge. — Where 
it  can  be  applied,  the  shnplest  and  best  is  Sir 
John  llersebel's :  he  lays  the  speculum  on  a  bed 
composed  of  several  folds  of  woollen  doth,*  and 
prevents  it  from  lateral  motion  by  packings  of 
the  same  material  placed  between  Its  edge  and 
the  aide  of  its  box.  Of  ooorse  the  play  which 
its  elasticity  pennits  will  alter  the  adjustment  of 
the  telescope  at  diffiirent  altitndes;  but  he  corrects 
these  by  means  of  a  small  collimator  fixed  in  tlie 
inside  of  the  telescope's  tube,  with  its  optio  axes 
parallel  to  the  line  of  a4iusimenL  If  its  cross  of 
wures  is  seen  to  depart  from  that  of  thatdesoope, 
they  can  be  made  toodncide  in  a  few  seconds  by  the 
adjusting  screws  which  acton  the  speculum-box. 
The  objection  to  it  is,  that  it  occasionally  must 
require  re-arrangement ;  and  that  it  would  not 
bear  to  be  immeraed  in  water  during  the  polish- 
ing :  it  is  therefore  unsuited  to  very  laige  spec- 
ula, which,  when  onoe  figured,  should  immt  be 
niitedjrom  their  supporta,  Perhi^M  a  three  feet 
mi^ht  not  aufier  fin>m  this,  but  a  six  feet  most 
assuredly  would  be  spdled  if  lifted,  however 
carefully.  For  such,  therefore,  the  system  of 
equilibrated  bearings  is  used,  which  was  invented 
many  years  ago  by  Mr.  Grubb,  and  more  fiilly 
developed  by  Lord  Kosse.  As  applied  to  the  three 
feet  it  may  be  thus  described :  suppose  thespecu- 
lum  divided  into  eighteen  equal  portions  by  con- 
centric drales  and  radii,  whose  centres  of  gravity 
rest  on  circular  discs  covered  with  fdt,  each  pair 

*  VnlCiUilsod  eaoatchonc  would  be  preferable,  but 
that  the  sulphur  In  it  would  lamlsh  the  specnium. 
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of  which  are  at  the  ends  of  a  lever :  each  of  tfaeae 
levers  tume  at  its  centre  on  a  stioog  pin,  at  ttis 
angle  of  a  triangle,  whoae  centre  of  gravity  bean 
by  a  hemispberioal  cup  on  the  rounded  end  of  a 
screw  tapped  in  the  bottom  of  the  ttroog  box 
which  holJa  the  specnlum,  and  serving  to  adjo^ 
it  Thus  each  of  the  dgfateeu  poioto  of  beaiicg 
ia  equally  pressed,  and  tf  the  aptwilnm  have  a 
proper  thidmess,  the  weight  of  the  pottian  be- 
tween any  two  b  not  snfflciwit  to  beod  iL  It  is 
however  ob\'ious  that  the  number  of  points  afaoold 
increase  with  the  diameter.  Mr.  Gnibb  found 
that  six  were  sufficient  for  the  nine  inch;  twdw 
were  used  in  a  fifteen  inch  Caascigrain,  whidi  in 
oonstmcted  for  the  Armagh  Observatoiy  in  1834, 
but  It  showed  traoes  of  flexure  which  disappesrai 
with  eighteen.  Lord  Bosse,  tberefbi^  oKrid 
the  principle  still  forther  for  ttiA  aix  feet;  tbs 
three  primary  trian^es  cany,  by  sphericd  bear- 
ings at  their  an^i^  nine  secondaiy,  which  siaii- 
larly  cany  twenty-seven  pieces  of  cast  iron, 
shaped  like  the  outlines  of  the  imaginary  s^- 
ments  of  the  specnlnm,  and  made  extramdy  sUf 
by  cnes  bracing.  In  every  caae  this  apparstm 
should  be  maanve  to  avdd  tremora — j^ethii^ 
can  be  better  than  these  arrangementa  as  kng  ai 
the  speculum  is  nearly  horisontal;  but  nowfiinM 
come  into  play  when  the  tdeeoope  ia  lowved. 
(1.)  The  speculum  tends  to  slide  down  the  is- 
dined  plane  on  which  it  rsBts:  thia  devdofift 
friction,  probably  about  the  sixth  of  ita  wdgbt, 
which  tends  to  distort  it :  this  tendeooy  mnet  be 
prevented  by  some  lateral  support.  (2.)  its 
pressure  on  this  tends  to  change  ita  currahue 
unequally  hi  its  dififerent  diameten.  (ft.)  The 
pressure  on  the  back  supports  is  leneoed;  they, 
therefore,  spring  up  and  press  the  ■p^'^i'™'  far- 
ward  in  the  direction  of  its  axis.  It  however  is 
hdd  ba(^  by  the  friction  of  its  edge  against  the 
laterd  anpporti  bebw ;  thia  partly  pradnesi  s 
severe  tnmsverae  strafai  there,  partly  gives  a  fel- 
crum  round  which  the  qpeculnm  is  tiltad.  la 
oonaeqnenoe  of  this  the  upper  badt  aopportB  an 
rdeased  more  than  the  lower,  and  therefore  |itta 
leas. — ^Mr.  Grubb  supported  his  apeoala  (ahnoit 
all  which  were  for  equatoriala)  in  a  metal  l»op 
sufficiently  flexible  to  distribute  the  praanre  loaad 
tl:e  lower  semi-drde,  and  supported  by  three  «r 
f  :ur  equidistant  screws,  passing  thrwigh  holes  in 
the  speonlum-boz  wliidi  have  play  enough  for 
the  springing  of  the  back  aupportsi  The  dair 
tidty  of  the  hoop  ia  snffident  to  leave  the  kmer 
screws  slack  while  the  upper  bear  the  load,  whst- 
ever  be  the  podtion  of  the  telescope.  If  this  tis 
equatoiially  mounted  (as  should  be  the  case  wher- 
ever practicable),  it  seems  possible  to  make  thii 
amugement  perfect:  the  speculum  muat  be  coas- 
terpoiaed  by  wdghts  at  the  upper  end  of  tht 
tube.  Now,  if  these  wdghts  were  applied  at 
the  ends  of  kven  attached  with  spherioal  bev- 
ings  to  the  cradle  which  bean  the  tube,  h>  that 
they  would  always  act  vertically  (as  was  dons 
by  Fraueuhofer  in  the  Porpatadiromatic,  Traaa 
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A.  Atir,  Soe.^  rot  i.),  and  the  other  cikls  were 
OMMMCted  with  the  hoop,  all  lateral  preasnre 
could  be  entirely  removed.  Even  then,  btDwerer, 
there  mi^t  be  some  of  (1.)  remaining  caneed  by 
the  -weight  of  the  hade  levers ;  in  Lord  Roeae** 
six  feet,  thev,  with  the  strong  fitame  which  bears 
tlHim,  weigli  at  least  fbnr  tons,  and  trn^  a  drag 
beldnd  the  specnlnm  must  do  mischief.  He  has 
however  latterly  obviated  the  entire  of  (1)  by 
interposing  three  small  ttalb  of  bronze  between 
one  of  his  dx  f^  specula  and  each  of  the  bear- 
ing pieces  of  the  levers,  so  that  the  speculum 
rests  now  on  eighty-one  points  of  bearing.  This 
part  therefore  is  completely  effective,  and  the 
hm  of  the  balls  permitt^  him  to  give  the 
lateral  support  by  a  snspendsd  ring.  Origi- 
nally it  was  not  so  satisfactory,  being  two  curved 
pieces,  eadi  bearing  at  two  points  and  sup- 
ported at  their  centres  by  strong  uprights.  Pro- 
bably balls  or  rollers  applied  here  also  would 
remedy  the  most  injurious  part  of  (8).  Mr. 
I^assdl's  lateral  arrangement  appears  excellent 
F<tr  back  supports  he  uses  the  system  already 
described,  with  eighteen  bearings;  but,  besides 
these,  he  has  another  set  of  levers,  whose  ftilcra 
are  in  the  badc-plate  of  the  speculum  box,  and 
their  short  arms  act  in  holes  made  in  pieces  of 
metal  cemented  on  the  bade  of  the  specnlnm ;  to 
their  longer  arms  are  fixed  weights,  such  that  the 
pressure  of  the  speculum  on  its  hoop  is  almost 
(not  entirdy,  that  it  may  be  steady)  taken  off. 
Thus  an  edge-strain  is  removed;  but  his  amsnge- 
ment  of  tlie  levers  requires  that  the  same  diameter 
(jf  the  speculum  shall  always  be  verticaL  Then 
seems  no  difficulty  in  removing  this  restriction, 
and  at  the  same  time  simplifying  the  arrangement 
Let  the  fulcrum  of  each  of  tliese  levers  be  a  sphere 
turned  on  it,  and  working  in  a  spherical  cup 
liollowed  in  one  of  the  bearing  discs  of  the  back 
levers;  let  its  point  be  also  splierical,  and  re- 
ceived in  a  spherical  cup  cemented  to  the  specu- 
lum, the  distance  l>etween  the  centres  of  these, 
that  is  the  short  arm  of  the  lever,  bdng  as  small 
as  possiUe,  and  a  systttn  of  complete  equilibrium 
would  be  attained.  It  must,  however,  not  lie  for- 
gotten, that  thus  a  stress  (equal  nearly  to  the 
whole  weight  of  tlie  speculum  when  the  tdescope 
is  low)  is  applied  in  the  plane  of  its  back,  which 
tends  to  produce  the  strain  (1).  The  lateral  levers 
should  therefora  in  strictness  be  applied  round 
the  drcomference,  and  in  a  plane  passing  through 
the  ceotre  of  gravity.  This  might,  perhaps,  be 
done  by  means  of  segments  of  Lord  Rosse's  brsss 
(possessing  the  expansion  of  speculum  metal) 
dosely  fitted  and  cemented  all  round  it  by  ma- 
rina ^ue  in  solution,  or  some  otlwr  strong  cement 
This  part  alone  seems  yet  imperfect;  but,  as  has 
been  Indicated,  the  difficulties  whidi  remain  pre- 
sent nothing  insuperable.  It  Is  to  be  hoped,  that 
others  besides  those  who  have  laboured  on  the 
subject  with  such  splendid  results.  wQl  turn  their 
attentMO  to  it;  for  then  Is  a  boundless  harvest 
ef  disooveriei  to  be  yet  reaped,  even  in  this  heml- 
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spiiere  of  the  dty.  It  can  only  be  thoroughly 
explored  by  large  reflectors,  for  tliougb  the  achro- 
matic possesses  great  advantages  in  some  respects, 
yet  it  fidls  short  in  others.  In  illuori .-rating  power 
especially,  we  have  no  suffident  data  to  compare 
them  exactly;  but  it  has  been  ascertained  by 
Amid,  that  for  tmail  apertures,  the  achromatic 
and  Newtonian  show  otrjects  equafly  bright  when 
these  apertures  are  as  8  and  4.  For  larger,  the 
co-effident  of  the  adiromatic  must  decrease  on 
account  of  the  increased  thickness  of  the  glass, 
and  the  consequent  greater  absorption.  From  the 
measure  already  given  for  the  r.fleeting  prism, 
we  may  inibr,  that  If  it  were  one  mM  tmd  an 
eighth  mean  thieknem^  it  would  only  transmit 
three-fourths  of  the  incident  light  It  Is  there- 
fore neatly  eertain,  that  there  is  not  in  the  world 
an  adironametic  wldch,  if  plaesi  beside  Mr. 
Lassdl*s  tdescope,  on  a  good  night,  would  equal 
it  on  faint  objects.  As  to  matching  a  six  feet, 
especially  if  inade  Herscfadian,  that  Is  out  of  the 
question.  Besides,  could  discs  of  glass  be  pro- 
cured of  suffldent  size?  They  would  be  liable  to 
bend  and  have  double  reftaetlDn  tnm  pressure, 
as  they  could  only  be  supported  at  (he  drcum- 
ftrsnoe;  and  the  cost  of  such  ol^eet-glasses  would 
be  enormous.  Nor  could  they  be  executed  with 
any  chance  of  success  by  amateurs.  It  is  there- 
fore to  be  hoped  that  the  Reflecting  Telescope, 
British  by  inventton,  by  all  its  subsequent  im- 
provements, and  by  its  most  glorlons  applications, 
will  continue  to  attract  the  attention  of  our  eoun- 
tiymen,  so  that  they  may  keep  tbdr  present  lead 
both  in  making  and  using  it — ^A  list  Is  snl»foined 
of  the  most  important  memdts  in  whidi  the  sub- 
ject of  this  artide  is  treated. 

1.  Newton:  PhiL  Trans.,  1672.  The  descrip- 
tion ofhis  telescope :  it  Is  wonderftal  how  thoroughly 
he  seems  to  have  mastered  the  details  of  the  whole 
process. — 2.  Mol^'neux :  An«rA*f  Optics,  -vol.  il, 
p.  801.  Minute  details  of  Hadley's  process,  as 
improved  by  him  and  the  celebrated  Bradley.  In 
the  same  volume,  p.  298,  b  described  Huyghen's 
machine  for  polishing  lenses. — 8.  Mudge :  PhiL 
7V«w.,  1777,  p.  296.  A  valuable  paper,  points 
out  the  necessity  of  remdting  the  metal.^-4. 
Edwards*  Nautical  Almanac,  1787.  This  is 
very  scaroe,  but  its  substance  is  given  in  Bees* 
Cjfdopadia,  article  SpeculuoL  He  polishes  by 
cross  strokes,  but  uses  an  dliptic  polisher.  AIno 
ofgreatvalne.— 6.Sfar  W.Herschd:  PhiL  TVtnw., 
1796.  Description  of  his  forty  feet  tdescope. 
Something  more  of  his  modes  of  casting  specula 
is  given  in.  Rees*  Cydopcsdia,  article  Tdescope, 
in  a  letter  from  Smeaton :  he  occasionally  men- 
tions '*  machine -polished  specula** — 6.  Little  i 
TVons.  R.  Irish  Aeademf,  vol  x.,  1806.  Worth 
reading.  He  cut  a  series  of  drcniar  grooves  in 
the  pitdi  of  his  polisher.— 7.  Cecfl :  TVojm.  Cam- 
bridife  PhiL  Soe,,  1H22,  A  machine  for  pcOishfaig 
spherical  specula.  He  proposes  to  make  Utetu 
parabolic,  by  cutting  out  four  curved  sectors  from 
the  polisher's  pitch.— 8.  Lord  Rosse:  EtUnhnryh 
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Jourwd^  YoL  is^  1828.    Aooount  of  «  speeolnm 
of  thrae  sphoricil  looea,  whose  centroB  are  sepa- 
rated, BO  that  tiieir  fod  ooindde.    In  the  same 
volome  he  describes  his  praseot  mar>hin<i^  bat  is 
still  HDcertain  whether  it  may  give  the  parabolic 
figaia    In  toL  ii  of  the  new  series  of  the  same 
Journal,  1829,  he  has  satisfied  himself  of  this, 
and  describes  his  speeolnm  of  plates,  of  the  metal 
aoldflred  on  a  back  of  a  pecoUar  brass.— 9.  Potter: 
voL  IT.  of  the  same  JbnrMi;  1881.   Casts  small 
specnla  on  a  cold  sorfiMe  of  polished  steel,  pre- 
pares raigebjprecipitathig  solphate  of  iron  with 
ammonia  and  cantions  ignition. — 10.  Sir  John 
llenchel:   ImtrodnietUni  to  Cape  ObBervations. 
Some  uiddental  details  of  grBatTalae.~ll.  Lord 
Boase:PAtL7VtMe.,1840.  Details  of  the  present 
process  which  he  naes— 12.  Bobinson :  Proceeds 
mffi  qf  R,  Iritk  Aeademy^  1840.    Acooont  of 
I^iord  Bosse's  three  feet  teleaoopeb    The  same,  for 
184S  and  1846.    A  full  account  of  the  casting 
and  polisUng  the  six  feet— 13.  Greene:  iVo* 
eeedmt^o/BrilukAMioaaiitminlS^S,  Noticeof 
his  polishing  machine  There  is  an  earlier  paper 
by  him,  1884,  to  which  we  cannot  refer;  but  an 
extract  of  it  is  given  m  Hdtcapfel's  Mechamad 
Mampmladom,  p.  1292._14.  LasseU:  Drmt.  R. 
J«.  Soc,   1849.     Full  details  of  his  process 
This, and  still  more,  Lord  Bosse's  memoir,are  the 
standard  authorities.— iVtMseifii^  qfBniuk  A9- 
MGMtioa,  1850.   Descriptionofthelatenl  support 
by  leverk— 15.  Lord  Roase:  PhiL  TVons.,  1850. 
Notice  of  the  six  feet— 16.  LasseU :  iVooesdlH^* 
(j^'ii:  wij.  i$oc.,  Cambridge.  For  giving  rectUinear 
motion  to  speculum. — 17.  Ddivne  in  the  same 
vohime;   another  mode  of  efiteting  the  same 
end,  and  also  for  giving  dednite  rotation  to  the 
polisher. 

Spec«la«t  A«  Silver.  It  has  reoeotly 
been  proposed  to  snbstitute  silver  for  the  ordi- 
nary  speculum  metaL  It  is  far  more  brilliant, 
reflecting  0*91  of  the  incident  light,  whUe  the 
other  only  gives  0*67;  but  besides  its  high 
price,  there  are  almost  insuperable  difBculties  in 
figuring  and  polishing  it  by  the  nsoal  methods. 
Its  liability  to  tarnish  is  also  a  weighty  objection. 
In  1858,  Lord  Boase  met  tiioe  in  the  case  of 
the  plane  mirror  of  his  great  Newtonians,  by 
depositing  sOver  ttom  a  solution  of  ammoniated 
nitrate  on  a  poliriied  glass,  detadiing  it,  and 
emptoying  the  specular  surface  which  had  been 
in  conuct  with  the  glassw  He  found  the  gain  of 
light  veiy  great,  the  speculum  (if  protected  when 
not  in  use)  does  not  taniish  veiy  rapidly,  and 
the  coftt  and  trooUe  of  renewing  it  are  trifling. 
This  would  be  impracticable  for  the  laige  specu- 
lum i  but  In  1 857,  M.  Leon  Foncaalt  *  published 
a  process  whidi  has  given  very  satisfactory 
results,  and  seems  applicable  to  any  dimensions. 
His  qieculum  is  made  of  glass  (which  for  this 


*  Dr.  StefanhelL  of  Mnaieii,  has  daimed  priorltf  in 
Hill  dt^eorery.  we  have  not  the  mesna  or  veilfftnf 
his  referRoces;  bnt  it  to  oertalnlv  to  JL  Foaoanlt  tilat 

aiti^nosLon  are  iudebted  for  th«  practical  rosnlt.         ' 
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popoia  Deed  not  be  optically  perfect):  it  Is 
figiued  and  polished  to  a  tme  parabola,  and  the 
silvw  la  deposited  In  a  thin  bot  uniform  film  on 
ita  snf&oe.t    Its  exterior  surfeoe  Is  of  coone 
parabolic,  bot  has  no  lustre:  it  however  re- 
ceives this  in  a  high  d^gres^  and  without  any 
sensible  change  of  figure,    by  Hght   friction 
with  aoft  wash  leather  and  a  Uttle  peroxide  of 
Iron.    Incaaaoftanish  the  same  process  renent 
the  polish,  and  it  may  be  often  repeated  (bow 
often  haa  not  yet  been  ascertained)  before  the 
aOvering  requires  renewaL — The  advanti^  of 
such  specula  appeas  to  be  considerable.  AKev- 
tonian  furnished  with  them  woaU,  with  5S 
indies  aperture,  eqnal  in  U^t  Lord  Bosse*s  u 
feet,  and  one  of  64*5  the  same^  were  It  Hcncbd- 
ianked.    The  great  speculum  will  also  be  mnch 
lighter,  and  less  liable  to  bend—lL  Foncsalt 
has  already  constructed  a  telesoope  of  IS  incfaei 
aperture,  and  8}  feet  ibcua,  which  lias  desrij 
separated  into  two  the  blue  companion  of  y  Andro» 
mediB^  a  test  wbidi  is  quite  dedsiTn  as  to  the 
ao60ra<7  of  the  auifiices.    He  nsea  Dnytoa's 
process^  in  which  the  redndog  material  li  oil  «f 
cassia :  Lord  Roase  employs  saocharie  odd,  mA 
Liebig  sugar  of  mUk,  which  has  the  ndvantegt 
of  not  requiring  the  application  of  henL  liebig'i 
prooesB,  as  given  by  Ddarue^  ia  aa  foDowt: — 10 
grammes  of  fused  nitrate  of  silver  are  dismhed 
in  200  cubic  oentim^tres  of  water,   and  jmt 
enough  liquid  ammonia  is  added  to  this  sob- 
tion  to  redissolve  the  brown  predpitaie  flnt 
formed.    This    solution   Is   mixed    with  450 
cubic  centimetres  of  a  solution  of  canstic  sods, 
specific  gravity  1-085.    A  porpUsb-Uaric  |iie> 
dpitate  fimns  on  the  admixture  of  these  sola- 
tions,  which  is  to  be  dissdved  again  by  the  csie- 
Ihl  addition  of  ammonia.   After  which  800  onUc 
centimetres  of  water  are  added  and  ao  much  of  a 
diluta  adntion  of  nitrate  of  silver  aa  to  oecarinn 
a  permanent  sUg^t  predpitate  of  oxide  of  sflw; 
60  cubic  centim^tree  of  water  finally  are  added, 
and  the  sdution  filtered.     This  la  then  the 
normal  alkaline  sdution  of  sQver  which  is  le- 
tained  for  nee  when  required.    Just  previous  to 
the  sQveving  operation  eight  parts  of  this  alkaBoe 
silver  sdution  are  mixed  with  one  port  of  a  sohh 
tion  of  sugar  of  milk,  containing  one  part  of 
sugar  of  milk  in  ten  parts  by  wei^t  of  water. 
In  order  to  prepare  the  surface  to  be  aflvered  so 
as  to  faisure  the  adhesion  of  the  diver  film,  k  is 
rubbed  over  with  a  sdution  of  c^'anide  of  potaf- 
dum  by  means  of  cotton  wod;  after  the  sai^ 
fece  is  Uioroughly  deansed  in  thia  matter,  it  ii 
washed  with  distilled  water,  and,  joat  prerioai 
to  ita  immerdon  In  the  sUveitng  liquid,  it  ii 
wetted  with  strong  spirit  of  wina    All  tfaii^s 
being  ready,  the  sflvering  solullon  is  poured  into  a 
vessd  sufficiently  deep  to  oontain  the  ep^fahm 


t  HiIb  flfan  to  thtai  enooch  te  ,,...i, 
whUe  It  totaOvTsfieels  the  reysoi  sotor 
canlt  hssavaiitod  lOmaelf  oftlito  to  < 

eflectlre  thade  fiir  dMrrsdoBs  of  the 
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ia  m  Tcrtloal  dlnetSon;  but  intMid  of  pltdag 

tiM  minor  ojuicUy  Tertioal,  it  is  aUoirad  to  lata 

rilghtly  OTW  to  one  lide,  the  sorliMt  to  be  aihvred 

being  placed  downwards.    In  a  few  seconds  the 

solution  daiiieBS,  beoomae  brown,  and  depcslti 

the  silrar  on  the  glaas  in  tbe  iint  instance  as  a 

Uadk  or  invple  transparcat  miivor ;  this  gradn- 

ally  brigfateaa  and  beoomea  noce  and   noie 

•D^Iic,  and  flnallj,  In  abovl  thne-qaartcca  of 

an  lK»iir,  a  fihn  ia  obtained  $i  ofdinarjr  tempara- 

turee  which  ia  extranMlj  thin  and  regolar  in 

thickneas;  this  aiirror  luis  a  slight  braiay  hne 

by  reflected  light,  and  if  of  the  proper  Ihlftmas, 

tfaasmitB  a  deep  blue  lig^  when  the  ann  is 

viewed  through  it     It  readilv,  after  diying, 

reoeiTea  a  polish  when  mbbed  with  a  |»ece  of 

chamois  leather  and  dry  rouge  (peroxide  of  iron): 

it  is  much  liarder  than  ddinary  dver,  and  bean 

tbe  aane  rdatien  to  it  as  eiectro-precipitafia, 

ooppoTf  inm,  Ac.,  bear  to  thoae  metala  prepared 

by  tlie  oidinaiy  mecallafgic  methoda.  In  another 

incnM)ir  on  tbe  conflguratioa  of  optical  suiftoes, 

Fooeanlt  coodudes  as  Ibllows: — "The  mecha- 

nieal  proceaaea  by  which  the  working  of  glaaa 

aotfiMas  ia  efiucted  aeem  to  loee  of  tfaefa:  eflkicncy 

when  tbe  piecea  are  of  great  dimwiaJonat  Um 

naalti  they  then  ftimiah  are  but  an  approzima* 

tioo,  whftdi  la  certainly  tu  tnm  being  aatia- 

faetoiy.    But  where  mephaniem  becomea  power- 

leaa,  the  hand  of  man  can  do  aomethlng  more: 

aasisled  by  the  resources  which  optiee  put  at 

hie  disposal,  and  guided  by  a  system  of  obserra- 

tions,  the  power  of  whidi  Increaaes  with  that 

of  the  faMtnnnent  about  to  be  oooatncted,  the 

Iniman  hand  ia  then  enabled  to  proceed  widi  the 

woik,  and  to  catiy  It  out  to  the  greateat  degree 

of  pndaion*** 

gpheeaM.  A  spedea  of  elUpaoid  (f .  e.)  It 
b  ibnned  by  tlie  revelation  of  an  dllpae  round 
either  of  ito  diameters  If  about  Ita  kmger  diar 
meter  it  Is  called  a  prolato  spheroid.  If  about 
ito  shorter  it  Is  called  an  oblato  spheroid.  Its 
eufiioe  ii  given  by  this  equation 

the  same  aa  that  of  the  dlipeoid. 

See  Trioo- 


8ee  Balascx  and  EuAtncnr. 

ihe  liCMl*  HeUMd  •£  On  thb 
very  rettarluible  and  important  method  of  com- 
bining Eqmatiom$  if  Condkiom  ia  the  best  poe- 
dble  manner,  we  shall  be  able  to  offiv  only  a 
few  praetieal  hinto  and  iDastrations. — In  the 
first  place,  however,  let  the  nature  of  the  pro- 
blem to  be  solved  he  soouratdy  nadentood.  In 
EnaoE  and  GoEaaenov  we  have  shown  the 
chtof  precautions  neeeBaary,  so  that  the  observer 
wIm  requiree  to  measure  any  quantity — let  that 
quantity  be  aa  angle  or  a  linear  magnitada— may 
ceeae  as  near  to  the  truth  aa  possible.  But 
■a  pncaotioiia  can  enaUJe  him  to  reach  the  abeo- 
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lute  truth,  on  which  account  It  Is  the  practloe 
to  take  a  aam&er  qfmeaturei,  and  to  trust  that 
aomehow  an  eatimato  more  accurate  than  any 
aingle  measun  may  be  deduced  from  the  mean 
of  the  whde.  And  the  question  la— Aow  aJbotf 
iku  mem  be  obtamedf  By  the  usual  mode  of 
adding  all  obeervations  togeoier  and  dividbg  the 
sum  by  the  number  of  these  observatkms  ?  Or  is 
there  any  other  preferable  rule?  It  maybe  oon- 
duded  from  our  few  remarits  under  Ebbob,  that 
the  usual  ariikmeiical  wtetm  is  by  no  means 
neceeeaifly  the  best  or  truest  mean ;  and  the  in- 
quiry thus  opened  has  given  rise  to  thoee  elaborate 
aeriea  of  invntigat&ona  wliich  have  imued  in  tlM 
Law  or  Theorem  of  the  Mixzmum  Sqvabbb. 
The  ftillest  and  moat  aatisfaetory  dlscnssionH  of 
the  suliject  are  unquestionably  thoee  by  Qanss 
and  Laplace,  with  the  latter  of  whom  we  must 
Join  Poisaon.  It  is  scarody  neceeeaiy  to  men- 
Uon  the  very  incondudve  efforta  of  llr.  Ivory 
in  TUloeh't  Maffaeme.  The  atudent  is  eqieeially 
referred  to  a  valuable  review  of  the  whole 
eul^  by  Hr.  Ellis,  in  Cambridge  TWaMocfioas, 
voL  vlH. :  we  may  be  permitted  just  to  add 
that  the  inquiry  haa  yet  acarody  escaped  that 
taint  of  metaphysics  which  still  effects,  more 
or  less,  many  pointo  connected  with  the  doctrine 
of  PBoaiBiUTUEB.  The  general  theorem  arrived 
at  and  aanctioned  by  all  phyaidats  ia  this: — ff 
the  leaa  iff  a  wmAer  pf  duimci  oftsereofioal  be 
calctdated,  $o  ikal  tke  eqwarm  qftke  errort  thaU 
be  a  flMMMMHa,  the  vabtee  obiaumifor  the  qtumii- 

mearett  or  beti  ebtamable  vebtee,  Suppoae,  as  is 
usually  the  can  in  Astronomy,  the  number  of 
unknown  qnantitiea,  «,  jr,  s,  v,  &&,  to  be  lees 
than  the  actual  namber  of  eqnadona  of  conditloQ 
from  which  we  desire  to  deduce  the  values  of  theee 
qnantitiea.    In  other  words,  suppose  that  we  have 


X 

=s  •    — 

b  r- 

—  e  y- 

-d  a 

—  e  9- 

—  fie 

Xl 

=  •1  — 

bix- 

-«if- 

-rfis- 

—  «ie 

—  &c 

3Cf 

=  •,— 

bfX 

—  c,y- 

•dte 

—  «,r 

-&a 

xa 

=»«t  — 

b^x 

—  caf- 

d^M 

—  ejo 

—  fie. 

^4 

Ac 

b^x 

•d^B 

—  e^v 
Sec 

.&e. 

Let  us  put  for  the  peesible  erron  the  aymbola 
ii,  Ai,  Aa,  A^,  A4,  ficLt  and  for  breidty*a  aaka 
aa  below, — 

A  — •  =a 

Ai— •i  =  «l 
As  —  ««  =  Of 

fie    Sao, 

wliere  A,  Ai,  Aft  fie,  repreeent  the  valuea  obtained 
from  obaervation  of  tlie  ftmctiona  x,  Xi,  Xf,  &c»i 
then 

A  ssa    +frx  +  6jf  +  <<s  +  fic. 
Aj  =  ui  +  &i  X  4-  ci  y  +  t^i  s  +  fie 
Assa^+^sx  +  Cfy  +  dsS  +  fie 
Sec  Stc  ^      . 

Next  let  us  calculate 
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(ah) 
(ae) 
iad) 

(hh) 
(he) 
(td) 
(be) 


t 


|c  e)  B  e  c  +  Ci «!  +  es  6f  +  e^  ^  +  ^4  ^4  + 

Cd)  =  erf  +  Oirfi  +  Cfrfi  +  C8<^  +  *4^4  + 

(ce)  =  ca  +  ei«i  +  ctet-f«t^'^<'4<4  + 
&c  &c  4c 

(rfrf)  s  rfrf  +  rflrfl  +  rft<^  -t-  <^<^  +  <'4<'4  + 
(rf«)  as  rf«  +  rfl  «1  +  rfl  «1  +  rfs  •»  +  <'4  «4  + 

Ae.  Ac.  Ac. 


(.a) 


B  ««  +  «!  «i  +  *j  ej  +  «j«t  +  «4  «4  + 

&C.  Ac.  Ac. 


Theo 

(«6)+(»)x  +(5c)t+(M)e+{J«)v+...=o 
(ac)+(6c)x+(ec)T+(erf)z+(ce)v  +  ...=o   g 
(<«r)+(W)x +(crf)T+(rfer>«  +  (A)v  +  ...=o^ 
(m)+^)x  +(ce)Y+(rf8)«+(«)v+...=o 

are  the  eqoations  which  aeira  for  ascertaiiiiiig 

Ezjunple.    Sappoae  we  have  the  ei|iiationi 

X  =  « +  5  +  2* 
Xi  =  8«  +  2y  +  5f 
Xj=4«+  5  +  4* 
X8  =  — «  +  8y  +  8f 

and  foood  by  obeenratione 

▲  s  8,  Ai  »  ft,  As  =s  21,  As  =:  14; 

then 

A  =  8 —  X  +  y— 2» 
Ai  =  6  — 8x— -2y  +  6« 
Aj  =  21  — 4« —  9  —  i» 
^3  =  14+     X  — 8y  — 8f 

a   =    8,  6    =  —  1,  c   =1.  rf   =  —  2 

aj  =    6,  ftj  =  —  8,  Ci  =  2,  rfi  =        6 

o,  =  21,  6j  =  —  4,  ci  =  1,  rf|  =  —  4 

a,  =,  14,  ^  =:  —  1,  cs  =  8,  <^  s  —  8, 

eooeeqiiently  as  above. 

(ah)  =—  88,  (h h)  =27,  (c c)  =  16,  (dd)^bi, 
(ac)=—   70,(6c)=  6,(crf)=    1, 
(arf)=— 107,(6rf)=  0, 

whence  by  equation  5 

—  88  +  27«+6t+  -^o 

—  70+    6«  +  16y+       z  =  o 

—  107  +       Y  +  64  z  =  o 

Fmm  which  three  eqnationa  the  most  probable 
vaiues  follow, 

X  =  2  .  470 

T  =  8  .  661 

z  =  1  .  916 


SQU 

A  very  elegant  prooeas  by  Ganaa,  to  del»> 
mine  the  meet  probable  valnes  of  z,  y,  a,  r,  aad 
their  weiffka  w,  Wi,  Wf  fW^ — (the  wdgfat  of  all 
the  obeervatnoB  behigpat  =  1) — eonaati  m  the 
fiDUowing.    Let  na  pat 

(ah)  +  (j^h)x  +  (heyr  +  (W)»  +  (»e)v  +  ..-=r 
(ae)  +  (6c)x  +  (ac)T  +  (ed)K  +  («)t  +  ...-=q 

(ad)  +  (M)x  +(erf)T  +  (dd)z  +  (A)v  +  ..«=b 

(ae)  +  0a)x  +  (ce)T  +  (de)z  +  («)t  +  — =s 

Ac.  Ac.  Ac 

and  flien  eliminale  from  these  eqwatinna,  «.f,  t,  r 
by  known  algebraic  methods,  we  ahafl  ahravi 
be  aUe  to  exhibit  the  valoes  of  these  onknom 
quantities  by  expressioos  of  the  foDowingiMB,— 


and  if  we  have  actoaOy  eliminated  these  te 
most  probable  Yalnes  of  x,  jr,  a»  «,  are 


X  =  L 
T  =  Li 
JK    =  L, 


V8 


and  the  weights  of  theee  rasolts, 


"  "  \/5 


Wj    = 

w,  = 
^s  = 


Bl 


\/cf 


Ac 

If  we  can  f.  f  I,  ^2,  the  mean  erran  wfaidi  msj 
have  been  committed  in  determimngthe  pnbsbis 
values  of  X,  y,  a,  v,  (aooording  to  8) 

0-282096  V 

p    s—ir^^  (log  0-282095  =  9*450S9S4) 


J 
0-282096 

0-282095 

0-2Rg096 


(10) 


Lastly,  the  probable  erron  f,  r |,  Pf ,  whiiA  vav 
have  been  committed  in  finding  tlie  most  pn^*^ 
values  of  s,  jf,  a,  v;  or  those  errors,  of  wlnck  it 
is  equally  probable  that  tb«gr  have  ' 
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•nItM,  nr  that  they  hAve  not  been  oMnroitted, 
are  the  Iblloirinij;, — 

0-476936 
'  = -r-      Qog  0  476936  =  9-6784601) 

0-476936 
0-476936  ,  , 

F,  »  —  /---  00 

The  limits  A  F,  A  F},  A  Ff,  between  which 
true  Tallies  of  f,  Fi,  F|  will  oecar,  are 


SW 


the 


AF    =F    (1  t 


0-476036 


) 


AW 


0-4769»6  \ 

0*476936  \ 

in  which  ezprasioiis  »  is  the  number  of  the 
<*bi«rvatioa«  or  the  namber  of  the  given  equa- 
tions in  (2). 

To  show  an  application  we  shall  employ 
c;:ain  the  example  formerly  chosen.  Wt  have 
aoMPling  to  (6) 

—  88  +  27x+6t  =p 

—  70+    6Z  +  15T+       z  =  Q 


—  107                +       T  +  64  z  = 

:  B 

Whence,  aooordhig  to  (7^ 

49154         n09              824 
*  "  19899  **"  19:^9a'*■~  fgSWO^  + 

6 

19«99  " 

2617           12                54 
^  "    787    —    737   ^  ■*■    737~  ^  ~~ 

1 
737    "" 

12707           2                   9 
'  "*  6633    '''   6633  '  ~  66 J3  ^  "*" 

128 
6633  * 

And,  according  to  (8) 

49154 
*=  19899  ^'^'^'O^ 

2617 

12707 
'  -   6633"  -  '-^^^7 

likewiM,  according  to  (9) 

%1  = 


3-6948 


w,  = 


=  7-3435 


Whence  !t  follows  that  z  is  determined  most  pre- 
cisely of  all,  and  y  lea^  precisely,  so  that  t  is 
only  half  so  certain  as  z.  Further,  we  obtain 
from (10) 

p  3  0*1267,  fi  s  0-1468,  p 
as  the  means  and  according  to  (U) 

F  »  0-2142,  F|  =  0*2481,  F,  s  01 760 
as  the  probable  errors. 

Lastly,  in  section  7  the  number  of  the  pvon 
equations  was   four,  consequ«mtly  n  s  4   and 

,J~u  =s  2;  therefof^  according  to  12, 


A  F 


_  /l-288468\ 
•"  \0*761582y 

_  /1-2384B8 


^'1  =  1^0*761532^'*- 


AF,= 


=  /l*288468\      _ 
\0-761532y'^»"" 


0*2653  and  0-1630 


0-8071  and  0*1890 


01180  and  01341 


Gauss  had  previously  communicated,  besidm 
this  method,  a  method  of  solving  equations  of  the 
iirst  degree  by  the  method  of  least  squares,  if  their 
number  exceeded  the  number  of  unlniown  quan- 
tities involved  in  them.  He  tiansfomied  these 
equations  into  so  mnny  others,  of  which  each 
succeeding  one  contains  one  unknown  quantity 
fewer  thim  the  foregoing  one.  This  process  in- 
deed is  applicable  to  every  numbn*  of  unknown 
quantities,  but  the  operation  always  becomes 
mors  difficult,  so  that,  to  avoid  error,  we  must 
constantly  ha^'e  before  us  the  notation  of  the 
formula,  which,  in  every  particular  case,  are  to 
be  transformed  into  numbers. 

StaMllty.    When  a  body  is  in  equilibrium, 
and  a  small  force,  in  any  direction,  is  added  to 
those  already  acting  upon  it,  motion  in  that 
direction  is  immediately  produced.     But  after 
this  force  shall  have  spent  its  effort,  there  will  be 
an  endeavour  to  return  to  rest  If  the  new  position 
of  rest,  be  the  same  as  that  in  which  the  body  was 
when  the  force  was  applied,  the  body  is  said  to 
have  been  at  first  in  ttabU  €quiiibrmm — if  not,  in 
wasfftMe  equQibrium. — One  does  not  see  at  first 
how  stable  eqailibrium  can  be  possible.   If  a  force 
act,  it  must  produce  some  mult     It  cannot 
spend  itself  in  vain,  or  neutralize  its  own  eflbrts 
utteriy.     Bot,  in  stable  equilibrium  there  is  a 
return  to  the  exact  position  occupied  before  mo- 
tion, and  tlierefore  it  would  seem  that  there  may 
be  an  utter  loss  of  force  and  work  in  the  uni- 
verse.  The  mistake  arises  from  this,  that  account 
is  not  taken  of  the  heat  which  Is  generated.    The 
work  done  is,  in  tact,  converted  into  heat     In 
the  case  of  a  pendulum,  for  example,  there  is  a 
perfect  return  to  the  original  poeition,  but  host 
of  frictkx)  is  generated  somewhere.    This  heat  is 
the  result  of  the  forces  which  have  ope^ted,  and 
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Trill  be  their  equivalent  An  equivalent  for  all  I 
living  force  mmt  be  found,  and  alwa^'s  la  found 
in  the  economy  of  Nature.  R^;arding  tautable 
equilibrium,  take  the  following  illuAtration :  If 
we  balance  a  rod  carefully  on  the  top  <^  the 
finger,  the  tendency  of  any  dde  motion  to  malse 
the  rod  fidl  is  sufficiently  manifest.  In  fact, 
there  an  only  two  positions  of  perlect  equili- 
brium in  such  a  case — the  first,  when  the  rod 
hangs  freely  in  the  vertical  line  downwards ;  the 
second,  wlien  it  stands  upright  In  the  former 
case,  a  pull  or  push  to  the  aide  would  just  cause 
oecillatiiHi,  with  a  inal  return  to  the  original 
position— in  the  latter,  a  push  or  a  poll  would 
inalce  the  body  swing  wholly  away  and  setde  in 
tlie  vertical  line  downward. — To  investigate  ftilly 
the  conditions  of  stability  is  imposnble  in  th^ 
place,  but  we  shaU  consider  a  few  cases,  pointing 
out  how  they  are  to  be  treated.  We  shall  confine 
our  attention  to  die  case  of  pointt — ^taking  for 
granted  (see  Cbntrobahic)  that  where  a  body 
moves,  we  may  substitute  for  it  a  point  of  ex- 
actly the  same  weight  If  such  a  body  be 
disturbed  and  its  centre  of  gravity  moved,  it 
must  do  so  in  a  certain  line,  straight  or  curved. 
Suppose  then  that  we  slip  a  line  of  rigid  matter,  of 
the  form  of  this  line  along  which  the  body  must 
move  in  ttje  circumstances  of  dbturbance,  we 
can  now  abstract  all  consideration  of  the  forces 
tbemseh'es.  Tlie  forces  drive  the  body  along 
the  line  from  a  position  of  equilibrium  (the 
point  of  commencement  of  motion)  in  it,  and 
we  may  suppose  the  motion  along  it,  to  be 
produced  by  a  diflerent  cause,  the  presence  of 
a  rigid  raUroad,  instead  of  tlie  real  one.  Let 
us  conader  what  forms  this  railroad  may  assume 
x'ery  near  the  position  of  equilibrium. — 1.  It 
may  be  a  straight  line,  suppose  that  marlced  1  in 
the  figure. — 2,  8.  It  may  he  a  curve  bending 
upward  or  downward  on  both  sides  from  the 
pusiiion  of  equilibrium  (marked  2,  3).— 4«  Or 


(1) 
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one  bending  upwards  on  the  one  side,  and  down- 
wards on  the  other  (marked  4).^.5,  6.  Or  the 
position  of  equilibrium  may  be  the  point  where 
two  curves  meet,  or  rather  two  branches  of  one 
curve,  of  the  bending  of  both  of  which  branches, 
this  point  cannot  be  considered  the  centre  (marked 
5,  6).  Suppose  motion  from  a  along  the  straight 
line, — there  is  here  no  accumulating  force-  of 
gravity  to  coll  the  body  bock  to  its  old  position, 
and  displacement  would  only  be  removal  to  an- 
other place  of  rest  The  body  starting  from  A 
and  moving  along  the  line  would  just  be  in  the 
same  circumstances  as  if  it  started  from  anv 
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other  point  along  the  line.    It  can  ist  indiF- 
ferently  under  the  action  of  gravity  at  any  point 
in  the  line,  and  its  equilibrium  is  called  m£Jet^ 
mi.    In  motion  from  a  (In  2,)  there  would  be  an 
effort  exerted  by  gravity  to  retard  and  destioy 
this  motion,  and  as  it  constantly  acta,  U  Boat 
ultimately  succeed  in  so  dmng^— contiiuiiBg  to 
act  after  destroying  it,  it  wHl  bring  down  tbe 
body  to  the  old  position,  bat  there  it  wiQ  have 
given  it  such  a  vdodty  that  it  win  go  iq»  as  hS^ 
on  the  other  aide.    Were  motioa  in  a  perfea 
vacuum  possible,  this  oerallatioii  'would  go  ea 
for  e\'er ;  but,  as  it  is  not,  the  bodj  gives  part 
of  its  foice away  ia  JbeoC  to  sommndiiig  hoi»; 
the  oscillations  become  less  and  kaa,  and  fiaaBr 
the  body  settles  again  at  a.     Tbe  equHibiiBBi 
here  is  stable  equilibriunu    In  motion  fmat  a  ia 
8,  again,  there  is  the  same  action  of  gravity,  Im 
it  goes  to  increase  and  not  diminish  the  motiaB; 
and,  therefore,  ▲  bdng  once  left,  tiiae  is  no  ta- 
dency  to  return.    This  equilibrium  is  called  nm- 
ttabb.    In  motion  from  a,  in  4,  there  are  tm 
possibilities  to  be  considaed — that   the  body 
move  to  the  right  or  the  left.     In  moving  to 
the  left  we  have  exactly  the  same  resolts  as 
in  8 — gravity  increasing  the  distorbanoe,  and  bo 
tendency  to  restoration  after  distminnce.     Ia 
movement  to  therigfat  gravity  diminWieB  tbe  3sr 
tnrbanoe,  as  in  2,  and  brings  back  the  body  to  a, 
but  still,  as  in  2,  with  sudi  a  vdodty  as  to  take 
the  body  beD>ond  A.     Motion  in  this  directiaa 
once  obtained,  gravity  increases  it,  and  there  is 
no  return  to  a.     Hoie  also,  therefore,  the  eqoi- 
librium  is  unstabk;  and  in  all  cases  of  motion 
from  A,  the  body  wiU  go  down  the  slope  to  tbe  left. 
In  motion  from  a,  in  5,  a  very  pecoBar  rsbU 
is  obtained.     It  Is  evidently  of  no  oonseqaexice 
here  hi  which  direction  the  motion  is.     In  everr 
case  the  body  moving  from  a  will  go  down- 
wards to  the  bottom  of  one  of  the  curves — be 
carried  by  its  velochy  up  from  that  to  a  hei^ 
rather  higher  than  a  (supposing  it  sent  from 
A  with  considerable  vdocityX  ^'iU  go  nmad, 
perform  the  same  thing  on  the  other  side,  and  so 
on.    Theoretically  thoe  would  be  an  ineeaaaat 
motion  round  a,  as  theoretically  there  is  in  2,  aad 
80  in  this  view  we  might  call  the  aqmHbrima 
stable.      In  almost  no  practical  case,  however, 
would  the  body  oome  hick  and  rest  just  on  a. 
With  a  perfect  equality  of  drcumstances  («.  ^^ 
friction)  on  each  side,  it  would  do  so;  bat  ta 
practice  that  could  never  be.    In  some  one  of  its 
swingings  upwards  from  the  bottom  of  one  of  the 
branches  to  a,  it  would  come  short  of  a  ;  its  force 
on  the  other  side  in  ihft  previous  rise 
been  just  snfllcient  to  canry  it  over,  and 
of  that  having  been  lost — say  by  friction — ui  the 
interval.     We  thus  return  to  the  case  of  2,  and 
have  the  bottom  of  that  branch  of  the  curve  in 
which  A  was,  as  the  ultimate  position  of  etahls 
equilibrium.     Hence,  therefore,  the  resuh  that, 
with  perfect  equality  of  action  on  each  side, 
a  body  at  a  would  be  in  stabk  equHihriaia, 
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•nd  without  that,  m  in  almost  tvtry  practical 
caMi  in  nnatable  eqaillbrium.  The  equilibrium 
in  caM  6  is  e\idently  stable. — We  may  thus 
establiflh  the  general  law  that  a  system  acted 
opoo  by  gravitating  forces  is  in  eqoiUbrium  only 
when  the  tangent  to  the  path,  which  alone  it 
can  describe,  is  korizonioL  This  will  be  found 
to  hdd  for  all  the  six  cases.  Withdrawing  6 
flnom  consideratioo,  we  have  this  result— that 
■taUe  equilibrium  is  only  possible  when  the  centre 
of  gravity  has  reached  a  position  lower  than  all 
tbcMie  immediately  around  it,  in  its  possible  path. 
Case  5  modifies  the  tkeontical  statement  of  this 
law,  for  then  the  body  is  nof  in  a  position  lower 
than  an  around  it,  but  yet  in  stable  equilibrium. 
But  the  statement,  nevertheless,  remains  practi- 
cally traew — Such  is  the  technical  meaning  of  the 
woid  tUAiUtj/. 

0tan«,  FIxcdI.  The  name  given  to  those 
myriads  of  shining  points — ^with  the  exception 
of  oar  few  planets — which  glorify  the  midnight 
skies.  What  these  Orbs  are,  it  is  impossible  I 
positively  to  demonstrate :  but  as  our  sun  would  | 
shrink  into  the  dimensions  of  a  fixed  star,  and  | 
pat  on  all  its  other  visible  charscteristics,  were 
it  removed  to  a  oorresponding  distance,  we  are 
soetained  by  ever^-  consideration  of  probability,  in 
aasoming  that  the  luminaries,  scattered  so  pro- 
Aisely  around  us,  are  also  suns.  If  a  thousand 
balls  were  placed  within  an  urn,  one  only  being 
black,  it  is  little  likely  that,  on  one  drawing,  this 
single  black  ball  would  appear :  and  it  wera  an 
equal  strain  of  logic  to  conclude,  that  the  only 
fixed  star  with  whose  nature  we  can  be  conver- 
sant— (because  of  its  neighbourhood  with  the 
earth)--4s  the  sole  oiiganized  globe  amidst  the 
throng  constituting  our  galaxy.  But  we  have  no 
room  for  speculation,  and  must  leave  untouched 
discussions  as  to  the  P/uro%^lfbr2E2i.  There 
are  enou^  of  positive  inquiries  regarding  the 
Fixed  Stars,— one  dass  referring  to  the  visible 
and  real  distribution  of  these  orU, — the  other  to 
the  physicsl  causes  and  consequences  of  their 
griMpimg,  The  latter  sutject  forms  the  matter  of 
next  article ; — the  former  is  sufficiently  extensive 
to  justify  our  dividing  it  into  sections. 

L  Thb  Rrlativk  PosmoNS  op  thr  Fixbd 
Stabs. — This  important  inquiry  has  two  de- 
ments : — it  is  concerned,  Jbnt^  with  the  accurate 
determination  of  a  starts  true  position  on  that 
apparently  concave  surface  environing  the  earth : 
— jecoiid!^,  with  the  determination  of  its  absolute 
or  relative  depth  in  space. 

(1.)  Po$Ui(m  of  the  Stan  on  tk»  Surface  of 
t^e  Celestial  Concave. — ^This  position  is  said  to  be 
ascertained  when  the  star  is  referred  to  iis  dis- 
tances from  two  fixed  great  drdes  of  the  sphere. 
Observation  alone  cannot  determine  these  dis- 
tances. To  do  that,  calculations  of  a  laborious 
nature  must  be  applied  to  every  obsen-ation ; — 
calculations  which  are  technically  named,  Cor^ 
rectiorUy  and  Jieductions.  They  are  an  follows. — 1. 
The  apparent  places  detcrmiued  by  the  Traimt 
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and  dradar  Inttrumenie  (q  «.)  must  be  corrected 
for  the  errors  of  these  instruments,  indudin^ 
among  such  errors,   the  personal  equation   of 
the  observer. — 2.  The  instrumental  determination 
thus  accomplished,  correctSons  must  be  applied  to 
free  that  determination  lh>m  influences  depending 
on  the  podtkm  of  the  observer.    These  influences 
are  three;  Jintj  atmospheric  Rrfracium  (s^v,); 
eecondfyy  Aberration{q»v.);  and,  thirdly ,  ParaUax, 
This  latter  correction  is  required  for  a  very  few 
stars  only,  and,  with  existing  instrumental  means, 
it  is  almoat  e\-anesoent     Its  nature  is  folly  ex- 
plained bdow,  and  its  amount  also  indicated. — 
8.  The  two  previous  corrections,  would  suffice, 
were  the  great  drcles  to  which  the  place  of  the 
star  is  referred,  absolutdy  fixed.    But  they  are 
not  so.   Ftrsf,  we  have  those  motions  of  the  polo 
of  the  Earth  and  the  pole  of  the  Ediptic,  whose 
character  has  been  expUined  under  Pkbcbsbion 
and  NcTATioii ; — ^motions,  that  change,  accord- 
ing to  regular  laws,  the  position  of  the  great 
cirdes  of  Reference :  and,  tecondh/^  the  position  of 
the  axis  of  the  carth*s  rotation  appears  itself  to 
undergo  a  change,  although  that  is  nearly  evan- 
escent, and  at  present  by  no  means  ascertained 
or  valued.— An  observation  of  a  star  then,  is, 
itself;  but  the  simplest  part  of  the  determination 
of  its  pboe.   That  observation  must  first  be  fVeed 
from  instrumental  errors,  and  next  fhmi  effects 
of  Refiaction  by  a  set  of  suitable  tables.    The 
other  tangible  causes  of  displacement,  are  Preces- 
sion, Kutation,  and  Aberration ;  and  in  practice 
they  are  now  easOy  estimated  and  corrected  for,  by 
tables  whose  convenient  form  we  owe-  to  BesseL 
He  has  reduced  the  whole  of  these  correotwrns 
**efi  Moc,"  under  a  form  which,  as  given  by  Mr. 
Baily  in  his  Introductkm  to  the  Catalogue  of 
the  Brititk  Ateodation^  ie — 
▲  a  +  B6  +  oc  +  Dd  =  cor.  for  r.  a  : 
Ad^  +  Bh'  +  ocf  +  D(^=  cor.  for  Dec : 
in  which  the  quantities  a,  b,  c,  n,  depend  soldy 
on  the  season  of  the  year,  and  are  therefore  com- 
mon to  all  the  stars,  and  the  quantities  a,  a' ; 
6,6';  Cf  c'l  Ufiy  depend  on  the  star's  apparent 
place.     It  is  easy  to  tabulate  the  fonner  quan- 
tities for  all  the  stars,  and  the  latter  for  every 
star  approximately  known ;  nor  do  the  formulae, 
enabling  us  to  asoBrtain  the  values  of  a,  o' ;  6,  b\ 
&c,  al^ough  somewhat  tedious,  present  real  dif- 
ficulty in  their  application  to  any  newly  observed 
point  in  the  heavens. — As  presented  in  the  fore- 
going few  words,  the  process  of  Correction  and 
Beduction  must  appear  simpls:  but  to  perfect  it, 
all  the  ever  growing  resources  of  practical  and 
theoretical  Astronomy  have  been  put  in  reqnist- 
tion.     It  is  only  after  this  process  has  been  com- 
pleted, that  we  can  venture  to  speak  of  the  Proper 
Motions  of  the  Fixed  Stars. 

(2.)  PotUion  qfthe  Fixed  Starts  a§  to  Abeobae. 

and  JXelaiive  D^pth  in  SpaeCy  or  DUtance/rom  ow 

Syetem, — Tliis  roust  important  subject  is  divisible 

into  the  two  parts  indicated  by  its  tide. 

a.  The  Puraibu  t^fthe  Filed  ^;kin.^Tbe  dis- 
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ooverr  of  paraSax^  or  the  determinatioa  of  tbe 
abHobUe  (iMUmoea  of  many  of  thete  remote  orbs, 
is  probably  the  greatest  triumph  of  modem  prao- 
tkaU  astronomy.    Tbe  parallax  of  a  fixed  star 
si^nufies  the  difierence  of  the  directions  along 
which  the  telescope  most  be  pointed,  to  descry 
that  star,  when  we  an  at  opposite  extremities  of 
the  earth*8  orbit;  in  other  words,  it  is  the  angle 
sabtended  by  the  breadth  of  that  orbit,  as  seen 
l^m  the  star  in  question.    On  the  first  promul- 
gation of  the  Copernican  system,  this  eminently 
practical  objection  was  raised  by  Tycho, — if  the 
earth  rolls  round  the  sun,  why  do  we  discern  the 
fixed  Stan,  at  opposite  periods  of  the  year,  in 
exactly  the  same  apparent  places?    LUtle  did 
Tycho  dream  that  the  day  would  come,  when 
tenths  of  seconds  of  space  would  be  measnnble, 
and  when  his  difficulty  would,  by  such  almoet 
incredible  attainments,  be  removed  I    With  his 
gigantic  quadrant  before  him— measuring  with 
pain  a  space  of  ten  minutes — he  could  not  be  ex- 
pected to  anticipate  the  proximity  of  an  epoch, 
in  which  a  circle  of  ttiree  feet  in  diameter  would 
be  virtually  divided  into  thirteen  milUont  qfegmU 
parti!    We  cannot  ofiler  even  a  ritumS  A  these 
long  and  ultimately  successful  efforts  to  detect 
tbe  parallax  of  the  fixed  stars.    Two  methods 
have  been  resorted  to,  with  equally  satisfactory 
results.    The  parallax  of  a  star  may  be  ascer- 
tained by  its  dififerences  of  right  ascension  and 
declination,  when  its  poeition  is  determined  from 
opposite  parts  of  the  earth*fl  orbit;  but  as  deter- 
mination of  minute  gpaoss  has,  until  very  recently, 
heesa  much  more  accurate  than  our  determination 
of  minute  periods  of  timey  the  transit  instrument 
has  not  bwa  applied  to  this  moat  delicate  inquiry. 
As,  however,   the  determination  of  the  abso- 
lute position  of  a  star  within  these  narrow  limits, 
iovdves  all  the  uncertainties  belonging  to  reArae- 
tion,  the  effect  of  parallax  has  been  sought  in 
annual  chaitges  of  tbe  relative  places  of  two  stars, 
so  near  each  other  in  the  celestial  concave  that 
their  refraction  might  be  assumed  to  be  identical 
In  this  latter  way,  the  acute  and  most  accurate 
Bessel,  first  detected  the  parallax  of  sixty-one 
CygnL   But  we  daim  for  a  lamented  coimtryman 
— the  late  Professor  Himderson  of  Edinburgh — 
the  distinguished  honour  of  establishing  this 
evanescent   element,  for   the   southern  star  m 
Centauri,  by  use  of  the  mural  circle.     Hender- 
son's observations  were  anterior  to  Bessel's,  al- 
thouj^  it  cannot  fairly  be  said  that  his  sus- 
picions did  not  require  to  be  confirmed  by  his 
excellent  successor,  Mr.   Maclear.     These  re- 
searches have  been  successfully  followed  up  by 
many  inquirere.    The  student  who  would  know 
the  ftiU  histoiy  of  the  subject,  as  well  as  tbe  criti- 
cal nature  of  the  iniftrumental  research  and  sub- 
sequent discussion  of  results,  must  refer  to  that 
classical  memoir  by  M.  Peters,  — "  Becherckei 
9ur  la  ParaUax  dei  Mlet  jSxet;"  a  memoir  in 
which  every  source  of  possible  fallacy  is  recog- 
nized, and  its  value  estimated,  with  an  acute- 
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DOM  belonging  especially  to  H.  Pletcri.  md  that 
ecropnloosness  of  oonscience,  which  it  w«r«  glesxr- 
able,  should  belong  to  every  inquirer  ia  aay  wa2k. 
H.  Peten  proposes,  as  Axed,  the  followiqg  panl^ 
laxes: — 

81.  GyjrnU 0^*M9..  ..prob.  enor  CT-eM 

a  Lvre. 0  -103  —        0  fUJ 

PoUriii,  0  tyi?  —         0  -0  9 

1830.  Groombi,  .....0  fK  -.        9  -%U 

Gaiiella, 0  DM  —        0  -rO» 

Arctunsi jO  127  —        0  «?8 

The  amount  of  probable  error  in  aeireral  eise^ 
compared  with  the  determinatir^n,  Ao*^  «f 
courae,  the  amount  of  nnoertainty  att^wifRS 
these  determinations;  that  with  regmnl  to  Ca|Ml]% 
for  instance,  is  worth  nothing.  fi>ince  thed^e 
of  M.  Peters'  memoir,  many  other  iwinanhfp 
have  enriched  this  most  difficnlt  depaitmeac  ef 
astronomy, — none  more  cnriooa  or  iiiiiHiitla^ 
than  those  in  reference  to  that  remaikaUe  star, 
1830,  Groombridge.    This  star  has  tfaelargept 

apparent    proper  motion  yet  koown, no  kas 

than  7"  a  year;  and  the  general  expect ation  wBa» 
that  it  would  yield  a  very  large  parallax,  or  be 
found  to  be  very  near  our  solar  stystem.  Fmrt 
in  Paris,  Struve  and  Otto  Strove  in  ftiMJa. 
and  finally,  \^'ichroann  of  Kooigabeig  (Ike 
latter  piously  fulfilUng  the  wishes  of  the  Oiwtri- 
ous  Bessel),  ha%'e  all  wrought  at  the  proi4a& 
But  there  is  no  discussion  of  it  equal  to  Wicb- 
mann's — occupying  four  entire  numbers  «f  tbs 
Astronomische  iVadbrtdUen, — an  essay  niacb  men 
valuable  in  its  criticism  and  explanatka  sf 
method,  than  even  as  to  its  positive  i  imrliiaiMS 
Wichmann  establishes  the  parallax  of  tbe  star 
in  question  to  be  O'^'Tl— considerably  less  ttea 
that  of  «  Centamri.  Tbe  memoir  of  M.  Tmtn 
does  not  conclude,  however,  with  these  separate  er 
individual  determinations,  important  tbooj^  they 
are.  He  deduces  generally  that  the  imtsUbx  of 
Stan  of  the  second  magnitude,  is  O^-llfi,  wi&  a 
probable  error  of  only  0"K)14.  And  on  Ae 
ground  of  this  and  other  researches,  U.  Straw 
has  proposed  the  toilowing  table  of  distanees: — 


fanMax. 

VCTMIIf  U 

1- 
1-8 

0^->» 
0    106 

r 

<-5 

0    116 
0  1)98 

880 
ITS 

3-5 

0  -me 

0  -065 

43D 
487 

4- 

4-6 

0  -054 
0  -0*7 

807 
»0 

6-5 

0  -087 
0  •084 

8S« 

60 

0  -0*7 
0  -024 

1«0>I 
137-8 

The  numbere  1,  2,  8,  Ac.,  hi  tbe  forogoio^  taUs 
indicate  the  average  places  of  stan  of  tbe^irrt, 
feoondf   third  magnitodea;    tbe  Dunbcn   l\ 
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1 3,  3*5,  &a,  the  b«)uudary  lines  between  spberee 
occupied  by  the  different  sixee  of  sure.  The 
hrpothetical  portion  of  the  rabject  will  be  dis- 
CBiieed  In  next  section ;  in  the  meantime^  whAt 
reader  cen  oontempUte  unmoved,  depths  of  space 
— Aoeeesible  to  obeenration—acroes  whioh  light 
eannot  tnkxtH  in  less  than  one  hundred  <md  forty 


6.  But  it  has  been  ooneeived  that  the  reladve 
deptlis  of  masses  of  stars  may  be  estimated  beyond 
the  limits  within  which  our  abtobUe  determina- 
tion  must  ever  be  oonflued : — the  table  just  given, 
indeed,  rests  largely  upon  this  mode  of  estima- 
tkm.  The  principle  of  the  method  does  not  at 
flnt  sight  appear  open  to  formidable  objection. 
It  is  this — Ike  varioue  magintudei  <ifthe  etara  are 
imtke  main  owmgUf  their  differetUdi$Ume«e,  Tliis 
proposition  cannot  be  applied  to  individual  orbs ; 
neittMr,  perhaps,  to  separate  and  limited  gnmpe ; 
but  that  it  is  to  a  considerable  extent  applicable  to 
the  masses  of  the  stellar  orbs,  seems  to  follow  firom 
the  fact,  that  these  increase  in  number  as  they 
diminish  in  magnitude,  at  a  rate,  in  some  cor- 
respondence with  the  enlarging  capacities  of 
the  spheres  of  space  they  occupy.  There  are 
two  grave  uncertaintiee,  however,  attaching  to 
the  employment  of  such  modes  of  estimation. — 
Firti^  if  we  would  infer  distance  fttxa  magnitude, 
it  is  neoeseaiy  that  we  have  a  correct  estimation 
of  magnitude,  or  a  covrect  photometry  of  the 
stars.    Unfortunately,  this  important  department   other  cunuderatious,  wliicb,  however,  we  cannot 
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referred  to  the  Introduction  to  Struve*s  Meneurm 
Micrometriixe.  Very  valuable  contributions,  ai»  to 
the  mode  of  determining  the  relative  illumina- 
tions, have  recently  been  made  by  Mr.  Dawes, 
and  ProfesDor  Manuel  Johnson  of  Oxford. — 
Secondly;  an  objection  very  much  more  graven 
however,  is  also  alleged  to  apply.  Are  we  author- 
ised to  assert  that  ihe  whole  light  emitted  by  a 
star  reaches  the  earth?  In  other  words,  is  not 
part  of  tbat  light  extinguished  or  absorbed  as  it 
tra%'er8es  the  interstellar  spaces?  If  absorption 
of  this  kind  takes  place,  our  inference  as  to  dis- 
tance, on  the  ground  of  mere  apparent  magnitude, 
would  evidently  greatly  err  by  excess;  for  Uie 
stars  must  be  comparatively  near  us.  The  fact 
of  such  ^leorption  was  first  asserted  by  Olbers, 
on  grounds  which  we  cannot  at  present  dismiss 
as  insufficient.  If  there  were  no  absorption,  these 
bodies  should  all  shine  with  the  same  intri/fvic 
br%ghlne$$y  whatever  their  distance: — ».«.,  ul- 
though  distance  would  diminish  the  qwmlUy  of 
light  ihey  transmit,  it  would  not  affect  its  qualify. 
But  the  smaller  stars  are  also  Adler:  their  light 
fades  through  effect  of  an  increasing  deadniiss. 
How  is  this  to  be  accounted  for  ?  Not  by  ab- 
sorption m  our  atmosphere  merely :  hence,  ssid 
Olbers,  the  likelihood  of  an  interplanetary  eiber, 
and  of  exUnction  in  some  proportion  to  the  dis- 
tance of  the  star.  The  opinion  has  recently  bet- n 
revived  by  M.  Struve,  who  has  supported  it  by 


of  practical  astronomy  remains  in  a  condition 
very  far  from  satisfactory.  At  present  there  is 
no  fixed  or  universal  scale;  and  the  sameob- 
sen'er  frequently  varies  in  interpreting  his  own 
8t:ale.  No  man  has  laboured  more  to  impress 
the  necessity  of  an  uniformity  than  Sir  John 
UerKheL  The  scale  adopted  by  this  astronomer 
is  explained  as  follows  by  himself: — "  The  prin- 
ciple on  which  I  have  endeavoured  to  proceed  in 
estimating  the  relative  magnitudes  of  stars  below 
the  sixth,  is  that  of  continually  halving  the  light 
of  each  magnitude  to  give  that  of  the  next  in- 
ferior denomination ;  so  that,  in  feet,  Uoo  stars  of 
the  9th  magnitude,  so  dose  together  as  not  to  be 
distinguish^  from  one,  shall  aiSfect  the  eye  as  a 
single  star  of  the  Sth."* — Struve*s  scale  is  different. 
According  to  him  a  star  having  haif  the  light  of  a 
given  magnitude,  is  counted  of  a  magnUude  only  a 
Aoj^' lower :  what  Sir  John  Herschel  calls  the  8th 
magnitude,  in  the  foregoing  pas-age,  would  with 
Struve  t)e  8^ ;  and  so  on.  The  following  Ust 
shows  the  names  given  to  equivalent  Ughte^  by 
tbeae  two  astronomers,  in  the  case  of  the  smaller 
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For  full  discusMon  on  the  subject,  the  student  is 


deem  cogent  And  on  the  ground  of  these  con- 
siderations he  has  sought  a  formula  expressive 
of  the  brightness  of  a  star  (D  in  terms  of  its  (ti.H- 
tanoe  a.  If  there  were  no  absorption,  that  brigbt- 
netf  would  of  oourse  be  proportional  to  the  inverse 
square  of  the  distance;  or 

1 

Struve  puts  fbrward  as  the  equation 

1 
g  =  ^  •  0-990661»-> 

Assume  the  truth  of  this  equation,  and  we  are 
forced  to  modi^*  vastly  our  ideas  of  the  profUndii  \n 
of  these  orbe.  For  in^stanoe,  the  space-penetrating 
powers  of  telescopes  are  reduced,  as  shown  by  the 
subjoined  numbm. 

Bcneh«rs  BMin  wlihoak        Bum  wtUi 

lalueoiwi.  XstlnctkMX.  BxaaaUon. 

7fe«t .319-8 1931 

10  —  .. « JIII-1.... ia2-9 

90  — .-.^939 1839 

90  —  side  view  ....66n'8 J{97-8 

90  ^  froat%i«w...B13  9.....«.......950-7 

96  — \wyi -.«.-.X9-« 

40  ~  .....^..-.n..  909'J*9.....«>....n.<3eo'd 

The  difibrence  is  startling  indeed :  and  althou<;h 
Strave*s  conclusions  have  by  no  means  bt«n  ac- 
cepted absolutely,  b  is  dear  that  while  such  un- 
certaintiee remam,  we  are  not  entitled  to  speak 
with  anv  confidence  of  the  relative  nnmericnl 
distances  of  the  stars,  on  the  ground  of  the  method 
abo^'e  doBcribed.   Our  only  abaohite  and  reliaUa 
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knowledge,  therefore,  oomes  through  the  deter- 
mination of  parallax. 

II.    GKIfRRAIi  DiSTRIBCnON  OP  THE  FiXFD 

Stars. — Under  NeboLa,  some  general  fiuste  are 
stated  regarding  the  irregular  distribution  of  stars 
in  our  galaxy,  and  the  conclusions  early  drawn 
by  Sir  William  Herschel,  as  to  its  form.  Those 
conclusions  did  not  pretoid  to  be  other  than  of 
a  very  general  nature,  and  as  such  they  first 
shadowed  forth  a  mighty  truth.  But  sinoe  the 
views  in  question  were  propounded,  the  structure 
of  our  galaxy  has  been  the  snlgect  of  mnch  ela- 
borate investigation.  In  attempting  to  unfold 
the  existing  condition  of  the  inquiry,  we  shall 
uf«e  the  language  of  Professor  Nidiol,  in  the  last 
edition  of  his  ArckUedure  qf  the  Heatms,  de- 
scriptive of  thoee  labours  of  M.  Strove,  in  which, 
with  signal  ingenuity  and  success,  he  has  sfimmed 
up  the  researches  of  Piazzi,  Bessel,  and  Arge- 
larder.  We  are  unfortunately  unable  to  spare 
room  ibr  the  accompanying  illustrations. — **  The 
aim  of  the  Poulkova  astronomer  was  the  follow- 
ing :-^Suppoee  a  thin  slice  or  disc,  having  the 
great  drcle  of  the  equator  in  its  centre,  to  be  cut 
out  of  our  stellar  sphere,  he  desired  to  lay  down 
from  observation,  the  number  of  the  stars  of  the 
various  magnitudes  which  are  found  in  It,  and 
to  express  also  the  mode  of  thdr  distribution. 
That  his  results  might  not  be  afiected  by  uncer- 
tainties arising  from  our  oomparativdy  imperfect 
acquaintance  with  remote  r^ons,  Strove  confined 
himself  within  the  limit  of  stars  of  the  Ninth 
M  AONiTUDB ;  so  tliat  the  chart  he  gives  is  merely 
the  representation  of  the  contents  of  a  thin  dr- 
cidar  disc,  whose  radius,  probably,  reaches  to  the 
end  of  existing  perfectly  accurate  inquiry.  But 
notwithstanding  the  limited  nature  of  its  preten- 
sions, it  is  replete  with  interest,  and  profoundly 
suggestive. — In  constrocting  his  chart,  M.  Strove 
pro^eded  in  the  simplest  way.  By  aid  of  the 
best  catal<^eB,  he  first  oolleded  and  arranged, 
according  to  their  magnitudes  and  direction^  all 
the  Stan  whose  existence  and  position  have  been 
recorded,  up  to  the  boundary  assigned  by  him- 
self;  and  by  some  curious  and  ingenious  means, 
he  felt  enabled  to  ccmdude  how  many  in  each  case 
had  probably  escaped  observation.  'The  numbert 
of  the  various  orders  thus  completed,  yidded  an 
approximation  to  tbdr  respective  ditianoet;  and 
then  the  astronomer  proceeded  to  shade  theyarious 
regions  according  to  their  density  or  richness,  in 
stars.  The  latter  element  was  obtainediis  follows : 
— Taking  the  entire  number  of  stars  bdonging 
to  any  magnitude,  he  supposed  them  equally  di^ 
tributed  over  the  space  belonging  to  that  order, 
which  gave  him  its  mean  or  average  density,  and 
a  comparison  of  the  actual  number  of  the  same 
magnitude  in  any  hour  of  right  ascension,  with 
this  average,  established  the  comparative  density 
of  such  stars  in  that  hour  or  direction.  For  in- 
stance, there  are  87,739  stars  of  the  ninth  magni- 
tude, which,  divided  by  twenty-four,  gives  1,672 
as  the  average  or  mean  density  of  this  order ;  the 
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density  that  would  characterise  eoeft  ftovr,  if  Iha 
stars  had  been  uniformly  distribnted.  But  in  the 
first  hour,  there  are  only  1,084  of  such  atais; 
while  in  the  sixth,  we  hsve  3,81S.  Oomparad 
irith  the  meaJi,  then  the  density  of  that  first  hoar 
19  represented  by  0*C89,  or  about  f  tlw  adopted 
average  or  unit ;  while  in  the  sixth  hour,  it  b 
2*11.  Shadings  in  their  proper  plaees  oo  the 
diart,  of  brightness  proportUxial  to  the  two  mni- 
bers  {  and  2-11,  will  thus  exhibit  tlw  eonstrac^ 
tkmof  these  two  regkmsof  the  spheR;  and  a 
similar  method  enabled  M.  Scnxw  to  repRKOt 
graphically  the  actual  plan  of  the  heavcm,  m  all 
regions,  and  with  rsferoioe  to  evesy  order  of  sfant 
We  shall  now  study  this  rpmaricablB  charti  ii 
reference  to  the  grander  troths  it  ahows  tattjL — 
I.  It  will  not  escape  notice,  that  while  diane- 
terized  by  a  general  uniformity,  or  rather  by  a 
strongly  nuuked  plan,  certain  mfaior  iirqgalati- 
ties,  especially  within  the  sphere  of  stem  of  tba 
sixth  magnitude,  are  likewise  Teiy  firtBCtly 
manifested.  These  irregnlaritieB  mre  not  ex- 
plained by  any  system  hitherto  apprehended. 
Spots  of  li^t  in  one  place,  oompaiatiyeilT  &iaC 
districts  daewhere,^thiey  indicate  in  the  liBi;vfBs 
avariety  characterisdcof  allnatnre;  aDd,asve 
shall  discern  afterwards,  tiiis  too — even  tmd 
forms  80  august — may  originate  in  sock  pRH 
cesses  of  change,  as  ffiversify  and  atarap  with 
the  eheerftilness  of  life  eveiy  oAer  explored  por- 
tion of  the  universal  order. — ^IL  Paasing  bv  aH 
partial  irregularities,  however,  oar  atfeotioii  be> 
comes  fixed  on  the  main  ibatnre  of  Strave^s  dMrt 
— ^viz.,  that  grand  irregularity,  expresave  ef  m 
extraordinary  condensation  of  stars,  tikiog  a  fteft, 
or  «Cr^  cronsing  the  whole  disc,  between  the 
tix(h  and  eiffhteaUh  horns  of  right  pTf™*»»- 
Not  only  is  that  belt  the  densest  portion  of  tlis 
disc,  but  as  we  withdraw  fifom  it  to  either  site, 
Stan  of  an  orden  become  dimmer ;  for  instance,, 
the  line  or  diameter  fWxn  hour  I  to  honre  XIII, 
or  its  neigfabontfaood,  is,  as  a  whole,  the  §/Sata^ 
in  the  sphere.  This,  then,  in  so  iar  as  its  eqaa- 
torial  disc  is  concerned,  is  the  leading  district  cf 
our  stellar  system; — a  stripe,  or  belt, 
which  staift  of  all  magnitndes  have^  by 
potent  influence,  been  oonoentrated.  And, 
Strove  had  portrayed  in  a  similar  manner  aD 
other  discs  above  and  below  this  eqnatorial  one, 
as  for  as  the  poles  of  our  system,  his  maps  wodd 
haveexhibited  predominating  bdts  running  acnas 
every  one  of  them,  bdts  so  oorrespondiDg  to  tlie 
first  one,  and  to  each  other  in  p08itloti,4hat  tiie* 
could  be  laid  above  eocA  other,  and  made  to  fcrai, 
as  a  whole,  one  oontinoona  solid  sfios^  aj^nMiiag 
upon  the  equatoiial  disc,  and — rising  npwaids 
somewhat  obliquely — ^penetrating  all  the  spfaere. 
It  is  not  without  condderahle  difficulty  that  naadi 
not  habituated  to  representations  of  solid  figure, 
can  comprehend  the  exact  dgntficance  of  a  d»- 
scriptioQ  like  this ;  on  which  account,  and  becsaae 
of  the  paramount  importance  of  the  oonceptioa 
we  would  impress,  we  shall  take  assistance  (roni 
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a  homdy  flliwtralioii.  PUce  before  the  ejre  an 
ordhiarj  oeleBtkl  or  terrestrial  globe;  ftincj  that 
a  wooden  horizoo  of  some  thidciMBs  la  made  to 
pass  through  the  globe,  or  to  be  cot  ont  of  It; 
and  an  idea  wQl  be  had  of  the  equatorial  disc 
pictored  by  M.  Strove.  Agafai,  let  another  aeo- 
tioo  be  imagined  along  the  direction  of  the  bruen 
meridian,  w>  that  a  thick  slice  be  cot  from  that 
portion  of  the  globe,  it  will  nearij  oorreepond  with 
the  mawive  region  to  which  I  am  now  referring, 
that  region  of  oor  stellar  system,  which  seems  to 
iadnde  the  laigest  proportion  of  its  lominaries  of 
tvety  order;  and  which,  if  we  were  to  ikncyit 
accompanied  hieralfy  by  stars  strewn  ooropara- 
tivdy  iparulgf  throogh  the  neighbonring  spaces, 
would  give  no  very  felae  idea  of  the  chief  featore 
of  that  grand  sidereal  sphere  whose  radios  readies 
to  the  depth  occopied  by  orbs  of  the  ninth  mag- 
nitodcu — III.  On  tmrnfaig  again  to  the  skies,  hi 
search  of  traces  there^  of  the  dense  mass  whose 
existence  as  a  rich  vem  throogh  oor  galaxy — 
careAd  observatkm  has  thos  ^sdosed,  we  imme- 
diatdyUghtontheHilkjWay.  This  lone  creeses 
the  equator  predsdy  at  these  two  pohits  at  which, 
hi  Stnive's  chart  we  detect  the  belt  of  greatest 
lostiw;  so  that  the  former  phenomenon  is  merely 
the  prolongation  and  external  picture  of  the  other. 
Concerning  the  Milky  Way  then,  farther,  and, 
in  so  far,  veiy  distinct  statements  may  be  now 
hazarded.  If  from  the  sides  of  that  sopob  girdle, 
planes  be  sopposed  stretched  across  the  sky,  they 
would  enclose,  as  by  gigantic  walls,  a  space  of 
shape  like  a  common  grii^tone ;  and  within  this 
eoclosora  is  the  thtue  region  of  the  stany  hea- 
vena.  On  refening  bade  to  the  chart  of  M. 
Strove,  it  is  Ibond  that  the  son  is  not  qoite  hi 
the  centre  of  the  space  between  these  planes,  hot 
at  a  distance  ttom  it,  ascertained  to  be  neariy 
equal  to  that  which  separates  stara  of  the  second, 
fimn  those  of  the  third  magnitude;  so  that  we 
look  at  it,  notflmn  witkm  it,  but  fhxn  a  positkm 
oirtMfeofit  It  will,  of  course,  not  be  overloolMd, 
that  the  qnestions  remain,  what  b  the  nature  and 
extent  of  tliose  lateral  spaces  or  those  fkinter  dis- 
trida  of  Struve's  sphere:  and,  how  deeply — if  that 
depth  can  be  measured — does  the  dense  belt  itself 
stretch  before  and  after  towards  immensity?  The 
first  inquiry  can  fortunately  be  replied  to  with  some 
fpnfidfltice — M.  Struve,  as  before,  ftimishing  the 
nieana.  It  will  appear  that  if  aones,  parallel  to 
the  belt  of  greatest  density,  were  compared  with 
each  other,  the  more  distant  would  be  found  al- 
ways the  Cdnter,  or  the  lem  rich  in  stars.  Nay, 
this  diminution  is  so  certain  and  detsnninate, 
tbai  the  Prussian  astronomer  has  been  able  to  as- 
eartain  its  law;  a  law,  whose  fbrm,  indeed,  seems 
complex — that  form,  we  mean,  in  which  alone  we 
can  at  present  express  it — but  whose  existence 
»liows  how  emphatic  is  the  fact,  that,  as  we  pass 
UteraUy  away  from  the  central  stripe  or  disc  of 
our  doster,  the  distances  between  the  stars  are 
found  augmenting,  jutt  aa  icith  the  parHdea  <^ 
our  aimosphere  among  it$  higher  regume.    In 
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cases  like  the  present,  it  is  never  safe  to  poxK,  an 
the  strength  of  mere  analogy,' be^'ond  the  sphere 
of  positive  obeerration ;  so  that  it  were  wrong  to 
rdy  absolotely  on  indications  given  by  any  such 
law,  as  to  this  existence  of  a  Lunr — that,  too, 
not  far  off — across  which  our  system  has  no 
lateral  extension;  the  dark  ocean  of  space  lyin«^ 
there  fhthomless,  washing  hs  shores:  but  we 
hesitate  not  to  record  our  bdief,  that  the  mvft- 
terioos  boondary  has  been  visited,  and  these 
stany  fields  passed  through  by  tdescopie  energy. 
To  dear  all  doubt  away,  to  follow  the  irregular 
coasts  of  our  duster,  in  its  shallowest  r^ions ; 
to  survey  its  gulfe  and  headlands,  and  chart  their 
fbnu, — these,  with  other  grand  achievements, 
await  the  application  of  the  superb  powen  called 
recently  into  behig  by  the  genius  of  the  noble 
observer  at  Panonstown — IV.  The  arduous  ques- 
tion, however,  yet  remains— one  whose  solution 
will  task  the  hrftkst  energies  alike  of  mind  ami 
art  Through  those  untrodden  paths  of  the  MUky 
IFoy,  can  we  pass  with  secure  fcot?  Is  the  starry 
demcane  endless  there,  or  can  the  sounding  Hnea 
of  human  thought  and  vision  cope  with  its  pro- 
fundities?   I  bdieve  that  in  his  earlier  papers- 
having  as  yet  no  mistrust  in  the  mi^estic  instru- 
ment he  had  created — our  immortal  countryman 
spdM^  with  an  excess  of  confidence,  in  his  goMg- 
ing  powen;  but  that  he  duly  apprsdated  the 
extension  of  the  wonderfbl  zone  which,  first  of 
aU  men,  he  had  dared  to  propoee  analydng,  ap~ 
pean  dsewhere  quite  as  clearly  as  in  his  remarks 
on  the  intractable  depths  of  the  spot  in  Perseus. 
The  present  conditkm  of  the  inquiry  wHl,  I  trust, 
appear  flmn  the  foUowhig  considerations : — Fini, 
IVhen  an  eye  is  directed  towards  a  prolonged 
bed  of  stara,  there  Is  no  reason  to  fancy  that  it 
has  reached  the  termfaiatkm  of  that  stratum,  so 
long  as  there  appean  behind  the  luminaries 
which  are  individually  seen,  any  milky  or  ne- 
bulous light ;  such  light  most  probably  always 
arisuig  fhrni  the  blended  rays  of  remoter  massen. 
But  if,  after  struggling  long  with  a  nebolou^ 
ground,  we  obtain  a  telescope  that  gives  us  ad- 
ditfonal  Stan  with  aper^tcUffhlaek  $kyf  we  then 
have  every  reason  the  dreumstanees  can  fhrnish, 
on  behalf  of  the  soppodtkm,  that  at  length  we 
have  pierced  through  the  Mrahm ;  a  probability, 
indeed,  which  can  be  converted  into  certiunty 
only  in  one  way— vIl.,  when  no  faicreaM  of  orbs 
follows  the  a|iplication  or  a  still  Urger  instru- 
ment.   This  Utter  test  is  aheohte :  it  intfanatea 
a  decisive  exhaustion  of  the  bed  of  stan;  though 
it  can  be  employed  but  rardy,  in  cases,  demand- 
ing even  fbr  thdr  imperfect  investigadon,  the 
U^est  accessible  tdescopea.     When,  however, 
an  observer  of  sound  and  rdiable  judgment — 
one  duly  exerdsed  in  these  most  ddtcate  inquiries 
-^vouches  for  the  entire  dissipation  of  nebulous 
back  ground,  I  conMder  hto  assertion  virtually 
oondusive  of  the  point;  for  though  we  may  not 
even  tlien  venture  to  condude  on  the  absolute 
and  immediate  termmatum  aX  the  stellar  duster 
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«t  a  oertidn  tpecial  deptU,  we  are  aamredly  an- 
thoriud  to  inlier  a  diminatioa  of  its  dennty  ao 
signal  and  rapid,  that  the  (vozimity  of  a  limit 
may  safdy  be  aasuiiied.  The  pheoomenon  now 
alluded  to  ia  far  from  strange ;  it  cannot  be  un- 
familiar to  any  one  who,  with  the  aid  of  exten- 
sive powers,  has  looked  thoughtfully  into  the 
Milky  Way ;  and  Sir  John  Herschel,  in  his  r^ 
cent  very  interesting  analysis  of  that  zone,  has 
adduced  the  occurrence  of  such  perfectly  black 
gromtds^  as  bearing  irresistibly  on  the  point  at 
insue — ^via.,  our  power  to  exhaust  in  certain 
places  the  riches  of  our  stratum. — Secondly,  At 
times,  when  this  black  ground  has  been  reached, 
and  also  in  other  cases  biefora  it  has  been  reached, 
another  very  remarkable  phenomenon  appears — 
In  a  field  of  view  lit  up  with  the  splendours  of 
the  Milky  Way,  the  eye  sometimes  discerns  across 
these  lights — deep,  apparently,  in  onward  space 
— a  cluster  of  stars,  of  trifling  superficial  extent, 
but  intense  richneas ;  and  as  there  appears  no  trace 
of  coniumi^  between  the  magnitudes  of  the  orbs 
composing  it  and  those  in  the  stratum  through 
which  we  are  looking,  we  are  constrained  to 
infer  that  this  cluster  of  stars  is  really  itokded; 
that  between  it  and  tlie  Milky  Way  there  is  a 
vast  interval  of  untenanted  space;  and,  there- 
fore, that  in  this  locality  we  have  pierced 
beyond  the  termination  of  our  galaxy.  The 
principle  now  employed  is  a  very  fertile  one. 
Its  authority  is  evidently  co-extensive  with  our 
fundamental  [Mroposition — that  the  dUtanoes  of 
the  ttah  are  roughly  indicated  by  their  mayiu- 
iudee;  and  a  slight  reflection  will  show  tliat 
it  must  reveal  to  careful  inquiry  not  merely  the 
termination  of  a  prolonged  stratum,  beyond  which 
an  isolated  cluster  is  found  to  lie ;  but  also  all 
irregularities  within  that  stratum  itsdf-— a  par- 
tial irregularity,  a  break  or  vacuity.  Dr.  Robin- 
son mentions  two  occasions  on  whidi  dusters  thus 
singularly  associated  appeared  to  him,  while  using 
the  great  reflector  at  Parsonstown ;  and  he  speaks 
of  them  with  especial  interest,  because  of  the  light 
they  cast  on  the  structure  of  the  Milky  Way. 
If,  however,  that  vast  instrument,  with  all  the 
immensity  oi  its  range,  can  produce  evidence, 
nothing  more  than  probable^  that  it  has  sounded 
the  galaxy;  through  depths  how  inconceivable 
must  our  bed  of  surs  stretch  out,  in  those  its 
more  brilliant  regions !  And  how  overwhelming 
the  thought,  which  first  grew  up  in  the  mind  of 
the  veteran  Herschel,  that,  after  all,  this  is  no 
more  than  a  speck,  an  ialet  on  the  breast  of  the 
great  sea! — It  caimot  be  doubted,  we  think,  that 
the  truths  now  unfolded,  are  in  entire  consonance 
with  the  general  \iews  of  the  illustrbus  founder 
of  sidereal  asUonomy,  as  to  the  structure  of  our 
galaxy.  That  the  galaxy  is  a  limited  cluster, 
comparatively  shallow  laterally,  while,  in  the 
direction  of  the  Milky  Way,  it  stretches  iude- 
finitely  onwards,  are  propositions  seemingly  as 
nearly  demonstrated  as  it  were  reasonable  to 
exjiect  iu  inquiries  of  this  nature ;  but,  fiirther 
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than  the  broad  statement,  that  we  are  in  the 
midst  of  a  stratum,  which,  viewed  from  above, 
might  have  an  aspect  oorrespoDding  in  ao  fv 
with  many  external  nebuLe— we  presome  Her- 
schel himself^  would  not  at  present  have  been  in- 
clined to  adventure.  It  is  possible^  however,  to 
obtain  a  more  accurate  ooocqitiQii  of  tfaa  is- 
tema/  structure  of  this  extraonlinary  stFttaa; 
with  whidi  aim,  we  shall  request  atteatkn  t» 
certain  additional  remarks. — 1.  The  iUustxatisa 
which  presents  the  Milky  Way  within  the  le- 
gion of  stare  of  the  ninth  order,  as  a  eulki  ma- 
sive  disc,  rising  obliquely  from  the  equatorial 
plane,  requires  considerable  modificatkn.  We 
find,  from  our  best  catalogues,  that  the  desotr 
of  the  Stan  does  not  augment  with  signal  ni{BdiDr 
in  the  neighbouxhood  of  the  Mill^  Way,  nodlvs 
have  gone  onwards  to  the  spheits  of  the  mmlkr 
magniiudes.  Nearer  us  than  the  sphere  of  erti6 
of  the  eixth  order,  for  instance,  we  detect  no  my 
remarkable  accumulation  in  the  line  of  the  fR* 
dominating  belt;  there  is  enou^  perfaa{>s>  is 
reveal  the  existence  of  an  aggregating  inflaffe. 
within  the  plane  of  that  belt;  but  the  oeatnl 
part  of  the  disc  is  tax  from  beii^g  a  rtymkr  emr 
timiation  tntoordli,  of  the  masses  in  the  Mi&v 
Way.  It  is  after  we  pass  the  deventh  or  tvdftk 
order  of  dietanoee  only,  that  any  extiaudiBaiT 
increase  of  relative  density  marks  those  regiont; 
intimating,  apparently,  that  tht»  we  are  tonchi^ 
the  interior  surfisoe  of  something  like  a  rv^  sr 
ofuicf/iis,  encirding  the  ttptifxs  containing  oar  fan 
and  the  luminaries  near  him :  nor,  in  so  fiv  ss 
this  is  concerned,  would  we  be  greatly  in  eciw 
in  suspecting  that  the  stellar  scheme  to  wbick 
we  belong,  may  be  allied  to  the  singular  aaaabr 
forms  portrayed  in  Plate  lY.,  only  that  theceaml 
r^ons  of  many  of  those  figures  are,  in  tiie 
main,  less  rich  than  our»  in  ataia. — 2.  Bat  «c 
are  not  permitted  to  believe  that  the  conrnflinn 
of  it  as  a  gigantic  and  most  gorgeous  ring,  woakl 
solve  all  the  peculiarities  of  our  great  gaiai^; 
for  a  narrower  scrutiny  of  its  stmctnre  bsBMbes 
fh>m  itall  ^>pearanoe  of  regularity.  It  is,  indsed, 
only  to  the  most  caxeleas  fiance,  or  when  viewed 
through  an  atmosphere  of  imperfect  transpaseBcy, 
that  the  Milky  Way  seems  a  oontinuoas  waaiL 
Let  the  naked  eye  rest  thoughtfully  oo  any  part 
of  it,  and  if  cireumstances  be  fiivonrahle^  it  «ill 
stand  out  rather  as  an  accumalatioii  of  patcfasi 
and  streams  of  light  of  every  conceivable  variety 
of  form  and  brightness;  now  side  by  side;  now 
heaped  oo  each  other;  again  spanning  across  dsik 
spaces,  intertwining  and  Ibnning  a  most  carioos 
and  complex  network ;  and  ai  other  times  dan- 
ing  off  into  the  ndghbouring  skies  in  bnnchei 
of  capridous  length  and  shape,  which  grsdaaHy 
thin  away  and  disappear.  Ilie  appearanoe  of 
this  wonderful  stream  is  so  complicated  that  tbs 
inquiry  as  to  its  significance  may  seem  next  to 
hopdess.  There  is  one  very  prevalent  and  aut 
unnatural  oonoeption  of  which  the  student  masi 
dispossess  his  mind  at  the  outset,  as  a  first 
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Hal  to  anr  compvdieiision  of  these  manrds.  The 
mtmtB  he  eeee  in  the  MOiEy  Way  an  not,  as  on 
iMe/aee  qfajnetmrey  necessarily  etther  at  the  same 
distance  (hxn  him,  or  connected  with  each  other. 
He  is  looking,  on  the  contrary,  deep  into  space; 
and  these  lominons  forms  are  the  oontents  of 
space  presented  according  to  the  laws  of  the  only 
possihle  perspective.   A  dim  streak,  for  instance, 
is  probably  not  dim  in  itself  or  less  gorgeoos 
tiian  the  hrigfaterone  it  seems  to  cross;  hnt  only 
n  bnmch  of  oor  most  complex  system,  at  some 
inconceivable  remoteness,  lying  athwart  the  field 
of  Tiew — a  portion  of  one  of  its  fiuMiir  convolu- 
tiona.   That  this  is  an  acennUe  interpretation,  b 
amply  confirmed  by  any  tdeecope  capable  of  dis- 
solving these  varioos  masses  into  discrete  stars; 
fcr  the  magnitudes  of  the  bodies  compering  them 
are  ndther  corresponding  nor  continooos;  they 
belong  to  orders  indicating  very  different  pro- 
ftmditles  in  space.    The  ^iew  we  enjoy,  in  fiwt, 
is,  in  its  chirf  characteristics,  not  nnlike  what 
would  appear  were  a  spectator  near  the  centre 
of  a  saperb  sidral  nebula,  looking  towards  its 
drcurafierence :  there,  as  to  us,  branching  and 
rtmnded  U^t  donds,  of  all  degrees  of  remoteness 
and  comptfative  brightness,  would  be  presented 
in  one  mass  befi»e  the  eye;  reason  alone  could 
disentangle  the  complex  appearanoes,  and  reveal 
their  rdations  as  to  distance.   Thus  regarded,  our 
surrounding  sone  is  revealed  in  its  true  magni- 
ficence ;  interminable  in  its  splendour,  and  baffing 
all  analyris.    In  that  peculiar  state  of  our  atmo- 
sphere when  the  cumulus  dond  predominates, 
mnges  and  banks  are  usually  seen,  rising  above 
and  behind  each  other  in  gorgeous  perspective, 
bunding  up  a  noble  and  endtoss  landscape  of 
such  hoes  and  fonns  as  occupy  oneTs  dreams; 
such,  even  (Ant,  would  appear  our  Milky  Way, 
if  at  a  breath  ita  surfMse  should  part,  and 
through  the  opening,  we  saw  its   ascending 
cumuli  of  star  clouds,  stretching  away  in  un- 
rivaOed  glory,  higher  and  higher  up  to  where 
nian*s  eye  shall  never  reach  them,  or  his  most 
vaulting  imaginations  brealc  in  on  their  repose. — 
Leutljff  One  <^er  faet  connected  with  our  system, 
remains  to  be  noticed— one  especially  dwdt  on 
by  Sir  John  Herschel — in  that  woric  on  the 
Southern  Skies,  in  which  he  has  worthily  ckeed 
the  greatest,  most  complete,  and  most  dasslca] 
series  of  Inquiries  yet  possessed  by  sidenal  astron- 
omy.   On  the  background  of  the  sky,  in  regions 
not  t^iparmUjf  connected  eiUier  with  the  Milky 
Way,  or  any  foreign  duster,  this  acute  observer 
has  been  frequently  called  on  to  remark,  Instead 
of  that  perfect  darkness  usually  diaracterixing 
recesses  which  no  star  illumines,  "  an  exceedingly 
delicate  and  uniform  dotting,  or  ttippBng  of  the 
Add  in  view,  by  pohita  of  light  too  small  to 
admit  of  any  one  being  steadily  or  fixedly  ex- 
amined, and  too  numerous  for  counting,  were  it 
possible,  so  to  view  them."    He  has  specified  no 
fewer  than  thirty-seven  pUuM  distinguished  by 
this  stmge  and  evanescent  presence^  the  shadow 
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as  of  some  for  away  reality,  or  light  blowing 
through  darkness.  The  phenomenon,  hideed,  b 
so  feint,  that  he  says,  '*  The  idea  of  Ulusion  has 
continually  arisen  subsequently;"  but  as  to  iu 
reality,  it  Is  enough  to  read  ttoai  Sir  John^s 
note  book,  ^  I  fed  satisfied  the  stippling  is  no 
IDuston,  as  its  datk  mottUng  moves  with  the 
stars  as  I  move  the  tnbe  to  and  fh) ;"  and  more 
that  is  similar.  What  are  these  fresh  hitlma- 
tkMis  feom  beyond  abysses  so  awfiil?  On  ex- 
amfaifaig^  by  aid  of  a  stellar  chart,  whether  the 


patches  of  light  could  be  grouped  in  any  con- 
sistent or  intdligible  manner,  the  same  astron- 
omer found  that,  with  the  exception  of  tkne  that 
appear  outlying  and  disconnected,  they  form 
several  disthict  but  continuous  streams;  and  it 
seems,  therefore,  that  as  they  must  be  held  to  be 
stany  regions  of  great  extent  and  excessive 
remotenees,  we  are  constrained  to  consider  them 
branchesor  arms  of  the  system  of  our  Milky  Way, 
amid  depths  to  which  no  adventurous  conception 
ever  penetrated  before.  It  is  for  from  the  least 
sfaigular  of  these  recent  revelations  of  Lord  Rosse, 
that,  attached  even  to  the  simplest  and  moet 
regular  shapes  of  the  external  dusters,  are  stray 
filaments,  dhn  and  ^Muse,  groplog  outwards,  as 
it  were,  from  the  mass  of  the  system.  Into  sur- 
nNmdfaig  vacant;  are  tkote  such  arms  attached 
laterally  to  the  prindpd  regions  of  our  galaxy, 
or  are  they  portions  of  its  genenl  structure,  pierc- 
ing into  vacuities  yet  more  wild  and  perilous, 
and  carrying  its  relations  onwards  towards  the 
sphere  of  other  systems?  Whatever  their  char- 
acter or  ftinction,  all  hope  of  giving  ibrm  or 
definite  ootUne  to  the  Milky  Way,  now  neces- 
sarily disappeara;  we  are  dealing  with  magni- 
tudes so  vast,  so  transcending  comparison  with 
any  pdpahle  unit,  that  they  merge  into  what  is 
formless. 

III.  Pbopir  MoTfovs  OP  TRB  Staks.— 
Under  Suir,  the  circumstances  have  been  al- 
luded to  that  led  to  the  definite  discovery  of  the 
grand  motion  of  trandation  of  our  luminary. 
Not  only  is  it  most  improbable,  that,  alone  of  aU 
the  stars,  our  sun  moves  in  some  gigantic  orbit; 
but  the  discovery  of  the  latter  feet,  invdved  the 
discovery  of  proper  motions  in  the  stars  dso.  The 
raaUty  and  direction  of  the  Sun's  path,  is  estab- 
lished by  the  circumstance,  that  the  stars  en  macfs 
seem  drifting  in  a  certain  direction, — ^that  Is  to  say, 
ih»mmio/timr  apparent  tmdumilBaitbhni^m; 
and  that  sum  is  so  dear,  that  no  doubt  remains 
as  to  its  reality.  But  each  tmgle  ttar  doee  not 
drift  in  this  way.  On  the  contrary,  taking  thein 
individtully,  they  seem  to  move  very  irrcgu- 
lariy;  and  the  irregularity  establishes  and  ex- 
presses the  existence  of  proper  motiom  for  each 
star.  To  detect  the  amount  of  their  proper  mo- 
tions, the  eflfect  of  the  Sun's  motfoo  must  be 
dimfaiated  from  the  apparent  dianges  of  place 
discsned  in  each  star ;  the  rsddne  is  the  quan- 
tity we  desirsi  Thanks  to  the  astonishing  per- 
fection of  modem  astimutnicd  instrument^  these 
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nil  frat  evanowmt  motions  an  00  mU  estab- 
lished in  the  case  of  Tery  many  stan,  that  an 
ingenioos  InqniraTf  to  whom  observation  owes 
mneh,  has  deemed  It  not  prematore  to  otht  a 
Tonarkable  speculation  regarding  the  natnrs  of 
the  grand  galactic  system,  of  which  snch  proper 
motions  are  the  indications.  According  to  liaed- 
ler  of  DoTpat,  the  star  Alejf<m&^ihe  principal 
orb  in  the  Pldadea — ^is  at,  or  veiy  near,  the 
centre  of  gravity  of  all  the  stellar  orbs  —  the 
point  around  which  the  Sun  and  bis  Innumer- 
able companions  are  performing  their  revolntions. 
He  t^  ns,  that,  as  a  consequence  of  his  theoiy, 
the  Sun's  distance  from  the  centre  of  liis  orfait, 
is  tiiirty«'four  millions  of  times  the  radius  of  the 
oiMt  c^  the  Eardi,  and  that  the  duration  of  ids 
oonne  is  about  19,256,000  yean !  Astonishing 
conclusions!  But  the  speculaUon  of  N.  Maedler 
in  nowise  overtalces  the  complicacy  or  reaches 
the  elevation  of  the  actual  case.  TIm  curious 
omcurrence  of  motions  on  which  he  founds  it, 
may  Iiave  some  general  and  even  important 
cause ;  but  the  affections  of  all  the  ortw  lie  has 
examhied,  though  these  were  augmented  an 
bundredfdd,  can  in  nowise  be  assumed  as  a  key 
to  the  mysteries  of  our  extraordinary  galaxy. 
Situated  exclusively  withm  a  spans  district 
enclosed  by  the  ring  of  the  Milky  Way,  these 
stars  are  but  a  few  even  of  the  orbs  which  are 
scattered  there;  and  towards  the  massive  annn- 
Ins  itself,  Ur  less  amid  its  wonderftd,  its  be- 
wfldering  prolongations,  observation  has  not 
stretched  at  all,  or  taken  account  of  the  proper 
motion  of  its  luminaries.  It  is  as  if  at  a  star 
near  the  centre  of  the  great  spiral  of  Plate  IV^ 
an  Inquirer  had  descii9d  some  orderiy  system 
comprdiending  the  orbs  which  are  there  disposed 
with  comparative  regularity,  and  foi^t  there- 
upon the  intractable  and  wild  complexity  of  the 
obfect,  of  which  the  central  mass,  however  great 
in  itself  is  but  an  insignificant  portion.  Im- 
mersed in  the  faifcerior  of  the  Nebnh,  the  sUes 
over  his  head,  sparkling  with  the  stars  be  knows 
best,  that  astronomer  might  for  a  moment  encour- 
age snch  delusion ;  remove  him,  however,  to  the 
height  ftom  which  we  inspect  his  galaxy,  show 
him  its  iiBUitastio  arms  thronging  with  stai^uds, 
each  one  of  which  might  be  mistaken  for  a  uni- 
verse; cover  with  your  finger  the  litUe  drda 
beyond  which  he  knows  the  proper  motion  of  no 
star,  and  assuredly  the  ambition  will  endure  with 
him  no  longer  I  Maedler  has  not  succeeded,  nor 
are  we  sure  that  the  suocess  he  sought,  will  ever 
be  attained.  Achkivements  like  these  belong  to 
that  lofty  class,  concerning  whose  realization  it 
were  as  ^  unwise  to  be  sanguine'*  as  it  would  be 
*'  unphilosophical  to  despair." 

ntmn  Mniaple.  These  stars  are  apparently 
groups  of  individual  stars  exceedingly  dose  to 
each  other — so  ckise,  in  many  cases,  that  the 
separation  between  them  cannot  be  discerned 
without  the  aid  of  the  telescope.  They  are 
divided  into  classes  according  to  thieir  complexity; 
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henoB  wo  lunrv  Doublb  Scabs,  TsiFtB  SfUMB, 
4be.,  &e.  On  discovering  that  moltitiidBS  sf 
apparsnt  doable  oonbittatsanB  ttdit,  hx 
what  ooald  be  ezpeoted  from 
optical  coqfunctioD,-*that  la,  frtmi  the* 
of  one  star  nearly  in  tfaet  same  vlmal  fine  with 
another,--Sir William Hendiel  bad  neammto 
the  ronsoning  employed  kog  befera  by  Midi^ 
and  ventmnd  the  bold  bat  most  fintmale  |i^ 
diction,  that  these  objeds  woold  be  tcmi  ts 
h%  in  physical  unkm,  forming  revolving  ejrv 
tems.  The  same  ooasidsration  baa  bees  skss- 
Intely  rdied  on  and  extensively  erapkfsd  hf 
M.  Stmve;  nor  was  its  vaUdi^  eaOed  m  qas- 
tko,  nntfl- - -oompantivGiy  lecsDtly  stimg  s^ 
jeotions  were  started  by  IVofassor  J.  D.  Fate. 
The  scientific  difltenlty,  in  ao  finr 
^yplication  of  the  doctrine  d  pcobabSities  is 
oemed,  seems  to  have  been  aetUed  by 
Boola  of  Cork,  one  of  oar  beat  mathmii 
and  most  jndkioas  tUnkas.  He  lays 
this  proposition  aa  applicable  lo  the  ease^— *^If 
the  probability  of  an  IndicatiTe  knr  of  distriba- 
tion,  and  the  consequent  exJetenee  d  a  dodUi 
star,  is  greater  than  the  probabUi^  in  IkToarof  s 
random  distribution,  anid  a  oooseqiieBt  abssnn 
of  double  stars,  tben  the  probability  in  ftenrnd 
an  indicative  law  of  dlatribotkaa,  gnntisg  Ike 
existence  of  a  doable  star,  la  atranger  thntlH 
probability  against  a  doable  star,  grsntii^  tte 
hypothesis  of  a  dislzibotion  at  nndoo^."  Goa- 
stndned  to  agree  with  Proftesor  Forties,  tbst  tb 
manarioof  eondnakwa  readied  on  this  aalgsct  as 
not  defonalble^  we  consider  it  dear  that  a  pm- 
babiUty,  such  aa  that  DM&ated  hy  Midwl  «d 
Eerschel,  onqaestionably  exists;  at  all  tunOi, 
the  belief  in  it  led  to  discoveries  than  vUch 
none  in  modem  times  are  more  brilliant  sad 
interesting.  The  student  who  woald  follow  the 
oonne  of  research  oonoemiQg  the  doable^  tripk 
&C.,  stars,  slionld  study  the  memoin  and  writkigs 
of  Herschd,  South,  Strove,  Dawea,  Vaisrasa. 
&e.,  &&,  unfortun^y  modi  scattend  tfana|h 
the  Transactions  of  our  scientific  aocietiesL  The 
great  practical  woric  is  andoubtedly  Stnne*s  Jfe»- 
Mires  Miarometricm,  Our  Umited  spoee  eoaftas 
us  in  this  place  to  a  few  brief  notioea  of  the  lead- 
ing results  of  such  inquiriea. 

1.  The  existence,  or  rather  the  prevalenos  «f 
orbital  mottons  among  theas  remarkable  eosH 
binations  is  established  beyond  aU  doobt  N^. 
the  periods  of  revolution  are  fixed  in  many  cssok 
and  approximated  to  in  others.  The  periodi  of 
the  folbnring  binary  combinations,  an^  aa  tbrr 
are  stated,  oonect,  within  small  limits  of  cner:— 

{  Hercnlia^ aOvears. 

I  Ures  KiOorit, CI  — 

l»  Ophiacfal, 74  ^ 

•  OenUnrl, 77  — 

y  Virginia 189  _ 

Cutor IM  — 

r  Corous, , ^ 
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If  we  could  afford  time  to  pan  into  the  fidds  flf 
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Uglily  pfTObftble  oonjeatnn^  we  flboaU  oome  into 
prennoe  of  Hur  vaster  perioda.  The  great  year 
of  Aloor,  Mizar,  and  the  small  star  near  them,  eas- 
aot  be  leas  than  1(M,000  of  oar  jears,  while  that 
of  the  qnadnii^  s  LjnBi  most  exceed  600,000 1 
How  inoonoeivable  the  periods  then,  that  shall 
fcpcesent  the  completion  of  one  ojde  of  such  a 
group  as  the  Pletades :  we  ntterlj  shrink  from 
nlsing  onr  thoughts  to  one  of  the  multitudes  of 
gnnipe  in  the  Hilky  Way  1 

i.  The  eneigy  obeyed  by  these  gigantic  mo- 
tionii,  is  nndoobtedly  that  very  force  of  gravity 
whidi  controls  all  movements  within  the  solar 
system.    These  orbs  more  in  Ellipses,  ar.d  Kep- 
kr^s  Law  of  the  Areas  is  also  recognizable  as  the 
principle  of  their  velocities.    So  surdy  is  this 
ascertained,  that  the  goverament  of  gravitation 
is  assumed,  in  every  effbrt  to  establish  the  special 
orbits  of  the  various  groap&    One  circumstance, 
however,  distinguishes  these  motions  from  all 
that  we  have  detected  as  characteristic  of  the 
orbits  of  our  pUnets.    The  oriiits  of  the  planets 
and  their  satellites  are  almost  circular,  or  eUtpses 
of  veiy  small  eccentricity ;  while  the  curves  of 
the  double  stars  have  every  degree  of  elongation 
—challenging  the  freedom  of  the  comets.    The 
orbltB  in  the  case  of  •  Centauri  and  y  Virginis, 
are  especially  eccentric,  so  that  at  opposito  pMiods 
of  their  cydea,  the  two  connected  suns  must  be 
very  dose  to  each  other,  and  very  far  apart    If 
each  of  these  suns  is  attended  by  phusets,  how 
eztiaotdmary  the  physical  condttion  of  these 
idanets,  and  how  inextricable  their  mechanical 
rdatioos  I    Besides  passfaig  through  the  var3ring 
dimates  of  a  year,  depending  on  its  Tevolution 
aioond  its  own  luminary,  eveiy  planet  of  dther 
system  most  undergo  the  dianges  of  another 
Qrde,  whose  course  is  the  great  period  of  the 
binary  system,  and  which,  at  one  of  its  terms, 
must  subject  it  to  the  influences  of  two  suns  al- 
most in  contact     Under  tliis  view,  raise  our 
thoughts  somewhat  higher— to  such  a  triple 
sjrstem  as  \  Caneru    Restricting  attention  to 
two  of  the  stars,  whose  period  is  fifty-eight  yean, 
we  find,  as  we  have  just  said,  two  sets  of  seasons 
inacpai«bly  intermingfuig.    The  course  of  the 
shorter  year  of  a  planet  rolling  around  one  of 
these  sons,  may  be  reckoned  an  incident  only, 
a  nenrring  variety  within   that  larger  year, 
which  doubtless  comprehends  many  of  its  re- 
tnmsL    As  that  grand  summer  and  winter  suc- 
ceed, there  must  come  and  pass  away  numbers 
of  minor  periods  of  comparative  life  and  luxuri- 
ance, div^sifying  that  longer  course ;  but  only 
when  the  planet's  summer  ooinddes  with  the 
summer  of  its  sun,  will  the  glory  of  its  seasons 
attain  its  culmination.    Call  in  the  third  ele- 
ment   Passing  slowly  along  a  career  far  more 
majestic,  another  orb  is  advandng  with  a  cyde 
of  seasons  grander  still.    That  orb  brings  its 
tkird  summer  to  superadd  to  the  foregoing  com- 
plexity ;  one  which,  in  the  case  we  have  spoken 
of,  arrives  but  once  in  dx  hundred  years ; 
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and  who  diall  picture  the  efiiMSts  on  all  life,  on 
all  action,  en  every  internal  arrangement  of  these 
orlw  and  their  dependents,  when,  in  virtue  of  the 
mechanism  they  constitute,  the  three  suns  attain 
their  greatest  proximity,  and  shower  on  each 
other  thenr  most  abundant  influences !   Often  ono 
uses  tiie  word  boulevenem&U  or  catatirophe; 
and  truly  when  one  thinks  of  the  immense  width 
of  fluctuatim  inevitable  on  provisions  like  these, 
or  on  the  oppodte  conditbn  of  every  member  of 
such  a  system  in  difibrent  epochs  of  its  existence, 
-^till  fhrther,  if;  as  alone  we  know  the  remote 
past  or  even  the  larger  rdations  of  the  present, 
firagments^  rapid  glimpees  of  moments  far  apart, 
or  of  detadied  portions  of  Its  structure,  were  all 
that  rested  under  the  eye,  how  could  the  word 
oatattrephe  be  avoided,  or  the  idea  of  something 
diverse  from  peaoefol  and  solemn  law,  which, 
by  overthrowing  order,  had  instituted  disturbance 
and  change  ?    Tet  in  the  deep  quiet  of  the  night, 
look  at  a  triple  star,  and,  with  your  reason,  fol- 
bw  the  motions  of  its  orbs !    So  would  conftiston 
vanish  and  perplexity  be  ibit  no  more,  if^  firom  a 
height  superior  to  that  which  is  his  summit  now, 
man  could  behold  unwinding  the  taH  destinies 
of  the  world. 

8.  Manyfiirther  and  minnter  inquiries  have 
been  suggested  by  the  phenomena  of  the  double 
stars.    Three  only  can  be  adverted  to.    Fir$tj 
The  two  stars  are  frequently  of  complementary 
cdouTB.     We  know  little  or  nothing  in  the  way 
of  explanation.    An  ingenious  theory  has  been 
started  by  IL  Doppler,  that  the  great  vdodties 
of  the  two  bodies  in  oppodte  ways,  may,  by  their 
shortening  or  lengthening  the  undulations  of  the 
emitted  luminous  rays,  be  an  eflSdent  cause.   See 
Abb<$  Moigno's  lUpertoire,  or  Professor  Nichols 
ArekUectmvqfikeHetneiu.    See<mdfy,  Apputmt 
inegalarities  occadonally  appear  in  the  motions 
of  these  conjoined  bodies,  that  demand  some  spe- 
cial explanation.    Captain  Jacob  has  recently 
drawn  especial  attention  to  this,  in  case  of  the 
remarkable  star  in  Ophiw^MB.    It  seems  not  un- 
likdy  that  an  opaque  orb  of  great  magnitude  is 
revolving  aronnd  one  of  these  assodated  suns. 
Thirdly^  The  idea  of  the  possible  existence  of 
masdve  dark  orbs  was  first  started  by  Bessel. 
The  stars  Sirius  and  Procyon  have  very  irregu- 
lar proper  motions — as  it,  while  they  move  hk  a 
vast  orbit,  they  are  also  moving  around  some 
masnve  but  dark  star.     If  such  dark  <Hrfae  exist, 
man  shall  never  learn  the  complete  system  of 
things ;  bis  highest  /ortmUtB  can  only  he  tenia- 
tive;   and  he  need  not  strain  after  the  un- 
attainable. 

tUmn  ystfteMc.  A  very  curious  set  of  orbs 
which  are  subject  to  periodical  changes  of  bright- 
ness. About  a  dozen  are  known  to  bdoog  to 
this  class— one  of  the  most  remarkable  bdng 
Algol,  which  passes  from  a  star  of  the  2*8  mag- 
nitode  to  one  of  the  4th  and  back  again  in  two 
days,  twenty  boon,  and  for^-nine  minutes. 
The  longest  period  known  is  that  of  ;^  Cygoi, 
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which  occnpies  406  days.  It  is  needleBB  to 
8})QCiilBte  as  to  the  causes  of  these  flnetuations 
of  brfghtnees.  They  have  been  lefened  to  the 
rotation  of  these  bodies  on  their  axes — their  dif- 
ftrent  faces  having  a  dififerent  intrinsic  bright- 
neM.  No  theory,  however,  can  as  yet  eac^ain 
the  phenomena.— J3ee  a  very  Interesting  memoir 
on  this  snbfect  by  Aigelander. — To  this  dasB 
may  also  probably  be  referred  those  strange  phe- 
nomena of  the  sodden  appearance  and  diiappear- 
anoe  of  brilliant  orbs.  Tycho's  star  was  one. 
It  appeared  suddenly  in  the  midst  of  the  constel- 
lation (^DMviopeM,  and  rose  in  magnitude  nndl  it 
shone  with  a  lustre  beyond  that  of  any  fixed 
star.  It  surpassed  Jupiter  in  brightness,  and 
was  seen  even  in  the  day  time.  After  blaidng 
thus  memorably  for  a  few  months,  it  began  to 
wane,  passed  through  various  hues  of  colour,  and 
finally  disappeared.  Kepler  saw  aiwther  such 
star  in  the  constellation  SerpnUariiu.  We  have 
had  something  of  the  same  phenomenon  in  recent 
times  in  the  case  of  n  Aigns,  as  described  by  Sir 
John  HeracheL — Ko  theory  can  be  possible  until 
we  shall  learn  something  more  concerning  our  own 
8un,  and  the  physical  causes  of  his  illumination. 
fltnilca.  The  scieuce  of  the  equilibrium  of 
forces.  There  are  two  modes,  according  to  which, 
the  general  problem  of  Statics  may  be  treated ; 
finty  by  the  effort  to  discover  a  prindple  of  equili- 
brium sufficiently  general  to  enable  it  to  compre- 
hend the  conditions  of  the  equilibrium  of  all 
possible  forces;  tecondly^  the  problem  may  be 
considered  as  a  special  case  of  Dynamics;  that 
case — ^viz.,  in  whidi  the  resultants  of  all  the  forces 
applied  to  a  point  or  a  body,  become  ml  The 
latter  method  is  not  the  logical  one,  for  it  reduces 
the  simple  snlirject  of  statics  to  dependence  on  dy- 
namics, into  which  higher  and  more  complex  ideas 
are  necessarily  introduced;  nevertheless,  until  quite 
recently,  it  has  been  the  common  way  of  treat- 
ing this  grand  division  of  rational  mechanics. 
Viewed  under  this  latter  light,  the  general  ex- 
pression for  the  action  of  forces  upon  a  body,  re- 
mlved  according  to  rectangular  axes,  is  expres- 
sible in  six  equations ;  each  of  which,  when  equili- 
brium takesplaee,  must  be  equal  to  sero.  Three 
of  these  equations  have  reference  to  the  directions 
in  which  the  forces  are  acting;  and  the  remaining 
three— ^wiiich  include  the  doctritte  qf  mommU—' 
to  the  distances  of  the  points  of  appUcation  of  the 
forces,  firom  the  three  rectangular  planes.  The 
six  fundamental  equations  of  eqidlibrium  are 
technicslly  as  follows: — 

Ip  cos  «  =  0 
2pcqs^  =  0 
Specs  y  ■=■  o 

2P(ycos«  —  «C08/5)»=«» 

2p(scos«  —  «cosy)^o 

2p(y  cosy  —  «cos^)  —  a 

Of  these  Bu  equations,  the  last  three  sum  up  the 
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doctrine  of  momaiU;  bat  they  hare 
their  tme  and  rational  explanatton  torn  Poiasot, 
by  aid  of  his  theory  of  Conples.  This  theory  hss 
been  fieqnently  adverted  to  in  our  Cydopndia: 
its  ultimate  significance  is  amply  tliis, — there 
are  only  two  kinds  of  motion  predicable  of  a 
body,— «  motion  of  tramkuitm,  and  a  vofftkn  of 
rotaiioH;  these  first  three  equations  barlttg rAt- 
ence  to  dtrectioM,  establish  the  nullity  of  sof 
motion  of  trcuuiaiion;  the  second  three,  having 
reference  to  the  moment  of  a  foroe,  in  refenuM 
to  an  axis  or  a  plane,  establish  by  their  nuIBcr, 
that  there  is  no  motion  of  rotaiiom;  m  thst  if 
the  six  are  satisfied,  equiUbiinm  most  be  cob- 
plete.— The  fongoing  method  of  treating  dK 
subject  of  Statics,  however,  does  not  now 
port  with  the  condition  of  dynamical 
Dynamics,  in  its  most  general  fonn,  has  bea 
reduced,  or  thrown  back  on  Statics,  by  aid  of  fte 
grand  principle  of  d*Alembert.  It  beiioves,  tlHR- 
fors,  that  Statics  be  Itseif  prevlouBly  cuusLiiicteil 
on  the  independent  basb  of  some  primitive  sad 
adequate  law  of  egmBbrmm.  Starting  from  tli^ 
point  from  which  Archimedes  contemplated  eqo- 
librium,  the  illustrious  Lagrange  deteeted  the 
required  principle,  and  laid  it  down  at  tin  ooa- 
mencement  of  his  Jfeooin^iie  Ana^ftiqm,  11k 
principle  in  question,  is  the  ISunooa  i^wtyfe  tf 
Virttial  Vebeitiet  (q.  v.) ;  and  it  is  not  too  nach 
to  say,  that  it  will  henceforth  serve  aa  the 
of  all  great  treatises,  and  all  ulterior 
concerning  the  laws  of  equilibrinm. 
first  by  Galileo,  extended  by  John  BenMoffli,  and 
systptnatired  by  the  indnstrioos  Varignm,  this 
principle  came  into  the  hands  of  Lagraiy  al- 
ready shaped ;  but  It  required  an  insiglit  like  kb 
to  discover  its  Importance,  and  to  see,  thst,  is 
connection  with  the  principle  of  dTAkmbcft,  it 
might  dominate  all  Rstional  MeoliaiiieBL  It 
sists  hi  this,  —  imagine  a  system  of 
points  in  equilibrium,  momentarily 
estimate  the  distnrlMuices  of  all  tlie 
points,  in  any  direction,  provided  that  dirsetioa 
be  the  same  for  all;  these  distnibanoes  are  the 
virtwd  veloeiUUf  and  eadiforoe  multi|died  fegrils 
virtual  velocity,  is  its  virtMcU  mowgwl.  Kow,  is 
oon^uence  of  the  existenoe  of  eqnUlbriaB,  the 
sum  of  these  virtual  moments  must  be  «. 
ing  p  p'  p",  the  several  forces;  and, 
hig  to  the  notation  of  Lagrange,  2^'  y,  y; 
the  corresponding  virtoal  velodtleB,  this  principle 
is  expreased  by  Uie  equatioD^ 

or,  succinctly, 

Jp^  =  o 

To  give  fun  effect  to  a  view  so  gcnenl,  anay 
modifications  were  needed  in  the  TrensooDdeatsi 
Calculus;  but  these  were  all  supplied  t»y  La- 
grai.ge  himself,  through  ^  of  his  Oifeniii  «f 
VariotumM.  It  may  saMy  be  alleged,  tliat  virile, 
by  aid  of  the  principle  of  d*Akmbert^  cvey) 
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^jnanSoil  proUem  may  be  reduced  to  m  statical 
one,  80,  by  aid  of  the  Principle  of  Ylitual  Ydo- 
Qtiei,  eveiy  statical  probloii  falls  back  on  a 
problem  of  pore  analysis.     True  methodology 
always  requires — viz.,  that  more  complex  in- 
quiries shall,  by  the  introdaction  of  an  expressive 
formula^  be  thrown  back  on  the  step  preced- 
ing them. — The  departments  of  statics  are  vari- 
ous.    Many  important  classes  of  problems  turn 
up;  but  the  main  ones  are  those  that  have 
refereooe  to  the  means  of  resisting  Terrestrial 
Gravity,  and  to  the  detennlnation  of  its  own 
action  on  separate  bodies;  the  latter  having 
concern  with  the  Theory  of  Centres  of  Gra- 
\itj ;   the  former,  with  such  constructive  pro- 
blems as  afiect  the  forms  of  Ard^   Fattfts, 
A-mI^bs,  Amms,  &c,  &c    At  a  more  advanced 
portion  of  the  suljet^  we  meet  such  problems  as 
these : — ^What  is  the  form  of  equilibrium  of  a 
rotating  sphere?    What  is  its  form  according  to 
any  given  law  of  increase  of  density  fkom  surftoe 
to  centre?     What,  under  given  drcumstanoes, 
is  the  most  probable  law  of  that  increase?—- 
problems  afifecting  many  inquiries  in  Celestial 
Mechanics. — We  can  yet  scarcely  venture  to 
name  the  suliject  of  the  Equilibrium  of  liquids 
or  Gases,  under  the  head  of  Pure  Statics.    Such 
laws  as  there  exist  are  briefly  treated  in  Htdro- 
nAncB  and  Pnbumatigs.  But  molecular  forces 
•re  rapidly  yielding  their  deflnite  characters  to 
rBBearch,  and  the  time  is  not  distant  when  an- 
alysis shall  supply  methods  ft«e  from  complicacy, 
and  adequate  to  grasp  such   problems.      We 
recommend  the  student  to  Pouisot,  Eamshaw, 
Whewell,  and  finally,  Lagrange. 

0SMwa  Qn  the  sdentific  sense  of  the  word), 
means  waUr  m  the  vaponmioirgaaeoim  condStfon. 
In  the  popular  sense,  **  steam"  also  means  water, 
in  the  state  of  cloud  or  mist  at  a  high  tempera- 
ture^ mingled  with  water  in  the  vaporous  condi- 
tion. In  the  sequel,  this  word  will  be  employed 
in  the  sdentific  sense  alone.  Steam  is  a  chemi- 
cal compound  of  oxygen  and  hydrogen,  in  the 
proportions  of  eight  'parts  by  weight  of  oxygen 
nearly  to  one  of  hydrogen.  Its  composition  by 
volume  is  such,  that  the  quantity  of  steam  which, 
if  it  were  a  perfect  gas,*  would  occupy  one  cubic 
foot  at  a  given  pressure  and  temperature,  don- 
tains  as  much  oxygen  as  would,  if  unoombined, 
occupy  half  a  cubic  foot,  and  9a  mndi  hydrogen 
as  wonld^  if  uncombined,  occupy  one  cubic  foot, 
at  the  same  pressure  and  temperature;  so  that 
steani,  if  it  were  a  perfect  gas,  would  occupy  two- 
thirds  of  the  space  which  its  ooikstitoents  occupy 
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(Data  from  the  ea^enmatU  qfBegnmiU.) 

Half  a  coUc  foot  of  oxvcen,  at  the  prossore       lb. 

of  one  Atmoqihere  ana  temperature  82^,. . .    0'04M28 

One  cubic  ftwt  of  tajrdiogen, 0D0BW2 

One  caUc  Ibot  of  steam  In  the  Ideal  state  of 

pertet  gas,  at  one  amosphere  and  82",.  ••    01NK>220 

If  steam  were  a  perfect  gas,  the  weight  of  a 

cubic  foot  could  be  calculated  for  any  given 

pressure  and  temperature  by  the  foUowing  for- 

muU:— Weight  of  a  cubic  foot  «  0-05022  lb. 

X  pressure  in  atmospheres, 

498° -  2 
^  fSmpTTleFT' 

For  <nramp1<s  at  one  atmosphere  of  pressure, 
and  212°,  the  weight  of  a  cubic  foot  of  steam 
would  be 

498° -2 


005022 


^  678° -2 


008679  lb. 


But  stsam  is  known  not  to  be  a  perfect  gas;  and 
its  actual  density  is  grsater  than  that  which  is 
given  bj  thepreosdingformnla,  as  basbssn  shown 
by  the  experiments  of  Messrs.  Fairbaim  and  Tate. 
Ihe  most  probable  method  of  indirectly  determin- 
bg  the  density  of  steam,  is  by  computation  from 
the  latent  heat  of  evaporation,  acoordhig  to  prin- 
ciples already  expUdned  to  §§  19  and  20  of  the 
artide  on  the  Mechanical  Action  of  Heat;  fironi 
which  it  appears,  that  at  one  atmosphere  and 
212°,  the  weight  of  a  cubic  foot  of  steam  ia 
probably  0*0879  lb.  The  greatest  pressure  under 
whidi  steam  can  esist  at  a  given  temperature, 
which  is  also  the  least  pressure  under  which 
liquid  water  can  exist  at  the  given  temperature, 
is  called  the  preatun  qf  soteratioii  for  steam  of 
the  given  temperature;  the  temperature  is  called 
the  hoiBmg  point  of  water  under  the  given  pres- 
Tlie  presBurs  of  saturation  is  the  only 
at  which  steam  and  liquid  water  ca^ 
exist  together  in  the  same  vessel  at  a  given 
temperature.  Many  experimenu  have  been  made 
to  dstennhM  the  reUtion  between  the  boOiog 
point  and  the  pressurs  of  saturation  of  steam ; 
the  latest  and  most  accurate,  which  have  supeiv 
seded  all  others,  are  those  of  M.  R^gnanlt,  pub- 
lished in  the  Memoin  qftko  Aoodemy  of  Sdmees 
for  1847.  In  1849  it  was  shown  {Edm,  PkiL 
Jomr^  July,  1849),  that  the  results  of  those 
experiments  are  aocnratdy  repressnted  by  a  for- 
mula, already  quoted  h»  4  19  of  Hxat,  Mn- 
CBaaiOAL  Acnov  of.  In  §  19,  20,  and  21, 
of  the  same  article,  are  given  formula  for  the 
computation  of  the  lakmi  hoot  qf  tUam  (or  the 


, — r^    heat  which  disappears  in  evaporating  the  water), 

when  unoombined.   Hence  is  deduced  the  follow-    and  of  the  total  heat  of  steam  (or  the  whole  heat 
ing  computation  of  the  weight  which  one  cubic  expended  in  raising  a  given  quantity  of  water 


foot  of  steam  would  have,  at  the  temperature  of 
82°  Fahrenheit,  and  pressure  of  one  atmoephere 
(or  14*7  lbs.  on  the  squars  inch),  if  steam  were 
a  perfect  gas,  and  if  it  could  exist  at  the  pres- 
sure and  temperature  stated. 

*  For  the  Mliittlon  of  the  term  perfxt  pui^  ssethe 
srtkle  HaAT,  Ms<niawic*i.  Acnoa  or,  f  9. 


from  a  certain  fixed  temperstnrs  to  a  given  tem- 
peratore,  and  then  evaporating  it).  Steam,  which 
is  not  fai  contact  with  liquid  water,  may  be  raised 
to  a  temperature  hi^ier  than  the  boUing  point 
corresponding  to  Its  pressurs;  It  is  then  said  to 
be  miperkeeidt  and  is  analogous  in  its  condition 
to  a  pennanent  gas.    Little  is  yet  Imown  of 
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the  mechantcal  properties  of  raperheated  Bteam. 
SiMm^  which  expands  in  performing  work,  cools 
so  moch,  that  a  portion  is  liquefied.  Steam, 
on  the  other  hand,  which  expands  in  rushing 
throned  an  orifice,  has  its  temperature  main- 
utned  by  the  friction  of  its  particles  above  the 
boiling  point  due  to  the  diminished  pressure. 
Besides  the  proportions  of  machinery  (^lecially 
treated  of  in  the  ensuing  article,  Steam  £x- 
oiNB,)  steam  is  extenaiydy  used  in  the  arts 
as  a  convenient  vehicle  for  the  transmission 
and  diffusion  of  heat — Further  informatioa  on 
those  properties  which  steam  possesses  in  com- 
man  with  other  vapours,  will  be  given  in 
Vapoub. 

flteam  B^ilrra.  For  remarks  on  this  sub' 
ject  see  Appendix. 

ntn— s  Baflae.  A  machine  in  which  heat 
w  made  to  perform  work  by  means  of  the  elaa- 
tidty  of  steam.^  1.  Historieal  JShetdL-^Tbt^ 
origin  of  the  steam  engine,  in  its  mdest  fbrm,  is 
loAt  in  aoti<iuity.  The  earliest  wrlttao  aoooont 
of  mechanism  in  which  heat  is  made  to  perform 
work  by  means  of  steam,  is  contained  ia  the 
PnewmOki  of  Hero  of  Alexandria,  who  fioor- 
ished  about  130  b.c.  That  author  describes  a 
routoiy  engme,  driven  by  the  reaction  of  jets  of 
steam  issuing  from  orifices  in  revolving  arms, 
and  also  an  engine  in  which  the  pressure  of 
steam  is  made  to  raise  liquid  by  expelling  it  firom 
a  receiver.  An  apparatus  similar  to  t^  last  is 
described  by  Qiovanni  Battista  della  Porta,  hi 
his  AMMnariM,  published  in  1601.  A  French 
engineer,  Sdkmon  de  Caua,  in  m  work  entitled 
Jjes  BttisoM  des  Forces  MoMtmlei^  published  in 
1616,  described  a  machine  for  propelling  a  jet 
of  water  to  a  great  height  by  the  pressure  of 
steam  evaporated  in  the  same  vessel  fnmi  wUdi 
t|»e  water  was  ^ected.  In  1629,  Branca  de- 
scribed an  engine,  in  whidi  a  wheel  wis  driven 
lonnd  by  the  impulse  of  steam  against  vanes. 
The  Marquis  of  Woroester,  in  his  wK»k  caHed 
A  Ce^iunfofih/t  Names  and  SccmiSmge  of  Interna 
fiotif  Ac^  puUished  in  1668,  described  a  machine 
for  raising  water  by  the  preasure  of  steam.  So 
far  as  the  descriptioa  is  intdligiUe,  it  appears 
tliat  this  machine  diflbred  from  that  of  de  Gano, 
in  having  a  separate  boiler  for  the  production  of 
the  steam  which  foroed  water  out  of  other  vessels; 
.md  it  appears  further,  firom  th»  Piaiy  of  Cosmo, 
Grand  Duke  of  Tuscany,  that  the  madiine  of 
tiie  Marquis  of  Woroester  had  been  constructed, 
and  was  in  operation  at  VauxhaU,  in  1656. 
About  1697,  Saveiy  invented  an  engiiae  in  which 
water  was  not  only  (as  in  those  of  de  Cans  and 
Woroester),  foroed  above  the  level  of  the  engine 
by  the  pressnrsof  the  steam,  but  was  also  mised 
to  the  level  of  the  engine,  tiom  a  lower  level,  by 
the  pressure  of  the  atmoephere,  after  the  con- 
densation of  the  steam  in  the  water-reoeivcr,  by 
means  of  cold  water  extemaUy  applied.  In  aD 
the  machines  hitlierto  described,  the  tieam  either 
acted  by  its  momentom  alone,  or  1^  prasring 
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directly  on  the  surface  of  water.  Tlte  flnt  iBvei- 
tion  dT  the  important  idea  of  makii^  steim 
afford  the  means  of  driving  a  pialom,  which 
should  communicate  motion  to  mechanism,  ^ 
pears  to  be  due  to  Denis  Papin,  who^  about  the 
year  1690,  conatructed  a  working  modd,  couist- 
ing  of  a  vertical  cylinder  with  a  piston,  la  tbs 
lower  part  of  the  cylinder  was  placed  a  ansD 
quantity  of  water.  On  placing  a  iire  under  the 
cylinder,  the  water  evaporated  and  lifted  the 
piston ;  on  removing  tlie  fire  from  the  cylioiier, 
or  the  cylinder  fivm  the  fire,  the  steam  was  con- 
densed, and  the  piston  forced  down  by  the  {in- 
sure of  the  atmosphere.  Papin  proipoaed  thii 
engines  on  this  principle  should  be  made  to  wvA 
pnmpe,  and  also,  by  means  of  radc  and  pfajoa 
work,  and  ratchet  wheda,  to  drive  paddle  wbedb 
ofveasels,  and  other  revolving  mechanism.  F^a 
had,  about  ten  years  befi>re,  invented  the  ssftlr 
valve  for  boQer&  In  1705,  Newoomen  etm- 
Uned  the  cylinder  and  piston  of  Papin,  with  the 
separate  boiler  of  Woroester  and  Savoy,  and  the 
surface  condensation  of  the  latter,  and  prodaoed 
the  well  known  atmospheric  engine  for  puunsug 
mines.  He  afterwards  rendered  the  ooadensstiDa 
more  rapid  and  complete  by  injecting  a  8ho«« 
of  odd  water  into  the  interior  of  the  orfiate. 
Apparatus  fiv  enabBng  the  engliie  to  opea  sad 
shut  ite  own  valves,  was  introduced  by  Hun^by 
Potter,  and  improved  l:^  Beigfatoo.  'neUgh 
pressure  engine  was  invented  in  1725  by  LespsU 
About  1770,  the  details  of  the  atmcs^oic 
engme  were  much  Impnuved  by  Siaetop.  Up 
to  this  period  the  progress  of  the  ateam  cngim 
had  consisted  in  a  series  of  ingemona  oontiir- 
anoes  and  empiiieal  improvements,  "n*HH  liy 
theory ;  and,  notwithstanding  all  that  bad  bsa 
done,  it  was  an  impetfoct  and  most  wastrfti 
machine,  practically  suited  to  the  aole  pnrpoaecf 
draining  mines,  at  a  great  expense  of  fiicL  Bit 
now  had  arrived  tlie  time  wlien  one  man  was  Is 
discover  and  to  apply  to  practice  all  those  pria- 
dples  upon  which  depend  the  eeooomy  and  cfcs 
utility  (^  the  saturated  steam  engine,  learisg 
to  his  successors  only  to  devdop,  extend,  and 
perfect  his  inventions,  and  to  improve  raatten  of 
detul — until  the  satinated  steam  engine  diaD  bt 
superseded  by  some  more  economical  and  usrfd 
prime  mover.  In  1759,  James  Watt  had  his 
attention  directed  by  Robison  to  the  aal^  of 
the  steam  engine,  and  for  a  few  yean  afleipaidi 
made  vazfous  experimcnte  on  tbe  properties  of 
steam.  In  1763  and  1764,  Watt,  while  tagegei 
in  the  repair  of  a  small  model  of  New  corneal 
engfaie  (bdonging  to  the  Unlveraty  of  Glasgow, 
and  since  preset  ved  by  that  Univenity  as  the 
most  predous  of  rdics),  peredved  the  variom 
defects  of  that  machine,  and  ascertained  by  ex- 
periment thdr  causes.  Eariy  in  1765,  he  <6»- 
covered  thoee  principles  of  tlM  action  of  the  stssm 
engine,  which  an  embodied  in  an  invctttloa 
described  by  himself  in  the  following  woHtu  is 
the  specification  of  his  patent  of  1768?^ 
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**  Mr  nwtbod  of  lesMiiing  the  oomnimptioD  of 
•team,  end  coBaeqaeoUj  foel,  in  fire  engiiies, 
oonaists  of  the  bXkming  {irinciples : — 

'*  ftnt.  That  Teasel  in  which  the  powem  of 
iteem  are  to  he  employed  to  work  the  eogine, 
whidi  is  called  the  cvUnder  in  common  fire 
enginoa,  and  which  I  call  the  steam  vessel,  most, 
daring  the  whole  time  the  engine  is  at  work,  be 
kepc  aa  hot  as  the  steam  that  enters  it ;  first,  by 
ODcloBing  it  in  a  case  of  wood,  or  any  other 
materials  that  transmit  heat  slowly;  secondly, 
by  ■unoonding  it  with  steam  or  other  heated 
bodies;  and  tUrdly,  by  anfiisring  neither  water 
nor  any  other  anbetance  colder  than  the  steam, 
to  enter  or  touch  it  daring  that  time. 

**Ae0M%  In  engfaieB  that  are  to  be  worioed 
wholly  or  partially  byeondeosatloa  of  steaant 
the  steam  Is  to  be  eoBdeoaed  in  vessels  disthict 
from  the  steam  vessels  or  cylinders,  although 
oocasionally  commnnicating  with  them;  these 
vessels  I  eall  condensers;  and,  wfaibt  the  engines 
are  woridng,  these  oondsnsers  ought  at  least  to 
be  kept  mm  cold  as  the  air  in  the  neighbourhood 
of  the  engioea,  by  applicaticm  of  water,  or  other 
coldbodleB. 

"  rAM%i,  Wbatsfvr  air  or  other  eiastfe  vapour 
is  not  conikmwwl  by  the  ookl  of  the  condenser, 
and  may  impede  the  working  of  the  engine)  is  to 
be  drawn  oat  of  the  steam  vessels  or  condensers 
bf  means  of  pumps,  wiou^  by  the  engines 
tbeoaelvea,  orotherwisa. 

**  FimrtMjf^  I  intend,  in  many  cases,  to  ediploy 
the  ezpanaiva  fbsee  of  steam  to  press  on  Um 
pistooa,  or  whatever  may  be  need  instead  of 
them,  in  the  same  manner  in  which  the  pressure 
of  tlM  atmoaphere  ia  now  employed  hi  eoDmioo 
fire  fwgimn  In  casm  where  coU  watsr  cannot 
be  had  in  plenty,  the  engines  may  be  wrought 
by  thia  fivoe  of  smam  only,  by  discfaargii^  the 
steam  into  the  air  after  it  haa  done  its  offiee. 

**  LatUjf^  Instead  of  using  water  to  render  the 
piatona  and  other  parts  of  the  engines  air  and 
steam  tight,  I  employ  oUa,  wax,  resinous  bodies, 
fist  of  animaia,  quicksilver,  and  other  metals,  in 
their  flttid  state." 

The  azpenm  of  earrying  out  of  Watt's  imTcn- 
tloo  was  at  flnt  deftayed  by  Dr.  Boebuck.  On 
his  retiaament  fiom  the  euteiprise,  his  place  was 
taken  by  Matthew  Boulton  of  Birmingham, 
whose  liberality  and  eneq^y  (hrnished  all  that 
waa  neoesaary  to  render  the  genius  of  Watt 
practically  available^ — Few  patents  have  had 
tiicir  validity  mom  obsthiately  eonteoted  than 
that  of  Watt  B  great  hivention,  and  the  saooasB- 
fill  rasolt  of  the  trials  of  which  itwas  thesab- 
Ject,  haa  greatly  contributed  to  ascertain  and  iix 
the  inteqintation  of  the  patent  lawa.— J^apln*s 
method  cSr  produdog  *  rotatory  from  a  ndpn^ 
catlog  motion,  by  ratchet  woik,  had  proved 
abortiva.  Before  1778,  WaU  had  hivented  the 
double  acting  steam  engine,  and  the  appUeation 
of  the  crank  to  the  steam  engine;  bat  the  latter 
IBTSotioD  having  ben  plated  and  patented  by 
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another.  Watt  invented  and  patented  other 
methods  of  prodadog  rotatory  from  reciprocat- 
ing motion,  which  vrere  used  nntil  the  patent 
for  the  crank  expired ;  alter  which  time  tlie  use 
of  the  crank  became  general  The  adaptation 
of  the  steam  engine  to  the  production  of  rotatory 
motion  waa  the  crowning  improvement,  which 
led  to  its  employment  as  the  prime  mover  of 
every  kind  of  medianism. — The  improvements 
on  the  steam  engine  since  the  time  of  Watt, 
have  chiefly  reUted  either  to  the  boiler  and 
furnace  for  the  detaila  of  mechanism,  to  the  more 
ftiU  devebpment  of  Watt's  prindple  of  using 
the  expansivB  force  of  the  steam  to  drive  the 
piston,  or  to  the  means  of  applying  the  steam 
engine  to  the  propulsion  of  caniages  and  ships^ 
— ^Tlie  true  mathematical  theory  of  the  reUtion 
between  the  evaporating  power,  the  load,  and 
the  speed  of  the  steam  engine,  was  first  ex- 
pounded in  1886  by  the  Count  de  Pambour. 
The  history  of  the  true  theory  of  the  relation 
between  the  heat  expended  and  the  work  per- 
fonned  in  the  steam  engine,  as  well  as  in  other 
engiom  In  whfeh  heat  is  theaonroeof  power, 
has  already  been  aketdied  in  §  1  of  Ukat, 
MiGcaunGAi*  AcnoN  op. — ^The  following  fimr 
enginm  may  be  considered  as  bdonging  to  dasses 
distinct  tnm  Watt's  engine.  They  have  all  been 
oonstmcted  and  set  to  work,  but  none  of  them 
have  yet  been  extensively  used.  1.  The  re- 
action steam  engine  of  Mr.  Kuthven,  on  the 
prindple  of  that  of  Hero.  2.  The  momentum 
or  vortex  steam  engine  of  Blr.  Gorman,  in  whidx 
steam  is  introduced  by  jeti  at  the  drcumier- 
ence  of  a  circular  case,  drives  a  vane  whed  or 
turtiine  revdving  in  the  ease,  and  escapes  at  a 
centnd  oiiac&  8.  The  steam  and  ether  engine 
of  M.  dn  Trsmbley,  mentioned  in  §  80  cf 
Hbat,  Mbchakioal  AcjKiM  OP.  4.  The  re- 
genemtiva  soperlieated  steam  engine  of  Mr. 
Siemens,  mentioned  in  §  81  of  the  same  artide. 
AuTHOBrnn  on  the  steam  engine  :^Stuart's 
Detenpihe  BUtoryqftke  Steam  Engim  (the  best 
authority  on  its  early  history) ;  Tredgold  On  the 
SUam  Engmty  edited  by  Woolhouse;  RoUson, 
Watt,  and  Scott  RuaseU,  Om  Am  SUam  Engme^ 
Ougdoprndia BHtatmieaf  Scott  RuaseU  OnSUam 
Natigaiiomy  Ac. ;  Murray'a  Radmmtary  TYeaUse 
on  Ae  Mmim  Eoffmef  Boone  On  the  Steam  , 
Engme^  de  Pambour  On  thM  LoeomoHve  Engine; 
de  Pambour  On  the  Theory  qftie  Steam  Engine; 
AiagOp  Ar  ke  Maekmee  ^  Vapenr  (Historical 
Notice,  published  in  the  Anmnaire  dn  Bureau  dc$ 
LongHndm/ot  1887);  Muiriiead's  Mechamcai 
InumUimu  if  Jamei  Wait;  Fairbaim^s  Uttful 
MrmaUem/or  Engmeen;  Oaik  On  Railway 
Maekmerg;  Rankine  On  tka  Steam  Engine, 

{  2.  General  Deeeriptim  4(f  the  ParU  qf  the 
Staam  Engine, — ^Tbe  following  are  the  prindpal 
parts,  which,  with  their  appendages,  constitute  a 
steamengina.  1.  The  fhmaoe and  boiler;  2.  The 
eylhuler  with  its  piston;  8.  The  condenser  with 
its  air  pump  (these  are  waathig  in  non-con* 
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doDBing  eogiDOi) ;  4.  The  M<whanlwn.— 1.  The 
Juntaett  with  its  appeDdageti  oonaiflts  of  grate^ 
ashpit,  floes,  and  chimney;  the  chimney  some- 
thnes  contains  a  damper  for  ragohitiog  the 
dnuight  of  air.  The  fdmaoe  is  sometlmeB  con- 
tidned  witUn  the  boiler.  The  boUer  is  made  of 
iTXMi  or  copper,  and  often  oontainw  internal  flneB 
and  tabes.  Amongst  its  ^>pendages  are,  the 
fitd  pumpf  and  other  apparatus  for  providing  it 
with  a  regiUar  supply  of  water;  the  Mfify  wiloe 
for  pennittiog  the  escape  of  steam  befixe  the 
pressure  becomes  dangerous;  UnJittiNe pkig  for 
meltlDg  and  aUowing  the  steam  to  escape  when 
the  temperature  becomes  dangeroosly  high  (a 
contrivance  not  to  be  relied  on) ;  the  tfocmun  vdhBj 
opening  inwards,  to  admit  ak  and  prsvent  the 
boiler  firom  coUapaing  if  the  steam  hi  it  should 
be  condensed;  the  water-gauge  oocib  and  waters 
gauge  tefte  for  showing  the  level  of  the  water,  so 
that  the  eogineman  may  ascertain  whether  it 
stands  suffidently  high  to  cover  all  parts  ex- 
posed to  the  fire ;  the  pretture-gauge^  for  indi- 
cating the  pressure  of  the  steam ;  the  ma»  hoUf 
closed  by  a  steam  tight  cover,  for  getUng  ac- 
cess to  the  interior  of  the  boiler;  the  blauMff 
eock  for  emptying  the  boiler  of  water  when  it  Ib 
to  be  cleansed,  and  in  marine  engines  for  occa- 
sionally discharging  brine,  so  as  to  prevent  over- 
concentration  of  the  sea  water  in  the  boUer, 
which  would  lead  to  the  deposit  of  salt  Marine 
boilers  are  sometimes  provided  with  firme /MOf^pi, 
CO  draw  off  a  fixed  quantity  of  brine  ftom  the 
bottom  of  the  boiler  at  each  stroke  of  the  engines ; 
the  outer  parts  of  the  boiler  are  sometimes  clothed 
with  felt,  wood,  brickworic,  or  ashes,  to  prevent 
loss  of  heat  Laige  engines  have  often  several 
furnaces  and  boilers.  2.  The  boiler  and  cgUnder 
are  connected  by  means  of  the  tteam  /njpe,  in 
which  is  the  tkrotth  voice  or  regubtor^  for  aiQust- 
ing  the  opening  for  the  admission  of  steam  to  the 
cylinder,  and  sometimes  also  the  cut-off  wxhe 
or  eaqkmeion  oaAw,  for  cutting  off  the  admission 
of  the  steam  to  the  cylinder  at  any  reqoned 
period  of  eadi  stroke  of  the  piston,  leaving  the 
remainder  of  the  stroke  to  be  performed  by  the 
expansion  of  the  steam  already  admitted.  The 
cylinder  may  be  single  or  double  acthig.  In  a 
single  acting  enghie  (used  generally  for  pumping 
only),  the  piston  is  fixced  in  one  direction  by  the 
prenuxe  of  the  steam,  and  made  to  return  in  the 
opposite  direction  when  the  steam  is  discharged 
by  the  action  of  a  weight  or  counterpoise.  In 
a  doable  acting  engine  (which  is  the  class  of 
engine  used  for  locomotion,  and  for  driving 
machinery,  and  sometimes  for  pumping  also), 
the  piston  is  forced  in  either  direction  by  the 
pressure  of  the  steam  which  is  admitted  and 
dischaiged  at  either  end  of  the  cylinder  alter- 
nately. The  admission  and  discharge  of  the 
steam  take  place  through  openings  near  the 
ends  of  the  cyMnder  called  ports,  oonnected  with 
pftssages  oalled  «u)&e2m,  which  are  opened  and 
closed  by  imtuction  and  eduction  vabes.    Some- 
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times  the  indmstioa  and  ednotkiii Tdvesars' 
bined  in  one  valve,  called  a  s&femdse.  In 
oondenting  enguMS  (oonvcDtioiiaBy  called  Ugk 
pressnre  engines^  the  waate  steam  diwriiaigBd 
from  the  cylindier  escapes  into  the  atmoBphero 
throu^  the  blatt  pipe;  in  locomotive  empmm^ 
as  w«&  as  some  otihers,  the  Uast  pipe  ia  plaeed 
in  the  centre  of  the  diimney,  so  tibat  the  Bacees 
stve  blasts  of  steam  disdiaq^  ftom  it  •"c*-^ 
the  draught  of  air  throo^  the  fiimao^  sod 
cause  the  oombustion  of  tbe  fiid  to  be  men  er 
less  rapid,  according  as  the  eqgiiie  ia  perfbrmiBg 
more  or  leas  work.  The  qfimdar  cover  has  k  it 
a  eti^ing  box  JTor  the  pasnge  of  the  plitian  nd; 
in  large  engines  there  are  ■""**^""»  mors  thaa 
one  piston  rod  and  staffing  box,  and  someliEaai 
a  tubular  piston  rod,  called  a  Avni;  TliecyliBder 
cover  is  also  provided  with  a  greaee  otdt,  t» 
supply  the  piston  with  nogaent  In  many  lai^B 
engines,  there  is  a  spring  saftly  valve^  c^Oed  sa 
esceps  tNilM,  at  eadi  end  of  tiia  cyilnder;  tlie 
chief  use  of  which  is  to  disebaige  wafev,  whldi 
may  condense  in  the  cylinder,  or  be  eanied  of« 
in  the  liquid  state  finnn  the  boikry  by  wliat  ii 
called  priming.  To  prevent  loas  of  heat,  the 
cylinder  is  sometimes  eodosed  in  a  eemf^  csDed 
njachei^  the  intermediate  space  being  filled  with 
hot  steam  from  the  bailer,  or  hot  air  from  a  tae; 
ooteide  this,  there  is  a  dUMmg  of  foit  and  wool 
DoMe  egHnder  enguies  have  two  cyBnden;  Iks 
steam  being  admitted  from  the  boiler  into  the  fast 
cylinder,  and  then  filling  the  seoood  by  exptn- 
skm  from  the  first  8.  The  ordinary  eowJewr 
is  a  steam  and  air-tight  vessel  of  any  oonvtaiart 
shape,  whose  capacity  is  ftom  ^  to  |^  of  that  ef 
the  cylinder;  good  authorittes  oonaider  that  k 
ought  to  be  at  least  ^,  and  might  with  advaatay 
be  more.  The  eteam  disdiarged  from  the  cyfia- 
der  is  liquefied  in  it  by  a  cnnwtant  sihowcr  ef 
cold  water  frtMn  the  rose-beaded  mfectiou  nafca 
In  land  engines  the  u^eotion  water  oomes  froai  a 
tank  called  the  cold  weB,  sanoimdii^  the  e»- 
denser,  and  supplied  by  the  edd  water  pmep;  ia 
marine  engines,  it  comes  directly  ftom  tin  em. 
In  the  eur/aoe  oondeneer  (which  has  been  tried 
with  varying  soecess),  the  steam  ia  Uqoefied  by 
being  passed  through  tubea  or  other  nanov 
passages  sarronnded  by  eonento  of  cold  walv. 
The  condenser  is  provided  with  khm  thea^ 
valves,  commmiicating  with  the  cylinder,  woaSv 
shut  but  capable  of  being  oecarionally  opmed, 
and  with  a  Ba^iing  eahe  opening  ootwaidi  Is 
the  atmosphere;  thnogfa  these  valves  nftram  can 
be  blown  to  expel  idr  from  the  cylinder  and  coa- 
denser  before  the  engine  is  set  to  wotk.  The 
condenser  has  also  a  mcmna  gauge,  to  ahoir 
how  much  the  prewore  in  it  foDs  below  Aat  «f 
the  atmosphere.  The  water,  tbe  small  poitiaB 
of  steam  which  remaios  oncondonsed,  and  the 
air  whidL  may  be  mixed  with  it,  am  sacked 
from  the  condenser  by  the  mr  pump  (vhosi 
capacity  is  from  ^  to  ^  of  that  of  tiie  crBnkrX 
and  dischacged  into  the  hot  weB^  a  tank  ftoM 
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which  the  ted  pnmpi  fennaly  montioiiecl,  drmivB 
tbe  Mpply  of  watar  from  the  boOer.    The  sor- 
plot  wmter  of  the  hot  wdl  fai  land  eogineB  is 
diaduuged  into  a  pond,  there  to  oool  and  torn  a 
•tore  of  water  for  the  odld  well;  in  marine 
engfaiee,  it  is  ^|eeted  into  the  sea.    4.  The  prin- 
cipal parts  of  tlie  meekamam  may  be  genoallj 
described  as  fbiilowB :— In  an  except  certain  pecn- 
liar  classes  of  engines,  there  is  ^paraUd  motkm 
fag  gidding  the  head  of  the  piston  rod  to  move 
In  a  straigiit  line^  ooosisting  either  simply  of 
stni^  ^eeka  or  sUdes,  or  c€  a  oombioation  of 
leven  and  Unkwori^  indented  by  Watt,  and 
more  or  less  modjfled  by  others.    The  peculiar 
dassee  of  *"g*****  above  ezoeptedf  are— first, 
tnmk  rngmm  Qndading  Hr.  Hunt's  z  crank 
engine),  where  the  shuting  box  is  the  guide; 
second^,  oteUkdorjf  mgmB§,  in  which  the  heed 
of  tlie  piston  rod  is  directly  connected  with  die 
crsnic,  and  the  cylinder  oedllateB  on  trunnions; 
thirdly,  di$e  mgmety  in  which  the  fonctions  of  a 
cylinder  are  performed  by  a  vesael  of  the  figure 
of  a  spherical  lone,  and  those  of  a  piston  by  a 
disc  liaving  a  motion  of  nutation  in  that  aone; 
and,  fonrtUy,  rokdorff  mtgmei^  in  which  the 
piston  revolTes  round  an  axis.    Trunk  engines 
and  oscillatory  engines  are  of  common  ooenrrenoe 
in  steam-ships.    The  z  crank  snghie  has  not  yet 
been  tried  on  a  large  scal&    ftisc  engines  are 
aaid  to  answer  well,  but  are  of  rare  occurrence. 
Rotatory  enginee  oi  various  Idnds  have  often 
been  tried,  tet  seldom  with  good  results.    In 
single  acting  engines  for  pumping  water,  the 
pomp  rods  are  worirad  either  by  direct  conneo- 
tion  with  the  piston  rod,  or  through  the  inters 
rention  of  a  beam.    In  double  acting  engines, 
the  power  is  communicated  to  a  revolving  iktfi, 
driven  by  means  of  a  orwil;  and  oonmectkig  rid^ 
with  or  withoot  the  intervention  of  a  beam.  (In 
oscillating  engfaies  the^uton  rod  and  connecting 
rod  are  one).     Most   marine  and  locomotive 
engines,  and  many  stationary  enghies,  have,  in 
order  to  equaUae  the  action  of  tlie  power,  ajNnr 
of  cranks  at  right  angles  to  eadi  other,  driven  by 
a  pair  of  pistons  in  a  pair  of  cylinders,  with 
their  appendages;  and  are,  in  foct,  jpdrs  qf 
mgiaa.    In  stationary  engines  the  shaft  carries 
ajlf^whtelf  to  distribute  and  equalize  irregu- 
larities hi  the  action  of  the  power  by  its  inertia; 
this  Amotion  is  performed  in  marine  engines  by 
the  hiertia  of  the  paddle-wheels  or  screw,  and, 
in  locomotive  engines,  by  the  inertia  of  tlie 
driTfaig-wheds  and  of  the  engine  itseiil    The 
feed  pump,  and  other  pumps  which  are  appen- 
dages of  the  engine,  are  worked  by  the  mechan- 
ism; so  alio  are  the  induction  and  eduction 
valves,  through  what  is  called  the  valv9  gearmg 
or  valve  moUoOj — a  part  of  the  machinery  which 
is  under  the  control  of  the  engineman,  and  so 
contrived  as  to  enaUe  hhn  to  stop  and  reverse 
the  motkm  of  the  enginee  at  will,  and  whose 
forms  are  too  various  and  intricate  to  be  here 
dwcribed  in  detail.    In  engines  for  mannfoctor* 
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ing  purposes,  the  mechanism  comprises  a  revolv- 
ing pendulum,  called  a  governor,  which  regulates 
either  the  admission  of  steam  by  the  throttle 
valve,  or  the  cut-off  by  tbe  expanaaon  valve,  so 
as  to  make  the  engine  move  with  a  nearly  uni- 
form speed.  The  governor  as  applied  to  regu- 
late the  speed  of  water  mills  and  wind  mills  u 
of  old  date;  it  was  first  applied  to  the  steam 
engine  by  Watt,  and  has  been  of  late  very  nincb 
improved  by  lir.  Siemens.  In  marine  and  loco- 
motive engines,  and  winding  engines  for  col- 
lieries, the  admission  and  cut-off  of  steam  are 
regulated  at  the  discretion  of  the  engineman. 

4  8.  Poioer  o/ike  Sleam  Engiae,-^Th»  avail' 
able  power  of  a  steam  engine  is  the  vt^  loork 
which  it  performs  in  some  given  time.  The 
indieaUd  power  is  the  woriE  performed  by  the 
steam  upon  the  piston,  is  eqfual  to  the  product  of 
tbe  mean  available  pressure  of  the  steam,  the 
area  of  the  piston,  and  the  distance  trayevsed 
by  the  piston  in  a  given  time,  and  is  greater 
than  the  eflbctive  power  by  the  amount  of  eneiigy 
expended  in  overooming  the  resistance  of  tbe 
engine^  The  power  of  an  engine,  whether  indi- 
cated or  available,  is  expressed  either  in  foot 
pounds  (that  is,  pounds  lifted  one  foot),  in  some 
fixed  time  (such  as  a  minute  or  an  hour),  or  in 
koree  power,  as  defined  by  Watt;  one  horse 
power  being  88,000  foot  pounds  per  minute, 
or,  what  is  tbe  same  tUng,  88,000  x  60  » 
1,980,000  foot  pounds  per  hour.  This  is  the  mean- 
ing of  the  odteia/horBe  power  of  an  enguuk  But 
there  is,  besides,  employed  in  commerce,  a  mea- 
sure called  f¥»nimd  hone  power,  which  is  simply 
an  arbitrary  and  conventional  method  of  ex- 
presshig  the  stss  of  the  engine,  without  reference 
to  ite  actual  power.  To  compute  the  nominal 
hoTM  power  of  an  engine,  the  effective  pressure 
of  the  steam  on  the  piston  is  assumed  to  be,  in 
some  localities  7,  in  othen  7^  pounds  per  square 
inch.    The  velocity  of  tiie  piston  is  assumed  to 

be  120  feet  per  minute  x  fj  length  of  stroke  in 

feet  LasUy,  the  foot  pounds  of  woric  per  minnte 
computed  on  these  assumptions,  are  divided  by 
88,000.  This  is  a  rule  adopted  in  some  locali- 
ties and  by  some  engineen;  but  the  rules  of 
other  localities  and  other  engineen  are  different; 
and,  in  fact,  the  system  of  describing  engines  by 
nominal  horse  power  is  uncertain,  inconvenient, 
andabeurd.  The  nominal  horse  power  of  diflfer- 
ent  engines  is  ftnm  |>  to  ^  of  thdr  actual  horee 
power.  The  dttUf  of  an  enghie  is  the  work  per- 
formed by  a  given  quantity  of  ftnl,  such  as  one 
pound.  (The  Cornish  engineen  state  the  woric 
performed  by  a  CormA  bmkel,  or  94  pounds  of 
coal).  The  e^BneiMgr  of  an  engine  is  the  ratio  of 
the  woik  performed  to  the  medbanical  equivalent 
of  the  heat  expended.  See  Hkat,  Mbcuarioal 
AoTioK  OP,  §1  22  to  81  hidusive.  The  duly  of 
a  pound  of  ooal  varies  in  different  dasses  of 
engines  from  about  100,000  to  1,900,000  foot 
pounds.    Tiiese  are  extreme  remits,  as  respecto 
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VBsteAiliiMB  on  one  hand,  and  eepnomy  on  the 
otW.  Id  good  oidinarj  engines,  the  dnty  Taiies 
from  SOOpOOO  to  700,000.  The  fffiAme^  of 
steam  engines  lies  betwesn  the  liroiu  0-02  and 
0*2  in  extreme  caaeSi  and  O'Oi  and  0*126  in 
ordioaiy  cases. 

Mteel  Yank    See  Dalamcb. 

See  Pbojbgtiov. 
As  is  explained  and  illostrated 
in  PasalliAX  Binocular,  in  viewing  an  object, 
each  eye  sees  a  diftrent  figure  of  it,  some  parts 
betog  hidden  from  the  one  eye  whidi  aro  visible 
to  the  other,  and  nos  twra.  It  is  by  the  union 
^  of  these  two  somewhat  dissimilar  pictoies  on  the 
two  retinA,  that  the  oidinaiy  mental  impression 
of  any  olijert  or  series  of  ol^ects  is  prodaoed.—- 
Tliis  dttitmt&ir  j^  of  the  pictoies  finrmed  in  each 
eye  is  of  fhndamentai  importanee  to  the  theory 
of  the  stereosoopoi  and  may  be  Airther  made  evi- 
dent by  Inspectioa  of  the  diagram  in  fig:  1.    Let 
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A  B  o  D  represent  a  cube,  as  seen  by  the  two 
eyes  placed  at  b  and  b'.  The  eye  b  will  see  only 
the  side  ab,  no  rays  of  light  ftom  the  lemainiog 
sides  A  D,  D  c,  B  o  beiog  aUe  to  reach  b,  they 
will  be  invisible  to  it  The  eye  B"  being,  how- 
eve/,  difierently  placed,  will  receive  rays  from  the 
sides  A  B  and  b  o^  which  will  be  botfi  visible  to 
it,  and  thoa  the  two  pictoies  obviously  differ. 
Not  only  is  this  the  fact,  but  every  point,  even 
when  aeen  by  both  eyes,  appears  to  each  in  a  dif- 
ferent direction ;  for  instance,  the  point  b  is  seen 
by  B  along  the  line  a  b,  and  by  B'  along  the  line 
'b!  b.  How  then,  it  may  be  asked,  can  it  be  that  the 
mind  only  perceives  one  image  of  the  cube  and  that 
in  one  direction  and  occupying  one  single  position? 
The  answer  to  this  question  will  be  found  dis- 
cussed at  some  length  in  Paballax  Bihoouuui, 
and  it  must  here  suOice  to  state  that  when  the  eyes 
are  so  turned  to  any  point  of  aa  object  that  its 
image  in  each  eye  falls  on  the  point  of  distinct 
vision,  then  the  point  is  seen  single  with  the  two 
eyes,  while  all  other  points  of  the  object  appear 
more  or  less  separated  into  two,  yet,  as  the  vLuon 
of  these  two  images  is  nowhere  perfectly  distinct, 
the  inconvenience  is  scarcely  noticed.  By  rapid 
movement  of  the  eyes  each  part  in  succession  is 
brought  <m  the  point  of  distinct  vision,  and  the 
mind  satisfies  itself  that  it  is  looking  only  on  one 
single  object  In  viewing  a  pictun,  the  same 
dissimilarity  of  view,  as  seen  by  each  eye  separ 
rately,  does  not  occur,  as  the  whole  figure  is  on  one 
plane,  and  one  part  of  it  cannot  by  its  projection 
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intflRspt  the  view  of  aaocher.  There  is  tfns  m 
unpmtant  difiteenoe  between  tbe  ^l^w^fswe 
presented  by  the  real  oliject  and  that  gtven  by 
even  the  best  drawn  ropiwwntetiflu  of  it  The 
one  appean  solid  and  real,  the  other 
and  wants  reliet — ^To  give  the  picture 
it  would  be  rtquiaite  to  pot  St  into  Ae 
oumatancee  as  the  real  obyect,  tiz.,  to 
to  present  two  difiierent  aepeets^  one  to 
in  Cut  to  make  two  ptotasea  and  at  the 
time  to  cause  them  both  to,  a^jfurtrntfy, 
from  the  same  position,  llie  Ofst,  visL,  to  dmr 
two  separate  and  aomewhat  dj^rimllar  pietmei  ■ 
done  by  tlie  hand  or  by  the  cametm  obsenm;  ad 
to  cause  them  apparently  to  emamilg  from  fht 
same  position  or  object,  ia  aoooinpliehed  by  the 
instrument  oiUed  the  atereosoope.  When  flis 
ia  done^  the  pictures  pieseut  to  the  mind  the 
aspect  of  a  ml  and  aolid  substance  in  fhO  and 
roond  rslief;  hence  the  name  Atareoecope^  which 
signifies  an  instrument  fior  aoiid  sight.-- It  bai 
been  already  mentioned  ihat,  on  tuxvAog  bed) 
eyes  toward  any  point  of  an  objlect,  ao  aa  to  sn 
it  distinctly,  or  in  optical  langnage>  on  tmamg 
the  opUe  aaxa  toward  it,  it  is  seen  In  two  diftr- 
ent  directkaia,  that  is,  it  overiapa  difienBt  parti 
of  the  background.    Thus  in  fi|p  2  the  potato 
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is  seen  by  b  projecting  agahist  the  object  b^,  sad 
by  B' against  the  olgect  b.  Thja,  it  wiObeeb- 
served,  never  can  occur  with  any  part  of  a  fist 
picture,  and  is  one  of  the  chief  meana  by  whick 
the  mind  distinguishes  between  a  |»ctare  and  a 
real  object  in  reUef.  This  bdng  the  case,  it  «91 
be  requisite  that  in  the  two  pictorea  to  be  nailed 
by  the  stereoscope  the  objects  ahould  oveiisp 
difierent  parts  of  those  behind  them,  and  in  the 
same  degree  as  they  would  do  if  observed  in  the 
real  scene  by  each  eye  separately.  This  is  the 
disnmikiri^  of  the  two  stereoscopic  pictaics 
which  is  requisite  and  which  has  bea  referred  to 
above.  It  is  exactly  that  which  ia  prodnoed  hv 
taking  the  drawings  l^m  points  slightly  difier- 
ing  in  position  in  a  dire^ion  pcarpendlcular  t» 
the  line  of  sight  It  is  obvious  on  the  afighlart 
consideration  that,  in  many  casea  of  comaflB 
vision  by  the  two  eyes,  the  picture  of  any  Ibk 
or  snrfiuse  on  the  one  ^ye  must  be  longer  and 
laiger  than  on  the  other.  This  will  alwaja  be 
the  case  when  the  object  is  nearer  one  eye  thaa 
the  other.  The  same  thing  is  often  obeaied  hi 
the  two  stereoscopic  pictures,  and  indeed  it  is 
easy  to  drew  two  linesi  one  of  then  longer  tfasa 
the  other,  and  then  to  combine  them  by  meaas 
of  the  stereoscope.     A  question  has  arisen  ia 
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inch  caw,  how  it  is  that  a  ringle  picture  Is  pre- 
■eoted  to  the  mind?  Mr.  Wheatstone,  to  whom 
the  world  is  chiedj  indebted  for  the  invention  of 
tbe  stereoscope,  supposes  that  the  eve  has  the 
power  by  some  means  to  modify  within  certain 
timits  the  dimensions  of  the  impreesionB  made  on 
it  in  such  a  manner  as  to  cause  the  two  impres- 
sioDs  to  appear  of  tlie  same  size  and  so  to  com- 
bine into  one ;  and  lie  sarmiaes  that  the  vision 
of  picturss  in  relief,  by  means  of  the  stereoscope, 
is  caused  by  the  oombinatioii  of  the  two  singie 
views^  in  exactly  the  same  manner  as  takes 
plaee  with  those  presented  by  the  two  eyes  in 
common  vision.  Sir  D.  Brewster,  the  highest 
living  optical  authority,  on  the  other  hand,  holds 
that  tbe  eye  has  no  power  to  modiiy  tbe  shape 
or  dimensloiis  of  the  images  made  on  it,  and  that 
the  apparent  ooakscenoe  of  images  of  different 
lengths  is  a  deception  caused  by  the  habit  of 
regarding  chiefly  the  points  of  distinct  vision 
where  Om  two  lines  are  really  brought  into 
coincidence,  and  the  indistinctneis  of  &e  other 
portions  of  the  impressions,  added  to  the  circum- 
stance that  one  or  other  of  the  sepsrated  portions 
of  the  images,  by  a  peculiarity  of  vision,  dis- 
appears and  without  minute  scrutiny  may  be 
altogether  overlooked.  He  holds  the  vision  of 
the  two  combined  pictures,  in  solid  relief  by 
metna  of  tbe  stenoecope,  to  be  produced  by  the 
same  process  of  vision  as  that  by  which  objects 
themselves  are  seen  in  relief  by  the  unassisted 
eyes.  For  the  full  esEpIanation  of  this  theory, 
the  reader  b  referred  to  Brewster's  Optics  and  his 
recent  elegant  work  on  the  stereoscope ;  but  the 
genersl  nature  of  it  may  be  understood  from  what 
follows.  £\'ei7  object  is  seen  double  and  indis- 
tinct except  the  point  on  which  the  optic  axes 
converge,  and  it  is  only  by  a  rapid  movement  or 
^  play  *'  of  the  optic  axes  from  point  to  point 
tliat  a  perfect  impression  of  the  whole  of  an 
db^tei  or  scene  is  presented  to  tbe  mind.  While 
this  rapid  aiteration  of  the  position  of  the  point 
of  conveigenceof  the  optic  axes  is  thus  necessary 
to  give  a  correct  and  single  impreeston,  it  is  at 
tbe  same  time  most  useful  in  determining  the 
▼axiOQS  distance  of  the  different  parts  to  which 
it  is  dfaected,  or  of  indicating  their  reliefl  Thus, 
in  fig.  8,  tbe  two  eyes  are  represented  as  directed 
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in  rach  a  manner  that  the  images  of  the  olject 
o  fiUl  upon  B  and  x',  the  two  points  of  distinct 
visioo,  or,  in  other  words,  the  optic  axes  con- 
verge on  o.  Any  other  object  d  will  be  seen 
doi^le  and  indistinct  tin,  by  an  exertion  of 
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muscular  cflbrt,  the  optic  axes  are  so  turned 
that  they  conveige  on  it,  when  its  images  e  and 
0"  move  to  R  and  iC,  the  points  of  distinct  vision, 
and  it  is  at  once  seen  sbgle  and  distinct.  Thb 
muscular  change  is  aooompsnied  by  a  sensation 
which  points  out  the  alteration  of  the  position 
of  the  point  of  convergence  of  the  optic  axes, 
and  of  course  the  nearness  or  greater  distance  of 
the  point  to  which  they  are  directed.  In  look- 
ing at  the  different  distances  imitated  on  a  pic- 
ture, no  snch  change  of  the  distance  of  the  point 
of  convergence  is  required,  and  hence  the  sense 
of  flatness  perceptible  in  looking  at  such  a 
deHneatioo.  In  ordinary  vision,  then,  it  is  the 
opening  out  and  dosing  in,  so  to  speak,  of  the 
optic  axes,  which  indicates  the  difference  of  dis- 
tance or  the  degree  of  relief  of  objects  one  from 
another,  and  thb  Is  the  chief  reason  why  the 
eyes  have  been  placed  apart  instead  of  being 
united  like  the  two  halves  of  the  nose  in  the 
middle  of  the  fkoe.  The  explanation  of  solid 
vision,  by  means  of  the  stereoscope,  immediately 
follows  from  this  sa  the  stereoscopic  pictures  are 
nothing  else  than  the  two  views  as  taken  by  the 
two  eyes  separately  and  laid  near  esch  other  so 
as  to  be  easily  made  to  appear,  by  reflection  or 
reflraction,  as  U^they  came  from  the  same  oliject. 
The  stereoscope  then,  so  to  speak,  lays  the  one 
view  over  the  other  and  {uroduces  the  same 
degree  of  coincidence  as  in  common  vision,  that 
is  a  coincidence  of  one  point  with  the  corre- 
sponding point  of  the  other  view. — The  play  of 
the  optic  axes  fhrni  point  to  point  accomplishes 
the  successive  unions  of  the  duplicate  impressions 
flrom  the  two  pictures,  as  has  already  been  ex- 
plained, with  regard  to  vision  with  two  eyes. 
It  is  beeanse  of  this  alteratioH  of  the  dut<moe  of 
the  point  of  convergence  of  the  optic  axes,  neces- 
sitated by  the  two  distinct  pictures,  that  the 
perception  of  relief  arises.  Sir  David  Brewster 
further  shows  how  the  exact  amount  of  rdief  or 
diflerence  of  distance  of  ot|Jects  can  be  determined, 
and  denominates  this  the  faculty  of  seeing  dqith 
or  a  third  dimension  in  space.  There  b  no 
doubt  but  in  the  main  thb  b  the  true  explana- 
tion of  stereoscopic  vinon,  but  it  would  appear 
rather  that  the  perception  of  diflerence  of  distance 
b  got  in  thb  way,  and  that  tbe  amount  of  it  b 
a  matter  of  inference  horn  the  known  nature  of 
the  ot^jects  and  the  other  probabilities  from  the 
appearances  which  they  present  Thb  last  sur- 
mise might  be  easily  strengthened  by  arguments 
drawn  fkom  the  fact  that  the  same  amount  of 
change  of  the  angle  of  convergence  of  the  optic 
axes,  might  indicate  in  passing  fW>m  a  church 
tower  to  a  mountain  side,  a  distenoe  of  many 
miles,  or  in  passing  from  one  leaf  to  another  in 
the  near  ground,  a  separation  of  only  as  many  fiset 
or  yards,  and  also  from  the  circumstance  that 
even  in  ordinary  vision,  the  mind  b  se  exceed- 
ingly easily  deceived  in  estimating  distances  by 
the  impressions  received  by  means  of  the  ej'es. — 
Sir  D.  Brewster  has  shown  that  the  andents 
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wane  to  a  oomiderftble  extent  aoquainted  wiUi 
eome  of  the  principles  upon  wliich  the  stereo- 
scope is  based,  particnlarljr  with  the  differeooe 
between  the  impression  obtained  by  the  two 
eyes,  bat  there  can  be  no  donbt  bat  tliat  it  is  to 
Mr.  WheatBtone  of  London  that  the  world  is 
indebted  for  the  first  tangible  discovery  of  the 
instmment— In  the  year  1838  Mr.  Wheatstone 
presented  to  the  British  Association  his  reflebt- 
Ing  stereoscope,  with  views  of  geometrical  figares 
drawn  from  two  separate  points  of  sight  These 
figures,  being  pat  into  tlie  instrument  and  viewed 
by  means  of  tin  reflecting  mirrors,  appeared  to 
occupy  the  tame  position,  and  presented  the 
astonishing  aspect  of  full  and  naX  relief^  the 
Aitpect  of  a  mere  picture  having  vanished.  This 
instrument,  idthougfa  now,  and  perliaps  tempo- 
rarily, superseded  by  the  refracting  stereoscope^ 
is  stQl  Ibr  many  reasons  interesting,    in  fig.  4, 
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B  and  ^  represent  the  twopictnres  on  their  sup- 
ports D  I/.  The  mirrors  ▲  and  a',  inclined  as 
shown,  are  so  placed  that  when  the  dee  of  -the 
observer  is  approximated  to  the  line  of  their 
junction,  one  eye  sees  the  one  picture  in  m  and 
the  other  sees  the  other  picture  in  u%  and  by  a 
little  adjustment  the  reflected  images  appear  to 
emerge  fVom  tlie  same  pontbn,  and  are  easily 
combined  into  one,  as  has  already  lieen  described. 
— The  Lenticular  stereoscope,  as  it  has  been 
named  by  its  inventor.  Sir  David  Brewster,  is 
another  form  of  the  instrument,  and  even  more 
simple  in  its  construction.    It  is  now  made  of 


many  different  fbrms,  one  of  which  is  represented 
in  the  annexed  fig.  It  consists  of  a  box,  somewhat 
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of  the  shape  of  a  douUe  opera  glav,  for  boldii^; 
tlie  pictures  and  excluding  stray  light  ind  ex- 
traneous objects  from  the  view,  and  a  pair  of 
refracting  eye-pieces  for  prodndng  the  approxi« 
mation  of  the  imagesof  tlie  two  pictnres.  TIibk 
eye-pieces  are  composed  of  a  slidiqg  tobe  ooo- 
taining  lialf  a  lens,  the  lens  being  doobte  tm- 
vex  and  of  about  six  or  seven  inches  foesl 
length.  The  semi-lenses  are  so  placed  that  their 
two  thin  edges  are  next  eadi  other.  In  fig.  ^r 
F  and  F'  represent  the  two  pietares,  l  and  l'  the 
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semi-lensesreftactbg  the  rayawhich  pass  duoegih 
them  in  such  a  manner  tluit  thej  arrive  at  tke 
tyw  s  and  b"  as  if  they  came  hmn  one  ma^ 
pictxtre  placed  at  p.  In  the  best  atereoeoopei  tfca 
eye-pieoes  are  made  to  slide,  that  the  leoses  nsr 
be  drawn  nearer  or  fivther  from  eadi  other,  m 
as  to  enable  the  eyes  to  take  advantage  of  man 
or  less  powerfully  refracting  points  of  the  sufooev 
and  thus  produce  the  desired  degree  of  SBp«> 
position  of  the  images..^Now  that  phoCiogrs|)hT 
afibrds  the  means  of  taking  two  absolutely  car- 
rect  representations  of  any  object  or  sccaM  hta 
two  points  related  to  eadi  other  In  the  sbbi 
manner  as  the  two  eyes  of  an  observer,  noHiiqg 
could  be  more  perfect  than  the  vesalts  aoeos- 
plished  by  the  stereoscopa  Viewa  of  statass 
gardens,  forests,  dties,  gladen,  and  die  whok 
variety  of  natural  soenny,  flrom  the  toetooai 
ravine  to  the  frur  extending  plain  or  boimiBsM 
expanse  of  mountain  distance,  can  be  presaled 
to  the  stereoscopic  observer,  with  an  accural  sad 
fulness  of  impression  which  may  be  truly  esBed 
wonderful.  To  thoae  who  complain  of  the  flat- 
ness and  want  of  rdief  in  pictin«S|  the  marvd- 
worUng  stereoscope  wQl  accomplish  all  they  cm 
desire. 

Stttnufc    These  are  of  varioos  torts,  via, 
strong  ffaJes  of  wind,  regular  and  rotatory  lar* 
riieaiie»,  sucjias^jpftooatandftiaufsj  sfuiau.  8m 
TuDHDBa-flTOBii  and  WwDa. 
See  EuurnciTr. 

SeeELAsncRT. 
See  ELAgncTTT, 

8«a«    Tlds  mi^estic  orb,  the  oeotre  daH^ 
planetary  movements — the  source  of  the  Ugfat  aad 
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heat  enjoyed  by  the  woiids  that  roll  aroimd  It, 
has  a  diameter  of  no  lese  than  882,000  miles— 
about  8-7  times  our  distance  from  the  moon ! 
Its  density  is  oompaimtiTely  small,  owing,  it 
maj  be,  to  the  intense  heat  which  most  prevafl 
thiuogfa  a  laige  portion  of  its  mass.  Tliat  den- 
rity  is  only  one-fonrth  the  density  of  the  earth, 
so  that  the  mau  is  not  proportional  to  the  size — 
being  only  854986  times  the  mass  or  weight  of 
the  earth.  Gravity  at  its  sarfooe  is  27-9  tunes  the 
amount  of  terrestrial  gravity ;  in  other  words,  a 
body  estimated  by  a  spring  balance  at  one  pound 
on  the  earth*s  suifhoe,  would  at  the  surfooe  of 
tlw  sun  exert  a  force  27*9  times  as  laige.  This 
great  globe  however,  presents  one  important 
analogy  with  the  planets;  it  rotates  on  an  axis — 
making  an  angle  of  7®  9'  with  the  plane  of  the 
earth's  orbit— in  twenty-five  days,  eight  hours, 
and  nine  minutes.  The  amount  of  light  sent 
ibfih  by  the  sun  is  not  exactly  measureable. 
The  amount  of  lieat  has,  by  aid  of  the  Pyihe- 
liometer  of  Pouillet,  and  the  Actinometers  of 
Henehel  and  other  physicists,  been  approxi- 
mately  computed.  The  amount  is  certainly  enor- 
mous. It  is  equivalent  in  mechanical  c^t  to 
the  action  of  7,000  horse  power  on  every  square 
foot  of  the  soltf  surf  see,  or  to  the  combustion  on 
every  square  foot  of  upwards  of  18}  cwts.  of 
ooal,  per  hour !  Concerning  the  relative  heating 
powers  of  different  parts  of  Sie  sun*s  surface  also, 
something  definite  can  now  be  said.  When  an 
image  of  the  sun  is  projected  on  a  disc  and  ac- 
curatdy  examined,  it  is  fbnnd  that  the  heat  at 
the  centre  is  almost  twice  as  great  as  at  the 
borders— a  fkct  very  intelligible  if  we  can 
imagine  the  sun  engfart  by  an  extensive  atmo- 
sphere; the  rays  of  heat  from  the  edges  having 
to  penetrate  obliquely  through  that  atmosphere, 
must  in  great  part  be  obetructed.  But  thereis  be- 
sides a  variatioa  in  heat  according  to  the  drdes 
of  dediaation.  The  solar  equatorial  regions  are 
certainly  hotter  than  the  polar,  and  the  detei^ 
minadoos  of  Secchi  would  seem  to  establish  that 
this  law  holds  very  much  as  the  same  thing 
takes  place  on  the  earth,  i.  e.,  the  heat  diminishes 
according  to  a  gradation,  as  the  circle  of  declina- 
tk»  is  distant  from  the  equator.  This  latter 
fact  is  of  greatest  importsnce — ^rendering  it  cer- 
tain that  somethfaig  essentially  akbi  to  the 
systems  of  winds  prevailing  within  the  atmo- 
spheres of  the  earth  and  other  planets,  must  also 
hold  within  the  gaseous  envelopes  of  the  sun. — 
But  we  must  pnweed  to  minuter  details,  and  ar- 
noge  our  account  of  them  in  logical  order. 

(1.)  CaiutUuiitmqftheSwi.-^ThB  phenomena 
that  have  led  to  some  knowledge  of  the  structure 
of  this  vast  orb,  are  those  curious  spots  that  appear 
and  disappear  sofreqnently  on  itssurftoe,  and  which 
by  tlieir  piogiusslve  motion  across  its  disc  revealed 
to  tiwir  first  discoverer,  Galileo,  the  remariEable 
fact,  tliat  the  sun  rotates  on  its  axis  like  the 
planets,  carrying  the  spots  along  with  it  The 
light,  however,  which  these  cast  on  the  nature  of 
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the  substance  of  this  orb,  was  not  realized  until 
the  times  of  Dr.  Alexander  Wilson  and  Sir 
William  HerscheL  The  former  astronomer, 
earliest  beyond  a  doubt  exhibited  the  cardinal 
fkct  of  this  Inquiry.  Some  remarkable  foatures 
that  invariably  characterize  a  solar  spot,  had  at- 
tracted his  attention;  and,  aeddent  as  he  mo- 
destly said,  enabled  him  through  them  to  resch 
the  whole  significance  of  the  phenomenon.  Thew 
iiBatnres  are  as  follows : — When  the  spot  is  near 
the  middle  of  the  sun  it  consists  of  a  yety  dark 
centre,  around  which  there  is  a  comparatively 
dim  envelope,  celled  the  umbra.  Every  spot 
exhibits  this  appearance.  Now,  from  22d 
March,  1769,  Wilson  had  the  opportunity  of 
following  a  very  remarkable  spot  in  its  course 
from  one  border  of  the  sun  to  the  other;  and 
certain  facts  struck  him  as  certainly  fundamental 
in  every  theory  as  to  the  constitution  of  that 
glob&  When  the  spot  was  in  the  centre  of  the 
disc,  the  whole  encircling  umbra,  as  well  as  the 
dark  middle  portion  was  distinctly  visible :  as 
the  spot  approached  one  border,  the  umbra  on  the 
side  nearest  the  observer  became  gradually  more 
and  more  for&>shortened,  while  the  umbra  on  the 
other  side  g^w  broader  and  broader;  and  at 
length,  as  the  spot  was  disappesring — that  is, 
passhig  the  edge  of  the  limb— the  near  side  of 
the  umbra  and  the  dark  central  region  also 
vanished,  nothing  remaining  except  the  opposite 
umbra,  which  continued  distinct  And  when 
the  spot  resched  the  sun*s  other  border,  and 
again  approached  its  centre,  there  occurred  pre- 
cisely the  opposite  phenomena,  vis.,  the  gradual 
appearing,  fMt  of  the  dark  centre,  then  of  tlie 
near  umbra,  and  its  progressive  widening,  until 
when  the  object  reached  the  middle  of  tiM  solar 
disc,  the  umbra  seemed  a  uniform  girdle  as  be- 
fore. Wilson  found  these  changes  of  aspects  re- 
peated in  the  case  of  tveiy  spot  he  obsenred,  and 
they  are  now  known  to  be  univenaL — ^There  is 
an  easy  means  by  which  the  significancy  of  the 
changes  described  may  be  made  palpable.  Let  the 
reader  place  before  himself  a  common  terrestrial 
globe,  rotating  around  its  axis,  and  fancy  a  hole 
in  one  part  of  it,  with  shelving  sides  and  a  Uack 
bottom.  When,  in  the  course  of  its  revolution, 
the  visual  ray  through  tlie  opening  reaches 
the  centre  of  the  disc,  the  whole  would  be  seen 
(as  the  pit  could  then  be  looked  down  into  di- 
rectly)— tlie  dark  base  as  well  as  the  shelving 
sides.  But  when  placed  on  either  edge  of  the 
disc,  it  is  dear  that  the  pit  would  assuroea  really 
diflbrent  appearance — only  the  opponte  tkdvwvj 
iide  would  be  visible  in  such  situations :  and 
this  was  exactly  what  Wilson  always  found  in 
the  aspect  of  a  spot  during  the  revolution  of  the 
sun.  It  was  daring  at  the  time  to  pronounce  an 
opinion  that  these  hitherto  puzzling  phenomena 
are  reslly  kolet  in  lAe  twfaee  qfthe  tun*»  mau — 
pits  opened  in  it,  revesling  his  internal  constitu- 
tion :  but  every  new  step  of  genius  is  a  boldness, 
sometimes  even  a  rashness!    And  Wilson  saw 
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that  he  had  discerned  how  the  hitherto  mysteri- 
ouB  oonstmetioa  of  that  magnlficeot  orb  migfat 
at  length  be  made  known.  Most  worthy  was 
this  oonqnesty  of  the  medal  strack  in  hooonr  of  it, 
by  the  enlightened  Danish  Kings  !--It  followed 
at  onoe,  fiiom  Wilson's  capital  achievement,  that 
our  magnificent  luminary  is  no  chaotic  conflagra- 
tion as  had  hitherto  been  sapposed  by  all  men: 
and  to  the  investigation  of  what  it  rnlly  is,  the 
singalar  powers  of  the  elder  Herschel  came 
quickly  in  aid  of  the  efibrts  of  his  friend.  With 
both  of  these  illnstrious  men  it  seemed  an  un- 
questionable first  impression,  that  the  snr&oe 
thus  broken  by  chasmSf  must  be  an  elastic  or 
gaseous  fluid ;  for,  notwithstanding  the  magni- 
tude of  the  spot»^8ometimes  reaching  even 
60,000  miles  in  diameter — ^they  open  and  dose 
with  a  rapidity  altogether  marvellous,  often  sur- 
passing the  rate  of  a  thousand  mfles  a  day. 
Granting  then,  first,  that  this  light-giving  sur- 
face is  a  phoBphoresoent  gas,  what  is  the  umbra? 
— and  what  the  dark  internal  space?  And  to 
these  engrossing  questions,  Herschel,  without 
delay,  applied  the  energies  of  a  mind  that  ever 
and  anon  was  flashing  into  the  unknown.  It 
seemed  to  that  penetrating  gonius — and  no  other 
theoiy  will  yet  resolve  the  fact — that  the  sun 
consists  mainly  of  a  dark  mass,  like  the  body  of 
the  earth  and  other  planetary  globes,  which  is 
suROunded  by  two  atmospheres  of  enonnons 
depths — ^the  one  nearest  him  being  less  luminous, 
whfle  the  loftier  stratum  consists  of  those 
daiBzliog  phosphorescent  sephyrs  that  bestow 
light  and  heat  on  so  many  surroundings  spheres^ 
In  this  view  the  following  is  the  real  meaning  of 
a  solar  spot  By  some  unknown  force  these  at- 
mospheres are  d^urbed  and  opened :  the  phos- 
phorescent zephyrs  being  flung  aside,  we  descry 
the  shelving  edges  of  the  less  luminous  stratum 
— ^which  is  the  wnbra ;  and,  below,  the  dark  and 
sombre  and  more  shdtered  body  of  the  great 
globe,  as  the  central  spot  These  remarkable 
conclusions  by  Herschel  have  never  been  invali- 
dated, but  rather  confirmed  and  added  to  by  sub- 
sequent discovery.  Beneath  the  umbral  bed, 
Mr.  Dawes  has  recently  descried  a  thick  stratum 
of  comparatively  funt  luminonty,  on  which  he 
bestows  the  name  of  the  cloucfy  gtratum.  It 
pves  the  impression  of  considerable  depth  below 
the  shelving  sides  of  the  umbra;  and  it  ap- 
pears not  self  lumiaons  bat  rather  of  a  nature  to 
absorb  a  vast  quantity  of  light  and  reflect  little: 
its  faint  illumination  is  rarely  uniform,  pre- 
senting throughout  the  appearance  of  a  mottled 
and  cloudy  surface.  In  the  heart  of  this  third 
structure  lies  the  central  black  opening. — ^The 
thidcness  of  the  two  first  of  these  strata  was  ap- 
proximately measured  by  Herschel  He  esti- 
mates the  thickness  at  several  thousand  mUes; 
and  it  is  probable  that  the  inmost  bed  is  thicker 
stilL  Conceive  then  of  the  sun  as  a  solid  mass, 
en^rt  at  first  by  a  bed  of  dense  clouds,  not 
diauimilar  perhaps   to   the  atmosphere  of  the 
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earth.  On  the  top  of  this,  a  floating  pbospheres- 
oent  or  luminous  mass  of  amar'mg  defith,  the 
lower  part  of  it  splendid,  but  the  upper^  ef  liHtR 
altogether  dasding,  and,  from  widch.  sMans 
the  flood  of  light  that  enlivens  aiU  tnmaai- 
ing  spheresL  Nor  has  disoovety  stopped  evta 
berei  Beyondandalwve  this  sphere  of  ligbtUaa- 
other  atmosphere,  seemingly  transpsrent,  stiecA- 
ing  away  into  apace  a  distaaoe  that  camot  ytt 
be  computed.  This  last  car  upper  adao^heR 
cannot  be  seen  in  ordinaiy  ciitnmstasoeB  becsm 
of  the  overwhelming  powen  of  the  solar  nyi; 
but  when  the  sun  is  totalty  eriipsed,  Hb  pRseaa 
bursts  upon  the  astonished  bdiolder  in  the  btm 
of  a  gb»y  surrounding  the  dark  disc  of  the  asm 
And  in  the  lower  regions  of  that  halo,  portins 
of  the  light-giving  mass  are  found  floating,  giv- 
ing rise  to  those  strange  phenomena  that  oa  tk 
occurrence  of  the  two  last  total  solar  edipse^  m 
deeply  interested  all  observeca. — Such  tiie  kafie? 
phenomena  that  have  thrown  the  earlieit  sad 
fkint  thott^  assured  light  on  the  pbyncal  sti«> 
tm«  of  our  vast  oentral  Lnminaiy. 

(2.)  Special  Coiuideraiimt  o/Ae  Solar  S^-- 
There  appears  no  rest  whateverin  the  ataospfaan 
of  the  sun.  Over  all  its  snHaoe  wmves  of  figftt 
seem  to  dart  incessantiy,  aaniming  tlie  watL 
varied  aspects.  The  bright  part,  as  Hetsebd 
eariy  discerned,  is  full  of  inequalities;  shons^ 
certain  parts  more  brilliant  than  the  itat  sat 
times  round,  sometimes  elongated — as  if  tkr 
were  mountain  biliows  (a  cooeeptioD  xeeesdr 
confirmed  by  the  keen  sight  of  Mc  Dawes),  of 
varioos  forms  in  that  light  ocean, 
are  large  darker  spaces,  eictending  over  i 
tracts,  but  showing  no  daik  oentr 
Hersdiel's  MkaUowa.  After  these  must  mk  the 
true  spots,  or  caverns,  often  amiminded  If 
a  ridge  of  intense  light,  like  the  wall  of  a  hnv 
crater.  When  such  objects  are  a*«wtiiMiii  ais 
dose,  we  discern  seversl  drcumatances  too  l^■ 
markable  not  to  lie  among  the  fomdatieQs  ef  eM 
raUooal  theories  regarding  them.  Ftrtt,  tfaeq^ 
they  have  no  relation  to  any  individaal  point  «r 
portion  of  the  sun's  sur&oe — the  same  spot  asvcr 
having  been  known  to  teriqtpear  fai  the  turn 
place,  or  indeed  to  re-appear  at  all — ^theyaieyEt 
closely  related  to  a  laige  ditiriet,  for  tlisy  sr 
confined  to  a  zone  extending  90^  on  each  side  cf 
tlie  sun's  equator,  winch  may  someihow  ooBiect 
them  with  the  phenomenon  of  the  ratatian  ef  that 
Orb.  8econdfyj  they  are  not  stable  on  the  seal 
surfoce,  but  enjoy  proper  motions  apparmdyof  t 
singular  and  strikingly  symmetrical  kind.  Ac- 
coiding  to  the  indications  of  M.  Laugier,  thcf 
would  seem  on  each  side  of  the  equator  to  ap* 
proach  the  nearest  pole,  and  by  paths  wondv- 
fuUy  corresponding ;  so  that,  strange  Iboqgh  k 
seems,  even  these  chasms  so  tremendoos  ani 
evanescent,  are  bound  together,  or  a  ^pies 
by  some  grand  law.  Lottfy^  they  piiisnirt  h 
many  cases  very  extraordinary  aspects  vhea 
they  are  just  dkappearing.     Uoat  fireqaaotlTt 
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periiap%  a  spotdotee  in,  grtdoally,  ahhoagli  with 
gmtrapiditv;  bat  oftai  it  ipfite  before  it  dotes 
— ^ligfat  ridgM  dartiog  acron  the  oeotral  epaoe 
with  a  speed  truly  astonishing.    The  one  vast 
chasm  is  thns  resolved  into  many;  and  these 
have  been  Icnown  to  slants  ftom  each  other  and 
dart  alongin  new  and  disturbed  paths,  inaman- 
ner  not  unfitly  oompsred  to  the  ftagments  of  a 
cake  ci  ioe  which  has  been  thrown  with  violenoe 
upon  the  smooth  surface  of  a  fit»en  pooL    The 
play  of  sadden,  tremendoos,   and   evanescent 
ibroes,  eoimccted  in  some  way  with  the  Sun,  and 
made  apparent  by  these  sorgings  and  burstings  of 
his  atmospheres,  has  Urns  become  an  abedute 
fhcL    But  whence  and  wliat  are  these  forces?— 
whither  sliall  the  inquirer  travel  in  sesich  of  in- 
dieatioos  of  their  nature  ?   If;  unappslled  by  the 
oii^leBty  of  the  orb  in  which  they  proceed,  we 
propoee,  under  consdoosnessof  the  all  prsvaience 
cf  law,  to  seek  out  something  analogous  in  our 
own  planet,  we  diall  find  tibat  nowiiere  save 
among  Uie  phenomena  of  tlie  Winds.    But  the 
aoalpgy  is  everywhere  striking,  probably  most 
remarkable  of  all  in  respect  of  the  more  complex 
and  imposing  aspects  of  the  sun.    In  reference  to 
tlie  Jketdae^  or  bright  parts,  which  we  deem 
heapings  up  of  the  shining  atmosphere,  as  wdl 
as  to  the  shallows^  which,  with  the  faculae,  are 
Intenpersed  over  it,  one's  attention  is  invariably 
drawn  to  the  great  barometric  changes  that  take 
plaoeon  the soifiueof  our  g^obei    UntQ  recently 
these  ssem  to  liave  been  attributed  wholly  to  the 
internal  changes  ot  a  column  of  almoet  unvary- 
ing lidgbt ;  and  the  possibility  of  imgularities  of 
any  degree  of  permanency  on  the  surface  of  the 
atmosphere  was  not  recognized.      But  in  the 
present  state  of  speculation  they  are  considered 
oonsequences  of  the  Wnms,  which,  while  they 
induce  internal  changes  in  tfan  column,  must  also 
cause  vast  smgings  throughout  the  whole  mass, 
and  wtiolly  disturb  the  contour  of  the  surface. 
The  disturbances  are  of  great  extent,  and  endure 
as  long  as  the  conflict  of  the  aerial  currents. 
What  we  only  infer  here,  from  the  barometer,  is 
thusaeeitinthesun:  and  the  shallows  in  its  highly 
elastki  covering  demonstrete  the  possibility  of  ap- 
parcotly  the  most  paradoxical  of  all  recent  me- 
teorological dicta~-the  existence  of  atmoipkmc 
9aUijfs.    If  we  are  right  then,  the  significance  of 
tlnse  remarkable  phenomena  is  dear.     They  in- 
dieata  tlw  suiging  of  the  solar  aerial  masses — 
they  ars,  in  part,  the  markings  of  the  solar 
barometen;  and  through  them,  one  day,  may 
come  to  Sdence,  a  knowledge  of  how  the  winds 
roll  there,  and  what  are  their  gnnd  periods. 
Bat  let  us  hasten  to  what  is  fkr  more  striking; 
the  tpoU  of  our  terrettnal  atmosphere.    Who, 
in  recent  times,  lias  not  r^oioed  that  the  de- 
structive hnrricsnes  of  the  tropics  are  at  length 
reduced  within  law — and  leamt  without  profound 
interest  the  mysteries  of  their  conatitntlon  and 
coume  ?    It  is  thoroughly  esUUished  that  these 
are  mijfkty  wkirhoindtf  hugt  rotating  cylindere 
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of  aiiv  whose  base  is  on  the  esrth,  and  whose  top 
may  penetrate  to  our  highest  regions — cylinders 
revolving  with  terriBc  fury,  and  at  the  same  time 
slowly  advancing  infixed  courses,  along  the  surface 
of  the  earth.    Now,  observe  the  chief  phenomenon 
of  a  whirlwind.    Look  at  the  dimple  in  a  river 
—a  little  whirlpool :  invariably  its  centre  is  hol- 
low.   In  a  small  whirlwind  too,  straws  and  dust 
rise  up  through  its  centre  as  if  it  were  a  vacuum ; 
and  seamen  have  long  known  the  dreadful  mean- 
ing of  that  sudden  calm  after  a  storm,  during 
which  the  barometer  smks  at  once :  they  have 
got  into  the  heart  of  the  whirling  dements,  and 
on  no  side  is  escape  I     If  that  hurricane,  then, 
were  looked  at,  or  could  be  seen  from  above,  it 
would  have  the  aspect  of  a  hole  or  perforation 
in  the  atmosphere  moving  dowly  along  in  a  cer- 
tain path  to  which  all  on  its  side  of  Que  equator 
seems,  at  in  the  case  qf  tAe  naij  to  conform  in 
nature.    Indeed,  the  thought  is  overwhdromg, 
when  item  these,  terrific  as  they  are,  we  pass  to 
tornadoes,  apparently  similar  in  the  atmosphere 
of  the  sun,  by  whose  inconcdvable  violence  an 
opening  of  50,000  miles  in  diameter  may  be 
inade ;  extending,  too,  through  the  whole  depth 
of  that  atmosphere,  probably  several  thousand 
miles.    And  yet,  is  not  the  electric  spark  with 
which  the  chiid  disports  itself  a  key  to  the  rend- 
ing tropic  thunder?    Is  not  the  power  of  life 
which  sustains  the  smallest  wild  flower,  exactly 
that  which  infuses  strength  into  the  giant  pine, 
and  causes  it  to  evolve  its  mighty  branches? 
But,  further  still,  those  tornadoes  of  oun  pass 
away  like  the  tornadoes  of  the  sun — ^generally 
dying  out  in  singleness,  although  often  changing 
their  forms,  and  sometimes  separating  first  into 
minor  furious  hurricanes.    A  striking  example, 
viz.,  the  storm  of  December,  1821,  has  been  of  all 
othofs  the  most  amply  discussed — having  at- 
tracted the  attention  and  engaged  the  acuteness 
of  "NL  Dov^  one  of  the  most  distinguished  of  Ger- 
man metewologists.     Embndng  an  immense 
tract  of  country,  it  swept  Europe  as  one  single 
and  tremendous  whirlwind;  but  as  the  advancing 
drde  struck  on  the  peaks  of  the  Spanish  moun- 
tains and  of  the  maritime  Alps,  new  and  smaller 
storms  were  developed;  which,  with  the  same 
characters,  rushed  with  devastating  fury  through 
all  the  valleys— smaller  in  diameter  but  equal 
iu  energy  to  the  original  hurricane.     And  thus 
that  tornado  split  up,  and  its  fragments  dashed 
away,  also  like  a  broken  cake  of  ice,  before  the 
peace  of  our  atmosphere  was  restored !    Nor  do 
we   rest   with   mere   vague   analogies.      One 
prime  condition  of  the  phenomena  of  these  hur- 
ricanes is  common  to  the  earth  and  the  sun. 
Our  luminary,  like  its  humble  attendant,  has  a 
Torrid  Zone ;  and  therefore,  those  aerial  currents 
which  are  produced  by  that  distribution  of  heat 
and  the  rotation  of  the  orb.    But  to  the  trade 
winds  of  the  earth,  we  owe,  if  not  the  origin  of 
hurricanes,  at  least  thdr  paths;  and  corresponding 
winds  in  the  sun  must  oorrespoodingly  waft  the 
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apota  [cnnrds  !Korthem  uid  Soatliern  TcmpenlB 
Zgoea.  Farther  yet;  oim  of  Cbe  moat  pramit- 
ing  obTCrratioot  of  nceot  yean  baa  reiDOTed 
all  doubt  concerning  (be  enppoaed  roti^m  of 
then  apota.  One  of  Ifae  RrBt  contrlbuUnna  bj 
Hr.  Dawu,  aTter  he  bad  obtained  pmwmioii  of 
hia  iniaiuable  aolar  eye-piece,  eetabliahed  tbi> 
roMtion.  Beloir  an  Iwn  akElrhcs  of  the  lame 
loot  after  ao  interral  of  ^  dava.    Seldom  baa 


a  more  proliflc  observition  be«D  pnhlUhMl  The 
dark  spot  had  clearly  rotated  around  the  black 
nucleua;  and  farther,  hnw  tremendoos  the  veloeilj 
o[  rotation  I  Once  again,  may  we  look  for  the 
opening  of  a  nev  era  in  onr  knowledge  of  the 
ma;  for  pbotograiibyia  promising  its  all  powarhl 
aid.  An  apparatua  ia  at  present  being  erected  at 
Kew,  under  the  care  of  i\t.  Ross.  Othen,  It  in 
hoped,  will  quickly  follow  it,  no  that  Cbe  natural 
history  of  the  surface  of  our  luminary  may  aooa 
be  written  by  itwlf. 

(3.)  biuret  of  tilt  Solar  Htat :  /vrlher  Sptat- 
lalioB  conctraing  Oie  SpoU. — We  turn  fbr  a  mo- 
ment to  another  [aqulry.  Tbe  enoratons  unount 
of  Heat  dispeiKd  fTOm  tbe  aun  haa  already  been 
estimated,  and  we  have  gjvea  beeidea  some  indi- 
cations of  Law  as  to  its  relative  intendtlai  in 
difTennt  Solar  Zones.  Whence  comes  this  Hat ; 
what  is  its  sdutik  or  fb^Dtahi  ?  Speculating,  as 
we  must  do,  on  the  gnnuid  of  kcowu  analogka, 
or  rather  on  that  sole  gnnmd  of  any  coamical 
speculation — rii.,  that  tbe  phenomena  of  the 


««itfa  an  the  mnlt  of  utiraMl  Ian  «IU 
meet  and  Intenntngle  in  that  ponka  it  apaet 
we  term  onr  globe, — we  find  only  thne  faiitii 
aomrea  of  aolar  Heat  Firwl,  Haat  vaold  ndtea 
from  tbe  aon'a  anrfkee,  if  the  Globe  «ne  ia  |*»- 
ce«  of  cooling.  But  if  the  urn  ban  no  tattiail 
power  from  wblch  to  anpply  tbe  rtrJirirarj  awi 
by  aneb  radiatloii,  it  ia  demaoatiable  iat.  Ih( 
ago  Heat  would  hare  disappeared  tnaa  Ul  tat- 
flue,  and  tbat  soifioe  would  haTV  beooaa  dak. 
atcmUg,  IsthsHaaterelvedbycheniicrfa^a 
M  tbe  ann's  auibce?    Tba«  an  two  Icnattf 


poaaible;  tat 

enormooi  quantity  of  raygoi  nqiurad  to  naca 
the  honriy  borah^  of  -ftlv  of  a  Ml  of  ceab  <b 
every  sqnaie  foot  of  tfas  Solar  aoiAea.  Kom 
ve  better  off  on  imsting  to  the  oaber  maiBistf 
comboatkm.  If  the  lui  had  beat  a  pan  tfaki 
ef  gnn-oottoo,  and  been  capably  aaaBch,rflB>- 
nlsUng  tbe  elsnoita  of  tUa  tnofBiaiia  laaK,  to 
migfa^maMwtmld  haTCwastad  aad  dii^yaii* 
hi  the  coane  of  a  brfaf  bar  thoaaod  ytan 
7'*vd^,-OQa  nwnrea  imafaM;  baa^ad  k* 
many  phyiidata— beU  aA  by  Sit  Jala  Bai«W 


byMr.  1  .         ,  __„._ 

hj  rnifiarini  Tt lai  if  filai^iip     Alnadydia 

docUine  haa  beao  nnfiiUed  in  dw  pages  k  ^ 
CydopMUa.  See  Hut.  Beat  naiilti  fan  Ha 
stopper  of  any  medianical  lone,  b  sasM 
''    tfaaiiiecfaanle>leabet<tf  tkalim 


earth's  atmoqAate.  The  vdoci^  is  cbed^  ty 
that  atmosphere,  and  its  su  vim  voaratdin 
heat  by  an  inexotabl*  I«w, — a  boat  w^  at 
last  becomea  so  inmM  as  to  naeU  aad  &4a>a 
the  meteor  into  fragments  oftao  loo  anuD  B  la 
noticed  wheo  tfa^readi  tbe  gronuL  MaUada 
of  such  meteras  edst  in  those  ngioaa  •(  iks 
planetary  qiacea  within  whkli  the  earth  boms: 
mnhitDdcs  inBaltely  greater  mast  oowd  At 
nelgfaboiufaood  of  tbe  snn ;  oaj,  that  siAlt 
annulos— tbe  Zodaical  Ucht— is  siiapiy  •  n* 
of  sach  rn^bsxt,  not  diflMng  io  kind  ftosi  At 
annular  appoidagta  of  Satnia,  I:Dt,ba«atr- 
mona  the  vdodty  of  ba<&a  nnMif  w  dsar 
on  tbs  sun,  and  tb«tAn  bow  great  Ib^  ara 
■«a.'  Tbe  vekicl^  of  Bub  BMttM  MM  bt 
neariy  400  milts  in  a  second  of  timt;  aal  At 
heat  may  theralbra  be  mtit.i«>t^  that  aeaU 


fidl  on  the  surbM  of  our  L  .  -    — 

the  planet  Memiy — forced  grwlaally  iaa** 
thnxigfa  iSbA  cf  the  iiiiialiiii,   mwliaBi ■  ■  tiir 
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onA-^antlr  yielding  a  meteoric  rain  to  the  surface 
of  the  8un«  drawing  inwards  and  inwards  like 
Saturn's  rings,  how  easily  is  the  Heat  accounted 
for !  Nor  can  valid  objeedoos  be  broo^t  ftom  the 
coosideratiiMi  of  a  necessary  augmentation  of  the 
sun's  Tolnme  on  account  of  sndi  an  operation. 
The  entire  supply  would  be  realized  by  a  new 
annual  coaling  of  thirty  Jhet  in  depth — an  amount 
which  in  two  thousand  years  would  have  added 
only  twenty -three  miles  to  his  diameter,  and 
coald  not  therefore  have  been  discerned  by  the 
telescope.    *'The  source  of  energy  ftom  which 
solar  heat  is  derived,  is  thus — in  the  words  of 
Prafessor  Thomson — ^undoubtedly  meteoric.    It 
is  not  any  intrinsic  energy  in  the  meteors  them- 
eelvesi  either  potential  or  of  mutual  gravitation, 
or  chemical  affinities  among  their  elements,  or 
of  actual  or  relative  moUons  among  them.    It  is 
altogether  dependent  on  mutual  relations  between 
those  bodies  and  the  sun.    .    .    .    The  store  of 
eneigy  for  ftiture  sunlight  is  at  present  partly 
dynamical —that  of  the  motions  of  these  bodies 
round  the  sun;  and  partly  potential,  that  of  their 
gravitation  towards  tb»  sun.  This  latter  is  being 
gradually  spent,  half  against  the  resisting  me- 
dium, and  half  in  causing  a  continuous  increase 
of  the  former.  Each  meteor  thus  goes  on  moving 
faster  and  £uter,  and  getting  nearer  and  nearer 
the  centre,  until  sometimes  yery  suddenly  it  gets 
ao  much  entangled  in  the  solar  atmosphere  as  to 
begin  to  lose  velocity.    In  a  fow  seconds  more  it 
is  at  rest  on  the  sun's  surface,  and  the  eneigy 
given  up  is  vibrated  in  a  minute  or  two  across 
the  district  where  it  was  gathered  during  so 
many  ages,  ultimately  to  penetrate  as  light  the 
remotest  r^ons  of  space." — But  it  is  not  need- 
ful to  suppose  that  these  meteors  reach  the  solar 
surface  in  the  solid  condition.    If  they  did  so, 
that  luminary  would  present  an  equatorial  belt 
of  dazzling  brightnessi — in  the  midst  of  Southern 
•and  Northern  regions  comparatively  dark.    (Is 
this  an  indicatk>n  of  the  cause  of  the  bright 
equatorial  belt  of  Saturn?)    Long  before  they 
rneh  that  sphere  of  resistance  si&cient  to  im- 
pede their  velocities,  and  so  to  convert  them  into 
heat,  they  have  probably  been  changed  into 
meteoric  vapour  by  the  intensity  of  the  solar 
heat,  and  have  been  revolving  around  him  in  a 
meteoric  vortex,  shaped  as  a  spiral,  and  termi- 
nating in  the  solar  atmosphere.  This  modification 
aifocts  in  no  wise  the  efficiency  of  these  meteors 
to  produce  heat.  Mingling  with  the  sun's  atmo- 
sphere and  retarded  by  it,  the  foregoing  effects 
roust  ensue,  every  one;  but  in  the  case  of  friction 
between  gaseous'  bodies,  we  can  understand  the 
diffusion  of  the  resulting  splendour  across  the 
whole  solar  snrfiu»,  by  effisct  of  the  resulting 
atmospheric  agitations,  and  m  obedience  to  the 
laws  oi  the  equilibrium  of  elastic  fluids.    From 
such  friction  also,  or  rather  from  the  meeting  of 
these  aerial  floods,  eddies  may  arise,  and  other 
imgularilies;  eddies  that  at  times  wOl  result  in 
migfaty  lotatoiy  stoma,  like  our  own  tiopic  hnr- 
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ricanes.  Fortunate  that,  if  the  foregoing  specu-. 
lation  be  correct,  there  is  thus  a  sure  means  of 
confirming  it  Further  observations  of  the  sun's 
light  atmosphere — that  definite  account  of  its 
aerial  currents  with  which  photography  is  sure 
to  supply  us — a  thorough  analysis  of  the  critical 
forms  and  habitudes  of  the  spots, — ^these  will  afibrd 
the  means  of  divesting  the  remarkable  inquiry 
of  aD  that  apparent  vagueness  which  still  un- 
deniably attaches  to  it  Nor  will  another  car- 
dinal fact  continue  without  significance.  An 
eleven  years  period,  in  the  number  of  the  spots, 
seems  already  established ;  at  least  no  other  con- 
clusion can  be  drawn  from  the  laborious  researcbeH 
of  Schwabe  and  Wolf.  May  not  this  be  ewen- 
tially  connected  with  the  nature  or  the  nodes  of 
the  meteoric  vortex,  turning  as  a  spiral  around 
the  sun? 

(4.)  The  Stm*9  Physical  Tnfluences.^Bmde6 
being  the  controlling  power  of  the  motions  of  our 
system,  and  diffusing  light  and  heat,  the  sun* 
exerts  other  influences,  varied  and  important 
Indications  of  his  chemical  agencies— those  on 
which  the  new  and  precious  art  of  photography 
depends,  and  which  are  largely  connected  with 
the  progress  of  vegetation — are  found  in  various 
artides  in  this  Cyclopaedia:  and  under  Mao- 
NETTSK  TKRRBdTRUL,  WO  have  showu  the  de- 
pendence of  the  magnetic  variations  npon  his 
position  relative  to  the  Northern  and  Southern 
hemispheres  of  the  earth.  But  his  action  in  this 
respect  is  not  altogether  measurable  by  that  rela- 
tive position.  A  strong  probability  has  appeared, 
that  the  position  of  the  sun^s  poles,  in  reference 
ip  our  globe,  is  not  an  indifferent  element  of  these 
very  complex  phenomena:  and  the  subject  is 
rendered  yet  more  mysterious  by  that  happy 
suirgestion  by  Colonel  Sabine,  of  a  connection 
between  the  decennial  period  of  mngnetic  dis- 
turbance, discovered  by  Lament,  and  the  period 
or  cyde  of  solar  spots  determined  by  Wolf  and 
Schwabe.  Nor  must  we  forget  that  apparent 
polarity  in  the  comets,  so  acutely  detected  and 
finely  illustrated  by  Bessd. — At  present  thi^ 
vast  sub|ect  is  only  opening;  but  the  prediction 
may  be  adventured  on,  that  many  yean  will  not 
elapse,  ere  the  activity,  the  zeal,  and  the  intdli- 
gence  of  inquirers  shall  lead  to  further  and  mo- 
mentous generalizations. 

(5.)  The  Sun's  Motion  in  Sjwc*' A  few  brief 

w<uds  on  a  large  and  still  more  engrossing  theme 
must  dose  the  present  artide.  Ascending  from 
contemplati<m  of  the  sun  as  an  individual  orb, 
towards  the  idea  of  his  companionship  with  the 
hosts  of  fixed  stars,  the  question  involuntarily 
springs  up,  is  that  companionship  manifested  by 
common  motions? — does  the  sun  move  in  some 
vast  orbit  ttiroogh  space  ?  A  mighty  question  !— 
already  is  so  far  answered  in  art  SStabsl  Sir  Wm. 
Herschd  was  tlie  fiorst  to  demonstrate  the  exis- 
tence of  such  a  motion  and  to  declare  its  direction. 
Obaerving  that  the  fixed  stan  in  one  part  of  our 
fiimament  had  for  ages  apparently  been  drifting 
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swvy  'from  etch  otber,  irhfle  t1i«  stars  fn  fhe  op- 
podte  region  bid  been  proportionallT  dosing  in, 
he  inferred  that  the  snn  is  roonng  from  one  of 
these  regions,  and  towards  the  other;  and  he 
fixed  a  preciM  spot  in  tlie  conbtellation  Hercales, 
as  the  point  whiiher  our  lominary  has  recently 
been  advancing.  The  point  on  which  Herschd 
fixed,  in  1783,  was  in  257**  of  right  ascension, 
and  25^  north  declination.  Obseire  bow  aston- 
ishing was  this  veteran*s  sagadtyl  As  years 
rolled  on,  better  and  far  more  numerous  deter- 
minations of  the  apparent  motions  of  the  fixed 
stars  were  obtained.  Consideration  of  the  great 
problem  was  then  resumed;  and  ^*et  the  new 
results  differ  but  by  a  ver}'  small  comparative 
amount  IVom  what  Herschd  determined-— view- 
ing the  problem  all  in  the  rough.  The  point  of 
direction  fixed  on  by  Otto  Stmve,  is  this : — 

R.A 260^94' 

K.  D 84**-86. 

Not  the  direction  merely,  but  the  magnitude  of 
this  great  solar  motion,  may  now  be  declared. 
Our  luminary  sweeps  through  space,  at  the  an- 
nual rate  of  one  htmdnd  and  fifty  mUtumt  of 
But  what  ia  the  nature  of  hb  path?    Is 
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it  a  mighty  curve?  Ifso,  wbcreHaocntra^iriiat 
its  vast  radius,  and  what  the  duntkii  of  the  graad 
Solar  Trar  ?  Problems  nnquestiooalily  ranlv- 
able,  and  for  which  Stdlar  Astroiiomy  is  dow^ 
accumulating  the  adequate  materials.  The  cm- 
pletion  of  this  greatest  of  inquiries,  may  not  in- 
deed be  very  near  at  hand;  DevertheiesB,  it  wsi 
assuredly  most  fitting  that  to  htm  whose  an- 
rivalled  sagadty  penetrated  the  aeoet  of  tfai 
multiple  stars,  tidings  should  first  eorae  of  the 
Unity — ^the  perfection  of  our  majestic 
tidings  that  among  its  innamemble  liosta  not 
is  solitary'  Or  apart,  but  an  eseential  dcmcBt  cf 
the  universal  scheme,  exchanging  s^mpafliia 
and  action  with  all,  and  by  its  motioos  viAly 
declaring  them ! 
9naptmiA0m  BiMyes.  See  Bridge 
97aiplcs«Hiet«r«    See  Baroketbb. 

See  AsTALTSD  and  Geomnr. 
•ndfemtes.    See  Air  Purf. 
8f  sygica.    The  syzygies  of  a  planet,  or  «f 
the  moon,  are  those  pdnts  of  the  ortnt  where  thi 
body  is  in  conjunction  or  oppodtion  with  the  sb& 
The  quadratum  are  the  intermediaiie  points 
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The  second  constellation  of  the 
Bodiac.  It  is  surrounded  by  Aries,  Eridanus, 
Orion,  and  Perseus :  its  podtion  in  the  heavens 
is  at  once  obtained  by  the  connection  of  its  bright 
star  Aldebaran,  with  the  belt  of  Orion. 

Telegraph.  A  telegraph  (fh>m  rwXi,  afar« 
and  y^acfM,  to  write)  is  an  instrument  used  for 
the  purpose  of  conveying  intelligence  to  a  greater 
distance  than  the  sound  of  the  voice  can  reach, 
and  without  the  employment  of  a  messenger. — 
From  the  most  ancient  times  fires  were  lued  as 
distant  dgnals.  To  these  have  been  added  the 
sounds  of  the  trumpet,  drum,  gong,  or  other 
instrument,  the  dischai^  of  guna,  and  the  send- 
ing up  of  rodceta.  The  Indians  of  America 
transmit  information  from  hill  to  hill  by  placing 
themselves  in  various  attitudes.  Whatever 
^gnal  was  emploj'ed,  its  import  was  understood 
by  previous  concert,  and,  by  any  of  these  methods, 
condderable  variety  of  intelligence  might  be 
oonve}*ed ;  but  that  depended  upon  the  ingenuity 
of  the  parties  employed  in  each  particular  case, 
and  it  is  surprising  how  long  a  period  elapsed 
before  any  efibrt  was  made  to  establish  an  ex- 
tendve  and  methodical  system. — One  of  the 
earliest  attempts  at  this  was  the  introduction  into 
our  navy,  by  order  of  the  Duke  of  Toric  (afterwards 
James  II.)  of  signal  fiag9,  to  dhiect  the  manora- 
vres  of  the  fleet,  each  flag  oon\irring  some  pecu- 
liar intimation.  In  the  ^-ear  1C94  Dr.  Hodce 
proposed  a  tdegraph  to  be  worlced  by  auspending, 
on  poles,  objects  of  various  shapes,  representing 
the  letters  of  the  alphabet,  and  subsequently  H. 
Amontons   eiJiibited   a  dmilar  qratem;   but 


ndther  of  these  came  into  on. — ^In  1794  ils 
§emapkore  (as  it  was  called)  of  H.  Cbappe  wss 
inirodoced  into  public  employment  bf  tha 
French  government.  It  consisted  of  an  npi%bi 
post  supporting  a  croes  bar,  in  tlie  shape  of  th> 
letter  T.  The  cross  bar,  turning  on  a  pirot, 
could  be  placed  at  various  indinations,  and  lad 
two  smaller  arms  attached  <  to  ita  extnnilie^ 
also  capable  of  turning  upon  tlieae,  ao  as  to  krm 
various  angles  with  them.  By  Indepoidat 
movements  of  the  diflerent  parts  U  was 
tible  of  being  placed  in  one  hundred 
attitudes,  giving  that  number  of  diifennt  «agrdk. 
— As  there  are  manj'  wa\*s  in  whldi  vidfale  ega 
may  be  made,  a  succession  of  inventors  snat 
proposing  a  great  variety  of  methods,  moR  <r 
less  usefuL  In  any  of  these  the  signals  do- 
played  represented  either  letters,  numl)en^  «oid% 
or  sentences,  as  might  be  thought  dearsJilf. 
The  words  and  sentences  were  arranged  in  S> 
tionaries,  and  found  by  means  of  the  naialieB. 
— Whatever  method  was  employed,  lights  wee 
used  by  night,  arranged  in  difierent  wavi,  ts 
supply  the  place  of  Uie  day  apparatna.  wUch 
was  then  iuvidble.  It  was  neoesaanr,  of  ooone, 
that  the  system  of  lights  exhibited  diodd  eor> 
respond  with  the  daylight  arrangementa.— Ike 
telescope  was  usually  employed  to  assist  the  «j* 
when  the  stations  were  far  apart;  but,  even  u^ 
that  aid,  all  such  telegraphs,  conasdng  of  objecti 
to  be  seen  at  a  distance,  depended,  for  tihor 
success,  on  the  state  of  the  weather.  A  harr 
atmosphere  was  fatal  to  thdr  use,  and,  however 
long  a  fi]g  might  oootiniie^  all 
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was  for  the  time  intemipted.— Other  mechanic 
eal  processes  ooosUted  of  ringing  of  bellsi  or 
meldDg  other  signals,  by  means  of  wires,  or  by 
air  or  water  endosed  in  tabes;  but,  for  great 
distances  these  were  all  found  to  be  practically 
nselesB. — ^As  soon  as  it  was  known  that  electricity 
oocdd  be  conducted  along  wires,  it  began  to  be 
legarded  as  a  possible  means  of  convej'ing  in- 
fiinaatloa,  especially  when  it  was  ascertained, 
by  various  experiments,  that  the  distance  to 
which  it  might  be  led  was  apparently  nnlimited, 
provided  that  perfect  insulation  of  the  wire  could 
be  obtahied.  In  1747  Dr.  Watson  exhibited 
deetrical  eflbcts,  ftom  discharged  jars,  at  a  dis- 
tance of  two  miles  from  the  source  of  excitement 
—From  that  time  down  to  1828  many  ingeni- 
ous and  partially  suocessful  attempts  were  made, 
both  in  England  and  on  the  continent,  to  render 
Cnctional  electricity  available  for  telegraphic  pur- 
poses ;  and,  in  many  instances,  these  contained 
the  embryoes  of  modem  processes.  The  indica- 
tions were,  in  the  greater  part,  used  to  represent 
the  letters  of  the  lUphabet,  bedng,  in  some  cases 
given  by  sparks,  in  others  by  the  deflections  of 
pith  balls,  and  in  one  of  still  later  date,  by  per- 
IbratioiiB  made  in  paper  by  the  sparks.  Some- 
times a  separate  wire  was  employed  for  each 
letter,  and  at  other  times  with  a  sfaigle  wire,  the 
iwrticnlar  letter  was  signified  by  the  number  of 
sparks  given  in  dose  succession,  or,  as  in 
Booa]d*s  telegraph  in  1816,  by  havhig,  at  the 
two  stations,  two  drcular  plates  revolving  in 
exact  co-inddenee^  by  means  of  dock-work,  so 
as  to  exhibit  the  succeesive  letters  of  the  alphabet 
aimultaneously  at  both  places,  and  by  causing 
two  previously  dectrified  pith  balls  to  converge 
at  the  instant  the  desired  letter  made  its  appear- 
ance. In  one  scheme  the  letters  were  displayed 
in  a  visible  form,  by  means  of  sparks  passing 
between  successive  pieces  of  tin  foil  properiy 
arranged  on  panes  of  glass,  the  sparks  tbem- 
sdvcs  forming  the  letters,  and  each  letter  having 
its  own  wire. — The  wires  were  insulated  some- 
tinfcs  by  hdag  suspended  in  tlie  air  with  silk 
threads,  sometimes  by  bdng  supiwrted  on  posts 
of  baked  wood,  and  at  other  times  by  l)eing 
endosed  in  glass  tubes  placed  in  wooden  tronglM 
filled  with  pitch  and  sunk  in  the  ground.  But, 
with  dectridty  of  high  intensity,  perfect  or  even 
good  insulation  was  extrenidy  difficult  of  at- 
tainment When  dectridty  of  low  intensity 
waa  discovered,  this  difficulty  was,  to  a  great 
extent,  removed;  but  others  took  its  place,  since 
galvanic  dectridty  failed  to  deflect  pith  balls 
and  emitted  no  sparlu  without  previous  contact 
Instead  of  these  manifestations  of  the  dectric 
agency,  the  decomposition  of  water,  or  of  metallic 
aalts,  was  substituted,  but  with  unsatisfactory 
lesults.  In  fact  no  useful  practical  attainment 
waa  made  in  tdegraphing  by  electricity  until 
Professor  Oersted's  wdl-known  discovery,  in 
1820,  that  the  compass  needle  b  deflected  from 
its  wud  directioD  by  an  dectric  current  flowing 
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in  a  conrse  parallel  to  it  That  fanportant  het 
formed  the  basis  of  many  schemes  for  an  dectric 
tdegraph,  and,  among  others,  for  that  of  Messrs. 
Cooke  and  Wheatstone,  who  united  their  inven- 
tbns,  and  subsequently  committed  them  to  the 
management  of  a  company  formed  for  the  pur- 
pose, and  known  by  the  name  of  "  The  Electric 
Tdegraph  Company.**^  Our  best  method  of  pro- 
ceedmg  will  probably  be  to  explain  the  instn- 
ments  and  processes  of  that  company  in  the  first 
place,  since  they  have  been  brought  to  great 
perfection  and  are  used  throughout  most  parts  of 
Great  Britain.  As  we  proceed,  or  subsequently, 
we  shall  briefly  point  out  the  various  deviations 
from  that  system  by  other  inventors. — It  has 
been  explained,  under  Electricitt,  that,  witli 
a  galvanic  battery  condsting  of  one  or  more 
cells,  in  each  of  which  is  a  pair  of  metdlic  {dates 
with  add  Ixtween  them,*  if  a  wire  pass  exter^ 
nally  between  the  two  extreme  plates,  a  current 
of  podtive  dectridty  flows  along  the  wire  from 
the  less  oxidizable  metal  to  that  which  is  more 
so,  or,  at  all  events,  a  certahi  influence  to  which 
the  name  of  current  has,  by  common  consent 
been  given.  By  some  it  is  conddered  that  a 
current  of  negative  dectridty  also  flows  dong 
the  whe  in  tiie  oppodte  direction.  Whether 
there  aro  two  currents,  or  only  one,  is  a  pdnt 
not  yet  established;  but  since  the  results  are 
the  same  on  either  suppodtion,  we  may  cod- 
flne  our  attention  to  the  podtive  current  alone  or 
we  may  ha\*e  r^^rd  to  both.  In  either  case 
that  extremity  of  the  battery  which  terminates 
in  the  less  oxidizable  metd  (as  copper,  diver, 
or  platinum)  is  cdled  (he  potithe  pole  of  the 
battery,  and  that  which  terminates  in  the  more 
oxidizable  metd  (usually  unc)  u  called  ike 
negative  pok^^U^  then,  we  have  a  battery,  p  », 
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whose  podtive  and  negative  poles  are  dedgnated 
by  the  letters  p  and  v,  and  if  these  be  coimected 
by  a  wire  as  in  fig.  1,  a  podtive  current  will 
flow  in  the  direction  marked  by  the  arrow. 
But  if,  leaving  the  budy  of  the  wire  undisturbed, 
we  cross  its  extremities  so  as  to  connect  them 
with  the  oppodte  poles,  without  permitting  them 


*  It  Is  dlfllerent  In  tbe  esse  of  the  old  Toltste  pile, 
wblch  termtnated  In  a  soperflaiiitt  plate  of  each  meld 
at  the  two  ends,  and  thereftira  cmitlod  posttlre  dec* 
tridty  flnom  tlie  sine  and  nemittve  from  tlie  copper. 
This  direnlty  hat  Introduced  vrest  oouftnlon  of  ea- 
pienlon.  Br  *'  a  pair  of  plates"  wa  ought  aiv^  te 
naderstand  w#  jafp  to  ttcaasM  ntL 
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to  touch  each  other,  the  positive  carrent  will 
then  flow  along  the  wire  in  the  contrary  direc- 
tion to  that  in  which  it  moved  before ;  that  is, 
in  the  direction  marited  by  the  arrow  in  fig.  2. 
— It  is  necessary,  for  telegraphic  purposes,  to 
have  the  means  of  taming  the  carrent  instan- 
taneously firom  the  one  direction  into  the  other. 
It  is  easy  to  imagine  a  variety  of  ways  in  which 
tliis  may  be  done.  If,  for  instance,  the  wire 
woe  out  through  at  the  points  a  and  b,  the  ends 
of  the  outer  portion  terminating 
at  these  points  in  two  brass  pins, 
and  the  ends  coming  from  the 
batteiy  being  left  loose,  nothing 
more  would  be  necessary  than 
to  bring  one  of  the  loose  ends 
into  contact  with  the  brass  pin 
AOy  I  6b  a  or  b,  as  might  be  required,  and 
/  \  the  other  with  the  opposite  pin. 

p  fatcB^        ^^^  ^j^g  fi«quent  bending  of  the 

^  '•  wires  may  be  avoided,  and  the 
process  otherwise  facilitated  thus: — Let  a  cy- 
linder c  c  be  fixed  between  the  two  wires 
in  such  a  manner  that  it  may  be  free  to 
turn  on  its  axis,  a  handle  K,  being  attached 
for  the  purpose  of  turning  it    (Figs*  ^  <uid  5 


show  the  same  instrument  in  difiisrent  points  of 
view.)  Let  that  cylinder  consist  of  three  united 
cylindrical  portions,  the  two  extreme  parts  bdbg 
ii  brass  and  the  middle  one  of  ivory.  Let  the 
wire  firom  the  pole  p  rest  on  one  end  of  that 
cylinder,  pressmg  firmly  upon  it  with  a  spring, 
and  let  the  wire  firom  ir  rest  upon  the  other  end. 
Let  brass  knobs  d  and  b,  project  firom  these  two 
ends  of  the  cylinder,  and  on  opposite  aides  of  it, 
in  such  a  manner  that,  when  the  handle  is 
turned  to  the  right,  the  knob  d  comes  into  con- 
tact with  the  pin  a,  and  the  knob  s  with  R,  or 
with  another  pin  h  connected  metallically  with 
B ;  but,  when  the  handle  is  turned  to  the  left, 
the  knob  d  is  pressed  into  contact  with  b,  and 
E  with  A,  of  wiUi  its  associate  F.  In  the  first 
case  the  positive  current  is  sent  along  the  wire 
fh>m  A  to  b,  and  in  the  second  firom  b  to  A. — 
An  instrument  of  this  kind  is  called  a  comnm- 
iaior.  Of  these  there  are  several  yarieties, 
unlike  in  appearance,  but  aU  on  the  same  prin- 
ciple. That  just  described,  with  an  addition  to 
be  pointed  out  afterwards,  forms  the  mechanical 
or  operative  part  of  the  td^aph  of  Cooke  and 


TEL 

Wheatstone.— Let  K  8  be  a  magneciaed  oeedk; 
poised  horizontally  otk  a  pivot,  and  pointing  in  the 
direction  of  the  magnetic 


be  placed  over  the  needle  FUc-<> 

parallel  tP  It.  If,  then,  a 
positive  current  be  sent  along  the  wire  frooi  a 
to  b,  the  needle  will  immediatidy  deviate  frooi 
the  meridian,  more  or  less  aooonling  to  the 
power  of  the  current,  the  north  end  tunihig  to 
the  east,  and  the  south  end  to  the  wesL  Bat  if 
the  positive  current  is  transmitted  firom  B  to  i. 
the  needle  turns  the  opposite  way,  the  nordi  cod 
turning  westward  and  tiie  souUi  end  eastwd. 
—if  the  wire  is  placed  below  the  need]^  tk 
effect  produced  is  the  rsvene  of  that  wUek 
ensues  when  the  wire  Is  above  it,  whether  tke 
current  pass  along  the  wire  in  the  one  direotisa 
or  in  the  other.  A  current,  therefioR,  paang 
above  the  needle,  in  the  one  direction,  has  Ike 
same  eflfect  as  a  current  passiDg  bdow  in  Ihi 
opposite  direction.  If,  therefore,  we  bend  the 
wire  round  the  needle  as  in  fig.  7,  the  osv  part 
of  it  being  above  the 
needle  and  the  other 
below,  the  current, 
when  transmitted  along 
the  wire,  ^ill  produce 
the  same  effect  upon  the  ^*  *• 

needle,  while  it  passes  along  the  upper  portifla  of 
the  wire,  as  it  does  in  passing  along  the  k««r: 
The  efibct  of  the  two  poitions  of  the  wire  upon  the 
needle  will  therefore  be  the  double  of  Utattfa 
single  wire  not  so  bent  If  we  oontinne  to  bead 
the  wire  round  and  round  the  needle,  an  eqasl 
addition  will  be  made,  by  every  bend,  to  the  ftns 
with  which  the  needle  is  dedected,  the  length  «f 
the  whole  wire  being  supposed  to  remain  at- 
altered.  A  wire  so  coiled  is  caDed  a  aidUpfir. 
By  means  of  it,  a  carrent  which  aingly  is  Ibb 
weak  to  deflect  a  needle  penseptibly,  may  hate 
its  force  increased  to  almost  any  extent  U 
however,  the  wire  is  lengthened  for  the  parpose. 
and  at  the  same  time,  made  finer  in  oider  o 
permit  a  sufficient  number  of  folds  to  be  broofiht 
together,  the  efibct  will  not  be  pioportioaaBv 
increased,  and  may  e\-en  be  diminished,  oakas, 
at  the  same  time,  the  intensitj  of  the  cnrreat  be 
also  increased,  in  order  to  cany  It  through  the 
longer  and  thinner  wire.  To  keep  the  foldi  torn 
coming  into  contact  with  each  other,  or  wtt 
external  objects,  the  wire  b  covered  with  die. 
cotton,  -or  woollen  thread.  This  is  also  df« 
with  aU  the  wires  within  the  rooms  in  whkk 
the  telegraph  instraments  are  placed. — ^If  t«» 
needles  of  eqnal  power  be  fixed  upon  the  saoi 
axis,  so  as  to  turn  sunnltaneonaly,  and  «tt 
their  poles  pointing  opposite  ways,  the  two 
together  wHl  have  no  pecoliar  tendency  to  plaes 
themselves  in  the  magnetic  meridian,  but  wS 
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itmaiB  lDd!£SBrentl3r  in  any  position  in  which 
they  m«7  be  pUced.  The  piur  thus  united, 
coortitnte  what  is  called  an  AUaHe  Needk.  It 
may  be  placed  for  uae  either  horixontally  or  ver- 
ticany.  If,  then,  one  of  the  two  needles  be 
placed  within  the  coil,  and  the  other  without,  as 
in  fig.  8,  the  cntrent,  as  it  flows  along  those 

ports  of  the  wfae  which 
lie  between  the  two 
needles,  will  tend  to  tnm 
both  in  the  same  direc- 
tion, the  deflecting  force 
bdng  increased  by  the 
addition  of  the  second 
needle. — ^The  needle  may 
*^-^  be  at  any  distance  we 

ftom  the  battery,  if  the  win  extends 
from  the  one  to  the  other,  provided  that  the 
hettsiy  bATe  sufficient  intensity  and  that  the 
wire  be  so  wdl  insnlated  that  the  electricity 
ahall  not  escape  daring  its  passage.  If  the 
wire  is  thick,  both  the  passage  of  the  oonent 
and  the  insalation  are  fsdlitated.  For  these 
raasons,  fai  the  telegmphs  oonstmcted  in  East 
lodia  nnder  the  direction  of  Dr.  O'ShaoghneBsy, 
tlie  wtvB  is  made  of  great  tliicfaiess.— It  is  not 
naoessaiy  that  the  wire,  aftar  passing  fimm  the 
ona  pole  ef  the  batteiy  to  the  needle,  should 
ntam  the  whole  way,  since  it  may  be  tnmed 
into  the  ground  after  passfaig  the  needle,  and  the 
wire  ftom  the  other  pole  vt  the  battery  being 
also  made  to  terminate  in  the  ground,  the  ouirent 
will  find  its  way  between  the  two,  through  the 
ground,  the  earth  itself  taking  the  place  of  the 
rstaming  wirSb-^In  the  instruments  of  the  Elec- 
tric Tel4;r4>h  Company,  two  of  these  astatic* 
needles  are  placed  with  thefa*  axes  projecting 
from  a  verticAl  board,  the  needles  also,  when  at 
rest,  standfaig  Tsrtically,  from  being  made  a  little 
beaWer  at  the  one  end  than  at  the  other.  The 
oofl  and  the  needle  within  it  are  hidden  from 
view  behind  the  board,  and  the  outer  needle 
ahme  is  seen.  Two  wires  are  employed,  one 
astending  to  each  of  these  Mtatic  needles  from 
n  battery  at  a  distant  sUtkm.  Upon  transmit- 
ting a  positive  or  a  negative  cuirent  along  one 
of  these  wires,  the  needle  connected  with  it  is 
deaeeted  to  the  right  or  to  the  left,  at  the  will  of 
the  opentor,  and  either  needle  may  be  made  to 
tniB  while  the  other  stands  still,  or  both  may  be 
<tofl<cted  at  once,  either  in  the  same  or  in  oppo- 
stta  direetiooa.  They  cannot  however  be  deflected 
in  oppoeite  direetioDS  unless  separate  batteries  are 
need  lor  the  two  wires.^It  is  necenaiy  that  the 
sane  enirent,  which  deflecta  the  needle  at  the 
distant  station,  shoukl  simikriy  deflect  another 
within  sight  of  the  opentor-^  other  words, 
that  the  instruments  at  the  two  stations  should 

•  ikstatie  needtoi  are  not  so  matSb.  oaed  now  •■  the] 
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work  together,  oonstituthig  what  is  called  a 
redprocatmg  telegraph.      The  redprocatton  is 
effected  by  causiDg  the  current,  after  passing 
round  the  needle  of  the  nearer  instrument,  to 
proceed  along  the  line  to  the  m<ne  distant  one. 
The  use  of  the  instrument  at  hand  is  to  see  if 
the  wires  have  properly  conveyed  the  signal 
given ;  for  it  will  seldom  happen  that  the  instru- 
ment at  the  distant  station  has  done  its  duty  if 
the  nearer  one  has  not  moved.     Although  tlie 
converse  of  that  does  not  always  hold  good,  yet 
the  peculiar  manner  in  which  the  needle  works 
at  the  one  station,  will,  to  an  experienced  eye, 
indicate   faults    at   the  other,  or  damage  or 
derangement  in  the  oonductmg  wires.— With 
these  additional  explanations  we  may  now  cor- 
rect and  extend  the  sketch  in  fig.  5,  by  lowing 
the   conducting  wire  w,  after 
being  coiled  round  the  needle  at 
K,  passmg  on  to  the  remote  sta- 
tion 8,  and  also  by  removing  the 
return  wire,  and,  instead  of  it, 
making  a  connection  between  the 
pins  B,  H,  and  the  ground  o. 
M,  then,  as  described  before,  the 
knobs  D  and  e  be  brought  into 
contact  with  ▲  and  r,  the  positive 
current  will  be  transmitted  round 
the  needle  k,  and  then  forward 
to  the  next  station,  while  the 
negative  current  will  be   sent 
directly  to  the  ground   at  a. 
But  if  D  and  b  be  brought  into 
contact   with    b    and   f,    the 
negative  current  will  be  transmitted  to  both 
instruments  and  the  poeiti\'e  sent  into  the  ground 
— So  much  for  the  trantmiuum  of  a  signal ; 
but  if  a  message  is  to  be  receieed^  the  handle 
(seen  hi  fig.  4)  is  allowed  to  hang  down,  leav- 
ing the  cylmder  c  in  the  position  shown  In  fig. 
9.    In  that  position,  since  neither  d  nor  ■  is 
in  contact  with  any  one  of  the  four  pins,  no  elec- 
tricity can  pass  firom  the  battery  p  n.     But  if  a 
current  were  attempted  to  be  sent  from  a,  it 
wouhl  also  be  stopped  at  r.    To  enable  it  to  pass 
on  to  the  ground  at  o,  an  additional  appendage  to 
the  instrument  is  required,  viz.,  a  snudl  bar  of 
metal  fixed  permanently  between  the  pins  a  and 
B,  touching  both,  but  not  joined  to  them,  and 
out  of  reach  of  the  knob  d,  by  being  placed 
higher.    (It  is  exhibited  in  fig.  9  by  the  dotted 
lines.)    By  that  cross  bar  the  currant  ftom  a, 
after  giving  its  signal  on  the  instruments  at  both 
stations,  passes  ftom  a  to  b  and  thence  to  o. 
But,  since  that  bar  would  interfere  with  the 
operation  of  trammiUmg  a  signal,  as  described 
above,  by  carrying  the  current  from  the  battery 
p  K  at  once  into  the  ground,  to  prevent  that 
the  phis  A  and  b  are  made  ehutic,  so  that  upon 

8T    either  of  them  being  pressed  by  the  knob  Dt  its 

onee  were.  Instead  of  the  outer  needle  is  aabstltuted  contact  with  ih«  m^  h.*  I.  ww..«  »Ja*\1 
a  thin  piece  of  tale  or  tortolse-dieU,  ihapod  In  the  ^^'f^  ^^^  "le  cross  bar  is  broken,  and  the 
needle  fanny  while  the  Inner  needle  Is  made  short  and  '^wolt  is  the  same  for  the  tune  as  if  that  bar  did 
tewad,  fgrnpid snd steady  movement  |  not  exist.^Since  several  stations  are  usually 
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upon  the  same  Une,  the  same  oandocUng  wire 
pNflses  from  instrument  to  inetrament,  and  the 
signals  are  read  at  aU  the  stations,  unless,  as  is 
often  done,  an  additional  piece  of  aj^ratus  is 
added  to  each  instrument,  by  means  of  which, 
on  ttuning  a  liey,  the  current  can  be  sent  past 
any  instrument  without  worliing  it,  or,  after 
working  it,  turned  into  the  ground  and  pre- 
vented from  proceeding  to  the  stations  Iwyond, 
making  what  is  called  a  short  circuiL  Battery 
power  is  thus  saved  and  other  advantages  gain^ 
at  the  same  time.  The  key  acts  by  turning  a 
slip  of  brass,  so  as  to  bring  it  into  contact  at 
ouce  with  the  entering  and  the  departing  wire,  or 
with  the  latter  and  the  ground  wire.  Tlie  key 
is  turned  by  the  operator  at  the  station,  when  be 
has  ascertained  the  source  and  the  destination  of 
tlie  message. — ^The  various  modes  in  which  the 
deflections  of  the  needles  take  place,  are  used  to 
indicate  sometimes  the  letters  of  the  alphabet, 
and  at  other  times  numbers,  words,  and  sen- 
tences. The  annexed  representation  of  the  face 
of  one  of  Cooke  and  lYheatstone's  instruments 
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will  show  the  signals  given  Ibr  single  letters, 
numbers,  and  a  few  words  in  most  ft^qoent  use. 
The  letters  above  the  needles  are  pointed  out  by 
the  movement  of  one  needle  (that  is  of  the  top  of 
the  needle),  towards  that  side  of  it  on  which  the 
letter  b  placed.  When  the  letter  is  marked 
single,  as  H,  ir,  or  B,  one  deflectbn  of  the  needle 
is  made;  ibr  a  letter  marked  double,  as  A  a,  two 
deflections;  and  for  a  triple  letter,  as  p  p  p,  three. 
The  letters  c,  d,  l,  m,  require  a  double  move- 
ment of  the  adjacent  needle,  first  to  the  one  side 
then  to  the  other,  condniing  with  that  side  on 
which  the  letter  is  placed.  The  letters  betow 
the  needles  are  expressed  by  the  simultaneous 
deflections  of  both  needles^  their  lower  ends 
turning  towards  that  side  on  which  the  letter 
is  placed,  that  is,  both  needles  turn  thdr  lower 
ends  to  ^e  left  for  the  letters  R,  a,  T,  and  to  the 
right  for  w,  z,  t.  In  this  case  also  two  turns 
to  the  same  side  are  required  for  the  letters 
marked  double,  as  s  and  x,  and  three  ibr  those 
marked  threeftdd,  vis.,  t  and  t,  and  turns  to 
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alternate  rides  for  u  and  ▼.  Qandsannaiely 
the  two  needles  inclining  opposite  waya. — Iks 
numerical  fibres  aie  indksated  in  tha  bbbs 
manner;  and  the  words  mailed  oo  the  bosii 
are  also  pointed  out  by  ringle  or  double  tans 
of  one  or  both  needles  towards  tbem.  Thsa 
single  turn  of  the  left  hand  needle  tonardi  ths 
right  means  '*  I  understand,**  and  two  tannef 
the  same  needle  to  the  left  signifies  '*Ko,"fks 
figure  placed  before  the  word  ahowing  the  ibbh> 
ber  of  turns. — When  whole  sentences  are  to  be 
expressed  by  a  few  movements,  it  is  dons  If 
a  system  of  codes,  oontaiced  in  a  bock,  tk 
sentences  being  found  by  means  of  the  letm 
of  the  alphabet  Thus  the  lettffs  b  l  s^gsfff 
**tl)e  Eduiburgh  and  Glasgow  Railway,"  m 
that  code  which  has  reference  to  dunes;  ImI 
there  must  previously  be  two  iotimatiooi^ — fat, 
that  the  code  is  about  to  be  used,  nod, 
what  code ;  each  of  these  intimatiaiB  being 
by  one  or  two  signals. — Over  the  left  bad 
needle  a  cross  will  lie  seen.  That  mdicstei  a 
stop,  which  is  made  at  the  close  of  eveiy  vnd ; 
and  a  second  word  is  not  sent  ontil  the  kit 
hand  needle  replies  "understand."  If  the  le^j 
is  **not  undentand,**  the  word  is  repealed^— 
Besides  this  method,  giving  sSgnab  with  tse 
wires  and  two  needles,  various  others  have  bm 
devised,  both  before  and  since  the  patent,  ir  the 
system  just  described,  was  obtained.  By  sas 
plan  there  was  a  wire  and  needle  for  every  kOer 
of  the  alpiiabet;  by  another,  five  wires  sod  i«t 
needles;  by  a  thuti^  three ;  and  by  a  fboiti^  cab 
one.  Tbe  last  mentioned,  the  inventleo  of  Xr. 
Bain,  and  named  the  smgk  needh  ^staa,  ii  aS 
used  even  on  the  doable  needle  telegfaph,  whai 
one  of  the  wues  or  needles  is  aocideataBy  dis- 
abled. It  also  points  out  tbe  ietten  ef  ila 
alphabet  by  the  deflecUons  of  tbe  needb;  bet 
since,  with  one  needle^  there  are  only  two  vans- 
tions  of  movement,  a  greater  nwntier  of  deflect 
tions  are  neoessaiy  than  with  two  needle^  sad 
it  is  therefore  more  tediooa. — In  one  telegcs|k  a 
small  horse-shoe  magnet  b  used  inatead  ef  tin 
needle  within  the  coiL  In  another  a  atrip  «f 
gold  leaf,  forming  part  of  tbe  eonductix^  wii^ 
and  a  fixed  magnet  near  it,  perform  tlie  part  d 
the  needle  and  coiL  In  a  third,  tbe  needles  anef 
soft  iron,  rendered  temporarily  magnetie  bytbs 
influence  of  a  powerfid  permanent  magnet;  their 
deflections  bang  produeed  by  eoUa.  In  a  Ibertfc, 
the  signals  are  made  audibh  by  the  needles  anft- 
ing  two  bells  of  dUferent  tones,  one  on  Hm  n^ 
tbe  other  on  the  left.  In  a  fifth,  the  lettss  ef 
the  alphabet  are  marked  round  a  ctioilar  fis^ 
and  the  letters  desired  brought  round  and  ex- 
hibited at  an  opening.  The  movcnia 
by  dock-woik.  The  escapement,  by 
motion  is  regulated,  Is  detached  by  an 
magnet  at  every  soocessave  transmission  ef  tbs 
current,  permitting  one  tooth  of  the 
wheel  to  pass,  and  the  number  of 
is  made  to  suit  the  pcaitiai  of  the  letter  en  chi 
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dicL<— In  additioB  to  all  thflM  vftrieties,  there  fs 
a  whole  dam  of  what  have  been  called  jtrmtingt 
or  more  prDper]3'  raoor^Mi^,  Ukgraphs,  that  is, 
telegraphs   which  leave  |iennanent  marlcs  on 
pafwr.     Of  these  we  may  mention,  first,  one 
whkli  ia  the  same  as  that  described  last  in  tlie 
prsoeding  paragraph,  with  the  addition  of  a 
oootrivanoe  for  DuJdng  an  impression  of  the 
letters  as  soooessively  exhibited.    It  is  truly  a 
pcintiiig  telegraph :  but  it  is  complicated  and  is 
nerer  used  for  practical  purposes.    The  second, 
that  of  Stebheil,  has  small  tubes,  holding  ink, 
attached  to  needles  deflected  by  ooUs,  and  mark- 
ing thdr  deflections  on  paper  moving  in  front 
ct  them  by  wound  up  meduinism. — Of  tlie  others 
of  that  class,  the  two  best  known  are  those  of 
Professor  Morse  and  Mr.  Bain.    Like  Sleinheirs, 
they  both  employ  a  sheet  or  strip  of  paper, 
moving  by  clock-work,  on  wbteh  the  impressions 
are  niMle,  and  the  alphabet  of  each  b  a  system 
of  dots  and  straight  marks  continued  in  a  line 
along  the  paper.    These,  on  Morse's  plan,  are 
made  by  a  sted  point  pressing  on  the  paper;  and 
in   that  of   Bam,  by  the   electricity  making 
ooloored  marks  on  the  paper  as  it  passes  through 
h,  the  paper  bdng  previously  chemically  pre- 
pared.   The  steel  point  of  the  former  is  pressed 
upon  the  paper   by  an  electro-magnet,  whose 
attractive  power  is  imparted  to  it  by  the  electric 
anient,  transmitted  along  the  line  at  proper 
Intervals  by  means  of  a  key  raised  and  depressed 
by  the  floger  of  the  operator.    1  he  transmission 
of  the  current  in  the  latter  is  regulated  by  means 
of  a  long  ribbon  of  paper  passing  over  a  metallic 
cylinder  at  the  transmitting  statk>n.   The  ribbon 
bas  been  previously  punched  with  dots  and  lines 
oorresponding  to  the  marks  intended  to  be  made 
at  the  receiving  station.   The  c}'linder  over  which 
the  ribbon  passes  is  in  connection  with  the  pof«i- 
tive  pole  of  the  battery.      A  slender  elastic 
metallic  tracer,  in  connection  with  the  conduct- 
ing wire,  moves  along  the  perforated  paper.    As 
long  u  it  rests  upon  the  paper,  no  electricity 
passes  to  it  from  the  c}'linder;  but,  when  it  finds 
an  opening  in  the  paper,  it  passes  through  it, 
comes   into   contact   with   the   cylinder,  and, 
receiving  the  electric  current  fiom  it,  transmits 
it  along  the  conducting  wire.     From  the  con- 
ducting wire  the  current  passes   through  the 
prepared  paper  at  the  receiving  station  to  another 
metallic    cylinder  or   disc   upon  which  it  is 
stretched,  mariung  the  paper  as  it  passes  through, 
and  thence  by  another  win  into  the  ground. 
The  cylinder  at  the  transmitting  station  and  the 
qrlinder  or  disc  at  the  receiving  station  revolve 
imiformly  by  meana  of  clock-work,  the  fonner 
eanying  the  perforated  ribbon  with  it,  and  the 
latter  the  prepared  paper.      While  the  latter 
revolves,  the  marking  style  which  rests  upon  it 
has  also  a  small  loi^tudinal  movement  given 
to  it  at  each  revolution,  so  as  to  bring  it  upon  a 
new  part  of  the  paper.^There  is  a  still  more 
xeihied  Inttrament  of  this  dass,  the  invention  of 
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Mr.  BakeweU,  which,  having  a  written  page  of 
paper  presented  to  it  at  the  transmitting  statkm, 
throws  off  a  fuC'timiie  of  the  writing  at  the 
receiving  station.    The  process  is  founded  upon 
llwt  of  Mr.  Bain.    The  written  sheet  u  spread 
upon  a  copper  cylinder  after  being  so  prepared 
that  the  white  paper  is  a  conductor  of  electricity 
and  the  ink  a  non-conductor.     While  the  tracer 
at  the  transmitting  station  is  passing  over  the 
white  paper,  that  at  the  receiving  station  is 
making  a  coloured  line,  and,  when  the  former  is 
passing  over  a  written  marlc,  the  latter  leaves  a 
blank.    Tl:e  cylinders  at  both  stations  continue 
revolving  unirormly,   and  at  the  ssme   time 
advancing  longitudinally,  a  short  way  at  each 
rex'olution,  by  means  of  screws  upon  the  axes, 
till  the  sheet  of  paper  at  the  receiving  statkm 
becomes  densely  covered  with  fine  lines,  except 
over  the  forms  of  the  letters,  which  remain  whita 
— The  batteriei  used  by  the  Electric  Telegraph 
Company  consist  of  pairs  of  sine  and  copper 
pistes  in  cells,  the  space  between  the  plates  in 
each  cell  being  filled  with  pure  sand  saturated 
with  diluted  sulphuric  acid,  the  sand  preventing 
the  transmission  of  the  sulphate  of  zinc  to  the 
surfaos  of  the  copper.     Messrs.  Brett  and  Little 
attain  the  same  object  by  allowing  fresh  liquid 
to  drop  into  the  cells,  the  deteriorated  liquid 
fscaping  from  tlie  bcltom;  and  Mr.  Iligbton, 
by  using  sulphate  of  magnesia  or  alumina  as  the 
exciting  liquid.     In  some  telegraphs,  instead  of 
the  motive  power  being  derived  from  a  gslvanie 
battery,  magnetic  idectricity  is  employed,  that 
is,  a  current  generated  by  making  or  breaking 
the  contact  of  magnets  with  each  other,  or  with 
soft  iron.    Frictional  electricity  is  now  entirely 
abandoned. — On  any  s.ii*8tem  some  ahmm  must 
be  given  to  call  attention.      With  telegraphs 
using  frictional  electricity  that  was  done  by  the 
explosion  of  gas  or  the  combustion  of  spirit  by 
the  spai^    W  iih  galvanic  or  magnetic  electricity 
the  following  is  the  ii»ual  method  - — ^A  pair  of 
cvlinden  of  soft  iron  are  surrounded  bv  coils  of 
the  conducting  wire.    When  the  current  ib' trans- 
mitted the  cyllnden  become  msgnetic  and  attract 
a  slip  of  soft  iron  on  the  one  end  of  a  small  lever. 
The  other  end,  which  has  previously  acted  as  a 
detent  or  catch,  to  a  wound  up  spiral  spring,  is, 
by  the  motion  of  the  lever,  withdrawn,  and  the 
spring  set  free.    The  spring,  in  unwinding,  turns 
a  toothed  wheel,  and  each  tooth  gives  an  impulse 
to  a  hammer,  which  keeps  striking  a  small  bell 
until  the  current  is  stopped,  and  then  a  fine 
spring  restores  the  lever  to  its  original  place. 
There   are   other   details   connecti^i  with    the 
instrument,  and  varioiw  forms  of  it,  which  our 
space  does  not  permit  us  to  describe.    There  are 
siso  other  alarums  of  simpler  construction  but 
less  perfect.     Sometimes  a  separate  wire  is  used 
for  the  bells,  but  when  not  so,  the  reoei\'er  of 
the  message,  as  soon  as  his  attention  u  gained, 
tuma  the  current  fh>m  the  bell  coil,  by  a  short 
circuity  into  the  needle  oolL— -The  conducting 
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.wira  between  the  statioDs  an  uraaOy  iiualated 
by  being  suspended  on  posts,  restingf  mt  the 
points  of  sospensioa,  npon  glass  or  earthenware 
insulators.     When  it  is  necessary  to  cany  them 
nnder   grcnind,  as   in   traversing   sticets,   the 
method  formeily  pursned  was  to  carer  each  wire 
with  twine  and  pitdb,  then  enclose  all  tlie  wires 
together  in  a  leaden  pipe,  the  leaden  pipes  them- 
selves being  further  protected  against  moisture  by 
enclosure  in  iron  pipes.     It  is  now  found  better 
to  cover  the  wires  vrith  gntta  percha.    Tiie  same 
covering  is  nsually  necessary  in  passing  thiong^ 
tunnels,  and  always  in  submarine  oommnnica- 
tion.    The  suspended  wires  are  commonly  of  ttiick 
galvanized  Iron :  those  within  doors,  and  those 
coated  with  gutta  percha,  are  of  thinner  copper 
wire.    For  communication  by  sea,  tlie  rope  of 
wire  and  gutta  percha  is,  for  protection,  encased 
in  a  covering  of  galvanized  iron  twisted  round  it, 
forming  a  strong  cabl&    It  is  one  of  the  astonish- 
ing achievements  of  our  day  that  insulation  has 
been  obtained  for  wires  extending  many  miles 
under  water,  considering  that  the  admission  of 
salt  water  Into  the  bundle  of  wires  so  as  to  form 
a  connection  between  them  at  any  one  pointy 
however  minute,  would  destroy  thdr  action  for 
the  whole  distance. — ^The  extent  of  submarine 
communication  has  become  very  great  and  is 
almost  daily  increasmg.     It  would  be  tedious  to 
enumerate  the  lines  of  wire  which  now  connect 
opposite  coasts.      A  line  has  even  been  com- 
menced intended  to  unite  Europe  with  America, 
and  1,400  miles  of  it  completed,  extending  from 
New  York,  partly  by  land  and  partly  by  water, 
to  Cape  Bace  in  Newfoundland.    From  that  to 
the  west  coast  of  Ireland  an  excellent  channd 
exists  for  the  deposit  of  a  cable ;  but  the  dis- 
tance of  2,000  miles  at  one  stretch  is  a  formidable 
obstacle.     In  considering  the  question  of  the 
practicability  of  completing  the  line,  an  unex- 
pected difficulty  has  presented  itself.    In  working 
the  telegraph  from  Harwich  to  the  Hague,  it 
was  perceived  that  the  signals  were  given  more 
slowly  and   less    sharply  defined  than  usuaL 
Professor  Faraday,  having  undertaken  to  inves- 
tigate the  caose,  discovered  that  the  gutta  percha 
acted  as  a  Leyden  jar,  the  conducting  wire  serv- 
ing for  the  interior  coating,  and  the  water,  or 
the  enclosing  wire,  for   the   exterior  coating. 
By  using  Mr.  Bain*s  process,  the  currents  were 
made  to  write  thdr  own  history,  and  were  foond 
to  be  retarded  both  in  the  commencement  and  in 
the  duration  of  their  effect,  so  that  what  ought  to 
have  been  a  dot  was  converted  into  a  line,  fSuntly 
marked  at  each  end. 

In  the  following  year,  1855,  Mr.  White- 
house  showed  the  same  results  in  a  higher 
degree,  by  using  a  wire  1,125  miles  in  length. 
He  found  that  the  current  produced  by  an  in- 
stantaneous electro-motive  force  was  detained 
in  the  wire  so  as  to  occupy  more  than  a 
i>ocond  and  a-half  in  recording  itself. — Profes- 
sor \V.  Thomson  had  computed  that  the  letaxd- 
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atlon  would  be  direetlypraportfoittl  toOesqioiR 
of  the  length  of  wire,  and  tnvendy  to  tlie  area 
of  ita  transveiBO  sectkxi  for  a  gfren  pmyertSun 
between  the  area  of  the  copper  and  the  area  of  the 
gntta  percha  seetioo.    Tbns,  ainoe  tba  wive  frsa 
Newfoundland  to  Ireland  woold  be  neariy  double 
the  length  of  that  whidi  Mr.  Wfaitehoose  eia* 
ployed,  asignalwoiddoociipyfMirtiaiesaskBg, 
or  more  than  six  aeeonds,  snppaaing  th«  wire  aod 
iteooating  to  be  of  the  saaie  sectional  area.  Mr. 
Whitehouse  argned  that  if  this  law  were  tra^ 
the  telegraph  to  America  woold  be  practiesBf 
nseien;  and  at  the  meeting  of  tbe  Biitisb  Ai- 
Bodatbn,  in  1856,  be  desoribed  experimeoo  frm 
which  he  eonduded  that  a  double  length  of  wn 
produced  little  more  than  a  doable  refardatinn, 
instead  of  fourfold.    Thomaon,  in  reply  (itife- 
mwm,  Not.'  1,  1856),  pointed  oot  that  thie  eoo- 
dosion  was  altogether  nnnq>ported  by  the  liMtt 
addnoed,  and  tliat  "tiie  law  (Mf  aqoarea*'  was  on- 
tonched  by  Whitehoose's  invest^atloo.     It  baa 
since  received  a  very'  decMed  experimental  eoa- 
fiimation  in  the  rates  of  ofdinary  Mofse  a^gnaSt^g 
which  liave  been  found  practicable  throogfa  tf- 
ftrent  lengtlis  of  the  Atlantic  cable  before  sabner- 
genoe,  and  by  Mr.  Jenkyn  s  recent  experineDts 
(communicated  to  the  British  Aamciation,  Abcr- 
deen,  1859,)  on  the  Bed  Sea  cabie^tbe  beet  ex- 
periments j^  made  on  any  sabmarioe  idej^aph, 
so  for  as  illuBtration  of  the  mathematical  theoTf  is 
eonoemed.     In  trials  through  portioQa  of  the 
Atlantic  cable  lying  at  Keyb^  dnriii^  the  winter 
and  spring,  1857-8,  when  lengths  of  twdre  or 
thirteen  hundred  mUes  were  exceeded,  the  retes 
attained  proved  to  be  neariy  in  the  ioTene  rsties 
of  the  squares  of  the  lengths,  as  Thomsai  bed 
antidpated  m  the  year  1854;  and  tbroi^  2,500 
miles  or  upwards  no  greater  speed  tiian  one  woid  a 
minute  oonld  be  reacfaedtn  the  transnuasian  of  mes- 
sages if  recdved  and  recorded  byinatmnaentsoftfae 
common  constmcdon.    By  the  uae  of  a  new  ds« 
of  instruments,  however,  much  more  taped  sad 
sun  dgnalling  was  eftcted.   After  sobmergeace, 
meessges  were  tnnsmitted  between  Newfound- 
land and  Ireland  at  the  rate  of  from  two  to  two 
and  a-half  words  permhiute,  and  reecivedwith 
perfect  distinctness  on  Thomson's  mirror  galva- 
nometer, a  wrong  or  a  doubtAil  letter  smreely 
ever  oocurring,  even  when  the  cable  was  ia  a 
condition  of  so  defective  insulation  that  the  eni- 
nary  recording  instruments,   which  bad  been 
prepared  for  tbe  Company,  foiled  to  gfre  any 
intelligible  signab  whatever     There  can  be  no 
doubt  but  that  a  considerably  higher  speed 
would  have  been  attained  if  the  cable  iiad  not 
entirdy  failed    before  anangements  cooU  be 
made   to   take   advant^e  of  tlie   indieatinaft 
of  the    mathematical    theoiy  as  to  the   beet 
mode  of  tendmg  as  wdl  as  of  reodving 
sages   through  a  submarine  line  of 
length. 

Our  limited  space  has  oompdied  as  to  be 
veiy  brief  on  nuny  points  on  wlilch  we  have 
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tonohed;  and  to  othen^  Ciioqgh  replete  with 
iiitonst»  we  can  onlj  lUlude.  These  are  the 
mote  of  soepeDdiog  aod  oomiectiog  the  wirea, 
—the  attainments  of  ekfll  and  ezpeiienoe  in 
talegnph  manipnlation, — the  syetem  of  relay 
batteriei,--the  interference  of  atmospheric  eleo- 
tridtj  and  of  Aurora  Borealis, — the  effects 
of  Jigfatnhig  npon  the  instruments  and  the 
means  of  guarding  against  it, — the  various 
continental  telegraphs, — the  peculiarities  of  the 
Indian  and  American  lines, — ^the  use  of  tele- 
graphs in  conveying  exact  intimations  of  time 
and  in  determining  longitudes, — the  conflicting 
daims  of  inventors, — and,  finally,  tlie  refined 
experiment  of  Professor  Wheatstone  for  deter- 
mining the  velocity  of  the  electric  current  If 
ftirther  faiformation  is  desired,  the  reader  may 
consult  the  volumes  of  Walker,  of  Highton,  and 
of  Lardoer,  on  the  Eketrie  Telegraph;  the  pam- 
phlets of  Cooke  and  of  Wheatstone :  the  docu- 
ments relating  to  the  invention  by  Mr.  Cooke; 
ar.d  the  Prooeedinge  of  the  Brittth  Attodation. 
fnr  1855  and  1856;  also  Elboikicitt,  Vblo- 
crrr  ot* 

Several  short  papers  on  the  mathematical 
theory  of  these  phenomena  and  its  application  to 
the  solution  of  practical  problems,  have  been  con- 
tributed by  Professor  W.  Thomson  to  the  Pro- 
ceedmgt  ^  the  Royal  Society  (M^y  1855,  May 
1856,  Dec.  1856),  the  Philotophical  Magazine 
(voL  July  to  Dec.  1855),  the  Britiih  Association 
Report  (Glasgow,  1855),  and  the  Athememn 
(  Nov.  1,  1856^.  In  the  first  of  these  the  equa- 
tions of  electric  conduction  in  a  submerged  wira 
were  investigated,  and  the  integrals,  adapted  to 
the  expression  of  the  most  marked  features  of  the 
phenomena  which  had  attracted  attention  to  the 
subject,  were  given.  In  the  second  (communi- 
cated to  the  Philosophical  Magazine,  June,  1864, 
and  published  about  a  year  later)  the  electrostatic 
capacity  of  any  portion  of  a  submerged  wire  was 
investigated.  In  the  third  (Proceedings  qf  the 
Rojfol  Society,  May,  1856)  the  equations  of 
electric  conduction  through  any  number  of  wires 
insulated  from  one  another  in  one  mass  of  gutta 
pereha,  under  a  common  metallic  sheath,  were 
invest^pated,  and  the  proper  modes  of  integration 
for  the  solution  of  practical  problems  were  in- 
dicated. Among  other  conclusions,  one  of 
pncCical  value  was  pointed  out  from  this  in- 
vestigation— that,  contiafy  to  the  expectations 
of  some  of  the  most  eminent  practical  men,  as 
exhibited  in  patented  projects,  and  supposed  to 
be  verified  by  elaborate  experiments,  no  diminu- 
tion of  inductive  embarrassment  could  be  obtained 
by  the  use  of  a  complete  metallic  drouit  of  two 
wins  sepaimtely  insulated,  beside  one  another  in 
cue  mass  of  gutta  pereha  ;*  a  condiidon  which 


•  An  Atlantic  Teleirraph  bed  been  firqleeted,  and  the 
eoastrnction  of  s  lIe<Uternuiesa  telegraph  was  on  the 
point  of  being  commenced,  on  this  pUn  as  a  patented 
IsTeatlon,  la  the  year  1857,  when  the  attention  of  the 
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Is  now  generally  admitted.  In  a  letter  to  the 
Athemsitm  (Na  for  November  1,  1856),  reply- 
ing to  Mr.  Whitehouse,  and  in  subsequent  com- 
munications to  the  Boyal  Sodety,  various  prso- 
tical  conclusions  regarding  the  rates  of  signalling 
attainable  through  air  and  submarine  lines  of  dif- 
ferent lengtlis  are  stated,  and  a  new  method  of 
working,  founded  on  a  theoretical  investigation 
of  the  operations  best  adapted  for  giving  a  highly 
omdensed  single  electric  pulse  at  the  remote  end 
of  a  long  line  of  sobmeiged  wire,  such  as  that 
by  which  it  is  proposed  to  establish  electric  com- 
munication between  Ireland  and  Newfoundland, 
is  indicated.  In  the  first  communication  on  the 
mathematical  theory,  consisting  chiefly  of  two 
letters  written  to  Professor  Stokes  in  Oct  and 
Nov.  1854,  and  afterwards  published  (May, 
1855,)  in  the  Proceedings  of  the  Royal  Socieig, 
two  general  laws  were  investigated.  The  first 
of  these,  which  has  been  called  "  the  Law  of 
Squares,**  is  this : — The  time  required  to  charge 
to  a  stated  proportion  of  the  ultimate  electrifi- 
cation producible  by  a  given  battery  power,  or 
to  discharge  a  stated  proportion  of  a  given 
electrification,  is  proportknai  to  the  squares  of 
the  lengtlis  in  different  cables  of  the  same  lateral- 
dimensions.  As  a  particular  case,  it  was  9tate«l 
that  the  retardation,  firom  the  instant  of  applying 
an  dectro-motive  force  at  one  end,  until  a  stated 
proportion  of  the  maximum  eSkct  is  experienced 
at  the  other  end,  is  proportional  to  the  square  of 
the  length  of  the  cable.— The  second  was :  That 
if  at  one  end  of  an  infinitely  long  submerged 
wire  be  applied  an  electro-motive  force  regularly 
changing  fh>m  podtive  to  negative  symmetrically 
in  equal  successive  intervals  of  time^  dsctrical 
waves  will  be  propagated  along  the  wire  at  a 
rate  which  tends  to  periiect  uniformity  the  greater 
the  distance  from  the  operating  end,  and  with 
amplitudes  rapidly  decreasing,  according  to  a 
law  which  tends  to  a  geometrical  progression  at 
greater  and  grreater  distances  in  arithmetical  pro- 
gresdon.  It  was  remarked  that  the  law  of  this 
phenomenon  is  identical  with  that  which  Fourier, 
in  one  of  the  moet  admirable  of  all  the  beautiful 
applications  he  made  of  his  mathematical  theory 
of  heat,  found  as  the  law  of  propagation  of  the 
summer  heat  and  winter  cold  to  diflierent  depths 
below  the  surface  of  the  earth. — Mr.  White* 
house's  experiments,  referred  to  above,  afibrd 
many  interesting  illnstrations  of  particular 


manuihctureri  was  nTsently  caHed  to  the  mathematieal 
coodnrion  stated  In  the  text;  and  reasons  were  gtrcn 
for  not  tnisUng  to  the  sopposed  experimental  erldence 
which  had  led  them  to  the  oontrarjr  condiislon.  Tho 
fesolt  was,  that  they  gxn  up  their  plan  of  a  doable 
wire  telegraph,  and  made  their  Mediterranean  and 
each  sobMQuent  cable  with  a  iln^e  Insnlated  con- 
ductor. It  may  be  remarked  that  a  metallic  circuit  of 
two  well  insulated  wires  (whether  in  one  Insuiattnic 
mass  of  gutta  pereha,  or  with  water  and  wet  hemp 
between  them,  or  in  two  Kparate  cables)  has  tbe 
advantage  of  being  qnlle  free  from  the  disturbance 
of  earth  currents,  allhoogh  no  such  arrangement  can 
diminish  induetitt  smban  ommmL 


825 


1 


TEL 

tvrw  of  this  Iftw,  and  hu  soppoted  oondmioD 
against  the  law  of  aquarefl,  ifl  in  reality  a  partial 
didoovery,  by  experiment,  of  the  uniform  velocity 
which  the  mathematical  theory  had  indicated  aa 
early  as  tl^  year  1854. 

Telescope.  In  the  article  Etk,  it  is  stated 
that  objects  are  rendered  visible  by  means  of  the 
image»  of  them  formed  on  the  retina  or  nervoos 
curtain  of  the  organ  of  vision.  The  distinctne« 
of  the  peroeptijn  depends  on  the  size  and  clear- 
ness of  that  image.  Distant  objects  are  indis- 
tinctly seen,  chiefly  either  becaoseof  the  tmaUnetM 
of  the  image,  or  by  reason  of  its  d^ficiauiy  <tf  lighL 
For  example,  a  house  seen  at  a  great  distance 
will  only  appear  as  a  hazy  spot,  because,  though 
all  its  parts  must  be  depicted  on  the  retina,  they 
are  so  closely  approximated  to  each  other,  as  to 
render  their  separate  impressions  confused.  In 
the  case  of  the  more  distant  stats,  again,  the 
image,  though  formed  on  the  retina,  is  too  fedile 
in  its  strength  of  light  to  be  perceptible. — Any 
instnunent  which  b  intended  to  raider  distant 
objects  more  distinctly  visible,  must  therefore 
have  the  power  of  enlaiging  the  images  of  them 
formed  in  the  eye,  and  also  of  increasing  the 
brightness  of  these  inuiges.  Such  instruments 
are  called  telescopes,  and  their  chief  functions  are 
the  fonnation  of  large  and  bright  images.  The 
one  property  is  called  Uieir  magnifying  power, 
and  the  other  their  power  of  illumination. — The 
chief  parts  of  a  telescope  must  obviously  be  those 
which  cause  more  liglit  to  enter  the  eye,  and  those 
which  spread  that  light  over  a  larger  snr&cew 
The  two  modes  of  clianging  the  direction  of  the 
rays  of  light  are  reflection  and  refraction,  and 
these  accordingly  constitute  the  bases  on  which 
all  telescopes  are  constructed.  One  part  of  the 
instrument  forms  the  image,  and  the  other  part 
magnifies  it.  In  Kefkaction,  Lens,  &c.,  will  be 
(bund  descriptions  of  the  manner  in  which  images 
are  formed,  and  the  precautions  that  are  necessary 
to  insure  their  perfection.  The  accompanving 
figures,  figs.  1  and  2,  illustrate  the  general  ar- 
rangement of  the  most  simple  form  of  the  re- 
(raoing  telescope;    In  fig.  1,  the  cone  of  light 
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image  at  v  in  fig.  2,  and  then  by  inlcnM<*n9^ 
seoood  koa  x/  in  oomae  oC  the  divetgeni  njs 


ng.]. 

€Ot^  represents  all  that  conid  enter  the  pnpC 
firom  the  object  o  to  form  the  image  o'.  But  by 
the  interposition  of  the  lens  l,  tiie  larger  cone 
L  0  X  is  enabled  to  enter,  and  by  refraction  at 
the  lens  of  the  eye  itself,  to  form  the  bright  image 
at  o".  It  is,  however,  necessan*  for  distinct 
vision,  that  the  image  should  be  formed  on  the 
retina  at  c/.  This  can  be  accomplislied  by  putting 
the  lens  L  farther  from  the  eye,  so  as  to  &rm  the 
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after  they  have  passed  f,  to  cause  tbera  to 
the  eye  in  a  nearly  parallel  ooocfitian,  so  that 
the  rdracting  power  of  the  crystalline  lens  itMlf 
should  be  sufficient  to  torm  the  image  en  tte 
retina  as  at  o'.  Such  an  airangement  is  nasnd 
the  astronomical  telescope,  from  the  circamstsoes 
that,  as  it  inverts  the  apparent  positioo  of  oigselB, 
it  is  unfit  for  ordinary  porposea,  but  can  be  vei 
sucoessftilly  only  for  sodi  a  case  aa  odestlal  ohser- 
vation,  where  inversion  produces  no  inooavenieBBL 
The  lenses  l  and  i/  are  respectively  named  thi 
object-glass  and  the  eye-glass.  Tbe  nse  cf  the 
object-glass  is  to  collect  a  large  quantity  of  light 
to  a  perfect  fijcns  at  f.  The  eye-glasa,  then,  ifis 
the  rays  have  crossed  at  f,  by  its  refracting  po«v 
renders  them  nearly  paialld,  so  aa  to  be  in  a  it 
state  for  the  eye  to  ftom  a  distinct  imnge  exaetir 
on  the  surface  of  the  redna.  Instead  of  pladig 
a  convex  lens  i/  behind  the  focns  f,  so  m  ts 
gather  the  rays  together  to  parallelism,  tbe  mmt 
purpose  can  be  served  by  a  coocaTO  lens  c,  ^ 
8,  placed  in  the  oooiBe  of  the  mys  from  l  befan 


they  have  crossed  at  the  foons.  This 
ment  wss  that  adopted  by  Galileo,  in  the  tele> 
scope  first  invented  by  him,  and  it  is  that  still 
used  in  the  common  opera  glaasw  It  doa  not 
invert  the  image,  and  has  advantages  in  peisft  of 
simplicity  over  other  non-inverting 
In  cases,  also,  where  the  main  porpose  is  to  j 
for  objects  only  feebly  fllnminated,  the 
mical  form  of  the  instrument  is  nsed,  as,  for  ex- 
ample, in  the  night  glass  of  the  sailor,  by  uiiom 
of  which  he  searches  the  hotiaon  fiv  ro^  er 
breakersL  In  such  a  ease  the  Inverskm  ptodmBM 
no  inconvenience,  provided  sufficient  li^t  is  os^ 
lected  to  render  visible  the  objects  looked  at  The 
terrestrial  telescope,  which  is  the  one  in  geotfal 
use,  has  a  means  oif  reinverting  the  image,  md 
thus  showhig  it  in  its  trae  position,  this  ii 
accomplished  by  meana  of  two  additioBal  esn- 
verging  lenses  placed  between  the  object-g^sss 
and  the  eye-glaa%  as  ie|»rese«ted  m  fig.  4,  whsrs 
one  inversion  occurs,  as  before,  at  the  fbeos  of  ihs 
object-glasB  f,  and  anodber  inverrion  at  the  feess 
/f  of  the  two  additional  lenses  /  ^,  interposed  be- 
tween  l  and  i/.    Tbe  rays  proceeding  from  thi 
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«Ket  imagv  at/  an  then  pat  into  a  proper  state 
kr  Tisioo  hj  the  eve-c^aas  L',  that  ia  to  nj,  the 

rajB  whidi  emeiipe  from  each  pofait  are  lendered 
parallel  among  tbemaelveB,  eo  that  thoy  can  be 
bfongfat  together  to  a  corresponding  point  on  the 
retiiia  by  the  oonveiging  power  of  the  lens  of  the 
eye  itseUl    This  is  necessary,  as  will  be  seen  by 
refersoce  to  Ets,  where  it  is  shown  that  distinct 
visioa  cannot  take  place  except  the  pencils,  which 
enter  the  eye,  consist  of  nys  approaching  to 
parallelism,  the  power  of  adaptation  of  the  eye 
being  limited.— -Soch  are  the  forms  of  the  re- 
fracting telescope.  By  the  refinements  of  modem 
workmanshipi  and  the  investigations  of  optical 
idence^  great  improvementB  have  been,  of  recent 
yean,  made  on  the  diflisient  parts  of  the  instru- 
ment, particularly  with  referance  to  tlie  achro- 
matism and  perfection  of  figure  of  its  object-glass, 
aa  also  its  dxe,  and  the  forms  of  the  eye-pieces. 
The  reader  is  referred  to  Achbomatisii  for  some 
information  on  these  points.     The  celebrated 
practical  optician,  Frauenhofer  of  Munich,  has 
erected  several  refractors  of  great  size  and  per- 
fection.    The  Durpat  telescope  is  of  9  hiches 
dear  aperture  in  the  ol^ect-glasa,  and  14  feet 
focal  length.    Sir  James  South  pomesses  an  ob- 
ject-glass of  11^  inches  diameter;  and  that  of 
Mr.Cooper  of  Sligo,  has  12^  inches  clear  aperture, 
being  the  largest  hitlierto  completed,  with  the 
azc^tioo  of  that  recently  constructed  by  Mr. 
Boas,  and  erected  on  Wandsworth  Common,  near 
Loodon,  which  has  an  aperture  of  two  feet  Great 
pfactkal  difficulties  are  experienced  in  tlie  con- 
struction of  laige  ol^t-glasses,  not  the  least  of 
which  is  the  inequality  in  the  texture  of  the  glass 
itadi;  BO  process  having  hitherto  been  discovered 
wliidi  can  insure  uniformity  of  refracting  power 
over  80  laige  a  mass. — ^The  dilef  ftmetions  of  a 
telescope,  aa  has  already  been  explained,  are  the 
ooUecdng  of  light,  and  the  magnifying  of  the 
image.    The  first  Is  called  the  illuminating,  and 
tin  seoood  the  magnifying,  power.    The  illumi- 
B^lng  power  evidentiy  depends  on  the  size  of 
tlie  o^eet-glasa ;  and  supposfaig  that  all  the  light 
which  fell  on  it  were  so  refracted  as  to  enter  the 
•ye,  the  illaminating  power  would  be  to  that  of 
the  eye  In  the  proportion  of  the  surface  of  the 
ol^eet-glasa  to  the  surfoce  of  the  pupiL    Thos,  if 
tlie  pupil  of  the  eje  be  supposed  to  have  a  dia- 
oieter  of  |  faich,  and  the  object-glass  a  diameter 
of  6  inches,  or  a  surface  676  times  as  great  as 
the  pupO,  the  image  formed  by  the  telescope 
would  be  576  times  brighter  than  that  formed 
bj  the  unassisted  eye,  and  the  illuminating  power 
would  be  676.  In  general,  the  illumhutting  power 
b  said  to  be  in  the  proportioik  of  the  squares  of 
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the  diameters.    Sir  W.  Henchel,  in  his  astnmo* 
mical  researches,  first  used  telescopes  as  a  means 
of  measuring  depth  in  space.    This  property  of 
the  instrument  he  named  space'ptnetrtUing  power. 
By  reference  to  Light,  it  will  be  seen  that  the 
intensity  of  light  diminishes  as  the  square  of  the 
distance  increa«es ;  that  is,  that  at  twice  the  dis- 
tance only  \  of  the  light  will  fall  on  sny  surface, 
and  to  render  the  illumination  equal  in  such  a 
case,  the  light  from  four  times  as  much  area 
would  require  to  be  collected  on  the  remote  sur- 
face. This  would  be  dene  by  a  lens  of  four  times 
the  surface,  or  of  twice  the  diameter.   If  an  object 
as  seen  from  the  distance  1,  in  such  an  instance, 
had  been  barely  visible,  at  the  distance  2  it  would 
not  be  seen  till  the  light  had  been  collected  by  a 
lens  of  four  times  the  surface,  and  when  this  was 
done,  the  ninmination  would  be  exactly  equal  in 
the  two  cases.    Conversely,  if  an  object,  after 
being  removed  to  a  certain  distance,  where  it  was 
barely  visible  by  the  unassisted  eye,  were  again 
to  be  removed  to  such  a  distance  that  a  lens  of 
fbnr  times  the  surface,  or  twice  the  diameter  of 
the  pupil,  held  before  the  eye,  egain  rendered  it 
barely  visible,  it  might  be  inferred  that  the  dis- 
tance in  the  second  case  was  exacUy  twice  that 
of  the  first    By  similar  reasoning,  it  may  be 
shown  that  an  object-glass  of  three  times  the 
diameter  would  penetrate  into  space  three  times 
as  far,  and  one  of  100  times  the  diameter  would 
show  objects  at  a  distance  100  times  as  great  as 
tiie  naked  e}*e,  or  have  100  times  as  great  a  jpaee~ 
peneirtUmg  power.  Thb  determination  is  founded 
on  the  supposition,  that  the  glasses  of  telescopes 
transmit  to  the  eye  all  tlie  light  which  falls  on 
them.    This  is  never  completely  realized,  even 
by  the  most  petitet  attainable  polish  and  trans- 
parency, and  therefore  a  small  deduction  is  to  be 
made  in  the  foregoing  calculations.   Sir  W.  Her- 
schel  considered  that  his  ten  feet  telescope  had  a 
spao»>penetrating  power  of  twenty-eight,  and  that 
hb  fbrty  fset  instrument  could  descr}'  an  obfect 
removed  192  times  as  far  hito  space,  as  the  utmost 
reach  of  human  vision.    These  last- mentioned 
instruments  were  reflectors,  and  their  powere  are 
calculated  In  the  same  way  as  tlie  refractors,  only 
that  a  somewhat  greater  deduction  must  be  made 
on  account  of  loss  of  light  in  refiection.~The 
maffidfymg  power  of  a  telceoope  can  easily  be 
dedooed  from  optical  principles.    The  Amplest 
case  is  that  of  the  astronomical  telescope,  fig.  6. 
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The  apparent  magnitude  of  any  object  as  seen 
by  the  eye,  depends  on  the  size  of  the  **  visual 
angle"  under  which  it  is  seen;  that  is,  of  the 
angle  contained  between  the  rays  from  itt  two 
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estremitto,  as  they  enter  fbe  eye.  For  instanee, 
the  angle  a'  e  (/  is  the  viBoal  angle  for  the  image 
A'  (/  as  Been  from  b,  and  if  b  were  removed  to 
twice  the  distance  from  the  image,  thia  visoal 
angle  would  be  reduced  to  one-half;  so  that  the 
greater  the  visual  angle,  the  larger  and  nearer 
the  image  appears.  If  ▲  o  be  the  object,  and 
A'  &  its  image  in  the  focus  of  L,  then  it  is  ob- 
vious, from  the  equality  of  the  visual  angles,  that 
an  eye  placed  at  c  would  see  the  object  a  o  and 
the  image  A'  </  of  exactly  the  same  size,  and  there 
would  be  no  magnifying  power ;  but  If  the  eye 
be  brought  nearer  to  the  image,  for  instance  to 
the  point  e,  then,  the  visual  angle  a'  e  (/  being 
greater  than  a'  e  o\  in  the  same  proportion  the 
image  would  appear  larger,  and  ^e  proportion 
of  these  two  angles  would  be  the  magnifying 
power.  But  the  two  angles  bear  to  each  other 
the  proportion  of  the  distances  inversely,  so  the 
inverse  proportion  of  the  distances  of  the  image 
from  the  objeet^gla8%  and  from  the  e3r&-gla86, 
will  be  the  magnif3ring  power.  But  these  dis- 
tances are  the  /occd  diHancet  (in  the  caae  of  dis- 
tant objects)  of  the  lenses ;  hence  the  rule,  that 
the  mfoigfi^fyiRff  power  is  the  ratio  of  the  focal 
distance  of  the  object-glass  to  the  focal  distance 
of  the  eye-glass.  For  example,  if  the  fbcal  dis- 
Uncc  of  the  object-glass  be  8  feet,  and  that  of 
the  eve-glsas  ^  inch,  then  the  magnifying  power 
will  be  72.  It  foUows  from  this,  that  it  is 
possible,  indefinitely,  to  increase  the  magnifyhig 
power,  either  by  increasing  the  length  of  the  ob- 
ject-glass, or  by  diminishing  the  focal  length  of 
the  eye-glass.  Most  telesoopee  are  provided  with 
eye-glassea  of  different  focal  lengths,  which  are 
hence  called  powws.-^The  slightest  consideration 
will  show  that,  in  proportion  as  a  higher  power  is 
used,  in  the  same  proportion  more  light  will  be 
required,  as  the  image  ia  spread  over  a  larger 
surface,  and  that,  for  very  high  powers,  large 
object-glasses  for  collecting  a  great  amount  of 
light  are  necessaiy.  Hence  the  explanatloa  of 
the  fact,  that  while  small  telescopes  can  only  be 
used  with  low  powers,  say  of  60  to  100  diame- 
ters, such  instramenta  as  Cooper's  great  zefractor 
may  have  powers  of  1,000  applied  to  them. — 
The  greatest  barrier  to  the  perfectmg  of  the  re- 
fracting telescope,  was  the  dispersion  of  light 
into  oobur,  and  the  consequent  haziness  of  tha 
image  which  accompanies  reifraction.  To  obviate 
this,  and  at  the  same  time  to  get  rid  of  the 
spherical  aberration,  Huygfaens  employed  object- 
glasses  of  very  long  focua,  in  which,  of  course, 
the  refraction  and  consequent  dispersion  was  cor- 
respondingly small,  and  in  this  way  he,  to  some 
extent,  overcame  the  difficulty  in  his  "  aerial  tele- 
scopes,*' of  100  or  160  feet  in  focal  length.  These, 
however,  were  cumbersome,  and  Newton,  who  at 
this  time  saw  no  possibility  of  constructing  achro- 
matic object-glasses,  abandoned  refiracdon  alto- 
gether as  a  means  of  primarily  gathering  the 
light  to  form  an  image.  In  its  place  he  substi- 
tuted the  reflecting  mirror,  or  speculum,  properly 
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figured,  as  the  laws  of  refiectun  dwnmid.  Is 
Speculum  will  be  found  details  canceiuiag  the 
making  and  figuring  of  specula.  All  that  re- 
lates to  the  spaoe-penetrating  and  the  roagnifyi^^ 
powers  of  such  instruments,  may  be  learnt  from 
what  has  already  been  stated.  The  prind^ 
forms  of  the  reflecting  telescope,  as  at  prenat 
used,  are  the  tliree  varieties  named  after  tfior 
inventors,  the  Newtonian,  the  Gregorian,  and  the 
Herschelian.  In  fig.  6,  a  tegaxaeau  the  specatan 
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in  its  tube,  and  b  the  small  plane  seoGiidarv 
speculum  by  which  the  rays  are  reflected  ia 
such  a  manner  that  the  image  may  be  fonncd  ia 
an  aperture  pierced  in  the  side  of  the  tnbe  viten 
the  eye-glass  is  fixed,  by  which  the  rays  ia  the 
individual  pencils  are  rendered  parallel,  so  sa  to 
be  fitted  for  the  eye  placed  at  s.  This  ii  the 
Newtonian  form  of  the  instrument.  Imlead  of 
the  secondary  reflector  b,  placed  so  as  to  tare 
the  rays  aside  to  a  position  where  the  obeerrer 
can  station  himself  without  interfmng  with  the 
course  of  the  light  in  its  progress  tram  the  ob- 
ject to  the  principal  speculum,  a  totally  leflecUi^ 
[Hism  is  aometimes  used  with  advantage,  as  bv 
this  means  there  is  less  loss  of  light.  Tfab  is  the 
form  used  in  the  great  instruments  of  Lovd  Bobms, 
Mr.  Lassel,  and  tliat  erected  by  the  mnnifioBDoe 
of  the  Marquis  of  Breadalbane^  at  the  dbasrvataT 
of  Glasgow.  The  speculum  of  the  latter  instra- 
ment  was  originally  cast  by  Mr.  Ramage  of  Abv- 
deen.  It  is  twenty-two  incbea  In  diameter,  aid 
was  ground  by  him  to  a  focoa  ao  long  as  te  be 
nearly  unmanageable.  Some  yean  ago  it  wsi 
purohased  for  Uie  Glasgow  obeetvatoty.  Saes 
accurate  modes  of  grindmg  wen  mtrodnoed  fey 
Lord  Rosse,  it  has  beoMue  possible  to  apfnud- 
mate  so  closely  to  a  parab<^c  figure  tiurt  a  nseh 
shorter  ibcos  could  be  given  to  ancfa  a  siae  of 
metal,  and  yet  good  definition  be  obtained.  See- 
ing the  desirableness  of  this,  the  Marqais  ef 
Breadalbane  had  it  re-g^round,  pollsbed,  and  fitted 
up  as  an  equatoriaL  It  now  stands  in  the  greet 
dome  of  the  building  in  a  perfoct  state,  fitted 
with  a  clock-work  movement,  and  in  a  eoeiditlBa 
in  every  way  calculated  to  do  honour  to  ^ 
nobleman  who  so  generously,  for  the  cake  «f 
science,  undertocA  its  compl^ioei.  The  gvest 
telescope  of  Lord  Rosse  has  a  apecalmn  tfx  foet 
in  diameter,  and  four  tons  in  weight.  The  tabe  ie 
of  wood  hooped  with  inn,  and  is  ftlty-two  feet  ia 
length.  It  rests  at  its  lower  end  on  a  imiTensl 
jiMnt,  and  is  suspended  by  diains,  so  as  eaaly  te 
be  lowered  or  elevated.  A  wall  is  buih  on  each 
side  of  it  for  protectioo,  as  is  represented  la  fi;. 
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from  the  caMing  utd  polishing  appanliu  lo  ths 
comphtioa  of  Iti  amiUnt  baUndntt  wheels,  shon 
■o  amoont  of  tbcnntica]  and  practical  MiBQce 
which  hat  rarely  b«D  aqoalled  io  any  haman 
ini'ODlioii.  It  faai  already,  id  dlsdogiDg  tht 
Mmcturt  of  the  ipinl  acbuie,  accoropliihed  tnar- 
reb  in  aMroDomy.  For  faitbcr  dululi  the  reader 
it  rfrcrred  to  Spicdluh. — Ths  Grtgoriao  fbnn 
of  lb*  RefltctlDg  Tekmpe  i*  tlut  luel,  OutBj 
for  nnalla  inUnuneala,  on  aoooont  of  ttn  dr- 
nunMiiiwi  tbal  it  ia  iDora  eaaUy  directad  lo  the 
ot^MtlobaexatulDed.  In  thia  form  the  aeeondary 
■fMeulam  b  concave,  and  la  placed  ao  aa  lo  throw 
the  light  which  comea  bom  the  primal?  reflector 
through  an  opening  ui  the  Utter,  behind  vbich 
Um  ejr^piecs  ia  placed,    fig-  8  nhiUla  hi  tec- 
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which  tba  Becoadary 
^Kcnium  B  pnanea  neam  to  or  farther  from  tha 
primary,  till  the  raysoF  the  dlTerent  pendli,  aflsr 
paaainft  throDfch,  am  rendered  paiitUel  among 
thmndna,  which  ia  perceived  bjr  tha  eye  placed 
behind  K,  whan  it  sen  the  imaee  dimtnMly.  In 
holh  the  Newtonian  and  the  Qregorian  forms,  a 
poTtkm  cf  tha  light  which  would  otberwiM  fall 
oo  the  principal  apeculnra,  la  kept  back  by  the 
Mcoodarr  placed  io  Croat  of  it.  By  thia  logs  of 
light  the  iouge  ia  rendend  less  bright,  a  dmim- 

atara  and  iMbalK,  ia  a  deckled  diaadrantage.   To 


made  oae  of  the  arrangement  known  by  hla  name, 
and  sonKtioMa  alio  tannnl  the  Le  Mainn  Icle- 
■oopa.  Fig.  9  exbibitt  a  eection  of  Ihia  form  ;  at 
s  ia  placed  tfae  gpeculom.  and  at  i  tbe  eye-g:taig. 
Baya  o  r,  o'  %  than  the  otject  paaa  down  tba 


by  which  they  are  rffracled  to  parallclian,  >o  aa 
to  be  fit  to  enter  tba  eya,  and  by  iu  icna  to  be 
broufrbt  to  a  focna  on  the  reliiia.  Tfae  great 
forty  feet  nflsctor,  conatructed  by  Ueracbel,  waa 
mounted  in  Ihia  way,  ami,  Oom  tlie  quantity  of 
Kgbt  collected  by  it,  he  wu  (oabled  to  apply  a 
magnirying  power  of  6,000  in  examining  the 
■tan.— It  ia  said  to  be  the  iotnitioD  of  Lord 
Roeae  to  adi^t  Ihia  mode  of  viewing  the  image  la 
the  gieat  Inatrumcnt  almve  deacribed,  and  if  hia 
anlicipatioDs  are  realized,  Ita  ^gantic  powen 
will  be  j-et  fnnher  Increaaed.  Casn^rain'a  tele- 
acojit  diffoa  from  the  Gregorian  ooly  In  the 
aecondary  i>peculnm,  being  convex  inatead  of 
eoueave.  Mr.  Naamyth  of  Uaacbtater,  Id  hia 
InaltanKnt,  Bxea  the  aeooDdary  apeculom  or 
prinn  at  anch  a  poaillon  that  Iba  raya  re- 
flected Itnm  ft  paia  through  the  axia  on  which 
the  tabe  ia  made  to  awing.  In  thla  axia  tba 
eye~piece  ia  Axed,  ao  that  the  obeerver  doea  not 
reqalre  lo  cbange  hla  poaliion  while  tha  tde- 
aoope  ia  directed  to  diBerent  altitudes.  Ilia  wbola 
platform  od  which  the  ioatrument  and  obevver 
are  placed,  ia  moved  round  on  a  torn  table,  thua 
givhig  greater  facilities  for  akelching,  or  carvful 
and  CMillnued  obaerTation,  than  the  common  form 
that  has  been  stated  m  n- 
Iha  teleacupe,  it  hai  been  auppoaed  that 
glass  coousted  only  of  a  single  leiM.  Id 
many  caaes,  liowever.  It  ia  foond  pieferabte.  for 
dlstiDctnaaa  and  extent  of  field,  to  oae  a  combi- 
nation of  two  or  more  lenies  fomhig  a  camponnd 
eye-piece.  For  a  daacriptioD  of  the  niodaorcnm' 
bbiing  tbeae  so  aa  lo  produce  the  beat  dAcla,  and 
for  ftanhei  detalla,  the  reader  la  refemd  to  writera 
on  optica,  orwoiks  on  Practicai  Attronom/, 

Tanayeimiwiw.  A  term  osually  aignUying 
the  companllTB  amount  by  which  Iba  thermome- 
ter ia  afiectad  by  sunoundhig  bodiea  or  drcom- 
Btanoea.  In  tha  pnaeot  article  we  shall  speak 
solely  c^  questions  connected  with  the  tempera- 
tnre  of  tlw  globe — The  temperatnre  of  an* 
ai^iere  ntuatei)  in  'pace  aa  the  earth  is,  must  be 
determined  by  Ihree  elementa— tIc,  the  lempeni- 
toie  belonging  lo  itself;  the  temperature  proper 
10  the  tpiKt  within  which  it  i*  resting ;  asd  the 
amoont  of  heat  it  receives  from  the  sun,  Tho 
caosea  oT  the  lemperatnr*  pecnlJar  to  difletvnt 
localiliea  on  its  sorface,  are  found  in  ceit^D 
■pedalities  of  those  localities.  Vit  shall  survey 
vers  briefly  ih«e  aenswl  autjeets : — 

(1.)  Tie  Pnper  Ttmptnilurt  of  At  Globi.— 
Whatever  may  have  been  the  original  condiiioo 
of  oor  ^oba,  or  whatarer  lla  present  laiemal 
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eonfttitntion,  all  effect  on  the  tempefratare  of  its 
Barface,  aa  arbing  from  that  condltioiif  has  long 
ceased.  Taking  even  the  extreme  supposition — 
viz.,  that  the  earth  was  onoe  liquid  through 
futton,  it  is  indubitable  that  since  the  consolida- 
tion of  the  outer  strata,  the  heat  communicated 
by  solar  action,  and  that  lost  by  radiation,  balance 
each  other.  Still,  the  question  as  to  internal 
teroperauure,  is  an  important  one ;  and  we  cannot 
8(  Ive  it,  in  any  direction,  without  reaching  con- 
clusions that  must  largely  influence  our  views 
concerning  the  hbtor}'  or  the  determining  causes 
of  the  past  states  of  our  globe.  The  fiicts  are 
these: — The  heating  power  of  the  sun  reaches 
only  a  certain  depth  below  the  earth's  surface. 
In  our  latitudes,  that  depth  is  about  eighty  feet 
^K>f  course  it  is  more  at  the  equator  and  much 
less  at  tlie  poles.  If  a  solid  were  described 
through  all  these  points  of  ultimate  solar  effect, 
its  surface  would  give  us  an  inporiab/e  iso- 
geoUurmal  stratum ;  and  penetration  below  that 
Btnitum  will  begin  to  indicate  the  state  of  the 
earth's  interior.  Now,  it  cannot  be  doubted, 
from  the  temperature  of  deep  mines  and  the  tem- 
perature of  hot  springs,  that  the  earth*s  heat 
increases  as  we  descend  below  this  invariable 
stratum,  or  pierce  into  the  solid  we  have  ima- 
gined. These  two  sources  of  intelligence  com- 
bine, in  so  far  as  they  have  gone,  in  establishing 
an  increase  of  1^  of  Fahrenheit  for  a  descent  of 
sixty  or  seventy  feet  This  subject  has  been 
fully  discussed  by  Cordier  Bischoffj  and  Kupffer, 
and  we  owe  a  very  interesting  memoir  on  hot 
springs  to  Hallmann.  Kupffer  especially  has 
established  the  course  of  the  iso-geothermal  sur- 
faces over  a  considerable  extent;  and  he  has 
found  that  they  vary  with  the  longitude  as  well 
as  with  latitude,  being  subject  to  very  anomalous 
bendings. — But  the  point  of  greatest  apparent 
interest  connected  with  this  question  is  the  light 
it  may  be  supposed  to  throw  on  the  interior  of 
tiie  globe.  If  the  foregoing  rate  of  increase  of 
temperature  should  continue  uniform,  we  would 
reach  a  temperature  at  the  depth  of  fifty  miles 
sufficient  to  fuse  every  known  material  element 
of  the  earth's  mass ;  so  that  the  sphere  on  which 
we  live  would  really  be  a  molten  sphere  covered 
by  a  very  thin  solid  cmsL  But  under  Preces- 
BI09,  we  have  seen  the  utter  incompatibility  of 
this,  with  the  rigorous  and  irreversible  demands 
of  the  law  of  gravitation.  There  are  two  sets 
of  considerations  at  present  under  scrutiny,  by 
either  of  which  the  contradiction  may  Im  re- 
solved. Mr.  Hopkins,  who  suggested  the  difii- 
culty  as  to  precession,  has  pointed  out,  that  we 
do  not  know  the  point  of  fusion  under  grtat 
presturei.  And  in  connection  with  Mr.  Joule, 
and  our  eminent  engineer  Mr.  Fairbaim,  he 
has  been  conducting  experiments  at  Manchester, 
calculated  to  determine  this  point  These  ex- 
periments have  already  established  an  increase 
in  the  temperatvre  of  fusion  proportional  to 
the  pressure  to  which  the  fused  mast  is  sub- 
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jeded,  Tbb  inqnii^'  has  not  praeeeded  ftr 
enough  to  sustain  definite  uivenal  coadiKKNis ; 
but  we  should  venture  to  doabi  whether  it 
will  enable  us  to  bestow  oo  onr  globe  a  tkeo- 
retlcal  solkl  crust  adequate  to  the  exigencies  ef 
precession.  The  second  aolaUom  of  the  difi- 
culty  is  that  by  Poisson.  This  eratneBt  geo- 
meter thinks  Uiat  a  gradoal  cooiing  does  aot 
necessitate  the  result  of  a  fluid  or  red  hot  imdeaL 
And  he  disputes  the  inference  from  the  toopera- 
ture  of  pits  and  springs,  that  there  must  be  a 
regular  increase  of  temperature  the  deepv  «e 
descend.  In  Pds8on*8  view,  the  temipetulme  sf 
space  has  played  a  moat  Important  part  in  tSM 
previous  history  of  onr  planeL  Swept  onwaii 
as  a  dependent  on  the  sun,  in  viitne  of  the  greK 
motion  of  translation  of  that  orb,  it  is  prebiUB 
that  we  must  pass  throng  regions  of  apaeeef 
very  various  proper  temperatnraa.  If  we  have 
come  ftom  a  hot  r^on  into  the  raSdirt  of  eae 
comparatively  cold,  the  piheoomena  of  minee  aai 
springs  might  be  readify  explained,  iiieepeUite 
of  those  lajger  condusioDB  regarding  the  primal 
state  of  our  planeL — ^We  leave  the  interestiDg 
subject  as  in  the  meantime  far  from  freed  of  doubt; 
— one  thing,  however,  aeema  very  dear, — nodoa 
theoretical  geology  aasumes  a  great  deal  too  mmk, 
in  referring  the  comparatively  alight  mievtnBas 
of  the  earth*8  contour  to  agitations  of  its  inlHBi], 
and,  under  any  tenable  hypothesis,  Tery 
central  mass. 

(2.)  Temptrature  as  Jkpendad  cm  the 
The  effect  of  the  duect  radiatSon  of  the 
first  determined  experimentally  by  H.  PottiDet, 
byaidofhisP^Ae&NMteP.  Tbeatmoapberebeng 
almost  entirely  diathermanons  to  radiant  hest 
there  is  no  great  difficulty  in  determinii^  ddi 
important  element  It  is  thus  g^ven  by  PoidDet : 
— *'  If  the  total  quantity  of  heat  received  by  thi 
earth  from  the  sun  were  nnifonnly  distiiboted 
over  all  portions  of  the  globe,  and  empk^ei, 
without  loss,  to  melt  ice,  it  wonld  melt  every 
year  a  stratum  or  envelope  of  toe,  areond  oar 
whole  globe,  of  a  thickness  somewliat  opitpvds 
of  100  feet  This  is  the  simplest  er[irMakH  ef 
the  total  quantity  of  the  heat  that  the  earth 
annually  receives  from  the  aan."  But,  as  Mr. 
Hopkins  has  recently  shown,  the  whole  eftct  ef 
solar  heat  at  any  propcsed  place  ia  nenxly  doays 
that  due  to  the  immediate  and  direct  c0cet  if 
solar  radiation.  The  atmosphere,  althongh  diar 
thermanous,  is  heated  by  the  earth  through  efiect 
of  eonductionf  ooeneefum,  and  rmUatiom^  to  ssssB 
distanofs;  and,  bemg  thus  heated,  it  reacts  ea 
terrestrial  temperature,  influencing  eveiy  part  of 
the  globe,  according  to  certain  laws,  In  the  bmb- 
ner  above  stated.  Mr.  Hopkins  has  entered  •■ 
several  ingenious  specnlstions  as  to  the  iaflaanfe 
of  atmospheres  of  different  heighta.  It  appens 
that  the  temperature  of  any  planet  might  be  as 
largely  modified  in  this  way,  that  no  absolaii 
conclusion  can  be  drawn  from  the  mere  poadoa 
of  our  companion  orhS)  as  to  the  dimatfa  that  pie- 
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T«n  OT«r  their  inrfMeB.  The  inemoii>  to  which 
mnArwuretdTeiyreoeDtlyto  the  Cambridge 
Phikflophkal  Sodetj. 

(8.)  TemperotmrtofSpaeB, — ^Abetracdon  made 
of  tiie  calculated  eflfecCs  of  the  two  ibregoixig 
primal  canaee  of  terrestrial  temperatore,  there 
vemains  the  temperature  of  the  spaces  amid 
-which  the  Earth  now  performs  its  motionSk  This 
tMDpenture  may  arise  fiom  stellar  radiatioii,  from 
tlM  proper  heat  of  some  medium  filling  the  inter- 
Btdlar  spaces,  or  from  agencies  explicable  hy  the 
modem  or  dynamical  theory  of  heat  Under  § 
(1),  of  this  article,  reference  has  been  made  to 
the  important  place  giyea  by  Poiason,  to  the 
▼ariatlon  of  one  of  these  agoDcies,  as  affecting 
the  histofy  of  our  globe ;  and  his  views  ought 
to  be  accepted  as  indicating  a  vera  oama.  The 
extent  of  the  efficacy  of  such  a  cansoi  remains 
matter  for  coi\jectnre;  but  we  are  well  aware 
that  the  influence  of  stellar  radiation  must  be 
Teiy  rariable,  on  account  of  the  unequal  density 
with  which  the  stars  are  distributed  through 
apttoe.  Who  shall  estimate  how  great  that  radi- 
aicioo  might  be,  were  the  earth  and  the  system 
to  which  it  belongs  immerMd  in  one  of  the  dense 
agglomerations  of  the  Jfttty  Wag  f— Am  to  the 
proper  temperature  of  the  spaces  at  present  around 
na,  our  determinations  greatly  difier.  Mr.  Hop- 
kins has  recently  adopted  — 88^*6  Centigrade ; 
Fottrierostimated  it  at —50°-  C. ;  while,  acoordbig 
to  PouiUet,  it  is  so  low  as  —142°  C.  It  cannot 
be  doubted  that  Captain  Back  fi>nnd  the  ther^ 
mometer  at  Fort  Relianoe  down  at  — 66°-7,  and 
coUs  of  -><>0°,  —66°,  and  —70*,  haTe  been 
readied  in  Siberia.  The  accurate  determination 
camiot  be  said  to  have  yet  been  attained;  but  the 
estimate  by  Bir.  Hopkins  seems  the  preferable  one. 

(4.)  Achial  Mean  Ttmperaimre  of  dijfertnt 
pariM  ofth*  Earth's  Surface. — ^The  determination 
of  this  temperature  by  observatbn,  is  one  grand 
object  df  meteorological  research.  Under  Cli- 
scATS,  Mka2i,  and  Isothkrmals,  the  methods 
and  results  hare  in  so  far  been  exposed.  But  a 
Imw  recently  discovered  by  Professor  Dovtf  has 
vastly  fectlitated  our  discovery  of  the  mean  tem- 
perature of  diflerent  localities,  for  any  special  sea- 
aoB  of  the  year.  The  Ibllowhig  is  his  own  expoei- 
tioa  of  it : — **  The  temperature  of  any  particular 
inooth  varies  very  much  in  different  years ;  its 
true  value  can  therefore  only  be  conduded  tnm 
oboervatioos  during  a  long  series  of  years,  and  we 
possess  such  for  so  few  placea,  that  if  we  were  to 
limit  oofMlves  exdosivdy  to  them,  the  points 
throng  which  the  iaothennals  are  drawn  would 
be  too  few  in  number.  It  was  therefore  neces- 
aary  to  find  some  means  of  correcting  observa- 
tloos  whidi  extend  over  only  a  few  yean,  so 
that  they  might,  in  some  degree,  be  equivalent  to 
eoodaaions  drawn  from  a  longer  period.  This 
would  be  impossible,  if  the  variationa  in  difibrent 
yean  were  local  in  a  very  restricted  sense,  and 
an  inquiry  into  thia  point  was  therefore  the 
fint  thing  required.    The  thermio  march  of  the 
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weather  during  an  interval  of  115  yean,  from 
1720  to  1848  indusive,  was  sought  to  be  deter- 
mined in  four  memoin  on  the  non-periodic  vari- 
ations of  temperature  on  the  Earth's  surface. 
This  was  done  by  forming  tables  of  oontempora- 
neona  series  of  observations  for  a  considerable 
number  of  years,  and  dedndng  the  variations  of 
the  months  in  single  yean  ftom  the  means  of  the 
same  months  drawn  ftom  many  years.   It  thence 
appeared  that  important  variations  are  never 
merdy  local,  but  that  the  same  character  of 
weather  prevails  over  large  portions  of  the  globe; 
that  the  anomaly  reaches  its  maximum  in  one 
spot,  in  receding  ftom  which  it  lessens  more  and 
more  until  passing  through  pheta  where  the 
thermic  conditions  are  in  their  normal  state,  an 
opposite  extreme  is  readied  which  so  compensates 
the  tint  that  the  general  sum  of  warmth  distri- 
buted over  the  earth  at  any  particular  time  of 
year  is  the  same  In  dilTerent  years,  although  the 
values  which  make  up  the  sum  may  be  very  dif- 
ferent.   Knowing  the  prevailing  character  of  the 
weather  in  particular  places  in  t^e  different  years, 
we  are  enabled  to  deduce  twm  the  deviationa 
at  a  few  normal  stations,  where  the  observations 
extend  over  a  long  series  of  years,  the  quantita- 
tive corrections  to  be  applied  to  the  result  <  of 
observations  continued  for  only  a  few  years. 
The  fourth  memoir  oontahis  the  corrections  cal- 
culated for  nineteen   such  normal    stations — 
Madras,  Palermo^  Milan,  Geneva,  Vienna,  Re- 
gcnsburg,  Stuttgard,  Carlsruhe,  Berlin,  Copen- 
hagen, Tomeo,  London,  Kinfauns  Castle,  Zwa- 
nenbuig,  Paris,  Salem,  Albany,  Golthaab,  and 
Rykiavig.      These  four  memoin  also  contain 
the  complete  data  derived  from  observations  at 
700  stations,  or  the  monthlj/  means  during  the 
respective  yean  of  observation. — The   second 
necessary  correction  is  that  required  for  diminat- 
ing  the  diurnal  variation,  and  redudng  the  obsei^ 
vations  made  at  particular  houn  to  the  mean  of 
the  whole  twenty-four  hours,  as  it  is  only  at  a 
few  stations  that  observations  were  made  hourly. 
These  latter  statfons— twenty-nine  in  number — 
supply  the  values  required  to  reduce  tlie  obser- 
vations at  any  particular  hour  to  the  mean  of  the 
twentj'-four  houn,  and  are  given  in  the  memoir 
entitled,   *0n  the  Diurnal  Variations  of  the 
Temperature  of  the  Atmosphere.*    They  are : — 
Rio  Jandro,  Trevanderum,  Madras,  Bombsy, 
Frankfort  Arsenal,  Toronto,  Rome,  Padna,Krems- 
miinster,  Prague,  Muhlshausen,  Halle,  Gottingen, 
Sahuflen,  Brussels,  Pl^nnouth,  Ldth,  Greenwich, 
Apenrade,  Christiania,  Drontheim,  HelsingfoiB, 
Peterebuig,    Catharinenburg,   Bamaoul,  Mert- 
schinsk,  Matoschkin,  Schar,  the  Karisngate,  and 
Boothia  Felix. — It  still  remained  to  deduce  from 
dogle  yean  the  monthly  means  for  periods  of 
many  years.      The  temperature  tables  hi  the 
volume  of  the  7>aii«ae(»oM  qf  the  Berlm  Aea- 
demjf/or  1847,  contain  the  meana  for  the  months, 
for  the  seasons,  and  for  the  year,  as  they  foUow 
direct^  from  the  obeenralioBs,  wUhout  ooiTection 
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for  diurnal  rariation.  These  tables  liar6  also 
been  calculated  in  Fahrenheit's  scale,  and  are 
published  in  the  Report  of  the  seventeenth  meet- 
ing of  the  British  Association,  held  at  Oxford, 
1847.  Since  the  publication  of  this  work  several 
stations  have  been  added,  and  for  other  staUons 
the  means  have  been  determined  from  longer 
series  of  observations. — Lastly,  it  remained  to 
fill  up  the  wide  intervals  between  the  stations  by 
the  help  of  points  in  the  intervening  seas.  Tbh 
last  work  consumed  a  great  quantity  of  time,  as, 
generally  speaking,  the  single  observations  are 
not  even  put  together  in  daily  means  ]  and  be- 
sides the  mean  place  of  the  ship  must  be  deter- 
mined for  each  occasion  from  the  continually 
varying  latitudes  and  longitudes.  It  is  only  in 
Beechey^s  Narrative  of  a  Voyage  to  the  Pacific 
and  Bekrwg't  Straits  (wMch  is  a  true  model  in 
point  of  reduction),  that  this  has  been  done.  Be- 
sides the  t  bove  work,  I  have  made  use  of  the  fol- 
lowing, viz.,  The  United  Statea  Exploring  Ex- 
pedition (in  which,  however,  as  the  distinct 
meteorological  appendix  has  not  yet  been  pub- 
lished, I  could  only  employ  the  notices  found  in 
the  text) ;  Captain  James  Ro8S*s  Vogageof  Dis- 
coverg  and  Research  in  the  Southern  and  Ant- 
arctic Regions ;  and  Dumont  d'Urville's  Vogage 
au  Pole  Sud  et  dans  VOceanie  sur  VAstrolake  et 
la  Z^Ue,  These  three  works,  with  Clerk's  Dailg 
Abstract  of  Meteorological  Observations  made  on 
hoard  the  Pagoda^  and  King  and  Fitzroy*s  Nar- 
rative of  the  Surveying  Voyages  of  the  Adventure 
and  BeaglCf  describmg  their  examination  of  the 
southern  shores  of  South  America,  have  rendered 
it  pos:ible  to  deduce  the  isothermals  of  the 
Southern  Hemisphere  much  more  extensively 
than  could  have  been  done  a  short  time  ago,  and 
thus  to  obtain  an  approximate  determination  of 
the  temperature  of  the  southern  half  of  the  globe. 
.  .  .  Although,  by  reason  of  the  smaller  vari- 
ation of  the  temperature  on  the  surface  of  the  ocean, 
observations  even  of  very  short  periods  give  ap- 
proximate results,  yet  tlie  mass  of  materials 
which  one  fancies,  at  first  sight,  one  has  at  com- 
mand, contracts  exceedingly  in  its  dimensions 
on  a  nearer  inspection :  for,  as  on  land,  stadons 
of  observation  are  unnecessarily  crowded  in  some 
places  and  altogether  wanting  in  others,  so  also 
at  sea,  there  are  much  frequented  routes,  and,  on 
the  other  hand,  extensive  tracts  which  are  hardly 
ever  traversed.  The  influence  of  season  encoun- 
ters the  inquirer  the  more  frequently  in  sea  obser- 
vations, because  the  prevailing  winds  of  difiSsrent 
parts  of  the  year  determine  the  most  fiivonrable 
season  of  navigation  for  particular  routes. 
Against  this  inconvenience  we  may  place  the  ad- 
vantage which  sea  observations  possess  of  getting 
rid  of  the  often  very  uncertain  correction  for  the 
influence  of  elevation." — The  actual  mean  tem- 
perature thus  determined,*  M.  Dov^  has  pub- 
lished a  number  of  graphic  representations  of  it  of 
the  most  yaluable  description.  These  have  been 
described  under  Isotiuebmals  ;  but  he  has  fur- 
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thef  added  a  series  of  charts  of  wbat  he  tems 
Ibabkormals,  wbkii  are  Ukewiae  of  greatest 
importance.  Were  the  Earth^s  enrfaoe  mnfinD, 
eadi  place  on  that  sarftoe  would  haire  a  man 
temperature  depending  solely  oa  its  lefilwfe, 
and  lines  thus  indicated  axe  termed  by  Vark  tte 
Thermic  Normals:  corres  drawn  thragfa  fdats 
of  equal  deviation  from  the  tbennic  norauis  aie 
the  Thermic  Isabnormalt.  A  diart  of  this  kiid 
is  given  in  Johnston's  new  edition  of  tfaePijsK 
eal  Atlas.  The  deviation  depends  on  bb^ 
causes  already  indicated  nnder  Clzxaxz  sad 
Isothermals.  Only  a  few  remarks,  tfaatfa^ 
are  requisite  here;  and  these  we  ahoD  wami^ 
under  two  heads : — 

a.  Thermic  Divergeneei  angina  from  Ekm- 
tioH  of  the  Place  above  the  level  ^  the  As.— 
The  physical  character  of  oar  atmospbere  neoi- 
sitatmg  a  decrease  of  density  as  we  aseend,  Sa- 
volves  also  a  diminutioo  of  teropentnre.  T^kfag 
the  mean  of  observatuma  made  on  die  flaaks 
of  mountains  by  Sauasure,  Kaemtz,  Bnrais. 
Schow,  Hartins,  Humboldt,  Booaangsolt  aai 
the  recent  French  Commiaskin  of  the  Kovth,  tke 
diminution  is  one  degree  oi  Fahrenheit  for  evoy 
803  feel  of  ascent  The  decrement  oo  wMHf"M!»*» 
sides,  however,  cannot  be  taken  as  the  rateof  deon- 
ment  in  the  free  air.  This  rate  has  been  vaiisBahr 
estimated.  Atldnson  in  his  elaborale  mcoar, 
in  voL  iL  Attronomkal  Saaetjfe  TrmeacSass, 
estimates  it  at  one  degree  of  Fahnnbeit  for 
250  foet;  but  Mr.  WeUi,  who  has  recently] 
four  balloon  ascents  with  Mr.  Green,  neaily  dit 
height  of  22,940  feet,  estimates  the  rate  at  cos 
degree  for  every  248  feet — tfans  vcfr  nsnijr 
agreeing  with  Sanssore. — (xenenlly  vpeiAa^  the 
Umit  of  perpetual  mowy  altbongfa  vaiyiag  beBsatt 
of  many  drcumstanoes  whose  separate  eActi 
cannot  always  be  aocniBtely  assigned,  foDom 
the  law  indurated  by  the  foiDowing  munben:— 

At  the  equator,  that  height  Is I5«700 

AtlatSQo    12^000  ^ 

„  ULiSP    a«)0  .. 

«  l*t.«o    4^900^ 


Many  circumstances  besides  latitude, 
afiect  this  quantity.  For  instance,  on  the  nottfa- 
em  slopes  of  the  Himalayas,  thellmit  of  psrpelasi 
snow  is  higher  than  the  equator,  being  opwaA 
of  17,000  feet,  while  at  the  aoothem  flank  it  ii 
8,600  feet  lower.  Anomalies  of  tibia  aort  aie 
far  from  uncommon. — An  elaborate  attesqit 
to  give  a  theory  of  the  decrease  of  tempoatve 
as  depending  on  elevation,  is  made  bj  Piufaswr 
Challis  hi  the  Transactions  of  the  Canknifys 
Philosophical  Society^'  voL  vi,  to  which  we  tit 
the  reader. 

6.  Other  CoMses  of  Thermic  JHeergenees.— 
These  are  mainly  the  extent,  fi»m,  and  exp»- 
sure  of  continents,  the  neigfaboiuhood  to  oesaaie 
currents,  and  the  character  of  the  pwalBug 
winds.  The  general  efiect  of  sQch  cSreomstaoa 
has  already  been  fully  noticed.  It  is 
to  destroy  ntteily  the  effiKt  of  latitade 
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;  Ibr  instance,  when  the  oentigrAde  tiier- 
mooieter  is  «t  — 89°  at  JakontBk,  it  may  not  stand 
lower  than  — 19°  in  Nova  Zembla,  although  tlie 
latter  is  fiurther  north  by  10°.  Soroedmes  the 
QoneumBoe  of  extremely  fitTonrable  circoni*' 
stances,  creates  a  climate  At  for  an  Eden,  or  the 
Hesperides  of  any  mythology.  BoagainviUe 
eompares  Otahdte  to  the  Elysian  fields;  nor 
doea  our  brave  Cook  disagree  with  him.  Within 
BoFope  itself,  or  in  its  immediate  nelghbonr- 
bood,  there  are  spots  on  which  Nature  seems  to 
luKve  showered  most  prodigally  her  choicest  gifts 
-^-witness  Italy,  Sicily,  Qreeoe,  the  Atorea, 
Madeira,  the  GanarieSi  the  ctoasts  and  islands 
of  AsiaMhior:^ 

O  nbl  csmpl, 
AjiereheoMiae,  et  vlrRlnllnif  Uacchata  Lsesnls 
Tmfg9tml  0  qai  me  gelidlA  in  nOUbos  HmnI 


Swat,  et 


Ingentl  nuDonixn  proteg»t  ambriL 


*<  To  see  Naples,  and  then  to  die!**  Soexdaims 
the  enraptarad  traTeller  when  first  he  experiences 
tbe  skies  and  climate  of  andent  Parthenope. — 
AlasI  that  dimate  and  the  noblest  gifts  of  natave 
caanot  bring  dvQiaatkml 

(&)  BcspBcting  the  possible,  if  not  probable, 
tamptrntura  of  omr  compamtm  fflobea^  we  again 
Tsfv  to  the  sMoioir  by  Mr.  HopUns,  alrndy 
qooted. 

VmmmHitT*  A  property  of  material  bodies  by 
thdr  parts  resist  effiwts  to  tear  them 
It  is  a  resolt  of  the  nnknown  corpos- 
cnlar  tbnss  which  act  between  the  molecules  of 
a  body  at  insendUe  distanoca.  It  diflfera  with 
tiie  material ;  and  for  the  eame  material  under 
of  drcttmetance,  as  of  temperatore, 
The  tenacity  of  materials  is  a  chief 
It  of  their  strsngth,  and  great  pains  haye 
taken  by  engiiiiiers  to  procore  numbers 
wtiidi  should  aocnntdy  measure  it.  The  tena- 
city of  wood  is  audi  greater  (apparently  about 
ten  times)  along  the  grain  than  transvendy. 
With  meCals,  tbe  processes  of  forging  and  win- 
drawing  greatly  increase  the  temudty.  Mixed 
metals  have,  in  general,  greater  teoadty  than 
dmplemetalfc 

.  TesMlea.  Tbe  name  given  to  the  Ibroe  by 
wUeii  a  bar  or  string  is  polled  when  ftMrmmg 
part  of  any  system,  in  equiUbrinm  or  in  motion. 
Thaswhen  a  string  snppnts  a  wdght,  the  tension 
ofthe  string  is  the  weight  suspended  by  it  Every 
point  of  the  string,  sinoe  it  is  in  equilibrium,  may 
be  cottsideped  as  the  pdnt  of  application  of  two 
Jbrcee,  each  equal  to  the  weight,  but  acting  in 
oppodte  directiona. 

Tkalla.  OneoftheAsterakls.  For  Elements, 
^bc,  see  Asnaotne. 

ThcMftfc  One  of  the  Asteroids.  For  Ele- 
nMBts,  &0.,  see  Abtbroim. 

TlMnMudeae.  A  ray  of  heat  is  said  to  be 
thermaalsed  when  it  assumes  peculiar  proper- 
tiei^  on  tranamisdott  through  media  that  pemiit 
its  tnmdt.    See  DiATHBBMAinfH. 

Thusae  glactricity.  Electrical  ezdtement 
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has  been  found  to  originate  ftom  purely  thermal 
action  in  a  variety  of  ways,  all  of  which  fall 
under  one  or  other  of  two  very  distinct  clasaes  of 
phenomena. 

I.  Pyro-dectridty,  or  the  thermo-dectridty 
of  non-conducting  c^tals. — II.  Electro-motive 
forces  oocadoned  by  differences  of  temperature  in 
metallic  conductors. 

I.  Pyro-Elbctricitt.— The  name  Pyro- 
efectridijf  has  been  given  to  this  division  of  the 
subject  by  some  writers,  but  for  no  better  reason 
than  to  leave  the  second  dividon  in  undisturbed 
o^oymentof  the  name  thermo-dectricity.— Theo- 
phrastus  and  Pliny  both  mention  the  lyncurinnif 
as  a  stone  which,  like  amber,  manifests  the  pro- 
per^ of  attrsctlng  light  bodies;  but  ndther  ap-> 
pears  to  have  been  aware  that  the  stone  can 
acquire  the  property  by  heat  alone,  which  is  only 
derdoped  in  amber  by  friction ;  and  Pliny  ascribes 
to  the  power  qfkeaty  the  attractive  force  obeerved 
in  each  case.  About  the  end  of  the  seventeenth 
century,  Dutch  merchants  brought  the  tourma- 
line from  Ceylon,  where  it  was  known  to  the 
natives  as  first  attracting,  and  then  repdling 
away,  hot  ashes  when  placed  among  them.  From 
that  time  to  this,  the  pyro-deetric  property  of  the 
tourmaline,  and  of  other  natural  crystals  in  which 
the  same  quality  has  been  found,  has  been  re- 
garded with  peculiar  interest  by  aU  who  have 
been  interested  in  electrical  science.  The  most 
cdebrated  dectricians  of  last  century  contributed 
important  dements  towards  an  understanding  of 
the  true  nature  of  the  phenomenon.  In  1757, 
iEpinus  showed  that  the  two  dectridUes  are 
dways  to  be  found  on  oppodte  sides  or  ends 
of  the  same  piece  of  tourmalme  exdted  by  heat. 
Canton  and  Bergmann  showed  that  a  tourmalme 
when  kept  hot  loses  the  deetro-polarity  which  it 
acquires  in  bdng  heated,  and  acquires  the  reverse 
polarity  when  it  is  cooled  towards  its  primitive 
temperature.  Canton  found  that  when  a  long 
crystal  of  tourmaHne,  apparently  nndectrio,  is 
broken  acroes  in  any  part,  the  separated  suriaoes 
exhibit  contrary  dectriflcations.  The  pyro-elec- 
tric  property  was  found  by  various  observers  in 
many  other  crystals  besides  tourmaluie.  Thus 
we  have  the  following  list  of  dectric  crystals:— 

Boracite.  Mesotype.  Calsmfae. 

Topaz.  TDnmullneu  SirfwoSi 

Axhate.  PrBhnite. 


The  electric  psoperty  manifested  by  all  these 
cri^stals  consists  in  the  appearance  of  vitreous 
dectridty  oa  one  dde  or  end,  and  the  appearance 
of  reshious  dectridty  on  the  other  dde  or  end, 
when  the  substance  is  raised  m  temperature. 
The  substance  which  manifests  it  has  therefom 
a  dipolar  muditjt.  Hauy  proved  that  deetric 
ayiiaU  exkibii  aifftrent  teiM  o/crygUMiite/acei 
OR  ffte  two  aides  on  which  lAe  contrary  eUetrir 
effecta  are  obnrved.  Tliis  dipolar  crystalline 
asymmetry,  aloRg  with  the  dipolar  electric  quality 
with  which  it  is  aasodated,  constitutes  the  only 
dipolar  quality  which  haa  beea  found  to  be  in- 
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trinaicallj  powawid  by  any  Mibstaaoe^  ettber  of 
natural  crystals  or  of  artificially  prepared  bodies 
It  has  not  yet  been  fi^nnd  whether  magnetic  cm- 
tab  (niagnetic  nqo.  oi%  lor  iaatanoi)  are  easen- 
tially  dipolar  in  their  niagtietio  quality,  or  simply 
possess  this  quality  in  'v^rtiie  of  an  iiulnctive  eflfeet 
they  may  ha^  ezpedenced«  and.  Ijkeateel,  may  be 
capable  oflosteg  itorof  baViog  ftrevenedin  them. 

The  most  ^rob4>Ie  acobaat  that  ean  be  gtten 
of  the  pyro-electtic  qnaOly  of  £pQlar  crystals 
is,  tb$t  these  bodies  iDiHnslBaHy  poasest  the 
same  kiod  o^  bodSlffi  ^p^orpolanmtion  which 
Taraiiay  in  his  Bxperimeniai  Jtieseancftat,  has 
clearly  {roved  .to  oir  tempatfaiily  produoed  by 
electric  Ibrce  ^  soBdimd  Ktpiid  non-condncCocs ; 
aod  t]iat  they  possesB  tihis  property  to  difi^rent 
dflgreer  at  di&rehit  temperatureK.  "llie  indactive 
action  ezflDe&ied.hy  this  electro  poky  state  of  tiie 
eubstance,  on  the  matter  touching  the  body  all 
sound,  induces  a  superficial  electrificataon  which 
perfectly  balances  its  electric  force  on  all  points 
in  the  external  matter:  but  when  the  crystal  is 
broken  in  two  across  its  electric  axis,  the  two 
parts  exhibit  mb  wholes  contrary  electiifications, 
not  only  tyy  tbr  fNie  dectro-polarides  on  the  frac- 
tured surfaces  discovered  by  Canton,  but  by  the 
induced  electrification  on  the  old  surface,  beloog- 
iug  to  the  old  state  of  electric  equilibrium,  and 
gradually  lost  by  slow  conductkm,  while  a  new 
superficial  distribution  of  electricity  on  each  fiag- 
meat  is  aoqulr^  which  ul^mately  masks  all 
external  symptoms  of  dectric  excitement.  When 
the  temperature  of  the  substance  is  changed  ita 
electro-polarization  changes  simultaneously,  while 
the  maddng  superficial  dectrification  followe  the 
change  only  by  slow  degrees :  more  or  less  slow 
according  to  the  greater  or  lesa  resistanceLOfieied 
to  deetrio  eonductioB  4a  the  substance  uralopg 
Un  surftce. 

II.  TnsBMO  -  Electbicitt  of  Msnujc 
O021DUCTOBB.  .    S 

(1.)  JXrtioi  Experimental  RestiBtaM  to  Ekc»ic 
EfietB  of  Thermal  Inequa&ties. — When  the  lunc- 
t  ions  of  difierent  metals  in  a  heten^geneous  metid- 
lie  drcuU,  or  when  difierent  quarters  of  a  circuit 
or  block  oompoeed  of  one  ciystalllne  metal, 
are  maintained  at  difibrent  temperatures,  ardelt- 
cately  suspended  needle  placed  in  the  nelghhow^ 
hood  is  genersUy  found  to  be  deflected,  al  if  it 
were  placed  in  the  neighbourhood  of  a  magn^ 
This  phenomenon,  which  -kaa  sometimee  been 
called  thermo-moffnetitmf  was  discovered  by  Se^ 
beck  in  1822,  and  was  by  him  correctly  explained, 
in  accordance  with  Oereted's  then  very  recentdlB- 
covery  of  electro-magnetic  force,  by  attributiogit 
to  continuous  dectric  motion  sustained  in  the 
metallic  substance  by  the  agency  of  heat.  TeUa 
and  Sturgeon  examined  the  **  thermo-elfictric^ 
currents  in  variously  shaped  specimens  of  simple 
metals,  and  were  led  to  attribute  them  to  crye- 
talline  structure.  Beojuerel  found  electric  cur- 
rentfl  indicated  by  a  delicate  galvanometer  when 
the  circuit  of  the  galvanometer  coil  was  oom- 
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|det6d  throng  an  are  of  wire  of  ana  mabd  with 
a  knot  tied  upon  it  when  heat  is  appEed  oa  oas 
side  or  the  othiar  of  the  knoL    Magnns  (Peggn- 
dorf;  Amtalei^  Aug;  1861)  baa    shown   that 
the  thenno-eleetric  actkm  in  this  case  is  due 
to  a  kardemag  or  other  diange  of  tamper  pio- 
duoed  in  the  wire  by  the  stress  ^ipBed  to  k  ia 
making  the  knot,  and  not  to  uMqixal  tfacnMl 
oonduedon  towards  and  ftom  the  knot;  and  hs 
has  investigated  the  eflbcta  of  faavdenmg  wins  If 
wire-drawing,  in  giving  them,  Ibr 
condnction,  tiietfaennoH 
snbatanoe.    Svanbeig  baa  diown  that  a  crfilsl 
of  one  metal  (of  bfsmadi  for  matsno^  or  of  aad- 
mony),  when  placed  in  a  drcnit  with  its  ciystil- 
line  axil  in  the  line  of  conduction,  and  ag>Bi  widi 
its  ciystalline  axis  perpendicular  to  the  fine  of  en- 
duction,  exhibits  the  difibrsnee  of  thenno  clfdrir 
quality  found  between  different  metals.     Plo- 
ibssor  W.  Thomson  has  found  that  metslB 
sulijf  eoted  to  stress  (that  ie  dOatnig; 
or  distorting  foroeX  experienea  alteaa 
theimo-ele^c  qualities  which  thegr  loaa  wlaa 
the  stress  is  removed;  that  wheo  the 
not  a  uniform  dilatation 
all  Erections,  the  akeratkm  of 
quality  is  diffisrent  for  difibrent  dueOhia  of  the 
line  of  conduction  (-and  that  with  a  aimpfesinv 
either  of  dHatafioa  or  of  oondnsalioD  parsliei  ft» 
one  line^  this  thermo-eleclrie  alteration  is  in  gBS- 
ral  of  oontcary  characters,  when  the  Bae  of  con- 
duction is  parallel,  and  wlien  it  is  perpeB&Hia> 
to  the-direction  of  stress.    He 
that  the  alteratfons  of 
disooveied  by  Bfagnas  are  oontmy  to 
which  would  be  fooad  by  patting  the  aaae 
wins  into  a^oifcnit  in  such  a  manner  as  to  have 
the"eleUiluity  copdaeted  throag^  tiiem  parpeadi- 
cultr  to  their  lengths;  and  ha  baa  kiveai%aaid 
allied  cydea  of  Uiermo-eleetrieeAela  prodaead  by 
various  modes  of  hardening  or  tampwiiig  metslBe 
pieces  of  varionshapea    ThuSt  he  finds  that  te 
thttmo-£leetilc'dftctof  hardeninga  malallie  wkv 
by^tnufflversebiiAtnieriiigt  is  the  aame  as  that  «f 
hacdening  4t  by  men  longitudinal  tanakm,  and 
ia  ^ontrai^r'to  the  Uwrmo-deetric  etflbet  of  har> 
deiiing  by:  ooroprnming  VingilndinaUy  a  Bids 
pniar,  or  bgrdilatfo^  laterally  a  alip,  of  tiiesaase 
meta^  wh6n  6i^1ength  of  the  wvb,  of  the  pBlar, 
and  oC  (3ie  «^Js  in^eadi  ease  taken  as  the  fine 
of  oondootioB,    He  liaa  found  dao  that  ai^gne* 
tieatson  dther  dnringor  anbsistiqg  after  tile ^p6- 
(Skixia  of  the  active  magnetiaing  foroa^  ahan  the 
thermo-dectric  quality  <xnnmagnetiaad  ]Rai,8tael, 
aadtiicbd ;  tkftt  the  alteratknis^  at  leaat  for  inn, 
of  a  contrary  diaracter  for  eondnction  akqg  and 
fov  eenduet^  acroas  tlw  lines  of  magnetic  ftiei 
or  of  magnetization;  and  that  the 
dteration  in  the  one  case  tasted  for 
is  for  conduction  along  the  fines  of 
force    is  contrary  in  diaractar  to  the 
experienced  in  the  conesponding 
in  txnL 
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Thermchdectnc  InoenioM  were   disoovered 
by  Camming  as  early  oa  1828,  but  have  attrac- 
ted little  attention  mitU  quite  recently;   and 
phenomena  of  this  claae  desCTibed  by  Beoquerel, 
have  been  either  denied   or   ezpMoed  away 
erroneoudy  by  various  writers.    The  original 
observations,  in  reality  worthy  of  perfect  con- 
fidenoe,  are  readily  verified  by  experiment,  and 
may  easily  be  ezliibited  in  a  strildng  manner  by 
the  aid  c£  any  ordinary  galvanometer  adapted 
for   illustrating   therroo-dectricity.     A    great 
nomber  of  new  cases  of  thermo-electric  inver- 
sion, at  ordinary  temperatures,  between  ordinary 
metals,  have  been  found  by  Prof.  W.  Thomson,  and 
the  tonperatures  of  neutrality  between  the  two 
metals  determined  in  many  of  the  cases.    Instead 
of  a  single  thermo-  electric  list  such  as  is  usually 
given  to  express  the  thermo-electric  relations  of 
different  metals,  he  gives  a  diagram  of  lines,  show- 
ing the  orders  in  which  they  lie  at  different  tem- 
peratures, and  the  temperatures  of  neutrality  for 
different  pairs.     The  table  on  the  preceding 
page  is  deduced  from  the  most  recent  edition 
of  that  diagram  (PhiL  TVofis.,  1856),  taken 
in  connection  with  other  experimental  results  by 
the  same  author  alluded  to  above,  and  with  an 
observation  on  the  thermo-electric  quality  of  cast 
iron  recently  communicated  to  him  by  Mr.  Joule. 
— The  relations  expressed  by  this  table  are  such, 
that  if  arcs  of  any  two  of  the  metals  be  put 
together  so  as  to  make  a  single  metallic  circuit, 
and  if  either  junction  be  slightly  varied  from  the 
temperature  to  which  any  column  belongs,  a  cur- 
rent will  flow  through  the  circuit  in  the  direc- 
tion from  the  metal  whose  name  stands  lower  in 
that  column,  across  the  warmer  junction,  into  the 
ottier  metaL 

(2.)  Thermo--€bfnafnio  J^Jations. — In  a  **  Me- 
chanical Theory  of  Thermo-electric  Currents," 
communicated  to  the  Royal  Society  of  Edin- 
burgh in  1861,  W.  Thomson  taking  up  a  hint 
thrown  out  by  Joule,*  that  the  cooling  effisct  dis- 
covered by  Peltier  as  produced  by  an  electric 
current  in  flowing  from  bismuth  to  antimony 
across  a  surface  of  contact,  is  to  be  regarded  as 
exhibiting  the  source  of  energy  drawn  upon  in  a 
thermo-electric  current,  in  a  circuit  of  these 
metals,  showed  that  by  using  Camot^s  principle 
as  modified  by  Clausius  and  himself,  in  connec- 
tion with  Joule's  law  of  the  mutual  convertibility 
of  heat  and  mechanical  power,  the  eneigy  of  a 
thermo-electric  currrait  may  be  distinctly  traced 
to  certain  absorptions  and  evolutions  of  heat  in 
different  parts  of  the  circuit  through  which  the 
current  passes.  According  to  Peltier*s  disooveiy 
there  is  essentially  an  absorption  of  heat  at  the 
warmer  junction,  and  an  evolution  of  heat  at  the 
colder  junction  when,  in  a  closed  drde  of  two 
metals  thermo -electrically  difibrent  from  one 
another,  the  two  junctions  are  maintained  at 

*  On  the  Calorific  Effects  of  Sfsftneto-Electricitr  and 
the  Mechanical  Valae  of  Heat.  J*ML  Mag.,  1848,  voL 
Juljr  to  Doc. 
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slightly  different  temperatnresL    IftothisdKefmsl 
agency  alone  is  to  be  attributed  the  energy  of  the 
current,  the  quantities  of  heat  abaoitcd  at  ti» 
warmer  junction  must  exceed  that  evolved  at  the 
cooler  junction,  by  an  amount  eqnivalent 
to  the  work  of  any  kind  whether  thermal, 
cal,  or  common  mechanical  (weights  taisedX 
which  the  current  performs.    Bat  if  this  snppoB* 
tion  were  true,  St  would  result  as  a  cuMiequeBB^ 
that  the  electro-motive  force  in  a  tfaenaoo-ek^ne 
pair  would  follow  the  same  law  of  Tariatian  vitk 
the  difiieroice  of  temperatures  of  the  two  jnnrtJBw 
for  all  pairs  of  metida, — ^would  be  in  foct  ainfiv 
proportional  to  thdr  difierenee  of  teroperstoRs  «a 
the  absolute  thermo-dynamic  scale  for  e^tJimtwg 
temperature  recently  propoeed  by  the  andur  is 
conjunction  with  Mr.  Joule,*  and  demanstntad 
(by  their  experiments  on  the  thermal  eAeeti  of 
forcing  air  tlirough  porous  plugs)  to  agree  veir 
closdy  with  the  ordinary  standard  of  tiie  sir 
thermometer.    Now  many  experimenters  have 
found  that  the  electro-motive  force  in   sobs 
thermo-electric  pairs  increases  more  and  nuie, 
and  in  others  increases  less  and  less,  with  et^ 
additions  to  the  temperature  of  tlie  hoc  jose- 
tion ;  and  the  mere  feet  of  thermo-deetrie  b- 
version  occurring  between  any  two  metals  ii 
a  fflgnal  violation  of  any  each  law  as  that 
of  a  simple  proportionality  of  dectio-motivs 
force  to  difference  of  temperatures,  or  ef 
law  whatever  of  dependence   on 
alone,  common  to   all  thermo -dectric 
Hence  it  was  concluded  that  the  Pdtia 
(heating  or  cooling  by  a  conrent  in  croseii^^  tlie 
snrfeoe  of  contact  between  two  metals)  eaoMt  be 
the  sole  origin  of  the  energy  of  a  themo-deetik 
current   Mr.  Thomson  was  thus  led  from  theme- 
electric  facts  by  thermo-dynamic  tlieory,  to  tibs 
discovery  of  the  electric  convection  of  liaft,  which 
he  has  since  amply  confirmed  by  direct  expoi- 
ment.    The  first  metals  in  whidi  lie  looted  fr 
this  effect  were  iron  and  copper,  tlie  foet  of  the 
thermo-electric  inversion  between  them  disoovcnd 
by  Cumming  having  afforded  groond  ftr  dtt 
theoretical  conduskm  that  there  moat  be  a  v«y 
sensible  dijirence  between  the  oooveetiQiis  hi 
those  two  metals.    The  oondosion  was  veriM: 
— ^in  the  least  expected  of  all  the  po88ihlewi^(cf 
which  three  were  indicated).    The  direct  experi- 
ments actually  showed  that,  in  an  iron  eondadBr 
kept  hot  in  its  middle  and  oool  at  its  cods, 
electridty  (the  "  vitreous**  being  nomhul^  ''poii- 
tive**)  flowing  from  hot  to  ooU  prodaces  a  codBy 
effect,  and  hi  a  copper  conductor  similaify  dr^ 
cumstanced,  electridty  flowing  from  kol  to  cstf 
produces  a  heatmg  effect    "Hie  pheaomspsa  ia 
iron  is  exactly  such  as  might  be  expected  iT 
resinous  dectridty  were  a  JtM^  and  vitieoa 
dectrification  a  defidency  of  the  natond  qiiamsM, 
while  the  phenomenon  in  copper  is  soch  aa  wosM 
be  expected  if;  with  FranUin,  we  gave 

*  Pkiktophkai  Tnuacthm,  June  1688  and  Ji 
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electricity  the  podtlTe  character  and  considered 
rainoQS  electricity  as  less  than  nothing !  Direct 
experiments  on  platinum  and  brass  have  given 
further  confirmations  of  the  theory.  An  examina- 
tion of  the  results  of  experiments  on  thermo- 
electric inversions,  represented  graphically  in  the 
diagram  alluded  to  above,  taken  along  with 
thorn  direct  experiments  on  convection,  have 
led  to  the  conclusions  collected  in  the  tbllowing 
table  (see  Appendix,  p.  880),  in  which  the  differ- 
ent metals  are  arranged  in  order  of  the  amomiM 
qf  the  tkctric  convection  qf  heat  which  they  ex- 
perience, or  in  the  order  of  the  values  of  **  the 
specific  heat  of  electricity  in  them.** 

(3.)  Mathematical  Theory  (Part  vL  of  "<  Dyna- 
mical Theory  of  Heat,'*  Trans.  Roy,  8oc^  Ed., 
and  PhiL  Mag.^  voL  Jan.  to  June,  1856.) — In 
this  paper  the  mechanical  theory  of  thermo-deo- 
trie  currents  in  linear  conductors  of  non-crystal- 
line substance,  first  communicated  December  15, 
1851,  is  extended  to  solids  of  any  form  and  of 
Giystalline  substance. — It  is  first  proved,  that  if 
a  solid  be  such  that  bars  cut  from  it  in  differeot 
directions  have  difierent  thermo-electric  powers 
relatively  to  one  another,  or  to  other  linear 
^oodnctors,  forming  part  of  a  circuit,  there  must, 
Ssr  every  bar  cut  from  it,  except  in  certain  par- 
scalar  directions  (principal  theimo-electric  axes), 
be  a  new  thermo-electric  quality,  of  a  kind  quite 
distinct  finom  any  hitherto  known ;  giving  rise  to 
A  reciprocal  thermo-dynamic  action,  which  con- 
alsts  of  a  differtnct  m  temperature  mainiained 
by  foeroes  ^f  heat  and  cotd,  at  the  tidee  ^ 
the  bar  cauriny  a  current  to  fiovo  longitudUtaffy, 
when  Ae  two  ende,  being  at  t/te  same  tern- 
g/erature,  are  connected  by  a  taUforndg  heated 
conductor;  and  a  current  Arough  Ae  bar  causmg 
an  abeorptionandevobition  qfheai  at  ite  two  tides, 
when  tkeseare  h^  at  the  same  tenq>erature, — ^The 
most  general  conceivable  thenno- electric  relations 
Oil  a  ciystalline  solid,  or  body  possessing,  indue- 
tivdy  or  stmcturslly,  Afferent  physical  proper- 
ties in  difierent  directions,  are  next  examined. 
It  is  shown  how  a  metallic  structure  may  be 
actoally  made  up  of  pieces  of  difierent  non-ciye- 
teHine  metals,  which,  taken  on  a  Urge  scale, 
compared  with  the  dimenstons  of  the  heteroge* 
oeoos  elements  of  which  it  is  composed,  win  be 
Iband  to  exhibit  the  most  general  type  of  ther- 
mo-electric directional  relations  indicated  by  the 
abstract  mvestigation ;  and  it  is  inferred  that  it 
would  be  wrong  to  limit  the  general  expressions 
by  any  particular  assumption,  even  if  we  only 
iUioover  simpler  types  of  thermo-electric  relations 
in  natural  crystals. 

(4.)  Ten^orary  Thermo-electric  t^edt  Conss- 
quent  upon  Rapid  Changes  of  Temperature, — AH 
the  thermo-electric  efiiscts  referred  to  above  are 
peraianent,  as  long  as  the  difflarenoes  of  tempersr 
toze  in  difierent  localities  of  the  oonductors  aie 
nudntained.  There  is  another  class  of  thermo- 
electric effects  in  metals,  of  which  only  a  Ibw  vukaniaed  india  rubber  is  stretched  by  a  weight 
inlated  fiicts  an  yet  known.    Thus,  for  in- 1  which  doubles  its  length,  an  elevation  of  iu 
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stance,  if  two  ends  of  a  copper  wire,  one  first 
heated,  and  the  other  kept  cod,  be  suddenly  put 
in  contact,  a  current  sets  and  flows  for  a  very 
short  time  through  the  drcult  thus  formed  in  the 
direction  from  the  cold  end  across  the  surface  of 
contact  to  the  hot  end.  The  same  phenomenon  is 
observed  with  wires  ofGerman  rtlver,  pure  Silver, 
and  Tin.  The  reverse  is  observed  with  wires  of 
Platinum,  Qold,  Cadmium,  Brass,  Silver  aUo^ed 
with  25  per  cent  of  copper,  and  Lead ;  and  «4th 
liquid  mercury  contained  in  glass  tubte^  -^Mttg* 
Rttf,  Poggend.,  Ann,,  Aug.,  185 1. 

(5.)  AppUcatUm  to  the  ifiitnuf^emeid  ^  Ttm^ 
peraturc-^By  connecting  the  fi^  ends  at  a 
thermo-eleetTic  arrangement  with  a  gdvaaiK 
meter,  the  deflections  of  the  latter- tnay  be  used 
to  determine -the  difference -of  the  temperataree  ef 
the  Junttions*  The  instmmeiit  generally'  eiil<* 
ployed  Is  the  invention  of  Oimn^og,  iiriptfoved 
by  Nobili  by  the  intraduetioa  ef  astette  needBea 
By  placing  it  In  theTacuUttiof  analr^mp^aDd 
diminishbg  the  action  of  the  earth*s  magnetisia 
by  an  adjacent  steel  magnet;  Mr.  Jotde  has  in- 
creased its  aemibflity  80  tt^  as  to  indicate^  by 
means  of  a  singte  JuAciibn  of  Msmeth-  and  anti- 
mony, a  change  of  teifiperatuie  amoundbg  to  no 
more  than  one  thousandth  part  of  a  diigree  centi- 
grade. The  thermo-multiplier  was  applied  by 
Melloni  to  prove  the  instantaneous  transihisBion 
of  heat  through  glass  and  other  bodies,  aod  led 
him  to  the  disooverv  of  the  extraordinary  thermal 
transparency  of  rock-siflt.  It  also  enabled  Forbes 
to  demonstrate  the  polarisation  of  heat,  which 
had  been  unsnooessftilly  attempted  irith  ordinaiy 
thermometers.  Besides  the  extreme  sensibility 
of  the  thermo-multiplier,  the  fineness  of  the 
wires  used  for  the  Junction  sllows  it  to  be  em- 
ploy^ where  an  ordinary  thermometer  would  be 
unavailable.  Thus  It  has  been  applied,  without 
danu^pe  or  serious  inconveniences  to  the  measuie- 
ment  of  the  temperature' of  the  muscles  of  the  liv- 
ing human  body.  Recently  Also  it  has  been  suo- 
oessfiiUy  employed  by  Mr.  Joule  in  confirming 
the  deductions  of  Professor  Thomson's  theoky  of 
the  theimal  eff'ects  of  stretching  sdld  bodies.  A 
single  Junction  placed  in  contact  with  a  rod 
dther  of  gutta  pereha,  iron,  copper,  or  lead,  indi- 
cated a  cooling  efliBCt  whenever  the  rod  was 
stretched,  and  a  heating  efl^  oix  the  removal 
of  the  stretching  weighL  the  quantitative  effect 
being  strictly  conformable  with  the  theoiy.  A 
result  even  more  interesting  was  observed  hy 
him  in  the  case  of  vulcanised  India  rubber.  This 
material  was  found  to  be  heated  by  stretching 
and  to  be  cooled  when  the  weight  was  removed 
— a  result  which  in  Professor  Thomson's  theory 
could  only  be  accounted  for  by  the  supposition 
that  the  application  of  heat  shortens  vulcanised 
india  rubber  stretched  by  a  weight  Accordingly, 
on  making  the  experiment,  Mr.  Joule  found 
tills  was  tiie  actual  (act,  and  that  if  a  strip  of 
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tamiMratun  by  50°  ceot  ahoiteDs  it  bj  as  much 
as  0116-tsnth  of  its  wIm^  loogth. 

ThcMMf  If iigMi iilam.     (1.)  EipenmaUal 
/^oeCt— Gilbert  found  tkat  if  s  pieee  of  soa  iron 
bstween  the  poies  of  a  magnet  be  laiaedto  a  bright 
red  iieat,  it  loses  all  its  ordinary  indicatioDS  of 
magnetiBm,  and  it  only  retains  (Faraday,  Exp. 
JSat.,  2344—8847),  sUgbt  traces  of  the  para- 
magnede  inductive  ohancter.    Nickel  loses  its 
magnetk  inductive  capacity  very  rapidly  as  its 
teanperatare  riees  about  635"  Fahr.,  and  has 
very  little  left  at  the  tempenitare  of  boiling  oiL 
Cobalt  loses  itBindoetiye  capacity  at  a  iar  l%her 
temperature  than  that  of  either,  near  the  melting 
point  of  copper.    Of  the  three  metab,  hon  re- 
mafais  neariy  constant,  nidcd  falls  gradnally, 
and  O06a&  aotea%  ritet  in  indnctiTe  capacity,  as 
the  tempentove  is  raised  from  0°  to  SOO'^  Fahr. 
(Faraday,  Ej^  JSet.,  3426 ;  FUL  2Vaas^  Kov. 
1855).   CdMlt,  of  couse,  must  have  a  maximum 
indoctive  capad^  at  some  temperatorB  inter- 
mediate between  800°  Fahr.  and  the  tenpera- 
tore  of  melting  copper.    Giyatals,  when  their 
tempentnres  are  raised,  have  tiieir  magnrtic  in- 
doctive capacities  in  diffisrent  direotiDns  of  the 
crystalline  sabstance  rendered  leas  oneqnal,  and, 
in  general,  to  a  very  marlted  degree.    Thns 
Faraday  found  the  difierenoe  of  inductive  capa- 
cities in  difibrent  directkos  in  a  ctystalof  biemuth 
(a  diamagnetic  crjstal)  reduced  to  las  than  half 
when  the  temperature  was  raised  fieom  100°  to 
280°.   In  cariMoate  of  iron  (a  paramagnetic  ciya- 
tal)  (he  difibrence  of  faiductive  capadtiBs  in  differ- 
ent directioos  was  reduced  to  one-third  when  the 
temperature  was  raised  from  70°  to  289°  Fahr., 
and  was  tripled  when  the  temperature  was  again 
brought  down  to  70°  (Eap.  iSn.,  3400  and  3411.) 
(2.)  2'ilcfwio-/>yiiam»ci2e{a<ibm.--The  theory 
of  the  mutual  eonvertibility  of  heat  and  media- 
flical  work  in  reversible  operations  (ThomsoD,  £^- 
naadoai  Theory  qf  Seat^  §§  11,  12,  13,  20,  and 
101),  when  applied  to  these  phenomena,  proves — 
1.  That  apieoeofsoftiron  at  a  modeprate  or  km 
red  heat,  when  drawn  gently  away  from  a  mag^ 
net,  esperieDces  a  cool&g  effect ;  and  when  ai- 
lowed  to  approach  a  magnet  experiences  a  heat- 
ing eflfect ;  that  nickel  at  ordinary  temperatures, 
axid  oobalt  at  high  temperatures,  within  some  de- 
finite range  below  that  of  melting  copper,  ex- 
perience tibe  same  kind  of  efiects  when  subjected 
to  sfanilar  magnetic  operations.    2.  That  co- 
balt at  ordhiary  atmospheric  temperatures,  and 
at  all  temperatures  upwards  to  its  tempera- 
ture of  maximum  inductive  capadty,  experi- 
ences a  cooling  effect  when  sjlowed  to  ap- 
proach a  magnet  siowlji  "iid  a  heating  effiict 
iriien  drawn  away.    3.  That  a  crystal  in  a  mag- 
netic field  experiences  a  coding  efitet  when  its 
axis  <tf  greatest  paramagnetic  or  of  least  diamag- 
netic inductive  capadty  is  tamed  round  from  a 
position  along  to  a  podtion  across  the  lines  of 
force,  and  a  heating  efiect  iHien  sncb  a  motion 
isre\'erBed. 
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TheiiaMeSag.     One  of  the  three 
menti,  on  the  indicatkxna  of  vriiidi  meteordogied 
sdenoe  reposes. — ^There  is  no  diificahy  in  flniKag 
an  instrument  to  indicate  that  the  medhna  anid 
which  it  is  remains  at  a  certain  fixed  point,  or 
has  ascended  or  descended  to  some  other  fixed 
point,  indicated  i>y  the  co-presence  of  some  pfy- 
dcd  event;  but  it  is  not  an  easy  aciiiereraeBl  to 
readi  the  power  of  saying  that  certdn  disaga 
of  state  have  been  accompanied  by  pfoportknd 
changes  as  to  beat   The  indicatioo  of  diaqge  ai 
to  temperature  nsuaUy  adopted  aa  a  raeasne.  h 
the  dilation  or  expanaioa  of  some  fixed  snfastaBfiei 
that  may  be  Air^  or  Aieokol,  or  Aferemj.   A 
g:iven  quantiiy,  let  ns  say  of  mercnry,  wili  dwsfs 
dilate  or  expand  a  certain  proportion,  with  the 
same  addition  of  Heat ;  but  it  is  not  trae  Is 
say  that  the  same  increment  of  Heat  newsrily 
produces  the  same  dilate tiop,  whatever  be  tkie 
temperature  of  the  mercuiy  to  which  that  inem- 
ment  has  been  applied    DOatatioDa  of  tins  kind 
aocnratdy  measnred,  certainly  enable  na  to  a»> 
certain  that  we  have  reached  the 
or  rather  the  aame  step,  in  the  advance  ef 
peratnre:  they  do  not  indicate  anything  Ivthar. 
An  o&foAils  thermometer  must  start  fivm  an  ab- 
solute sero;  and  starting  fkom  the  zero,  the  Hs- 
dfitn  Dynamicsl  Theory  of  Heat  fnnnsbes  pRh 
podtioDS  on  wbidi  a  stale  mi^  be  owirtniilsd 
so  that  it  be  an  absolute  measure.   For  instaBei^ 
with  regard  to  an  Air  Thermometer,  the  abso- 
lute sero^  or  the  aero  of  gaseous  tcndosi,  is,  ae- 
cordmgtoRudbeig,— 461^ofFahreolMiL  Cem- 
mendng  to  reckon  at  that  point,  we  may  slate 
the  fdfewing  propodtkiB8.--<L)  When  sir  ii 
compressed  or  dilated,  the  abedote  terapentoR 
varies  as  the  cube  root  of  the  deaaty ;  aad  the 
tendon,  as  the  fimrth  power  of  the  ahsnlotr  teih 
peratnre^  or  the  cube  root  of  the  Ibaxth  ponpsr  of 
the  dend^.— ^2.)  The  mechanical  Ibroe  exerted 
l^  a  given  quantity  of  air  while  expapdiaig  from 
one  densi^to  anoUier,  is  proportional  to  the  dlF- 
Ibrenoe  of  the  cube  roots  of  their  densitiea,  er  ts 
the  difierenoe  of«  their  absdute 
hence  the  fidl  of  temperature  ia 
to  the  force  expended.— (3.)  The 
force  exerted  iq»n  a  given  quantity  of  air  while 
expanding  from  one  density  to  another,  is  pv»- 
portional  to  the  ^fference  of  the  cube  roots  ef 
their  dendties,  or  to  the  difference  of  their  abso- 
lute temperatures :  heooe  the  rise  of  tempentsre 
is  proportional  to  the  force  exerted. — (4.)  The 
total  mechanicd  force  exerted  by  a  vofanae  of  dr 
of  a  given  tendon  whQe  expanding  indrilBltfty, 
is  equd  to  that  tension  through  tluee  times  the 
vdunie.— ^5.)  The  total  mechanical  foree  exerted 
by  a  volume  of  air  while  expanding  fnAiflwlidy, 
is  proportional  to  its  absdute  tsmperatare.— (C  ) 
A  given  quantity  of  air  while  expaufingaadar  a 
constant  pressure  from  one  temperatnro  to  sBOiha; 
exerts  amedianicd  force  equivalent  tooBe-tkhfi 
the  diffirenoe  of  tempermture;  and  tin quanldT 
of  heat  required  to  change  the  tempcntuie  dar 
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ander  •  oonstant  preasura  is  four-thirds  of  that 
required  to  eifect  the  same  change  of  temperature 
onder  a  constant  Tolame. — Aa  will  be  readily  hi- 
fecred,  no  thermometers  whose  scales  indicate  the 
eqoal  dilatations  of  two  different  substances  are 
exactly  oompaiabfe.  Between  the  air  thermo- 
meter and  the  merenrial  thermometer,  (within 
Che  range  included  by  the  fteezing  and  boilfaig 
paints  of  water,  or  0°  and  100°  Centigrade,)  there 
is  a  marked  difference.  This  difltaime,  accord- 
ing to  B^gnault's  obsenration,  and  those  of  Dn~ 
bog  and  Petit,  may  be  expressed  by  the  fbUowhig 
fannnla:^ 


Tm  = 


B.T- 


A— T  C*  O 


where  t«  Is  the  temperature  by  the  mercurial 
thermometer,  t«  the  temperature  by  the  air  ther- 
mometer, and  A,  B,  c,  D  as  follows. 

kg  B  =  8-7145728 
kg  o*  =  6*48803 
logo  =0-78587 

For  Anther  elucidation  of  this  important  sulh- 
ject,  see  a  memoir  hy  Mr.  Waterston,  in  the 
PkUo$opkiBtd  TrantaeHons  for  1868.— Passing, 
however,  (Whb  these  purely  theoretical  consider^ 
ationa,  w«  shall  lay  down  such  practleal  rules 
suid  illnstntions  as  are  needful  fbr  the  construo- 
tioo  and  eomparison  of  thermometers  as  we  usuaUy 
find  them.  These  have  been  embodied  in  an  ex- 
oeHent  report  by  Mr.  Welsh  of  Kew  Observatory; 
smd  may  be  divided  into  two  heads. 

L  Gbbbkal  Rules  ahd  PBAcncn. — *^The 
plan  of  eperatioDS  hitherto  adopted  has  been  that 
proposed  by  M.  B^gnault,  and  consists  essentially 
of  the  foUowhig  steps:— 1st,  CalibratioB  of  the 
tube:  td,  GraduatioB  of  the  scale:  and,8d,  The 
detenninatira  of  the  scale  co-efiicients. 

*«  1.  CaUhratioiL^Atuhe  having  been  selected 
as  beiiig  tolershly  fine  from  all  visible  defbcts,  a 
ahort  cdomn  of  mercury,  generally  less  than  one 
inch  in  length,  is  introduced.  The  tube  is  then 
attached  to  tlie  frame  of  Perreanx*s  dividing 
angin^  and  by  means  of  flexible  tubing  is  put  in 
eonmeetiiM  at  both  ends  with  India  rubber  bags, 
the  pressure  upon  which  can  be  regulated  by 
means  of  scsews.  The  mercury  is  then  brought 
to  the  part  of  die  tube  where  the  gradnation  is 
proposed  to  commence.  The  cutting  frame  of  the 
OBgiae  carries  also  a  small  microscope  with  cross 
wfres  in  its  focus;  on  turning  the  dividing  screw, 
the  mieroscope  wirs  is  brought  to  cofaicUe  with 
the  fbet  end  of  tlie  mercury,  and  the  screw  Is  then 
tamed  trward  untfl  the  wire  reaches  the  second 
aad;  the  length  of  the  column  is  thus  given  in 
revelations  of  the  screw.  By  means  of  the  India 
mbber  bags,  the  mercury  Is  made  to  move  ahmg 
the  tabe  until  the  flnt  end  coincides  again  with 
themScroeoope  wire ;  the  length  of  the  column  Is 
again  measured,  and  the  mercury  again  moved 
forward ;  the  same  process  bdng  repeated  until 
the  colunm  has  been  measured  Ibr  each  length  of 
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itself  through  the  whole  extent  of  the  proposed 
scale.  Permanent  marlcs  are  made  on  the  gUua 
at  the  points  of  commencement  and  ending  of  the 
calibration.  If  the  progress  of  the  numbers  shows 
any  considerable  Irre^^cdarity  in  the  tube,  and  as 
a  verification  of  the  firat  set  of  messurss,  it  is  well 
to  repeat  the  calitiratlon,  commencing  in  this  case 
at  a  point  one-half  the  length  of  the  column  in 
advance  of  the  original  starting  point  A  series 
of  measures  interpolated  from  the  two  sets  may 
then  be  adopted.  Some  experience  is  necessary 
In  order  to  bring  with  facility  the  end  of  the  mer- 
cury exacdy  to  the  wire  of' the  microscope;  but 
when  care  is  taken  to  use  very  pure  mercury  and 
dean  tubes,  tlie  operation  can  generally,  after  a 
little  trouble,  be  accomplished  with  mudi  accu- 
racy. M.  Kl^auU  recommends  that  the  mo- 
tion of  the  mercury  should  be  rsgalated  by 
the  breath,  a  drying  substance  being  Interposed 
to  prevent  moisture  entering  the  tube.  This 
method  was  employed  ibr  some  of  the  first  in- 
struments made  at  Kew,  but  was  abandoned  in 
finroar  of  Ae  dastic  bags. 

"2.  ^SWidiia/MMi.— The  measured  lengths  of  the 
column  of  mercury  in  its  successive  steps  along 
the  tube  correspond  to  equal  rolames.  Assuming 
that  thecaUbrs  of  the  tube  does  not  vary  through- 
out Ae  small  length  of  the  calibrating  column,  if 
we  divide  the  spaces  occupied  soceessivdy  by  the 
mercury  into  an  equal  number  of  parts,  it  is  evi- 
dent tiiat  the  divisions  will  represent  the  same 
eapadty^  although  they  may  be  of  very  diflbrsat 
Imgtht,  Befbre  making  the  tube  into  a  therm<H 
meter,  the  divisions  of  the  scale  may  be  verified 
by  Introducing  a  longer  column  of  mercury,  aad 
examining  wl^ther  &  column  occupies  an  equal 
number  of  divisions  hi  diflbrent  parts  of  the  sade. 
If  there  should  be  any  irregulsrity,  a  table  of 
corrections  may  readily  be  formed.  It  will  gen- 
erally be  fbond,  however,  that  If  the  opemtions 
have  been  performed  with  care,  and  the  tube  Is 
not  very  fiinlty,  no  correction  will  be  neeessacy. 
The  divisions  are  cut  with  a  fine  needle  point 
upon  a  ooating  of  engravers*  vamish,  and  after- 
wards etched  with  fiuoric  add.  The  reqadred  di- 
mensions of  the  bulb  may  be  found  approximatdy 
by  wdgfaing  a  measured  length  of  the  msrcuBial 
column,  and  fkom  theknown  expansion  of  mercury 
and  its  spedfic  gravity  computing  the  eapadty  of 
the  bulb. 

*<  8.  £>efennMaeJoa  ofikB  Book  Co-^gkimL^ 
The  thermometer  having  l>een  filled  with  mer- 
cury, we  have  an  instmaient  the  divisions  of 
whose  scale  represent  equal  increments  of  the 
volume  of  the  fluid,  but  are  entirely  of  an  arbi- 
trary value.  If  ixm-  we  determine  the  points  of 
the  soak  at  which  the  mercury  stands  in  freesing 
and  boiling  water,  we  can  immediatdy  convert 
the  arbitrary  scale  readings  Into  dcgrses  of  the 
ordinary  scale  sof  temperature.  If  a  be  the  scale 
reading  fbr  the  fVeesing  point,  and  5  that  for  the 
boiling  point,  the  temperature  by  Fahrenhdt's 
^cak  corresponding  to  any  reading 
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180'  +  32* 


rhe  ftneasing  pdot  is  detenntned  by  placing  the 
thermometer  in  finely  poimded  ioe,  from  which 
the  water  ib  dnuned  off  aa  it  melta.  The  boiling 
point  ia  aaoertained  by  the  form  of  apparatoa 
employed  by  M.  Regnanlt;  the  tempenitiire  ob- 
aenred  ia  that  of  ateam,  whoae  elaatidty  ia  the 
aame  aa  that  of  the  atmosphere.  A  amall  siphon 
water  gauge  oommonicating  with  the  interior  of 
the  vessel  gives  notice  to  the  observer  when  the 
ebollition  &  being  carried  on  too  rapidly.  The 
steam  ia  generated  firam  distiUed  water.  The 
height  of  the  barometer  is  observed  at  the  time 
of  the  experiment,  and  the  correction  to  a  uni- 
form height  of  80  inches  (rednced  to  82*0  ia 
(bond  from  R^gnault's  table.  In  detennining  the 
fixed  points,  the  stems  of  the  thermometera  are 
kept  vertical ;  if  the  sobseqnent  oompaiisona  with 
other  instmmenta  are  made  in  the  same  position, 
no  error  will  ariae  from  the  expansion  of  the  bnlb 
caused  by  the  pressure  of  the  column  of  mercury. 
If;  however,  the  thermometers  are  intended  to  be 
used  in  any  other  than  a  vertical  pomtion,  it  be- 
oomea  necessary  to  detennine  the  fixed  points  also 
in  a  horizontal  position. — In  accordance  with  the 
plan  here  sketched,  fifteen  thermometers  have 
been  completed  with  arbitrary  scales.  About 
thirty  mora  tubes  have  been  calibrated,  and  the 
bulbs  attached  and  filled,  but  the  scales  not  yet 
divided.  The  principal  object  in  graduating  the 
tube  with  an  arbitrary  scale  is  the  convei&nee 
It  afibrds  of  testing  the  divisions  before  it  is  con- 
verted into  a  thermometer.  It  is'  now  proposed 
to  divide  the  scale  at  once  into  Fahrenheit  de- 
grees after  the  thermomet^  has  been  made,  and 
to  test  the  accuracy  of  the  divisions  afterwards 
by  detaching  a  portion  of  the  mercurial  column 
and  making  it  move  along  the  tube.  If  the  scale 
should  not  then  be  fbund  correct,  a  table  of  its 
errors  can  be  fbrmed  and  furnished  with  the  in- 
atrument,  or  the  thermometer  rejected.  The  scales 
of  these  thirty  thermometers  have  not  yet  been 
proceeded  with,  as  it  is  desirable,  before  doing  so, 
to  allow  the  fireezing  point  to  have  attained  a 
permanent  position.  A  few  divisions  have  been 
cut  on  the  tubes  near  the  freezing  point,  and  the 
reading  with  reference  to  the  short  arbitrary  scale 
taken  team  time  to  time  in  melting  ice.  The 
period  elapsed  since  the  construction  of  the  ther- 
mometers has  been  too  short  to  afford  as  yet  much 
informatfon  aa  to  the  probable  oonatancy  of  the 
freezing  points.  They  have,  however,  already 
shown  generally  a  tendency  to  rise,  in  some  cases 
to  the  extent  of  nearly  0°*8  Fahr.,  but  in  most  of 
them  it  does  not  ret  exceed  0^*1  or  0^*2.  Another 
peculiarity  in  connection  with  the  fireezing  point 
has  shown  itself  in  almost  all  the  thennraneters 
yet  tried.  After  a  thermometer  has  been  exposed 
for  some  weeks  to  the  ordinary  temperature  of 
the  air,  if  its  fineeztng  point  be  ascertained,  and 
it  be  Uien  suddenly  exposed  for  a  short  time  to 
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the  tanperafaire  of  boiling  water,  and  a^sia  ka- 
mediatdy  placed  in  ioe,  it  ia  fomiii  that  the  latter 
determination  of  the  fireezing  point  will  be  isav 
than  the  former  by  a  very  appreciahle  aoMnit, 
generally  between  OM  and  0^-2  Fahr.  The 
fireezing  point  does  not  recover  its  pievioas  poa- 
tion  fat  some  time^  probably  two  or  three  vvfa. 
This  peculiar  diq>lacement  of  the  fiaeiing  poiat 
has  been  found  to  take  place  also  in  tiie  casecf 
a  atandard  by  TVoughton  and  Simms  *"A*yiy 
to  the  Boyal  Society.  The  fireeaqg  point  if  tUi 
instniment,  before  beiogiaiaed  to  the  tempqatt 
of  bcnling  water,  was  82-25,  afterwards  It  hsd 
fiiUen  to  32-15.  Tlusdnplaeementof  thefteenag 
point  has  been  remariced  by  Mr.  Sbeepahai^  ia 
the  course  of  his  experiments  on  atai^aid  thv- 
mometers.  From  the  experiments  now  in  pn^ 
gress,  it  is  to  be  hoped  that,  after  a  time,  tent 
approxinuition  may  be  made  to  the  lava  cf 
these  perplexing  phenomena. —  The  aiyaiaUg 
employed  for  comparing  the  indieatioos  of  &- 
ferent  thermometers,  eonsists  of  a  cyfindrical  ^bm 
vase  fifteen  indies  deep  and  8^  iBches  in  diaiMtff, 
— a  stand  for  supporting  the  tliennoaMfeecs  ander 
comparison,  and  a  means  of  agitating  the  wats 
in  auch  a  way  as  oompletdy  to  aaalaiflale  the 
temperature  throughout  the  vessd.  The  ataad 
for  the  thermometer  is  a  vertical  red,  aapportad 
by  a  email  tripod  resting  on  the  bottoos  ef  tht 
vase.  The  thermometen  are  aospeaded  fim 
hooks  sliding  on  this  rod,  and  a^ioetablB  to  azir 
hdght;  they  are  arranged,  with  tiicir  biAa  at 
the  same  height  in  a  ctrale  three  inehca  dxaaetBr 
roond  the  rod,  and  kept  fixed  with  —««^«f 
firmness  below  by  bdng  aHmpptd  with  dane 
bands  against  a  projecting  six-raiyed  fiame  at- 
tached to  the  supporting  rod.  Six  tfaennametBa 
of  almost  any  form  and  length  can  thus  he  csb»- 
pared  at  once.  The  agitator  is  a  fiat  riqg  rf 
tinned  iron,  about  two  inches  broad,  Atttqg  caahr 
within  the  vase,  and  connected  by  fomr  ^k 
rods  with  a  similar  ring  at  top,  wfaichaerresasa 
handle.  A  packing  of  India  rubber  is  placed  en 
the  outer  rim  of  the  plunger  to  prevent  jani^g 
against  the  glass.  The  flat  tinting  is  cat  hdf 
across  at  several  places,  and  the  tomea  beat  la 
varioos  waya,  so  that  when  moved  upwards  and 
downwards  the  water  ia  driven  in  att  dhedioBa 
The  dimensions  of  the  agitator  are  ao  atias^jsJ, 
that  no  part  of  it  can  poasibly  toocfa  the  ther- 
mometers wlien  in  operation.  The  vase,  coolaiB- 
faig  water,  the  stand  with  thennomelen,  and  the 
agitator,  k  mounted  upon  a  wooden  lefulri^g 
stand.  The  depth  of  water  in  the  vaae  is  always 
sufildent  to  include  the  wbde  of  the  coliBBn'ef 
mercury,  the  scales  being  obeerved  through  th» 
water.  In  takhig  the  observaticsis,  the  ( 
after  agitathug  the  water  briskly  fbr 
turns  the  revolving  stand  tall  eadi 
brought  successively  opposite  to  his  ^c, 
off  the  scales  aa  quickly  as  possible  ta  aa 
ant,  who  writea  down  the  nnmbeca.  Pieossi- 
log  in  this  way,  it  ia  found  that  bI^l 
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be  read  off  and  recorded  easily  In  tirentv 
It  is  of  comse  desirable  to  make  more 
xhmn  one  set  of  readings  finr  each  temperatare ; 
and  in  order  to  avoid  as  mnch  as  possible  the 
changes  which  may  occur  during  the  reading  off« 
It  is  wen  to  reverse  the  order  of  observing  the 
iostrmaents,  that  is,  to  read  them  alternately  In 
the  order  one  to  six,  and  six  to  one. — The  IbUow- 
ing  table  contains  the  icsalts  of  comparisons  of 
■ix  tiMraiomelen,  and  wiO  show  tlie  aoenracy 
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which  may  be  obtained  by  the  method  of  com- 
parison just  described ;  it  wtU  also  exhibit  the 
accordance  in  the  indications  of  instmments 
graduated  according  to  Regnaoh's  process.  Each 
rasolt  is  the  mean  of  six  comparisons.  No  op- 
tical assistance  was  need  m  readhigoff  the  scales. 
The  ftcezing  points  of  all  the  instmments  were 
determined  on  the  same  day,  after  the  compari- 
sons were  made. 


Tablb  I. 

RetuUt  of  CoH^pantom  ofvantma  Thermometen^  March  19,  1852. 


Standard  ThernHnnetem 


KewN&4. 


Ob. 
served 
temp^- 
rrntnie^ 


Dift 

fkxm 

mean  of 


88*69 
46«06 
49*96 
86-88 
6(H)7 
66-89 
69-93 
74-69 
80-08 
86-80 
90-60 
96-29 
101-78 
109^1 


ards. 


Kew  No.  14 


Ob- 
■erred 
tempe- 
rature. 


FastTdSSl 
(Regiiaolt). 


Did: 

ftnom 

mean  of 

■tand- 

ardSL 


-0-02 
+0-01 

0.00 

M)-02 

+0-01 

1—001 

0-00 

0-CO 
+0-08 
—0  01 

0-00 
+0-04 
+0-01 
•fO-06 


88-78 
46  08 
49-97 
66-86 
60-06 
66-89 
69-92 
74-68 
80-08 
86  80 
90*49 
96-28 
101-76 
109-11 


Ob. 
ferrcd 

tempe- 
rature. 


+  002 

M)01 

+0-01 

000 

0-00 

—0-01 

-0-01 

—0-01 

—003 

—0-01 

—0-01 

—002 

—0-01 

—0-06 


IMIt 
flrom 
mean  of 
stand- 
ards 


Tempo  • 
ratore 

flrom 

mean  of 

stand 

ards. 


88-72 
46-08 
49-96 
66-87 
60-06 
66-41 
69*95 
74-69 
80*06 
86-38 
90-61 
9624 
101*77 
109-16 


+0.01 

M)-01 

0-00 

+0-02 

I— 0*01 

+0*01 

+0-02 

0-00 

000 

+0-02 

+001 

I— 0-01 

0-00 

I— 0*01 


Barrow,  E.IC. 
S  7,  Na  4. 


Newman 
(Uakerstoon). 


Ob- 
served 
tempe- 
rature. 


DMT.       ^.  Diff. 

fh)m  I  JJJ-,  I  from  , 
mean  of  ""^  .meanof 
Hand-  temp*-  ttand- 

aids.    ™ture.    ^^^ 


82  00 
88  71 
4604 
49  96 
66-86 
60-06 
65-40 
69-98 
74-69 
80-06 
86-81 
90  60 
96-26 
101-77 
109-16 

212  00 


82-06 
88-91 
45-80 
60-84 
66  87 
60  66 
66-99 
70-G7 
76-89 
80-78 
8610 
91-86 
9616 
102-71 
110-08 


+0-06 
+0-20 
+0-26 
+0-88 
■*-0-62 
+  0-69 
+  0-69 
+0-64 
+0*70 
+0-72 
+0*79 
+  0-86 
+0-90 
+0*94 
+0-92 


8206 
88-86 
46-18 
60-23 
55-75 
60*58 
66-03 
70-67 
76-64 
81-00 
86-26 
91-47 
96.32 
108-04 
110-62 


+0-06 
+0-15 
+0.14 
•+0-27 
+0-40 
+0-62 
+0-63 
+0-74 
+0-86 
+  0-94 
+  0-94 
+0*97 
+107 
+1-27 
+  1-46 


Trnnghton  and 
Slmms  (Royal 
Sudety). 


Ob- 


tempe- 
ratare. 


82-26 
38-96 
45-80 
60  28 
65  62 
60-34 
65-65 
7U-22 
76-02 
80-44 
86-76 
90*87 
95-72 
102-26 
109-68 

212-47 


DUr. 
fhnn 
meanof 
stand- 
ards 


+0-26 
+  0*25 
+0-26 
+0-27 
+0*27 
+028 
+0-26 
+0-29 
+  0-38 
+0-88 
+0*44 
+  0*37 
+0-47 
+0-49 
+0-42 

+0^7 


The  thermometers  *  Kew  No.  4'  and  *  Kew  No.  14,' 
were  graduated  on  the  stems  l>y  Mr.  Welsh,  with 
arbitraiy  scales :  the  bulb  of  No.  4  is  spherical, 
and  is  about  i  hich  diameter;  that  of  No.  14  is 
cylindrical,  f  inch  long  and  ^  inch  diameter,  and 
Tciy  sensitive^  ^Fastr^  No.  281  (Regnanlt)'  is 
a  standard  by  Fastr^  of  Paris,  also  graduated  on 
the  stem  with  an  arbitrary  scale  according  to 
Begnault's  process.  This  instmment  was  ex- 
anodned  and  approved  by  M.  Regnanlt;  the  de- 
tennination  by  him  of  the  scale  co-elBcient  agreed 
cloasly  with  that  afterwards  made  at  Kew.  The 
bulb  is  cylindrical,  about  1|  inch  long  and  \  inch 
diameter.  '  Barrow,  E.I.C.,  S  7,  No.  4,'  is  one 
of  a  number  of  thermometen  made  for  the  East 
India  Company,  and  sent  to  Kew  for  examination. 
Its  scale  is  of  brass,  di^-ided  to  degrees.  '  New- 
man (Makerstoun)'  is  the  instrument  which  was 
anpplied  to  the  Makerstoun  Observatofy  as  a 
standard,  and  to  wliose  indications  the  lesnlts  of 
the  tttnperatiue  observatioDt  made  there  ibce 


1841  haye  been  'corrected.*  It  was  sent  to 
Kew  by  Sir  Thomas  Brisbane  fbr  comparison 
with  our  standards.  'Trooghton  and  Simms 
(Royal  Society)'  is  a  standard  belonging  to 
the  Royal  Society.  As  its  scale  ext6n£  to 
above  212,  its  boiling  point  was  examined  in  the 
same  apparatus  employed  for  the  Kew  standaxds, 
iu  brass  scale  remaining  attached  to  the  tube. 
It  was  found  to  read  2 12'' -7  when  the  baro- 
meter, reduced  to  82^  stood  at  80*186  indies. — 
The  errors  of  a  thermometer  which  has  been  al- 
ready caref^y  examined  between  82®  and  about 
100  ,  may  be  obtained  with  considerable  accu- 
racy for  temperatures  below  82°,  without  using  a 
fVe^ng  mixture,  by  the  following  process.  De- 
tach fkom  the  column  of  mercury  a  portion  whidi 
will  occupy  about  40  or  50  degrees  of  the  scale : 
biing  this  column  within  the  known  part  of  the 
scale.  Let  a,  6  be  the  readings  at  the  upper  and 
lower  ends  respectively;  «,  ^  the  index  errors  al 
these  poinis  as  determhied  by  comparisoQ  with  a 
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ttandard.  Hove  the  column  until  its  lower  end 
ooinddcA  with  aonie  degree  below  82°,  the  apper 
end  being  within  the  conpared  portion  of  the 
icele.  Let  e,  <f  be  the  icale  readingft  for  the  apper 
ttid  lower  ends  in  the  new  position,  y  being  the 
ecale  error  oorreBponding  to  c  The  enor  of  the 
eade  at'cf  will  then  be 

The  true  length  of  the  detached  colamn  may  be 
obtained  with  increased  accaracj  by  taking  a 
mean  of  seven!  measures  within  the  known  part 
of  tlie  scale.  This  method  was  adopted  for 
'Newman  (MakerBtoun)*  and  ^Troug^ton  and 
Simms  (Royal  Society),*  and  the  following  enon 
obtained: — 


Newmin  (Makeratoui). 
Temperttaue  Error. 

TroQffhton  and  Slmms  (R 
Tmnperatttre.    Error. 

0-7  .      — 0-06 
6-2        —0-08 
10-7        --0-12 
14-6        —0*10 
20-2        —0-04 
25-8            0-00 

6-1          +0-14 
10-0          +0-17 
16-0         -I-0-16 
20-0         +0-16 
24-8         +0-16 

The  error  of  Newman  had  been  previously  found, 
by  comparing  with  a  standard  in  a  fteezing  mix- 
tuns  at  — d**,  to  be  inappreciable.*' 

II.  Example  op  the  Mode  op  Testiro 
TifKRMOMETBBS. — Theexampleabout  tobogiveu 
is  the  history  of  the  testing  of  then^ometers  at 
Kew,  for  the  Arctic  Expedition  under  Sir  Edward 
Belcher. — **  These  instrunients  were  twelve  in 
number,  seven  mercurial  and  five  spirit  thermo- 
meters, graduated  for  low  temperatures.  The 
processes  adopted  for  the  two  kinds  of  instruments 
being  diffiarent,  I  shall  describe  them  sefMuatdy. 

**  1.  Mtrcmial  TkermomeUrt. — ^These  were 
divided  into  degrees  of  Fahrenheit's  scale  in  the 
following  manner : — ^The  tube  was  first  calibrated 
in  the  way  already  described  in  Mr.  Welsh's 
former  report  on  the  ocmstmction  of  therm<Hne- 
ters ;  marlcs  being  made  on  the  tube  at  each  ex- 
tremity of  the  calibrated  q>ace.  The  bulb  was 
then  made  and  the  mercury  introduced  by  the 
glass-blower,  the  dimensions  of  the  bulb  and  the 
quantity  of  fluid  being  made  as  nearly  as  possible 
to  correspond  with  the  scale  proposed  to  be  made. 
The  thennometer  was  tlien  placed  in  melting  ice 
and  the  fteezing  point  approximately  set  off  with 
an  ink  mark ;  a  similar  mark  bang  also  made 
for  a  temperature  of  between  95°  and  100°.  A 
short  arbitrary  scale  of  four  or  five  divisions  was 
then  divided  at  each  of  those  points.  The  ther- 
mometer was  then  again  placed  in  ice  and  the 
fbeesbg  point  determined  accurately  with  refer- 
ence to  the  lower  short  scale;  and  comparisons 
with  two  standard  thermometers  in  water  deter- 
mined the  value  of  the  upper  short  scale.  Let 
o  F  be  the  calibrated  portion  of  the  tube,  o  being 
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the  point  of  oomrneDcement,  p  tlie  fteechig  point 
as  determined  by  means  of  the  shovt  aihitniy 
scale,  and  H  the  higher  pomt  of  the  stale 
similariy  obtained.  Let  the  distances  o  F,  p  h, 
H  p  be  measured  by  the  scrav  of  the  ^vidiqg 
engine.  Let  R],  Kj,  Bs,  &&«  b^.  Ac,  Ha.  ^  he 
the  lengths,  in  revohrtiooa  of  the  dividfaig  sefsa^ 
of  the  calibrating  column  of  meincuiy  for  esidk 
•nooessive  step  in  its  progress  aloQg  the  take 
during  the  process  of  caUbvmtioa;  Bf  being  the 
length  of  the  step  in  which  the  pmnt  f  oee■r^ 
and  Rh  that  in  which  H  oocnia.  The  values  of 
Bi,  Bs,  &&,  iiave  been  registered  in  the  pioeea 
of  calibration ;  o  F  and  o  H  have  been  obtaiaed 
independently;  tlie  second  measorement  of  o  r« 
when  compared  with  the  som  of  aU  the  b*^  wil 
show  with  what  exactness  the  odanm  of  macBf 
has  been  passed  through  its  own  kqgth  n  its 
progress  along  the  tubSL  Let  r/  be  the  mniba' 
of  revolnUons  between  the  first  end  of  the  step  / 
and  the  point  F,  and  similarlj  r^,  far  the  step  A 
We  have  then 

O  F=Bi+Bs+Bs  +  &C+B^l+r/ 

andoH=Ri+Bs+  ....  +Ba_i-|-nk; 
wbenoe  we  obtahi  r  and  f%.  Let  k  be  the  boh 
ber  of  degrees  equivalent  to  one  length  of  the 
calibrating  column,-»|his  hdo^  of  ooone  con- 
stant for  each  length  along  the  tube  on  the  sup- 
position of  equal  increments  of  volunie  for  equal 
increments  of  temperature.  Also.  If  we  anppooi 
that  tlks  capacity  of  the  tube  does  not  vair 
throughout  the  length  of  a  single  calihrndag 

step,  ~  and  --  wiQ  give  tlie  frartinnal  parti  of  a 

step  by  which  the  points  f  and  h  are  respectively 
in  advance  of  the  fint  ends  of  the  atspa/and  A 
Wehavetlien 


-(/-+;)■.<••-(»—*=)., 
-('-/+= -^'- 


and  FH 
the  higher  temperatore  — 32° ; 


=n, 


wbeoosKs 


ta 


Tlie  degree  corresponding  to  the  point  o  b  W 
/--1+^  ]ic  The  length  of  one  degree 


(' 


«V/ 


for  any  individual  step  x  is  --- 

From  the  quantities  thus  obtained,  a  table  may 
readily  be  formed  showing  the  valoe  in  nrvola- 
tions  of  tiie  dividing  screw  of  one  degree  at  al 
parts  of  the  scale,  and  the  grsdoation  may  dbea 
l)e  proceeded  with  aooordhigly.  The  gradnatiaB 
is  carried  from  -^0°  to  +  120°  or  180°  Fahr. 
"  2.  8pirU  Thermemeten. — ^In  the  gradnatioB 
of  meicuiial  thermomeiens  the  piBctaoe  la  to  i 
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aider  te  inciemeoto  of  Tolnme  to  be  pfoportional 
to  inerenMOtB  of  tempentme.  If  thb  w«e  es- 
wimed  in  tiie  eeee  of  spirit  ther  iiiouietBrei  wy 
Mrioos  erron  would  i>e  the  nralt,  even  within 
modenite  ranges  of  temperature.  Dr.  Miller 
having  ooosiiteed  aleohoVas  on  the  whde,  the 
iMat  flaid  Ibr  tliemionietete  intended  to  meaanre 
'wmry  low  temperatttres,  Mr.  Welsh  was  supplied 
hy  him  with  some  whidi  ho  had  prepared  with 
gnat  cars,  its  spediic  gravity  behig  0-796  at  60"^ 
Fahr.  The  first  step  to  be  taken  was  the  deter- 
minatian  of  the  kno  of  expansion  of  the  fluid  in 
glaas,  as  compared  with  Uiat  of  mercury.  For 
this  pmpooe  a  tnbe  was  calibrated  and  divided 
irith  an  aibitraiy  aoale  aoeordhig  to  Regmwlt's 
ptooees:  its  diviflions  were  fMmd,  upon  verifioa- 
tkMi,  to  be  of  eacactly  equal  capacity  tiuouglKmt 
ThatobewMthen  flmiished  with  a  bolb  of  the 
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same  dimendoos  as  those  intended  to  be  supplied 
to  tlie  Admiralty,  and  filled  with  the  akohoL 
This  thennometer  was  maiiEed  S.  9  £.  Com- 
parisons were  then  made  between  the  readings  of 
this  instrument  and  those  of  a  standard  merairial 
thermometer,  through  as  laige  a  range  of  tem- 
perature as  was  ibund  practicable.  The  oom- 
parisons  above  the  freezing  point  were  taken  in 
water,  in  the  apparatus  described  in  my  former 
report ;  those  bdow  82°  were  taken  in  freezing 
mixtures  of  ice  and  salt  or  chloride  of  calcium. 
The  following  table  contains  the  results  of  two 
series  of  experiments;  the  numbers  in  the  first 
two  columns  are  diflbrenccs  from  the  IVeeung 
point;  those  in  the  first  being  Fahrenheit's  de- 
greee ;  and  in  the  seeood  and  third  columns,  the 
art>itraiy  scale  divisions  of  the  spirit  theimoaieter 
a  9  £. 


Tabu  II. 

lobkf  eoHtatKntiff  ^amftf  iff  oosyev'isoM  Mfween  0  JsUHtdanl  Mttcvtiai  ThtrnfO/tMAtr^  mtd  a 
JBjpini  Tkermomeler  with  am  arbitraij  teate  qfmni/brm  eapaeUg, 


Vtoit  Series. 

Second  Series. 

Staadsrl 

Spirit 

a9E.   Ob- 

Stuidard 

Spirit 

&9E.    Ob- 

raerearlal 

thermometer 

served  mfeiif 

mercQiisl 

thermniueter 

leiTOd  flriMM 

thermooMtei; 

&9£. 

^.^i^i^l^ 

&9E. 

calculated. 

0 

Scale  div. 

SctledlT. 

0 

Scale  dlT. 

SesledlT. 

+69*96 

+  209*5 

+0-2 

+66*76 

+  196-4 

+  0-2 

+66*98 

+  199  7 

—0*1 

+  60-04 

+  178-8 

00 

+  58*15 

+  156*7 

—0*8 

+  52*04 

+ 158-5 

—0*1 

+  40*58 

+  118*2 

—0-8 

+  87-72 

+  110*8 

+  0*2 

+  20*68 

+  CO-1 

+0*2 

+  24-05 

+  69*8 

+  0*4 

+  17-80 

+  51  0 

—0*1 

+  16-01 

+  46-7 

+  0*8 

—18*44 

—  50*5 

+  0-9 

—16*88 

—  44*8 

+  0*9 

—8615 

—  98*0 

+  1*2 

—2900 

—  79*7 

+  0*4 

-48-14 

—117-9 

—0*2 

—86*88 

—100*2 

—0*5 

-44-72 

—128-0 

—1-1 

To  deduce  the  law  of  expansion  from  these  oom- 
parisoos,  the  numbers  were  airanged  in  equations 
of  thefonn 

AT  +  Bl*  — ir  =  0 (1.) 

where  T  is  the  number  of  Fahrenhdt's  degrees 
from  82%  v  the  corresponding  number  of  divi- 
skms  by  thermometer  S.  9  £ ,  A  and  b  behig 
the  constants  whose  value  is  to  be  ascertained : 
the  constants  depending  on  higher  powers  of  T 
than  the  second,  were  not  conridered. — The  values 
of  A  and  B  were  obtained  from  the  equations  by  the 
method  of  least  squares,  and  were  as  follows  :-* 

nam  flrrt  series a-9  89Q9..b-O-00MB5 

From  second  series   a— S'8S77..B»01KttS:?l 

The  meea  of  both  series  girinff  a-2^29  ..3— O-OOtSSS 

The  numbers  in  the  columns  'Observed  mknu 
calculated,*  are  obtained  by  taking  the  difibrsnoe 
betweso  the  obeerred  readings  of  the  spirit  ther- 
mooieter,  and  the  nambefs  cakulated  Itom  the 


flieon  values  of  A  and  b  just  stated. — Havbg 
determined  upon  the  adoption  of  the  law  of  ex- 
panswn  stated  above,  the  graduation  of  the  spirit 
thermometer  was  proceeded  with  as  follows.— 
The  prooeea  of  calibrating  the  tubes  waa  the  same 
as  for  the  mercurial  thormometers;  as  in  these, 
also,  the  fbeedng  potot  and  a  temperature  of  90^ 
or  96^  were  determined  with  refoRnee  to  short 
scales  on  the  stems;  the  distances  o  p,  oh,  (fig., 
p.  786)  wers  also  measured;  and  by  comparing 
thcae  measursments  with  the  numbers  obtained 
by  calibration,  they  wers  exprsssed  in  terms  of 
lengths  of  the  calibrating  column.  The  equation 
(1.)  may  be  put  under  the  form  xs  a  (t+Zt*) 

byniakfaig#=-.   Let/and  A  be  the  distonoes 

o  F,  o  H  expressed  in  steps  of  the  calibrstin;; 
column;  fh=A~-^  Let  Ta  be  the  number  of 
degrees  abors  82^  corresponding  to  b,  and  let  m^ 
be  the  valuer  in  tenna  of  «  ciJlbrating  stsp,  of 
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Temp  Fahr. 

y. 

Temp^  Fahr. 

—70° 

0-831 

+20° 

-60 

0-848 

80 

—60 

0-864 

40 

-40 

0-881 

60 

—80 

0-897 

60 

—20 

0-914 

70 

—10 

0-980 

80 

0 

0  947 

90 

+10 

0-964 

100 

THE 

one  degree  at  the  temperature  32° :  we  have  tbeo, 
accordiiig  to  the  fundamental  equation  (1.), 

h  -/=  .,  (T,  +  t  TA«)  or  «,  =  ^fj^ 

AVe  majT  fai  general,  withoot  iensible  enor, 
assume  that  the  value  of  one  degree  is  nnifbnn 
throQgfaout  the  length  of  a  single  calibratiog  stepi 
or  if  the  column  of  mercury  has  been  rather  too 
long,  we  may  subdivide  the  steps  by  interpola- 
tion. From  the  value  of  a^,  now  obtained,  we 
can  find  with  sufficient  exactness  the  temperar 
ture  corresponding  to  the  middle  of  the  step^ 
It  win  now  be  convenient  to  make  use  of  a  table, 
derived  from  the  values  of  ▲  and  b,  showhig  the 
relative  lengths  of  one  degree  at  different  tem- 
peratures on  the  snpporition  of  unifonn  capacity 
of  the  tubes.  The  followuig  are  the  values  for 
every  ten  degrees,  from  —70°  to  -f- 100  Fahr.  :— 


0-980 
0-997 
1-013 
1030 
1-046 
1*063 
1-079 
1*096 
1*112 


The  value  hi  degrees  of  the  step  /  »  —  —  Kyt, 

Then  calling  the  nnmben  in  the  table  y  since, 
^=:-?°,wefindK/,  = -!^  .  2:2= -°«    This 

«/     y/  *o    r/     ys 

gives « us  the  temperature  corresponding  to  each 
end  of  the  step  fy  and  we  may  then  proceed  in 
like  manner  to  find  the  values  of  the  ndgfaboor- 
ing  steps,  and  so  obtain  successively  the  value 
throughout  the  whole  range  of  the  thermometer. 
The  temperature  corresponding  to  the  point  o  in 
the  figure  is  found  by  subtracting  the  sum  of 
all  the  values  of  k  between  o  and  f  from  82°. 
The  length,  hi  turns  of  the  dividing  screw,  for 

any  degree  x  b  ^>  where  b  is  the  length  of 

the  step  in  which  x  occurs,  and  k«  the  equiva- 
lent number  of  the  degrees.  A  table  can  then 
be  constructed,  showing  the  lengths  of  each  suc- 
cessive degree,  commencing  from  the  point  o,  by 
the  aid  of  which  the  graduation  may  be  per- 
formed. The  scales  extend  to  —76°  Fahr.— The 
mercurial  thermometers  were,  after  their  gradua- 
4on,  compared  incidentally  at  two  or  three  difier- 
ent  temperatures,  and  found  to  agree  generally  to 
0°'l  Fahr.  They  were  all  placed  in  melting  ice, 
where  it  was  found  that  four  of  them  read 
exactly  8-2°,  the  other  three,- viz.,  Noe.  84,  46, 
47,  were  about  0°*1  too  tow.  In  a  few  of  these 
thermometers  the  column  of  mercury  could  be 
leadily  broken:  when  this  column  was  moved  to 
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difi*erent  portions  of  the  scale,  it  wai  fnnd  to 
occupy  precisely  the  same  nmnber  of  dtvisSao^ 
Thia  was  the  case  with  four  of  the  instnimeBts; 
the  other  three  not  having  been  tested  in  thk 
way. — The  ii^  spirit  tbennometen  were  eon- 
pared  at  four  different  temperatures  with  a  staad- 
ard  mercurial  thermometer.  The  oomparisoa  at 
0°  being  taken  in  ice  and  salt,  is  not  very 
worthy.    Their  enora  were  as  follows : — 


.   by 
■tud.  81. 


65- 

hi 

0 


S.4.  a.a. 

+)-8  -0-J  -0-3 

+01$  —0-1  — 0-« 

+<«      0*0  0-0 


8. 7.     a.  & 
+i-»»-4)-i«-hrto» 

+1-4  <H)  +0^ 
+W  —04  +0» 
+17  +0-2  +0» 


The  nnmben  in  this  o^oibii  '  lleaii  of  erros 
seem  to  indicate  little  enor  of  a  systematic  I 
In  the  case  of  Nos.  2  and  7,  the  index 
very  laige:  this,  it  is  bdieved,  is  owing  to 
of  the  vapour  of  alcohol  havin|p  beoone 
densed  in  the  upper  portion  of  the  tube  bcfiae 
the  fixed  points  were  deCennined,  and 
escaped  my  notice;  in  £ut  the  greatest 
tion  is  required  to  avoid  enea  from 
These  spirit  therraomeCen  csnnot  by  any 
be  considered  as  standard,  althoogh  they  are 
doubtless  more  trustworthy  than  most  of 'those 
nsoally  made.'* 

Attention  to  the  previous  adndnble  set  of 
directions  may  guide  alikB  maker  and  obserrer 
in  the  eolation  of  any  practical  question  tliat  gsb 
occur  in  the  construction  and  use  of  Us  insba- 
ment  It  is  impossit)]e  to  ovenate  the  adviB- 
tages  accruing  to  meteorological  scieDoe  from  tibe 
estaUidiment  at  Kew,  and  firom  the  aasidnity, 
care,  and  skill  of  Mr.  Welsh  and  Mr.  BooaUs. 

IIL  Tkamitograpiky  crRegUttrmg 
ter. — ^Thermetographs  have  until  latdv 
confined  to  the  attempt  to  reach  the 
and  minimum  of  dinmal  temperature. 
Imown  in  this  country  an  Sixe*a,  RnHnrfbrdX 
and,  recently,  thoee  by  Negretti  and  ZamixL 
They  are  described  by  Mr.  Drew  aa  follows : — 

(1.)  SM9  Regitter  Thermomeier.^Ur.  Sat, 
of  Colchester,  described  his  register  thermometer 
originally  in  the  Pkilo§epkieal  TVtmaocf  »oei^  voL 
IxxiL  It  is,  in  foct,  a  spirit  of  wine  thenso- 
meter,  with  a  long  cylindrical  bulb,  and  a  tabe 
bent  in  the  form  of  a  siphon  with  paraDel  kgs, 
and  terminating  upwards  in  a  small  cavity.  A 
portion  of  the  two  1^  of  the  siphon  tube,  ftome 
to  b  (fig.  I),  is  filled  with  mercury,  the  bulb  and 
the  whole  of  the  rest  of  the  tube  with  spirits  of 
wine ;  the  double  coltunn  of  mercnrr  gives  mo- 
tion to  the  two  indices  c  and  d^  each  of  whidi  ii 
a  piece  of  iron  wire  capped  with  enamel  at  each 
end ;  they  would  move  finely  in  the  tnbe  and 
rest  on  the  mercury,  were  it  not  for  q)riBgib 
made  of  a  thread  of  glass,  or  a  hair,  wfai^ 
surrounding  them,  presses  against  the  side  of 
the  glass  with  sufficient  power  to  keep  either 
index  stationary  in  tlie  spot  wliere  it  is  left  by 
the  retreat  of  the  mereorj.  The  action  of  the 
instruipent  is  as  follows :— When  the  increase  <f 
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temperature  expands  the  8|drit  in  thelenp^hened 
huiSb  0|  the  marcary  in  the  leg  of  the  siphon,  a, 

is  depresaed,  and  a  corre- 
sponding rise  takes  place 
in  the  leg  6;  in  its  rise 
the  mercory  nxges  before 
it  the  index  d^  which,  be- 
ing retained  at  its  high- 
est point  by  the  spring, 
does  not  follow  the  re- 
treat of  the  mercniy,  as 
the  temperature  decreases 
and  the  spirit  in  o  con- 
tracts; this  shows  then 
the  maximnra  heat  in 
*Hl  H  [I  ~^  viy  detennined  period  of 
W-|l  H  i-f*        time.      When   Uie  spirit 

contracts,  the  mercoiy  de- 
scends in  the  tttbe  6  and 
proportionally  rises  in  a, 
urging  before  it  the  index 
c;  leaving  on  the  increase 
Gi  heat,  its  lower  extrem- 
ity exactly  at  the  highest 
point  to  wliich  the  column 
(the  degrees  decreasing 
upward)  had  risen  on  that 
side;  pointing  out,  in  fact, 
the  minimum  degree  of 
temperature  attained.  — - 
To  prepare  the  instrument 
for  future  obeenrations,  the 
indices  are  brought  down, 
by  a  msgnet,  to  tonch  the 
mercurial  column.  If  this 
instrument  be  read  everv 
twenty-four  hours,  it  will 
fig.  I.  evidently  give  the  greats 

est  and  least  temperature 
Oaring  the  day.  ~  Unfortunately  this  ekgant 
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instrument  can  hardly  be  trusted  for  Vtty  nice 
observaUons,  and  is  very  liable  to  get  out  of 
order.  The  use  of  two  liquids,  both  expand- 
ing in  diffisrent  degrees,  is  a  defect;  and  al- 
though it  may,  in  part,  be  remedied  by  very 
nice  dividing,  and  comparing  the  scale  with 
a  standard  for  every  b°  or  6°,  yet  this  pro- 
cess would  increase  considerably  the  price.  The 
other  defect  arises  from  the  liability  of  the 
springs  to  get  out  of  order — a  glass  one  by 
breakage,  and  the  hair  by  losing  its  elasticity 
after  long  immersion  in  the  spirit;  while,  from 
the  perpendicular  position  of  the  tube,  agitation 
from  the  wind  is  very  likely  to  cause  the  indices 
to  slide  down  the  tube,  and  thus  the  observations 
would  be  lost.  For  these  reasons  Rutherford's 
maximum  and  minimum  thermometers  are  pre- 
ferred for  registermg  the  greatest  and  least  de- 
grees of  heat ;  these  we  shall  proceed  to  describe. 
(2.)  Rutherfcrd'i  Blister  Thermometer  (B^,.  2). 
— ▲  represents  a  spirit  thermometer,  sa  mercurial, 
each  furnished  with  a  scale  and  fixed  horizon- 
tally on  the  same  plate  of  boxwood  or  metal ;  b 
contains  within  it  a  steel  index,  c,  which  is  urged 
forward  as  the  mercury  expands  by  heat,  and  is 
left  to  indicate  the  highest  temperature  attained 
when  the  metal  again  contracts. — ^The  spirit 
thermometer,  a,  contains  a  glass  index,  n,  half 
an  inch  long,  with  a  small  knob  at  each  end ;  it 
lies  in  the  tube  and  allows  the  spirit  freely  to 
pass  it  as  it  expands ;  when  contracted  by  cold, 
in  consequence  of  the  attraction  between  the 
spirit  and  the  glass  index,  the  last  film  of  the 
oolunm  of  spirit  is  sufficient  to  overcome  tlie 
slight  friction  of  the  index  on  the  inside  of  the 
tube,  and  to  cany  it  backwards  towards  the 
bulb ;  it  wQl  rest,  on  the  spirit  again  expandinfCi 
at  the  lowest  degree  of  temperature  attained 
within  a  given  pei^id.  After  reading  off  and  to 
prepare  the  instruments  for  future  observations 
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both  indicea  are  brought  to  the  extremittes — ^the 
one  of  the  ooliimn  of  spirit,  the  other  of  that  of 
mercury,  by  gently  mclining  the  plate  (at  c)  on 
whfeh  the  thennometen  are  fixed,  downward 
ftom  the  horiaontal  position.  This  must  be  done 
with  some  care,  or  the  indices  will  get  entangled 
with  the  liquids,  from  which  the}*  will  be  with 
difficulQr  extricated,  llr.  Drew  states  that  for 
three  years  he  has  used  a  register  thermometer  of 
thia  coostmetion  without  any  mishap^  thoogh  he 
rained  many  befbre  he  disoovoed  the  careful 
treatment  they  required. 


(3.)  Negretti  aid  Zambra^t  Maximum  Tkermo' 
meter, —  The  maximum  thermometer  of  Messra. 
Negretti  and  Zambre  is  strongly  recommended : 
tig.  8  will  explahi  its  construction.  The  tube 
is  originally  straight  throughout;  in  this  state 
a  small  piece  of  enamel,  a,  is  introduced  down 
it  to  within  a  short  distance  from  the  bulb;  by 
means  of  a  spirit-lamp,  the  tube  is  then  bent 
just  at  the  pofait  where  the  enamel  rests,  and  the 
beat  required  for  thia  purpose  is  suflSdent  to 
cause  its  adhesioa  to  the  glass.  The  enamel 
does  not  fill  the  tobe^  but  allows  the  mercury  to 


ai6 


THE 

PMB  fl«ely  abore  H;  on  the  deoraiM  of  beat,  all 
that  part  of  the  merenrial  oolanm  which  has 
paned  the  enamel  is  kft  in  the  tnbe^  while  that 
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portion  neaver  the  bolb  is  aepwaled  and 
draws  fhn  It:  tlw  masdmom  IwatvUl 
Ibre  he  shown  by  tlie  extramitjr  of  the 
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mercurial  oolnmn:  after  this  is  nfpgtand,  by 
deprawing  the  bnlb,  the  detached  colomn  may  bis 
made  to  raonite  with  the  rest  of  the  mereoxy;  and 
thus  the  instraroent  is  prepared  lor  another  obser- 
vation. The  advantage  of  the  iostnunent  seems 
to  be,  that  tliera  is  no  index  to  get  oat  of  order; 
the  disadvantage  that  there  is  some  considerable 
trouble  in  aocnrately  determining  the  corrections 
to  bring  its  readings  in  vnison  with  a  standard 
thermometv.— In  a  maximnm  thermometer  de- 
vised by  Professor  Phillips,  a  portkm  of  the 
mercurial  colomn  was  separated  from  the  rest  by 
the  intervention  of  a  small  bubble  of  air ;  this 
portion,  as  in  the  case  of  N^gretti's,  remains  in 
the  tube  on  the  contraction  of  the  mercury  in  the 
bulb,  and  thus  serves  to  mark  the  highest  read- 
ing attained :  by  the  inclination  of  the  tube  it  is 
then  brooght  to  its  original  positioa  preparatoiy 
to  another  observation.  This  thermometer  does 
not  seem  to  have  received  the  attentioo  it  de- 
serves :  its  oonstroction  is  simple  and  its  indica- 
tions sore,  as  those  can  testify  who  have  used  it 
— ^But  in  recent  years  the  mode  of  photographic 
registratioa  has  come  into  use  in  observatofiea» 
and  promises  to  supersede  wholly  all  other 
methods  of  observation.  The  only  objection  is  the 
difficulty  of  integration.  Nothing  can  surpass 
photographic  registration  in  manifesting  apparent 
anomidiee.  But  if  integration  cannot  be  efiected 
mechanicaUy  by  some  plammeter,  such  as  that 
of  Mr.  Sang,  or  Profiassor  Clerk  Maxwell,  it  is 
unquestionably  to  be  wished  that  resort  be  had, 
for  the  determination  of  mean  values  for  long 
periods,  to  the  aid  of  uncompensated  pendulums. 

Tfceiftnt,  or  Hcal-CtovensMP. — ^A  con- 
trivance for  regulating  the  processes  of  vaporizer 
tion  and  distillation.  It  depends  on  this  principle 
—when  two  bars  of  different  metab  are  soldered 
together  and  heated,  they  expand  differently  with 
a  separating  movement,  which  may  be  used  toopen 
or  dose  vabfet,  dampers,  &C.,  and  so  to  regulate 
the  process  according  to  any  preconceived  mode. 

Tkeile.  Oneof thfiAateroida.  ForElementa, 
&c,  see  Asteroids. 

Thwndcr^Bod.    See  LiaHTNiNG-CoHDUC- 

TOB. 

Under   Clouds,    and 


Atmosphbrb  Electbicsitt  op,  we  have  al- 


ready given  moet  of  what  is  known  concerning 
the  development  of  the  polar  or  q>posite  electri- 
cities within  our  aerial  envelope.  It  remains 
simply  to  add  something  oonoenung  the  caoses  |  moves  in  the  same  diveotioD. 
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ara  twos— !• 
vapour  is  a 


of  actnal 

An  ^'•'^'''"^^"g  cuirent  of 
to  rapid  condensation  within 
2.  Two  currents  of  air,  fttim  different  qnsrten, 
and  hi  opposite  dectric  states^  meet  each  othn; 
— The  former  of  these  canses  originateB  thmMicr- 
storms  during  summer ;  our  winter  thunder- 
storms are  doe  to  the  latter.  But  in  ciilMr  case, 
the  ultimate  cause  is  a  rapid  coudeusBtfcn  ef 
vapour.  It  does  not  ibUow,  however,  diat  a 
rapid  condeosatioa  of  vapour  must  alwnys  pro- 
dace  a  thunder-storm.  Such  condensation  ii 
invariably  accompanied  by  the  evolntioB  of  dee- 
tridty,  but  its  tenshm  is  generally  too  anmO  to 
permit  the  production  of  a  QNv-ifc,  or  of  IjghtaiQ^ 
In  our  dimatwi  these  stonna  afanoot  ahrra 
follow  a  tew  calm  and  hot  days,  and 
sky.  If  the  caoses  giving  rise  to 
purely  local,  the  elements  of  the  sto 
within  a  dreomacribed  ^laoe^  are  traasAined  by 
the  windfl^  burst  out  on  their  paenge^  and 
terminate  thdr  power:  bat  if  the 
canses  embrace  a  laige  extent  of  euemlry,  the 
deetric  doods,  as  Arst  drcamaodbed,  wprm^  out 
in  all  directions,  and  aftet  veiy  extendve 
Sudi  stonns  are  more  violent  and  fteqoent 
the  tropics  during  the  niny  snasoni  and 
these  winds  diange,  than  in  any  other  district  of 
the  earth.  In  our  climates  thqr  occur 
—we  had  almost  said  soldy— in  the  hot 
and  when  we  pass  into  the  interior  of  the  Con- 
tinent, their  number  appears  to  bold  a  relation 
with  the  quantity  of  ndn  that  folia.  Approadi- 
ing  more  neariy  to  the  poke— for  example,  into 
the  Greenland  Seas,  thdr  mnnber  strikiagly 
diminishes.  It  appears,  flirther,  that  an 
oftnoQiAdre— other  things  being  the 
less  favourable  than  a  continental  one,  to  the 
generation  of  such  storms.    The  curiooi 


is  especially  referred  to  the  interesting  essay  by 
M.  Amgo,  in  the  Ammumn  tar  188S, 
published  in  the  edition  of  his  eoDaeted 

TMe  Hllk  A  mill  hi  which  the 
folUng  of  the  tide  dther  dbecay  at  the 
or  in  a  tidal  river.  Is  made  the  motive  power.  It 
has  never  been  much  used  In  this  country.  Ttee 
are  two  principal  varieties  :«—l.  In  which  ths 
water-wheel  lisee  and  folla^  and  tome  one  way 
with  the  ridn&  and  another  with  the  dAi^ 
tide.  2.  Inwfaidi  the  aadeof  Ifaswntafwvhcd 
ndthsr  rises  nor  foils,  and  In  whidi  It  alwa>i 
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The  natore  of  tlie  foree  or  foroeB 
giTing  rise  to  the  oceanic  waree,  which  paae  by 
the  name  of  Tidee,  wUl  be  readily  nndentood  by 
the  atadent  who  ie  aeqnainted  with  the  etements  of 
the  LiTXAE  TmoRT. — The  princtplee  developed 
in  pages  441, 442,  and  443  of  our  CyclopmUa  are 
indeed  identical  with  thoee  to  which  reforenoe 
must  now  be  made.  Snppoee  k  Bf  Bi  >«  a  eeo- 
tion  of  the  spherical  mass  of  the  earth,  and  that 
the  moon  ii  hi  the  duection  of  k.  The  mass  of 
our  latcUito  muat  be  regarded  as  a  disturbing 
fince  tcndhig  to  aflfoct  the  perfect  sphericity  of 


this  section;  and—should  its  sarftoe  be  ooTered 
with  a  liquid — to  iiDpiess  on  this  liquid  covering 
a  new  £Drm  or  distribution.  The  disturbing 
action  is  twofold.  Fintj  we  have  a  diminution 
of  gravity  in  the  direction  of  the  radius  of  the 
earth,  at  a  and  Bi,  and  an  incrtese  of  gravity  in 
tlie  same  direction,  at  Bf  and  b^.  If  therefore 
canab  were  dug  firom  these  four  points  to  the 
centre  (\  it  is  dear  that  they  would  not  be  in 
efitUiibrio  under  such  drcumstances,  unless  the 
canals  b  o  and  Bi  o  were  longer  than  those  at 
Bf  o  and  Bs  o.  The  waters  on  the  surftoe 
would  therefore  take  on  a  ^^henidal  shape,  the 
longest  axis  befaig  B  ii,  sind  the  ahortest  azie 
Bf  B«.  Thus  we  would  have  a  greater  depth  of 
ocean  at  b  and  m\  and  a  comparatively  shallow 
ooean  at  Bf  and  Bf — a  condnsion  indicating  that 
twice  during  every  rotation  of  the  earth  with 
respect  to  the  moon,  or  rattier,  twice  during  every 
apparent  daily  revolution  of  the  moon,  we  must 
have  a  high  or  Aill  tide  and  a  low  tide.  This 
peeuHar  influence  of  the  moon  is  termed  its  Ufi" 
ing  pawer^  and  in  its  absolute  magnitude  it  is 
very  considerable;  but  as  its  action  is  in  all  cir- 
cumstances counterscted  by  terrestrial  gravity, 
its  positive  eflfects  are  smalL  The  lifting  power 
would  not  raise  the  waters  or  produce  a  tide  of 
mcfe  than  *07  of  an  inch,  were  the  ocean  10,000 
Ikthoms  deep.  Tliiscause  then,  although  a «ero 
ea«Mi,is  not  adequate  to  evolve  the  tidal  effects 
with  which  every  one  is  fomiliar.  But  there  is 
another  element  of  the  moon's  disturbing  force, 
viz.,  her  Umgmtial/oree,  Tliat  tangential  force 
acte  in  the  direction  of  the  arrows  to  the  cut — 
manifestly  tending  to  draw  down  the  watem  ftoro 
T,  Ti,  &C:,  and  therefora  from  Bf  and  Bf,  and  to 
heap  them  up  at  b  and  Bi.  The  absolute  dis- 
turbing energy  ot  this  foroe  is,  at  ito  maximum, 
only  tlirBe-fonrthsof  the  maximum  lifting  force; 
nevertlielesa  as  ito  influence  is  in  nowise  conn- 
teracied  by  gravity,  there  ia  no  dUBenlty  in  see- 
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faiig  that  it  must  be  the  main  or  eflident  cause  ci 
the  tides.  In  case  of  an  ocean  of  the  depth  spe- 
dfled  abov%  this  tangential  force  would  elevate 
the  waters  nearly  .^^^ — There  is  a  farther 
analogy  between  the  problem  before  us  and  that 
of  the  lunar  inequalities.  The  moon  cannot  act 
with  equal  energy  at  the  two  regions  b  and  B]. 
The  efibcts  at  the  two  places  will  correspond  in 
kind  but  caimot  be  identical  in  degree.  Just  as 
with  the  Limar  Parallactic  IneqwUify,  the  dia- 
turbance  wHl  be  somewhat  larger  at  b  than  at 
Bi^^m  which  difliBrence  is  based  the  distinction 
between  the  dhwnal  and  the  temi-^lbtrnal  tide. — 
But  tiie  simplidty  which  at  first  sight  diarac- 
terises  the  prohlem  of  the  tides,  disappears  as  we 
scratiniae  it  more  narrowly.  In  the  Jint  place, 
the  moon  changes  in  dedination,  and  no  such 
change  can  take  place  without  inflnendng  the 
form  of  the  oonsequences  of  her  distuiWng  action. 
Aoomfi^,  another  powerful  disturbing  enei^Ey 
is  at  work,  via.,  the  Sun — not  in  accordance 
with  the  Moon,  but  often  in  opposition,  and  with 
a  proper  force  alao  varying  according  to  the  de- 
dinatfon  of  that  orb^  Thera  is  thus  a  sdar 
tide  as  well  aa  a  lunar  tUe,  and  tlie  actual  tide 
is  the  compoeite  or  resultant  of  the  two  waves, 
▲t  definite  seasons,  via.,  at  new  and  iUD  moon, 
the  two  systems  of  waves  cnooord,  and  at  these 
periods  we  have  the  highest  or  tprinp  fidu. 
Wiien  the  moon  is  in  quadrature,  on  the  contrary, 
the  two  systems  oonfliet,  and  then  we  have  the 
minimum  rise  of  the  waters^  or  our  neap  tides. 
In  this  case,  as  with  astronomical  inequalities, 
we  separate  the  effects  depending  on  the  ooncnr- 
renee  of  the  two  influences,  horn  those  that  arise 
fipom  their  conflict;  and  to  these  latter— as  if  they 
wen  distinct  tidal  waves— long  and  appropriate 
periods  are  assigned.  According  to  this  view, 
then,  the  apparent  height  of  the  tide  at  any 
moment  is  made  up  of  three  parts,  depending  on 
three  astronomica]  causes : — 

1.— The  diurnal  luni-sokr  tide^ 

S.— The  semi-diurnal  luni-eohnr  t&i& 

8. — ^Tides  of  long  periods  depending  on  the 
change  of  podtion  i  the  sun  and  moon,  or  the 
semi-mens£rual  and  semi-annual  tides. 

To  which  the  operatfon  of  two  other  phydcal 
causes  must  be  added,  viz. : — 

4. — ^The  devation  or  depression  of  the  water 
due  to  dow  changes  of  barometric  pressure ;  and 

6.— Abrupt  changea  due  to  Wind. 

It  must  not  be  supposed,  however,  that  the 
foregdng  demente  are  more  than  the  barest  de- 
ments, entering  into  the  solution  of  the  actual 
problem  of  the  tides.  They  give  us  a  dsfinite 
conception,  todeed,  of  the  forces  that  originate 
the  tidal  waves;  but  according  to  what  laws  ara 
theee  waves  propagated?  What  retardation  ia 
due  to  the  hiertia  of  the  liquid?  Whatanparent 
accderation  to  the  persistency  of  a  wave  r  And 
more  important  than  all,  how  ehall  we  estimate 
the  influences  of  the  shape,  depth,  and  dirtri- 
bution  of  oar  terrestrial  seas  and  oceans?    l>if- 
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Karast  Tiews  hkve  been  taken  of  the  conditions  of  I  lent  to  24b.  8m.  56*6658.  of  Bidenal  fSmeu    As 
fluid  motion,  viz.,  ythtA  is  called  the  Equili-   ve  have  freqaent  occaaian  to  oonveft  iottcrrak  of 


brimn  Theory,  Laplace*s  Dynamical  Theory,  and 
Mr.  Aii7*8  Theory  of  Canal  Waves.  No  pro- 
blem in  hydrodynamics  can  be  practically  solved 
at  present  on  tlie  ground  of  pure  a  priori  princi* 
pies ;  nevertheless  these  a  priori  formula  are  an 
important  guide  to  the  observer.  Perliaps  no 
greater  gain  has  recently  been  obtained  in  this 
directioii,  than  that  distinct  separation  of  the 
lunar  and  solar  tidal  efiects,  which  we  owe  to 
Mr.  Haughton :  that  the  problem,  in  itself  is  not 
yet  one  for  deductive  science  has  been  established 
beyond  question  by  the  utter  incongmities  be- 
tween the  calculations  of  Laplace  himself  and  the 
facts  of  the  tides  at  Brest ;  but  Science  unques- 
tionably owes  her  wilUng  acknowledgments  to 
Dr.  Whewell,  for  the  eneigy  and  success  with 
which,  supported  by  the  Briii$h  Aaaodationy  he 
urged  forwaxd  the  disoovery  of  engnrical  laws. 
The  inquiry,  indeed,  is  of  that  nature  vhich  ex- 
cludes hope  of  theoretical  advance,  unless  through 
aid  of  such  laws.  And  it  is  due  to  the  Master 
of  Trinity  to  allege  that  no  other  physicist  has 
iviougfat  so  well  in  a  direction,  the  successful 
promotion  of  which  demanded  great  perseverance 
as  well  as  a  high  sagacity.  We  cannot  follow 
out  the  tnquir}'  here.  The  student  is  referred  to 
the  various  papers  and  reports  of  Dr.  Whewell; 
to  the  map  of  Co-tidal  Lines,  by  Mr.  Scott 
Russell,  in  Johnston's  PhynCal  Atlas ;  and  very 
especially  to  the  memohrs  by  Mr.  Haughton  in 
the  first  vol  of  PhUotophiccU  Magazine  for  1856. 
The  meaning  of  aU  technical  terms  will  be  found 
ia  any  elementary  book  on  Navigation. 

Time  The  interval  between  two  successive 
returns  of  the  vernal  equinox  to  the  same  meri- 
dian is  called  a  sidertal  day. — The  interval  be- 
tween two  successive  returns  of  the  sun  to  the 
same  meridian  is  called  a  soktr  day. — The  sun 
completes  an  apparent  revolution  about  the  earth 
in  one  year,  or  865  days  6  hours  48  minutes 
and  47*57  seconds ;  so  that  the  sun*s  mean  daily 
motion  is  found  by  the  proportion,— one  year :  one 

day : :  360°  :  daily  motion  =  69'  8"*33 ^This 

motion  is  not  uniform,  but  is  greatest  when  the 
sun  is  nearest  the  earth.  Hence  the  solar  days 
are  unequal;  and  to  avoid  the  inconvenience 
resulting  from  this  fkct,  astronomers  have  re- 
course to  a  mean  solar  day,  the  length  of  which 
is  equal  to  the  mean  or  average  of  all  the 
apparent  solar  days  in  a  year. — ^The  length  of 
the  mca  i  solar  day  is  different  from  that  of  the 
sidereal,  because  when  the  mean  sun,  in  its  diui^ 
nal  motion,  returns  to  the  meridian,  it  is  59' 
9f'M  advanced  eastward  in  right  ascension. — ^An 
arc  of  the  equator,  equal  to  860°  39^  8"*33, 
passes  the  meridian  in  a  mean  solar  day,  while 
only  860^  pass  in  a  sidereal  day.  To  find  the 
excess  of  the  solar  day  above  the  sidereal  day, 
expressed  in  sidereal  time,  we  have  the  proportion 

860°  :  59'  8"-88  : :  one  day :  3ni.  56-5d6s. 
Hence  24  boon  of  mean  solar  time  are  equiva- 


mean  solar  time  into  intervals  of  sideceal  tinc^ 
suitable  tables  have  been  oooatmcted,  from  whuh 
such  intervals  are  found  by  nnre  inspectioB. 

The  methods  of  determining  tme  loal  tisBS 
by  observation  are  four  :— 

(1.)  Bsf  tqwd  ttUUmdet  of  a  atar  «b  ojysiifa 
sideaofihsmeriiXatu 

Observe  the  times  when  the  star  baa  eqail 
altitudes  before  and  after  passing  the  meridisB; 
the  arithmetical  mean  between  tbeae  times  is  the 
time  of  «the  star's  passing  the  meridian.  By 
comparing  this  time  with  the  known  plaos  of 
the  star,  we  may  obtain  the  ervor  of  the  dock. 

(2.)  Byegwilaitiiitdetofihemn. 

Since  the  declination  of  the  son  changes  fimi 
morning  to  evening,  the  time  of  the  sun^s  azriv- 
ing  at  a  given  altitude  is  affected  by  this  motiia, 
and  we  must  compute  the  correction  to  be  ^ 
plied  to  the  mean  of  the  times  observed. 

(8.)  BgatwffleabUudeqftkeMimorattar. 

Let  p  z  H  be  the  meridian  of  the  place  of  ob- 
servation, F  the  pole,  z  the  oenitiK,  and  a  the 
place  of  the  sun  or  star.    If  the  aenlth  dtstanec, 
sz,  has  been  measured  and  corrected  fer  refrac- 
tion, then  in  the  spherical  tiiangH  z  p  i,  tba 
three  sides  are  known*  viz., 
p  z  =.  the  co-latitude=  <^; 
z  8  =  the  true  zenith  distance  =  z; 
p  B  :=  the  north  polar  distance  of  the  star  «  dl 
In  this  triangle  we  can  compute  tlie  angle  z  p  a, 
wiiich  is  ti^  distance  of  the  star  from  the 
meridian.— Whence^ 


—  ^  /«^C 


8^6)  am  8  —  e) 


sin  4  A  —  .  , .    J,    ^ 

'  Y  am  6smc 

Put     28  =  «-}-rf+^; 


tfaea 


sin 


1 


^       /rin^ 


a  —  '^')sin(B  —  d) 
sin  ^shiii 

It  may  be  found  oonveni^t  to  employ  in  cor 
computation  ^,  the  latitude  of  the  plaoB^  and  d 
the  declination  of  the  star,  rather  than  the  co- 
latitude  and  polar  distance.  For  this  purpose, 
we  have  only  to  substitute  in  the  preceiSng 
formula  d  for  90°—^  and  ^  for  90** — ^  and 
we  shall  obtain  sin  -{^  p  =3 


y/t^f^±^ 


X— (^-n 


) 


cos^ooe) 

(4.)  To  determme  time  5y  tke  irwmi 
tnent. 

The  instant  of  the  sun's  passing  the 
is  the  time  of  apparent  noon ;  and  hene^  if  we 
compare  the  sun*s  passage  over  the  merkBan  with 
a  chronometer,  we  shall  obtain  the  deviatka  of 
the  chronometer  from  apparent  solar  time.  If  tp 
this  we  apply  the  equation  of  thne  with  its  pro- 
per sign,  we  shall  obtain  the  error  of  the  doo- 
nometer  in  mein  tima. 
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TteM  Bttll*  A  ooDtrivuMe  by  means  of 
whidi  fhe  exact  time  cao  be  oommunicated  over 
a  wide  space  by  tbe  clock  of  an  obeervatory.  It 
is  esMntiallj  this : — On  the  top  of  an  elevated 
place  an  upright  rod  is  adjosted,  along  which  a 
large  ball  or  sphere  can  be  make  to  slide  up  and 
down.  A  short  time  previous  to  the  hour  to  be 
Indicated,  the  ball  is  rsiaed  to  the  top  of  the  rod, 
frooi  which  it  is  dropped  at  the  exact  hour. 
Tliis  need  to  be  effected  by  actual  interftrenoe  of 
tha  observer;  but  now  the  movement  is  autO' 
wiatie,  the  ball  being  dropped  through  tha  agency 
of  an  electiD-magnetic  apparatus  in  connection 
with  the  astronomical  dock.  The  same  clock 
may  drop  any  number  of  balls  at  distant  places 
provided  they  ara  in  deotro-telegraphic  oorro* 
qwDdence  with  it  A  large  extension  might  be 
given  to  the  system  of  time  bslls,  with  much 
practical  advantage  to  our  shipping. 

T«nicclll,  Tkcoreas  •£  A  general  prin- 
ciple in  Slatic$t  announced  by  Toiricelli,  as  fol- 
lows : — *'  When  a  system  of  bodies  is  in  equi- 
librium, its  centre  of  gravity  is  either  at  the 
highest  or  lowest  point  that  it  can  attahL  "  It  is 
needful  to  combine  with  this,  certain  principles  re- 
ftnwl  to  under  "^  Stability.** — The  theorem  fully 
generslised  and  freed  from  specialty  of  expres- 
■ioo — as  it  has  been  under  more  advanced  statics 
and  analysis — is  of  much  importance  in  facilitat- 
iqg  the  general  solution  of  problems  relating  to 
heavy  bodies — e,  g.y  the  problem  of  the  Cat«naiy. 
Maupertnis  subsequently  generalized  this  theo- 
lem,  and  gave  it  the  name  of  the  Law  ofR^xm, 
—Like  all  s^ch  theorems  in  Statics  and  Dy- 
namics, Tonicelli*s  has  been  superseded  or  been 
overlooked,  because  of  the  wide  grasp  of  our 
general  methods. — For  discussion  of  the  condi- 
tions of  stable  and  unstable  equilibrium,  to  which 
each  statical  theorems  refer,  see  **  Stabiutt." 

TaiaioBu  The  force  with  which  a  string  or 
thread  returns  or  tends  to  return  to  a  state  of 
rest,  after  it  has  been  twisted.  The  force  of  tor- 
■ion  hss  often  been  referred  to  in  this  CydopsBdia, 
and  many  of  its  practical  applications  noticed. 
It  may  be  compared  as  follows  with  the  force  of 
gravity : — The  time  in  which  a  pendulum  of 
the  length  /  moves  in  a  small  arc,  is  known  to 
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The  time  In  which  a  tonion 


wire  vibrates  once  on  its  axis  being  made  equal 
to  the  time  in  which  a  simple  pendulum  vi» 
fanues,  we  have 

»  "■  ^ 
Therefore  as  the  momentum  of  inertia  for  a  tor- 
sion wire  suspending  a  body  of  a  given  form, 
can  be  computed,  and  as  /  may  be  found  from 
•the  observed  time  of  a  vibration,  the  value  of 
.a^tiie  co-efiicient  of  the  force  of  torsion— can 
n»adi]y  be  ascertained  from  this  equation,  m  is 
.the  mass  suspended,  and  k  is  radius  of  gyration. 
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Most  valuable  applications  of  the  force  af  ter- 
sion  have  been  made  to  physical  research, — for 
instance,  Couhmb'i  Torsion  Balance,  and  the 
B(/Uar  Magnetometer  of  Harrie  and  Game. 

TnUto  WlMdL    See  Winds. 

TnvieeiMT.  The  path  of  a  body's  motion  is 
called  the  tn^eetoiy.  Thus  tbe  tri^ectory  of  a 
heavy  point  projected  in  vacuo  under  the  action 
of  g^vity,  is  a  parabola. 

TnuisAt  Inatmaieat*  A  most  important 
instrument  in  practical  astronomy.  Its  general 
construction  will  be  best  understood  by  reference 
to  the  figure  already  gix-en  under  Circlk 
(fig.  4,  p.  111). — ^The  object  of  the  instrument 
being  to  detect  the  transit  of  a  star  across  the 
meridian  of  a  place,  it  is  clearly  necessary  that  it 
move  in  a  meridian  drcle,  or  so  that  its  line  of  col- 
limation  sweep  along  that  drde.  To  accomplish 
this  object,  tbe  axis  of  the  telescope  must  plainly 
be  horuontaly  and  made  to  rest  therefore  on  the 
top  of  strong  stone  pUlars,  not  connected  with 
the  floor  on  which  the  observer  walks.  It  is  im- 
possible to  secure  abtokUe  ttabUUg  to  tbe  hori- 
aontal  axis,  whatever  be  our  precautions.  The 
two  pillars  vary,  ocpanding  or  contracting  by 
some  quantity,  in  consequence  of  tbe  alterna- 
tions of  summer  and  winter  temperature^  But, 
generally  speaking,  two  massive  and  correspond- 
ing blocks  of  stone,  founded  deeply  in  the  earth, 
will  produce  all  the  stability  that  can  be  attained. 
It  is  assumed,  of  course,  that  the  other  mechani- 
cal adjustments  of  the  instrument  ara  also  car»- 
ftdly  provided  for,  —  viz.,  that  the  pivots  on 
which  it  turns  are  round,  and  that  the  telescope 
tube  be  at  right  angles  to  the  horizontal  axis^ 
The  exactness  or  failure  of  the  pivots  may 
readily  be  ascertained  by  turning  the  instru- 
ment when  its  great  levd  is  placed  on  it ;  and 
the  perpendicularity  of  the  ^ube  is  also  readily 
tested  on  reversing  the  axis, — that  is,  pladng 
the  west  end  to  the  east,  and  vice  verta.  These 
mechanical  essentials  bdng  supposed  secured,  it 
next  becomes  necessary  to  detetinine  how  Ux  the 
place  of  the  instrument  is  in  error,  and  there- 
ibre  what  are  the  corrections  thst  must  be 
applied  to  the  observed  trsn^it  of  any  star,  so 
that  the  true  time  of  its  transit  be  deduced. 
There  are  three  errors  of  place.  Firstj  the  axis 
may  not  be  exactly  horizontal  —  an  error  at 
once  detected  and  valued  by  revenal  of  the 
levd ;  eeoondfy,  tbe  line  of  coUimation  may  not 
be  oorrect^-an  error  detected  and  valued  by  a 
reversal  of  the  axis  of  the  instrument ;' or, 
better  still,  by  Bohnenberg^r's  method,  as  de- 
scribed under  Circle;  and,  thirdbf,  there  may 
be  an  error  in  azimuth^  i.  «.,  the  coUimation 
Ihie,  although  describing  a  gmit  drde  psssing 
through  the  zenith  point,  may  not  describe  the 
meridian  circle. — There  are  three  metiiodn  of 
determining  the  error  in  azimuth.  (1.)  Ob- 
serve two  successive  tnnsits  (the  upper  and 
lower),  of  the  pole  star,  or  any  close  cimim- 
polar  star,  then  the  azimnthal  deviaiiou  of  tiie 
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tmsitfo  equal  to  half  the  diftmoe  betiraen  tlie 
oiMervied  iaMrva!  and  twelve  hoon  ^  aooondsX 
mokipHed'  by  the  obieant  of  the  latitiidb,  and  the 
ootangent  otf  the  starts  deblfaiatSon.  (2.)  Obaerve 
the  tranaita  of  two  atais  (their  ^acee  being 
known),'  that  df^  coneidsnibly  in  declination, 
hot  rery  Uttle  in  right  aacension ;  the  athnnthal 
etrerwiHbe 


TRA 

tooth,  in  ancceaaion,  atzikea  agaioet  the  baadle 
of  a  platinnm  tilt-liammer,  ▲  c,  wd^iing  abaoi 
two  graina,  and  knocks  up  the  hammer,  which 
ahotioat  immfdiatriy  flJla  to  a  atate  of  sMt  qb  « 


cop  ^  sin.  (J'  — 3) 

Where  2,  Tare  the  declfnationa,  f  fhe  ktitode  of 
tte  pkecy  wi4  A  the  dlffiepeoae  of  the  ohaerved 
timeili  mmm  4he  4i§tnm»  of  right  aaeenaiaiia. 
(8.)  OlMerve  two  tiilngvdar  atan  at  oppoaite 
calmiBaiioiia^the:o«e  ahoi^e,  the  other  below 
the  pole^^^bei  «an>]^  in  aaimittir.  wiM  be     ' 

.  A  coar  coa  <f , 

wher6^  A  \k  tfee'  ^ti^iienoe  of  l!he  ^bsefved  timea, 
Mim^'the  dftf^f^noQ  of  the  rlgbt  ascendons,  ne- 
giei^Qg  tiJb  twelve  hoW  These  correctiona  bebg 
ibond,  the  time  ot  the  transit  of  any  star  may  be 
chan^  intp  its  tight  ascension  by  the  following 

fimimla. '  "    '    '   " 

,'  •  •    •    *        •  ' 

•''    '  '     008  • 

'    .cosi       .  '.  «os  2. 

where  V  is  the  jobflerV^  tiioe,  <f  f  the  error  of 
the  c1o<;k,  andi  a,  6,  c,  the  azimutbal,  level,  and 
ooU WMoa  eiror^  r^ispeetivelr.  T^  orots  above 
referred  to,  ,hiasi  be/  constantly  watdhed,  for  even 
the  best  and  most '  s6Hd  instrument  is  liable  to 
\i8ry  Itfregoiiir  fluctuatioba.  Te^  ftdl  instroe- 
tiona  aa  to  the  diacoTterjr  of  tliese  corrections  and 
the  geiii^Fa!  ttranagemettC  of  the'  traiidt  iDstm- 
ment^  Will  be  iband  in  ilny  gMd  work  on  prao- 
tioal  aetronoiny  ^  but  we  think  it  right  to  trans- 
Ihr  fh>m  ^e  trestise  by  Professor  Loomis,  the 
following  i^peoial  a^couiii  of  the  application  of 
electro-magnetiam'  to,  th^  exacter  record  of 
tradsltB  tl:^  recently  dttne  Into  ttse  in  America, 
and  Is  being  tried  at  Greenwich:  tt  promises  to 
aupplantt  altogether  the  fbrmek*  ^ode  of  eye-esti- 
mation :-p^  ' 

This  applicftioA  fzkvolvieit  two  contrivances 
entirely  distinct  frohi  toi;h  other;  The  first  is 
a  method  by  whfibli  kn  astivjnomlctil  dodc  may 
he  made  to  break  the  electric  cihmitat  the  end 
of  every  second ;  atnd  the  other  is  tibe  register, 
for  racc«ding  not' only  the  beats  of  the  dock,  but 
also  any  other  arbitrate  aignala  at  the  pleasure 
of  the  operator. 

1.  7Ae£^{6cHbCZDdf.--Thedeetriecinmit 
Im  broken  eveiy  second,  by  means  of  a  dock,  in 
a  variety  of  ways.    Dc  Locke  introduces  into 
the  aatronomical  clock  a  wheel  with  sixty  teeth, 
Yhich  makes  one  rtvdaiion  per  ininat&    Each 
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bed  of  platinum.  The  fulcmm  b  of  tin  tilt- 
hammer,  and  the  platinum  bed,  rest,  sererally,  aa 
a  small  block  of  wood.  Each  ia  connertM  \j' 
wires  d  and  b,  with  a  pole  of  the  gahraoie 
battery,  and  the  drcnit  ia  alternately  bioken  and 
completed  by  the  rising  and  fa&ing  of  the  haa- 
mer.  The  drcuit  is  open  about  ooe-tenth  «f  a 
second,  and  dosed  the  remaining  nioe-tenths  of 
each  second. — Profeasor  Bond  fawilatea  the  axb 
of  the  escapement  whed,  and  also  the  azia  of  tlie 
atad  palleta,  by  a  ring  of  sheHac.  Wirea  froai 
the  two  poles  of  the  battery  are  ooonected  with 
eadi  axis,  so  that  when  dther  paDet  oomcsiu 
contact  with  an  escapement  tooth,  the  galvaaic 
circuit  is  dosed ;  and  when  the  contact  ia  broka 
(as  it  must  be  at  every  oscillation  of  the  peoda- 
lum),  the  galvanic  circuit  ia  opened. — At  the 
Waahington  Observatory  the  aame  ot^yect  is  ac- 
complish ui  the  foliowxDg  manner : 
— A  small  piece  of  metal  M,  fe  attad>e:d 
to  the  bade  of  the  dock,  near  the  lower 
eztremiLy  of  the  pendulum,  and  npoo 
it  is  placed  a  small  globule  of  mercuiyy 
80  that  the  index  B,  attached  to  the 
lower  extremity  of  the  pendulum,  may 
pass  through  tlie  globule  of  mat»ry 
once  every  vibration.  A  wire  firom 
one  pole  of  the  battery  is  connected 
with  the  supports  of  the  pendulum  c, 
and  another  wire  from  the  other  pole 
of  the  battery  connects  with  the  metal- 
lic support  of  the  mercniy  globule  If 
now  the  pendulum  were  at  rest  with 
the  pointer  b,  in  the  mercury,  it  ia 
e\ident  that  the  dectric  circuit  would 
be  complete  through  the  pendulum, 
if  then  the  pendulum  be  aet  in  motion,  **  ^ 

it  will  break  the  drcuit  ^riienever  it  '^^ 
passes  out  of  the  mercury,  and  restore  it  agaia  aa 
soon  as  it  touches  the  mercury. — Mr.  Sftztoa  <ai- 
ploya  a  small  tilt-hammer,  like  Dr.  Lo^a,  bat  1m 
breaka  the  drcuit  by  meana  of  a  anaall  glvs  pia 
projecting  ftom  thependolum. — ▲bc(%.8)r|rc- 
aents  a  platinnm  wire,  mounted  upon  a  pivot  at  i, 
the  end  Abeing  aomewhat  heavier  than  the  echo', 
and  natiag  upon  «  metellic  bed  Ik    AtG,tha 
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wire  is  bent  so  tt  to  tana  an  obtuse  angle.    The 
wire  B  goes  from  d  to  one  pole  of  the  batteij, 


) 
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while  the  wire  h,  from  the  other  pole  of  the 
battery,  oommanicates  with  the  metallic  sap- 
port  o,  and  thence  with  the  wire  ▲  b.  When 
the  end  a  of  the  platinum  wire  rests  npon  the 
SDpport  i>,  it  b  evident  that  the  electric  circuit 
is  oompletBi  This  apparatus  is  placed  near  the 
middle  of  tlie  pendulum  (a  portion  of  which  i  k, 
is  represented  in  the  cut),  and  Just  in  front  of  it, 
•o  that  the  pendulum  may  swing  behind  it 
without  obstrucdon.  A  small  glass  j^  f,  about 
half  an  inch  in  length,  is  attached  to  the  pendn- 
lam  in  such  a  position  that,  at  every  vibration 
of  the  pendulum,  the  pin  shall  slightly  impinge 
upon  the  angle  c  of  the  platinum  wire,  and  ibrce 
up  the  end  a.  As  soon  as  the  pin  has  passed 
the  pdnt  G,  the  end  A  Alls  back  again  upon  its 
•uppoit  Du  Thus,  aft  every  vibration  of  the 
pendulum,  the  end  a  of  the  platinum  wire  is 
lifted  about  a  tenth  of  a  second,  and  reets  upon 
i>  during  the  remaining  nine-tenths  of  the 
•econd;  that  is,  the  electric  circuit  is  dosed 
about  nine-tenths  of  every  second,  and  is  open 
during  the  remaining  tentL — By  either  of  these 
methods,  as  well  as  several  others,  the  electric 
dreoit  may  be  broken  every  second  by  means  of 
adodc 

2.  Tke  Segitter. — ^The  meet  obvious  mode  of 
registering  the  beats  of  the  dock  is  upon  a  long 
fillet  of  paper,  after  the  ordinary  method  of  tele- 
graphic communications.  Ifthe  paper  be  allowed 
to  ma  through  an  ordinary  Morse  registering 
apparatus,  and  the  drcuit  be  broken  every  second 
by  the  dock,  the  graver  will  trace  npon  the 
paper  a  series  of  lines  of  equal  length,  separated 
by  short  interruptions,  thus: — 


It  is  easy  to  reverse  the  action  of  the  graver,  so 
that  when  tiie  drcuit  is  complete,  the  paper 
dtall  be  entirely  free,  and  a  dot  be  made  by  the 
brealdng  of  the  drcuit.  A  paper  graduated  into 
aaooods  by  this  arrangement,  exhibits  dots  with 
long  intervening  spaces,  thus : — 

instead  of  long  lines  with  short  blanks,  as  shown 
before. — In  <mler  to  indicate  the  commencement 
sf  the  minute,  a  dot  may  be  omitted  at  the  end 
of  every  alztj  seoondai    This  is  aooompUshed  in 
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Dr.  Lodae^s  dock,  by  omitting  one  tooth  in  the 
whed  which  breaks  the  drcuit,  as  shown  at  n, 
in  fig.  1,  page  748. — ^The  mode  of  unng  the 
register  for  marking  the  di^te  of  any  event,  is  to 
tap  on  a  break-dreuit  key  simultaneously  with 
the  event  The  banning  of  the  short  line  thus 
printed  upon  tlie  graduated  scale  of  the  register, 
fixes,  by  a  permanent  record,  the  date  of  the 
event  Thus  a  represents  sndi  a  record  printed 
npon  the  graduated  paper. 


By  tapping  upon  the  key  at  the  instant  a  star  is 
seen  to  pass  each  of  the  wires  of  a  transit  instru- 
ment, the  obeervation  is  instantly  and  perma- 
nently recorded.  The  usual  rate  of  progress  of 
the  fiUet  under  the  pen  is  about  one  inch  per 
second,  and  the  observations  are  read  off  by 
means  of  a  graduated  transparent  scale,  about 
an  inch  square,  as  represented  in  the  annexed 
cut,  oonsiBting  of  equidistant  and  paralld  lines, 
ruled  upon  a  piece  of  glass  by  means  of  a  dia- 
mond, or  etched  with  fluoric  add.  If  the  inter- 
val between  the  second  dots  be  greater  than  the 
breadth  of  the  scale,  the  scale  is  turned  obllqndy 
across  the  fillet,  until  the  flnt  and  last  divisions 
exactly  comprehend  the  space  between  the  two 
second  dots.  Let  the  distance  from  4s  to  5s,  on 
the  above  scale,  be  the  dis- 
tance on  the  fillet  between 
the  fourth  and  fifth  seconds,  ^ 
and  let  the  dot  a  between^ 
them  represent  the  observa- 
tion. It  appears,  by  inspeo- 
tion,  that  the  observation 
was  recorded  between  4 -7  and 
4*8  seconds.    The  disiaace  ^9*^* 

of  a  from  the  nearest  scale  division  may  be 
estimated  to  tenths.  Thus  time  is  accurately 
measured  to  tenths,  and  may  be  estimated  to 
hundredths  of  a  second.  On  some  accounts,  it  is 
more  convenient  to  employ  a  scale  consisting  of 
diveiging  lines,  as  represented  in  the  annexed 
out,  so  that  the  breadth  of  the  scale  may  always 
exactly  comprehend  the  in- 
terval between  the  second  dots, 
which  intervals  must  neces- 
sarily vary  somewhat  in  length. 
— ^This  method  oi  recording 
transits  not  only  possesses  the 
advantage  of  precision,  but  also 
of  performing  vastly  more 
work  in  a  given  time.  Fif- 
teen seconds  is  the  ordinary  Fl^.  ft. 
equatorial  interval  for  the  wires  of  a  transit 
instrument;  but  when  the  trandts  are  printed 
on  paper,*  in  the  manner  now  described,  this 
intoral  may  easily  be  reduced  to  two  or  three 
seconds.  The  value  of  a  night*s  work  with 
the  tnndt  instrument  is  thus  increased  manv 
fold. — To  obviate  the  inoonvenience  of  a  long 
fillet  of  paper,  tfr.  Saxtoa  has  snbstltnted  a 
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c}'Iinder,  tbont  dght  inches  in  diameter  and  two 
feet  long,  enveloped  with  paper,  which  may  be 
removed  at  pleasnre.  Thb  cylinder  is  madQ  to 
revolve,  with  a  uniform  motion,  upon  a  screw 
axis,  so  that  the  recording  dots  are  made  upon 
a  perpetual  spiraL  One  sheet,  filled  in  this  man- 
ner, will  contain  abont  two  honrs*  work  with  a 
transit  instrnment — In  order  to  secure  the  full 
advantage  of  the  preceding  method,  it  is  impor- 
tant that  the  paper  whid^  contains  the  register 
be  made  to  advance  with  entire  uniformity.  The 
Menrs.  Bond  have  invented  for  this  poipose  a 
machine  which  they  call  the  Spring  Governor, 
consisting  of  a  train  of  clock-work  connected 
with  the  axis  of  a  fly-wheel.  It  has  an  escape- 
ment-wheel, into  the  teeth  of  which  pallets  are 
operated  by  the  oscillations  of  a  pendulum,  as  in 
ordinary  docks,  the  wheel  being  so  connected 
with  its  axis  by  a  spring  as  to  allow  the  axis  to 
move  while  the  wheel  is  detained  by  the  pallets. 
The  register  is  made  upon  a  sheet  of  paper 
wrapped  round  a  cylinder. 

TnmsUutoM.  As  distinguished  tnm  rota- 
iionj  consists  in  the  movement  of  a  point  from 
one  position  to  another.  There  is  a  simple  move- 
ment of  translation  in  a  body  when  its  centre  of 
gravity  is  moved,  and  when  the  body  is  rigidly 
connected.  The  translation  for  every  point  is 
identical  with  that  for  the  centre  of  gravity. 

TraaiiparencT.  The  property  of  bodies 
which  enables  light  to  pass  through  them.  No 
body  is  perfectly  transparent ;  there  are  none  in 
which  a  portion  of  the  light  rays  are  not  absorbed. 
Again,  no  body  is  perfectly  opaque — even  gold, 
for  example,  if  thin  enough  will  transmit  a  dull 
light 

TranavennU.  A  general  method  of  treat- 
ing many  geometrical  subjects,  brought  into 
notice  by  Camot  The  following  elementary 
illustrations  are  copied  from  Mulcahy : — 

Lbhoia  1. — If  three  right  lines  a  a',  b  b',  c  o' 
be  drawn  fbom  the  angles  of  a  triangle  A  b  c  to 
meet  in  any  point  o,  die  segments  of  one  side  of 

the  triangle  will  be  in 
a  ratio  compounded 
of  the  ratios  of  the 
segments  of  the  other 
sides,  that  is, 

B  A'  ;  A'  C  : 
B  C'  :  </  A 
A  b'  ;  b'  c 

For,  B  A'  ;  A'  c  :  : 
A  aca';  also,  b  a':  a'c;:  Aboa'j 
:  then^fore  b  a'  :  a'  c  :  .  A  A  B  o  : 


i 


} 


Fig.  1. 


A  ABA' 
A  C  O  A  . 
A  A  C  0,  or 


(A 


ABO 
C  B  O 

(  A  b'  :  B 
••  \bC:(/ 

Tliis  relation  may  b3 
follows :  — 


A  c  B  o 

A  A  CO 


I  ,  that  isi 
otherwise  expressed  as 


We  have  {Euciidj  b.  vL,  prop.  23)  B  a'  :  A'  c 
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: :  A  b'  .  B  (/  :  A'  c  .  </  A :  and,  thenCofe,  A  B' . 
o  a'  .  B  C  =  A'  B .  c^  A  .  b'  c,  that  ia,  (is  co»- 
Hnued  products  of  the  aUemtUe  wegmemt*  of  cAc 
tides  are  equal — Similar  results  will  hold  good 
when  the  point  o  is  outride  the  trian^ei  In 
Uiat  case  two  of  the  points  a',  b',  d  will  Ik  on  the 
sides  produced. — Conversely,  it  foDowB,  ex  o^ 
surdo,  that  if  the  relation  above-  mentioned 
obtains,  amongst  the  s^rments  of  the  ades  of  a 
triangle  made  by  lines  drawn  from  the  aagis 
(under  the  restriction  just  stated,  relative  to  a 
point  outside),  thoee  lines  will  meet  in  one  point. 

Lemma  2. — If  a  right  lino  </  a'  be  drawn, 
cutting  the  three  sides  of  a  triangle  a  b  c,  their 
segments  so  formed  will  have  a  relati<Mi  Bnukr 
to  that  expressed  in  the  former  Lemma. 

For,  draw  c  o  parallel  to  a  b  (see  iigi^) ;  tbea 


B  a'  :  a'  o : :  B  </ :  G  o 


..  rB</:</A) 
•tcTAic  o  r 


but</A:co::AB^:B!'c;  theicfion 
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B  A':  A'c 


{li\^A}-  ^ 
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before. 

Conversely,  if  a  point  be  taken  on  each  »de 
of  a  triangle  (or  the  side  produced),  so  that  the 
segments  thus  formed  shall  satisfy  the  idatiea 
aboye  referred  to,  those  three  points  will  be  in  ene 
right  line,  provided  that  an  odd  number  of  the 
points  shiQl  lie  on  the  prodnctiooa  of  the  sides. — 
Tboe  Lemmas  being  premised,  we  shall  now  ex- 
plain the  harmonic  properties  of  a  triangle..^ 
"  Let  three  right  lines  A  a',  b  b\  c  cf ,  be  drawn 
(as  in  Lemma  1)  firom  the  angles  of  a  triangle, 
to  meet  in  a  point  o,  and  let  the  lines  a'  b',  b'  c', 
c'  a'  be  produced  to  meet  the  rides  A  b,  b  c,  c  a, 
respectively,  in  C*,  a",  b";  then,  1**,  all  the 
Imes  on  the  figure  so  formed  are  cut  liaimMii- 
cally,  and,  2^,  the  points  a",  ibT,  c^,  are  in  oqs 
right  line.** 

1^  By  the  foregoing  Lemmaa 


B  A'  :  A'  c : : 

b  a''  :  c  A* ;  that  is,  b  ▲''  is  cut  haimoiucany. 


I 
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A  stmfltr  proof  applies  to  b  d*  and  a  b^. 
Again,  if  a  a"  be  joined,  as  b  a"  is  cut  hannoni- 
callj,  so  also  is  ^y  A* ;  and  in  like  manner  d*  a' 

and  b"  d.  For 
similar  reasons  b  b' 
is  cat  harmoDicajly, 
and  also  a  a'  and 
cc'. 

2^    Join  B  B*, 
now,  if  thethree  lines 
meeting   at  b"   be 
taken  as  three  legs 
of  an  harmonic  pen- 
cil (jbT  b  and  b"  c 
being  supposed  con- 
jugate), the  fonrth 
is  detennfaied;  but 
it  must  pass  through 
A^ando^fSmoetbese 
points  are  harmonic 
conj*jgate4  to  a'  and 
<f   respectively;  therefore  b*,   a",   c^,  are  in 
the  same  stnUgbt  line. — ff  from  eAe  endt  qf 
the  ban  of  a  trioatgh  two  Unes  be  drawn  to 
tke  oppotUa  nde$y  to  tu  to  inlerteet  on  the  per- 
pewHaUar  to  the   bate,  the  Unet  Joining    the 
Jhot  qf  the  perpendietdar  to  their  intereectiont 
with  the  tidety  make  equal  etngkt  loith  the  bate. 
For,  if  A  a'  be  perpendicular  to  the  base  (see 
last  figure),  a'  is  the  vertex  of  an  harmonic 
pendl  two  of  whose  alternate  legs  are  at  right 
angles,  and  therefore  the  angle  b'  a'  cf  is  bi- 
sected, and  the  propositbn  is  proved. — Some  of 
these  oondusions  vmlj  be  otherwise  expressed. 
The  following  definition  must  be  first  laid  down : 
If  the  opposite  sides  of  a  quadrilateral  be  pro- 
duced to  meet,  the  line  joining  their  hitenections 
nuiy  be  called  the  third  dia^nai  of  the  quadri- 
lateraL    Thus  (see  last  flgura),  b  o  is  the  third 
diagonal  of  A  </  o  b'  ;  again  c'  b'  is  the  third 
diagonal  of  A  b  o  o ;  and  considering  </  b  b'  o 
also  as  a  quadrilateral,  a  o  is  its  thhrd  diagonal. 
We  have  then  the   following   propositbn: — 
**  The  threedioffonab  of  any  quadrilateral  belong 
also  to  two  other  quadrilaterals,  whose  sides  are 
s^ments  respectively  of  those  of  the  first  quadri- 
lAteral :  and  each  of  them  is  cut  hi  conjugate 
harmonic  pointo  by  the  other  twa**    The  figure 
formed  by  three  such  quadrilaterals  is  called  by 
Cainot  a  compkie  quadrilateral^Givm  in  posi- 
tkm  one  pidr  of  opposite  sides  of  a  quadrilateral, 
and  the  point  of  intersection  at  the  other  pair,  to 
find  the  locus  of  the  Intemction  of  the  diagonals 
(that  is,  the  diagonals  as  commonly  understood). 
Let  A  B  and  a  c  be  the  lines  given  in  position, 
and  a"  the  given  point  (see  last  figure) ;  then, 
the  intersection  of  the  diagonals  of  the  quadri- 
lateral o  b'  </  B  will  evidently  lie  on  the  har- 
monic conjugate  of  a"  a,  with  respect  to  a  b  and 
A  G,  namdy  a  a'.    This  line  is  Vaea  the  required 
locus. — Let  a  right  Une  revolpe  rounda  given  point 
o,  and  cut  two  given  right  Unet  y  a'  and  r  b'  in 
A  and  b;  kt  a  portion  o^  be  taken  on  it,tmA 
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thai  itt  reciprocal  thaU  be  equal  to  the  turn  of  the 
reciproc(dt  qfo  a  and  o  b  (more  ooncitefy  thut : 


-  _  ==  —  +  —  I  f  required  the  locut  of 
ox       oAoay^  •' 

the  point  X.  (ox,OA,OB,are  supposed 
to  be  taken  in  the  same  direction.)  Draw  any 
line  from  o,  and  let  a'  and  b'  be  the  points  where 
it  cuts  the  given  Unes ;  cnt  a'  B'  in  p',  so  that 
a'  p' :  B'  p'  :  :  o  a'  :  o  b'  (EucHd,  b.  vi,  prop. 
10) ;  join  o  y  and  y  p^ ;  then  a  right  Hne  bi- 
secting  o  y  and  parallel  to  y  t^  will  be  the  locut 
required.  For,  as  o  b'  is  cut  harmonically,  o  b 
is  cut  harmonically ;  therefore 


O  A 


OB 


O  P  » 


but  by  the  definition  of  a  reciprocal  (g.  v.)  it  is 
plain  that  the  redprocalof  half  a  line  is  double  the 
reciprocal  of  the  whole ;  thereftire,  as  the  line 
drawn  parallel  to  y  p  bisects  o  p,  this  parallel 
passes  through  the  point  x  in  all  its  positions. 
<i.  E.  D. — If  the  revolving  line  take  such  a  posi- 
tion that  B  comes  to  the  other  side  of  y  (a  re- 
mahimg  on  the  same  side  as  before),  it  will  be 
found,  by  a  similar  proof,  that  it  is  cut  by  the 

same  parallel  in  a  point  x,  so  that  —  equals 

0  X  ^ 

the  diffisrenoe  of  —  and  — •    In  order  to  re- 

0  A  o  B 

concUe  this  with  the  former  result,  we  must  re- 
collect that  o  B  and  o  a,  being  now  mea- 
sured from  o  in  opposite  directions,  must  have 
different  slgna. — I«t  ua  now  suppose  the  i»- 


ng.& 

volving  line  to  cut  ang  nun^er  of  given 
right  lines  in  a,  b,  c,  &e.,  and  let  o  x  be 
taken  Qn  the  same  direction  with  o  a,  o  b,  Ac) 

that  —  =  — + —  +  — +&c.;the 


so 


ox 


O  A 


o^ 


o  c 
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loau^xii  mUarlght  Stie.    For1fox'(8ee 

fig.)  be  takflo  soch  that  — -;  ^  —  +  — 
^^  ox^       o  A        OB 

the  locna  of  z^  is  a  certain  right  line,  which  may 
be  ooDsidered  as  replacing  tlie  two  right  lines  on 
which  ▲  and  b  are  supposed  to  move ;  that  is, 
the  original  condition  now  becomes 

OX 


O  X 


o  o 


If  then  the  number  of  given  lines  is  three,  the 
locus  of  z  is  a  right  line  by  the  last  article;  if 
four,  the  question  is  reduced  to  the  case  of  three 
by  a  similar  process,  and  so  on  for  any  nomber. 
— It  cannot  easily  be  rendered  dear  how  very 
far  this  simple  method  may  be  extended.  The 
general  nature  of  the  sul^ect,  however,  may  be 
gathered  from  the  fiDregoiug  cases. 

TiteagnlailMs.  In  surveying,  where  it  is  ne- 
cessary to  measure  many  distances,  the  following 
process  is  adopted.  A  base  line  b  measured  with 
all  imaginable  precautions.  Then  some  point 
whose  distance  we  wish  to  know,  if  it  be  visible, 
(if  not,  some  pdnt  in  its  direction)  is  taken  as  the 
vertex  of  a  triangle  of  which  this  tine  is  the  base; 
the  angles  of  the  triangle  are  measured  by  the 
theodolite,  and  the  sides  calculated.  Henoe  we 
have  two  new  bases ;  and  we  can  evidently  go 
on  multiplying  these  to  any  extent,  until  we  get 
the  successive  dUtances  wUch  we  desire  to  mea- 
sure, as  sides  of  triangles  whose  base  and  whose 
angles  are  known.  The  process  of  measurement 
of  lines  on  the  earth  is  so  long,  requires  so  many 
precautions,  and  is,  after  all  in  many  cases  so 
uncertain,  that  survevors  replace  it,  as  much  at 
possible,  by  the  simple  measurement  of  angular 
jpaoe. 

Trifi»a«aietiT.  The  name  given  to  that 
portion  of  mathematics  whose  object  it  is  to 
determine  the  unknown,  Ihrni  adequate  known 
portions  of  triangles.  Plane  trigonometry  has 
refierence  to  the  case  of  plane  rectilinear  triangke. 
Spherical  trigonometry  to  the  triangles  formed  by 
the  intersection  of  three  great  dicks  on  the  sur- 
iaeeofaaphere.  The  latter,  indeed,  should  rather 
take  its  name  from  the  nature  of  the  problem 
which  it  really  undertakes  to  resolve, — ^viz.,  to 
ascertain  all  Uie  relations  inddent  on  the  vary- 
ing intersections  of  planes.  The  methods  and 
contents  of  both  portions  of  the  subject,  must  be 
sought  in  qiecific  treatises,  of  wliich  there  are 
now  very  many  of  high  excellence.  The  ArUhr- 
metic  of  Sinesy  or  analytical  trigonometry,  as  it 
is  called,  is  an  dementary  portion  of  analysis, 
quite  indispensable. 

Tr«plcsa  Tcsw.    See  Ctclb  and  Chboho- 

IDQY. 

Tropica.  The  drdes  of  the  earth  28|^  on 
each  side  of  the  Equator  are  called  the  Tropics. 
The  upper  k  that  of  Cancer,  the  lower  that 
of  Capricorn. 

Tabular  Bridge.    See  Bbidgb. 
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SeeWATnWi 
TwIMsirt.  The  eartk  as  It  tons  on  its  szk 
exposes  diffemt  parts  of  its  snrfiMe  noeeasHe^ 
to  the  radiation  of  the  son.  The  ravs  of  Bg^ 
prtweed  in  straight  Unes,  and  if  no  reBediag  cr 
refrttoting  nediom  interftred  in  thcu-eonne^  tii^ 
could  only  iliumina  a  hemispberB  of  the  (^oba 
at  a  time,  the  other  half  being  involved  in  the 
shadow.  The  Ime  which  separates  these  £vidM 
the  day  fitNn  the  night,  and,  in  one  of  its  halw, 
constitutes  the  dawn,  and  hi  the  other  the  saasek 
As  the  earth  rotates  on  its  axis  in  twcnty-fe« 
hours,  the  lines  of  illuminatioa  most  pass  nNBd 
the  whok  drcomliBrence  in  the  aame  thne^  er  at 
a  rate  of  15^  in  the  hour.  If  the  son  wen 
always  in  the  prokngatioa  of  the  plane  of  the 
equator,  and  the  earth  were  stripped  of  its  atiaa- 
sphere,  the  days  and  nighte  over  the  whole  gkbe, 
and  at  all  times,  would  be  equal,  and  total  dark- 
ness would  instantaneoosly  succeed  to  the  mo- 
ment of  sunset  Instead  of  thia,natiiieBiipiiGea  the 
vaxkty  of  the  seasons  and  the  gentle  pvogmsoa 
of  twilight,  the  electa  of  which  are  so  admirafek, 
and  their  recurrence  of  such  infiUlibk  r^gnlantv, 
that  no  one  can  be  indifferent  as  to  the  canaes^ 
whidi  th^  are  prodnoed.    In  lig.  1,  let  c 


•^ 
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sent  the  sun,  and  tiie  dotted  Una 
the  earth's  oirbit  If  tp  «  o  represent  the  evA 
in  such  a  pontJoathat  its  axk  n  a  k  ati^ 
angles  to  the  line  extondiog  to  the  8im,tiMn,ss 
the  diagnun  ahows,  the  drde  ef  nhiniinsilM 
would  extend  through  both  poles,  and  any  point 
onthesorfeoeoftliegiobei,  for  instance  the  paint 
o,  in  its  pr^giess  of  rotatiQa  In  the  drde  •  ^ 
would  be,  during  an  equal  period  of  tiase,  in  the 
shadow  and  m  the  Kglit,  or,  in  other  wenk^  the 
day  and  night  would  be  eqnali  and  tfak  w«nld 
liold  over  the  whds  surfhoeu  It,  lMlWle^  tte 
axk  $  n  remain  paralld  to  itsdf;  whik  the  whok 
globe  advances  to  anoUicr  point  in  te  oridt,  or 
to  the  podtion  shown  at  /  jr"  i^  o',  tbentlM  drck 
of  illumination  L  ^  does  not  now  readi  through 
both  pdes,  but  k  hidined  to  the  axia^  so  thai 
any  point,  such  as  o',  k  not,  in  its  piugiess  ronai 
the  axk  «  n,  an  equal  period  in  light  and  dak- 
nesB,  and  the  days  and  nights  are  uneqoaL  Tha% 
to  the  simpk  oontrivaace,  that  the  nxk  of  lolih 
tfan  should  not  be  at  right  an^ea  to  the  plans  of 
the  orbit,  are  all  the  vaikdes  of  anmmer  snl 
winter  mainly  daa.  As  has  been  ahreadv 
tloned,  if  the  rays  ef  light  (whidi  la  fiei 
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ixoeeed  in  rtnight  1iiM8)in  thdr  coowftom  the 
son  along  thn  •nface  of  tlie  enrth,  onooontorad 
DO  snbsUnoe  capnUe  of  changing  ihair  direction, 
dayUght  wonld  be  tnstanUy  changed  into  dark- 
seas  at  sanaet,  and  the  glare  of  day  would  take 
the  place  of  the  soft  growth  of  tlie  morning.  In 
the  ezpUuiation  of  tnch  phenomoia,  it  is  more 
oonvenient  to  soppoee  that  the  son  moves,  and  that 
the  earth  remains  at  rest;  and  as  the  results  for 
each  parpoees  are  the  same,  this  mode  may  be 
bareadoi^    In  iig.  2,  if  a  o  represent  the  line 


— --V5l 


.^^ 
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of  Ohmiination  on  the  earth,  and  8  the  sun  giv- 
ing out  the  rays  of  light,  as  shown  by  the  dotted 
lines,  then  an  observer  at  o  would  see  the  sun 
along  the  line  o  a,  and  apparently  resting  on  the 
horison.  If  the  sun  descends  in  the  least  degree 
fiyrther  as  to  a',  then  no  rays  could  reach  the  ob- 
aerver  at  o.  The  ray  s'  l,  which  is  the  nearest 
to  him,  wonld  graxe  along  the  surfkoe  at  l,  and 
paas  away  into  space.  ^  those  in  a  lower  po- 
sition being  totally  interoepted,  he  would  be  left 
in  daikness.  U;  however,  any  sabstanoe  pai^ 
tially  transparent,  and  yet  capable  of  reflecting 
Bgbt,  ssBTOnnded  the  earth,  snch  n^  as  i^  l 
might  be  tnmed  back  again,  and  reach  the  ob- 
aer?er  at  ci,  and  thus  cause  a  partial  illumination 
of  tlia  shadow  of  night  Such  a  substance  sur- 
ffoonds  tlie  earth  9A  its  atmospliere,  and  to  it  the 
of  twilight  are  due.    In  fig.  8,  let 
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o  8.  as  before,  represent  the  horizon  of  an  ob- 
server at  o,  then  a  would  be  the  lowest  position 
in  which  the  sun  could  be  in  order  that  his  rays 
mic^t  reach  o;  but  if  the  dotted  carve  indicate 
the  surfiuse  of  the  atmosphere  of  which  a  is  one 
of  the  highest  particles,  then  the  sun,  after  hav- 
ing descended  to  8',  will  still  illuminate  the  air 
contained  in  a  v,  a,  all  of  which  is  above  the 
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horina  of  o,  ind  will,  therefore,  be  visible  from 
it,  and  of  course  contribute  to  its  illnminAtion  by 
n^eotion.  Even  when  s  has  descended  to  b",  a 
portion  of  illuminated  atmosphere  at  a'  will  still 
be  visible  from  o,  but  beyond  this  all  wiU  be 
darkness.  It  is  obvious,  that  the  duration  of 
twilight  will  depend  chiefly  on  the  height  to 
whic£  the  atmosphere  extends  above  the  surlhce 
of  the  earth.  The  duration  of  twilight  and  the 
hdght  of  the  atmosphere  are  so  connected  together 
that  the  one  can  be  deduced  from  the  other,  and, 
indeed,  this  is  the  chief  means  by  which  the 
height  of  the  atmoephere  has  been  estimated. 
The  nature  of  such  a  calcnladon  may  be  under- 
stood flnnn  fig.  4.    If  a  represent  the  portion  of 


Fig.  4 

atmoephere  seen  ftom  o  to  be  last  illominated  in 
the  westeni  horizoD,  just  as  twilight  ends,  the 
height  M  A  ia  that  which  is  to  be  determined. 
lUs  will  be  got  if  o  A  be  found,  as  o  m  is  known 
to  be  about  4,000  miles— viz.,  the  radius  of  the 
earth.  Now,  in  the  triangle  c  o  a,  c  o  is  4,000 
miles,  the  angle  at  o  is  90^,  and  the  angle  ago 
equal  to  half  the  angle  o  o  h  (the  lines  o  a  and 
H  A  being  tangents  applied  to  the  surfoce,  and 
o  A,  drawn  to  their  point  of  contact,  necessarily 
dividing  the  angle  at  o  into  two  equal  parts  be- 
cause of  the  aynmietry).  1^  therefore,  we  get 
the  angle  o c  b,  we  get  its  half,  viz.,  acq. 
But,  producing  c  h  to  k,  the  trian^es  hoc  and 
n  H  A  are  aimilar,  having  eadi  a  right  angle, 
and  tlie  common  angle  at  m.  Hence  the  angle 
at  o  is  equal  to  the  angle  8  A  H.  But  s  a  H  is 
the  depression  of  the  sun  below  the  horizon  at 
the  faiMant  twilight  ends: — ^if,  therefore,  this  can 
be  got,  the  angle  oca,  which  is  equal  to  its 
half^  is  found,  and  the  side  c  A  is  oompnted  by 
the  fonnnla) 


c  A=  — 


c  o 


cos  O  C  A 

The  depression  of  the  sun  below  the  horizon  at 
die  termination  of  twilight  cannot,  of  course,  be 
directly  measured ;  but  it  can  be  certainly  in- 
forred,  from  the  well  known  circumstances  of  the 
earth's  rotation.  The  simplest  case  will  be  to 
suppose  the  obeerver  on  the  equator,  and  the  sun 
alao  in  the  equinoctial ;  when  it  appeare  to  de- 
scend vertically  on  the  horizon,  and  docnpies 
as  mndi  time  under  as  above  it  As  tite  wliole 
time  of  pasting  round  the  complete  circumference 
of  860°  is  twenty-four  hours,  the  rate  of  descent 
is  15°  to  the  hour.  Now,  in  such  circumstances, 
it  is  obsenred  that  the  duration  of  twilight  is  an 
hour  and  twelve  mJnntMi  which  oonespooda  ym 
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]  8*.  Thus  it  is  oondoded  that  the  sun  miist  be 
18°  under  the  horizon  of  any  place,  before  the 
twilight  can  end.  The  angle  o  c  a  is  then  9°, 
and  the  computation  runs  thos — 

c  A=l:^  or  l!?2?  =  4,062-6  miles. 
COS  9         987 

then  subtracting  o  c,  the  earth's  radius,  or  4,000 
miles,  we  get 

M  A  =  62'6  miles. 

It  is  from  such  a  calcolation  (hat  the  height  of 
the  earth's  atmosphere  is  generally  said  to  be 
forty-five  or  fifty  miles.     It  is,  however,  obvious 
that  very  great  accuracy  cannot  be  attributed  to 
such  a  method,  as  it  has  been  taken  fur  granted 
that  the  rays  of  light  have  been  only  once  re- 
flected from  the  air.    But  if  we  suppose,  in  fig.  8, 
that  the  light  which  strikes  a'  oocdd  be  thrown 
on  to  A  to  be  then  again  reflected,  and  so  on,  it 
is  evident  that  the  sun  might  descend  below  a'' 
without  causing  the  total  cessation  of  twilight. 
Again,  the  rays  a''  a'  have  to  penetrate  the  dense 
strata  of  air  dose  to  the  earth  before  they  reach 
a,  where  they  are  reflected  by  only  an  attenuated 
atmosphere ;  and  they  have  again  to  pass  down 
through  the  dense  air  dose  to  the  sur&oe,  along 
the  line  A  o,  before  they  reach  the  observer  at  o 
—all  of  which  drcumstanoes  cause  a  doubt  as  to 
the  results  of  this  calculation. — Other  methods 
have  been  applied  to  the  same  problem,  particu- 
larly those  resulting  firom  the  obeervation,  not  of 
the  solar  depression  at  the  termination  of  twilight, 
but  rathor  of  the  solar  depression  ooxresponding 
to  the  altitudes  of  what  is  caUed  the  crepuscular 
and  anticrepuscular  curves.  •  By  inspection  of 
fig.  3,  it  is  apparent  that,  at  the  moment  of  sun- 
set, the.  whole  portion  of  the  atmosphere  visible 
from  o,  yiz.j  f  a  a',  is  illuminated  by  direct 
sunshine;  but  as  the  sun  descends  bdow  the 
horizon,  a  part  of  the  air  near  f  will  be  in  sha- 
dow, and  that,  as  s  descends  lower  and  lower, 
the  shadow  will  rise  higher  and  higher  in  the 
air,   appearing  with  a  curved  outline,   which 
ascends  in  the  eastern  sky.    It  is  called  the  anti- 
crepuscular  curve  till  it  reaches  the  zenith,  when 
B  is  at  such  a  position  as  s',  after  which,  as  the 
sun  sinks  still  lower,  it  also  sinks  towards  the 
western  horizon,  and  is  named  the  crepuscular 
curve,  finishing  by  totally  disappearing  as  a  faint 
glow  close  to  the  earth  as  twQight  terminates. 
A  pure  and  transparent  atmosphere,  such  as  that 
of  the  summits  of  high  mountains,  is  most  fa- 
vourable for  the  observation  of  such  curves.  They 
have  been  made  the  subject  of  careful  observation 
by  Saussure  and  Lambert,  and  very  recently  by 
"MM.  Martins  and  Bravais,  in  thdr  sojourn  at 
the  summit  of  the  Faulhom.     In  the  Ajmuaire 
MSUoroloffique  de  France  for  1850  will  be  found 
the  details  of  the  mode  in  which  they  iq)plied 
their  observations  to  the  determination  of  the 
hdght  of  the  atmosphere.   Their  results  are,  that 
the  height  of  the  atmosphere  is  115,000  metres, 
and  that  the  crepuscular  curve  sets  when  the  sun 
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is  17°  bdow  the  horizon.  Thej  abo  stele  thiC 
under  very  favourable  dreomgtanoBB,  after  the 
first  crepuscular  curve  had  set,  they  could  ne  a 
whitish  light  illaminating  the  tkr  tovaid  tfat 
north- west  It  faded  so  gradually  away  towanii 
the  zenith,  that  it  was  Impoaible  to  define  ik 
boondaxy.  It  evidently  ooneapooded  to  parts  of 
the  air  for  which  the  crepuscular  corre  had  aot 
set  The  light  which  came  from  it  had  sniM 
a  double  reflection,  as  indicated  abov«  irliea  ic- 
ferring  to  the  uncertainty  of  the  eivideaoa  ef  thi 
atmospheric  limits.  Among  the  most  reoiaiUUe 
drcumstanoes  connected  with  tha  twifigfat,  an 
its  very  variable  length  at  the  same  place  at  dV- 
ferent  seasons  of  theyesr,  and  its  variable  length 
for  places  in  dtfierent  latitudes.  Both  cf  these 
are  easily  explained  by  a  more  attentire  ezami^ 
nation  of  the  drcumstanoes.  ftrgt,  with  ngaid 
to  the  variable  length  for  the  -  ame  place  at  <fif- 
ferent  seasons  of  the  year.  It  is  wdl  Imown 
that,  at  difiRerent  seasons,  the  son  attains  dilfacyt 
altitudes  at  noon,  and  descends  in  a  coone  in- 
clined at  different  angles  to  tlie  horixoo.  ia 
fig.  5,  if  a  B  represent  the  abaolnta  TCttica] 
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depth  of  18°  bdow  the  honam,  which  xeqsini 
to  be  attained  by  the  sun  before  twSSgfat 
end,  then  it  is  obvious  that  this  will  be 
reached  by  a  passage  vertically  downwaid  (as 
occur  for  places  at  which  the  son  is  vtrtieal  st 
noon),  than  for  esses  sudt  as  f  s  or  ■  8,  wherea 
much  longer  course  requires  to  be  nm  befive  a 
depth  o  8  can  be  obtained.  It  is  also  cbviss 
that  fbr  places  at  wiiich  for  any  season  of  At 
year  the  sun  never  descends,  eveo  when  das 
north  or  sooth,  18°  bdow  the  boriacai,  there 
can  be  no  real  night.  This  is  the  case  with 
every  place  fbr  whidi  the  least  polar  distance  of 
the  sun  is  only  18^  greater  than  tlis  latitada 
The  latitude  of  Glasgow  is  65°.  .56*,  hcnoe,  If  we 
add  to  that  18°,  we  get  73°.  .56^.  Now,  the  leait 
polar  distance  of  the  sun  is  at  midaummei  €7°*, 
so  that  on  the  22d  of  June  the  son  only  desoeadi 
11°..4'  bdow  the  horizon.  Twilight  is  oarer 
extinguished  during  the  night  fiora  the  time  tiis 
polar  distance  of  the  sun  beoomes  less  thm 
73°..66'  till  it  attains  it  again  as  the  sun  proceeds 
south  with  the  advancing  season.  The  sane 
consideratifms  will  easily  show  that,  for  plaoes 
still  nearer  the  polee  the  twilight  will  be  men 
and  more  peifiBct,  till  we  leadi  a  positioB  who^ 
during  the  summer,  for  days  and  weeiks  together, 
the  sun  never  sets — aQ  of  whidi  can  be  nadSy 
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vndflntood  by  reference  tothechangeof  the  liim  of 
ilhiiniiuirion  at  variote  p<wtioii8  of  the  globe,  ia 
Boch  a  diagnm  as  fig.  1.  Setting  out  from  these 
principles,  it  is  easy  to  compnte  the  dnratioii  of 
twifight  at  any  place  and  for  any  season  of  the 
yaar,  by  means  of  the  formnlaB  of  Spherical 
Trigooometry  and  the  co-ordinates  of  the  stm, 
as  supplied  by  any  astronomical  ephemeris. 
Twilight,  in  all  cUmates  and  at  all  seasons  of 
the  year,  is  disdngnished  and  adorned  by  the 
rich  ooloar  then^  assomed  by  the  atmosphere. 
In  general,  in  low  ooontries  and  in  deep  valleys, 
•mben  the  moisture  of  the  air  is  liable  to  great 
TariatioDs,  the  tints  of  oolotir  which  succeed  to 
aonrise  and  sonset  are  sabject  to  great  variety, 
and  can  scarcely  be  said  to  be  redadble  to  any 
law  or  distinct  order ;  bat  on  mountainoos  ele^ 
▼ations  when  the  strata  through  which  the  ere- 
puscnlar  curves  are  seen  is  more  nnifonn  in  com- 
poaitiott,  the  tints  observable  succeed  each  other 
with  fitf  greater  regularity;  Thus,  on  the  Faol- 
born,  M.  Bravais  observed  the  following  changes 
of  oobnr  as  the  san,  in  rising,  approaiched  Uie 
boriaoD.  The  senlth-distanoe  greater  than  90*' 
signifies  that  the  son  had  not  yet  risen.  Ist, 
The  zenith-distance  of  the  son  is  102^  In  the 
east,  a  red  or  orange  band,  of  which  the  altitude 
is  0^ ;  the  height  of  the  crepuscular  curve  is  70°* 
The  space  comprised  between  these  two  arcs  is  of 
a  bltdsh-white,  dearer  than  the  remainder,  of  the 
sky.  2d,  The  zenith-disUnoe  of  the  sun  is  98°. 
The  part  of  the  sicy  from  the  horizon  to  1^..16' 
altitude,  is  red ;  above  this  a  yellow  tint  prevails 
vp  to  8*'..10'.  The  green  begins  to  show  above 
this,  and  extends  to  5°  in  height ;  still  higher  a 
lbd>le  blue  shade  appears,  extending  to  a  height 
of  26°,  fiuther  than  which  the  twiUght  has  not 
yet  reached.  3d,  Zenith-distance  of  the  sun 
96^.  The  elevation  of  the  orange  and  yellow 
zones  has  not  changed.  The  green  tint  prevails 
to  a  height  of  7°.  The  crepuscular  curve  has 
reached  an  altitude  of  70°.  4th,  The  zenith  dii- 
tanee  of  the  sun  is  94°.  The  ydlow  and  orange 
bands  remain  at  the  same  height  The  green 
zoce  extends  to  12° ;  above  which  a  purple  tint 
commences  to  show  itself,  in  favourmble  circum- 
stances. This  purple  tint  never  forms  till  the 
sun  is  within  5°  of  rising,  and  never  after  it  is 
witliin  3°  of  rising.  It  attains  its  maximum  in- 
tensity at  25°  in  height  6tii,  The  zenith-disUnce 
of  the  sun  is  92°.  The  eastern  red  commences  to 
become  yellow.  The  superior  limit  of  the  yellow 
zone  is  always  3°. .  1 5".  From  this  to  18°  in  height 
a  groNi  colour  of  considerable  intensity  prevails. 
In  the  western  horizon  the  anticrepuscular  curve 
has  reached  to  within  3°  of  the  horizon,  and  the 
ooloar  is  red  ftom  a  height  of  8°  up  to  16°.  The 
sdenoe  of  Optics  has  not  yeteufficientiy  advanced 
to  be  able  to  render  a  complete  account  of  all 
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these  odkmn,  and  of  the  reasons  why  eadi  shoold 
be  limited  to  a  certain  altitude.  There  is  no 
doabt,  however,  but  that  the  prindpal  cause  of 
these  tints  is  to  be  found  in  the  fact  that  the  dif- 
ferentiy  coloured  rays  of  which  white  light  ie 
composed,  have  diflbrent  powers  of  penetnttng 
the  atmosphere ;  the  most  refrangible,  saefa  as  the 
violet  and  blue,  being  most  easUy  extinguished, 
and  the  red  having  even  a  greater  power  of  pene- 
tration than  the  ydlow.  That  this  is  troe,  is 
proved  by  the  simplest  experiment  with  a  piece 
of  smoked  glass.  A  thin  layer  of  smoke  first 
extinguishes  the  blue  rays,  hence  the  transmitted 
light  is  yellowish-red — a  greater  thickness  ex- 
tinguishes most  of  the  ydlow,  and  the  nys  which 
penetrate  appear  orange.  If  still  a  deeper  de- 
posit is  interpoeed,  the  red  nys  alone  can  pene- 
trete.  The  simplest  observation  on  the  solar 
disc,  as  seen  through  the  smoky  atmosphere  of 
a  dty,  amply  illustrates  the  same  piece  of  theory. 
It  is,  then,  to  the  unequal  powera  of  penetntion 
of  the  solar  rays,  m  they  pass  through  the  densely 
vaporous  strata  of  the  tower  atmosphere,  that  the 
glories  of  twilight  are  chiefly  due;  The  bine  of 
the  mid-day  sky  is  the  colour  which  has  been 
kept  back  by  the  air  from  the  nys  which  at  the 
same  instant  are  garnishing  the  sky  of  a  distant 
r^on  with  the  splendid  hues  of  sunset 

TwiBkltag  of  tiM  Scan— SclnUllatf OM. 
The  twinkling  of  the  stan  need  not  be  described. 
It  sddom  occurs,  however,  unless  in  the  case  of  a 
^ed  star — that  Is  of  a  mere  kanimmipomL  Orbs 
that  have  apparent  discs,  such  as  the  large 
planets,  twinkle  very  rarely,  il^  indeed,  they 
ever  do  so.  The  explanation  of  the  pheno- 
menon was  first  given  by  Arago.  It  is  this: 
— Rays  of  light  coming  from  a  point  and  tra- 
versing an  atmosphere  composed  of  streta  un- 
equally hot,  dense,  and  humid,  most  tn\'el 
with  unequal  vdodties ;  and  if  these  nys  be  col- 
lected into  the  focus  of  a  lens,  as  they  are  by  the 
lens  of  the  eye,  we  shall  see  the  results  of  their 
reaching  us  in  diffirtnt  phtuet^  by  an  ahernateh* 
brightening  and  darkening  of  the  image  in  tlat 
focus.  It  is  sufficiently  dear  that  such  scintilla- 
tion can  only  take  place  if  tiie  nys  issue  from 
a  mere  point  If  they  issue  from  a  disc,  t.e., 
from  many  ndghbouring  points,  the  effects 
would  conflict,  and  on  the  whole  be  nuD.  This 
explains  also  why  the  very  faintest  stan  an 
visible  only  through  their  twinkling.  Thdr 
brightest  phase  is  a  phase  of  double  ight ;  and 
they  may  be  seen  in  this  phase,  although  in  their 
medium  state  they  would  have  always  remained 
invisible. 

Tychosilo  ayatens.  The  astronomical  sys- 
tem of  Tycho  Brahe.  It  possesses  now  an  inte- 
rest merdy  historicaL 

Trph«Ms.    See  Wuu. 
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Vflibni.    See  Pbhumbiul  and  Ecxipsb. 

MJm§mMm»mrr  TlMMTf .  The  rafereooes  to  the 
tfaeoiT'  DOW  named,  and  the  ezpodtioos  of  its 
capabilitiee  tlnady  made  in  this  Cydopadia,  are 
80  munenMU  and  fell,  that  notbiog  remains  as 
rabject-matter  for  the  present  artide  except  a 
geoenl  sammaiy.  TheUndalatoryllieoryinits 
laiigest  aooeptatioQ  is  as  foUows : — The  i^^ueiices 
tranmmtted  iy  a  «o2ar  fteom,  9**  probabljf  hf  ofuf 
9omrc$  4ff  radiamt  liffkt  or  kut  or  ehemoal 
power,  ore  dtte  to  vnduiationM  m  <m  ethereal 
werfimw,  propagated  from  that  tource  with  great 
veloatg,^'-~9uch  tmdmlaiioHt  or  vUfrations  going 
thremgh  their  wave-phoies  tit  d^eretU  and,  m  aU 
ooiSf,  ii^nitenmal  although  meaturable  period* 
of  time.  The  nature  of  the  impression  made  by 
these  vibrations  depends  on  their  rapidity.  Yibra- 
tions  of  the  ether,  of  a  ydodly  induded  between 
400  millions  of  millions  and  800  millions  of  mil- 
lions per  second,  contain  the  entire  sphere  within 
which  the  sensation  of  light  or  colonr  issues  as  a 
consequence.  Slower  vibrations  produce  the  sen- 
sation of  heat  merely;  and  quicker  vibrations 
yield  only  chemical  power.  Of  course  the  three 
eflfects  intermingle  ~the  middle  light-rays  pos- 
sessing all  the  three  effidendes.  See  Spbc- 
TBUX.  The  identification  of  these  three  ap- 
parently very  different  agendes,  may  not  pro- 
bably be  reckoned  complete  as  yet;  nevertheless 
no  hesitation  need  be  fdt  in  averring  that  the 
view  now  given  u  in  every  respect  the  most  pro- 
bable one.  The  practical  assimilation  of  the 
fays  of  invisible  heat,  with  the  rays  of  heat  that 
are  also  lightr-giving,  is  due  to  Melloni,  Knob- 
lauch, and  many  other  inquirers;  nor  must 
mention  be  omitted  of  the  labours  of  Professor 
«  J.  D.  Forbes,  whos^  recent  indifierent  health, 
physical  sdence  has  great  reason  to  regret 
Every  inquiry  of  importance  connected  with  the 
habitudes  of  such  undulations  and  the  general 
bearings  of  the  theory,  having  its  analogue  in 
connection  with  the  Luminoiu  Spectrum,  we  shall 
in  this  place  merdy  review  the  Undulatory  Theory 
qflAOvn.  This — ^perhi^  the  most  remarkable 
speculation  in  modem  physics — ^may  be  regarded 
under  two  aspects;  first,  in  reference  to  its 
power  as  a  Geometrical  or  abstract  method  of 
comprehending  phenomena;  and  <soon^^,  asa 
Phgnoal  Theoiy. 

I.  Thb  Umdulatort  Thbort  yibwvd 
Gbohktbicallt. — In  order  that  the  student 
apprehend  the  true  geometrical  character  of  this 
theory,  he  must  hdd  present  to  his  mind  several 
distinct  and  very  important  points. 

(1.)  General  Frinciplet  qf  Wave  Propagation. 
— ^The  general  nature  of  propagation  by  undu- 
latory movements  has  been  explained  under 
Wavks,  and  elsewhere  in  our  pages.  The  pro- 
pagation of  a  Wave,  as  we  scarody  require  to 
remark,  is  essentially  difierent  from  the  motions 


of  the  partides  oooetitaliiiig  the  Wave.  The 
waves  of  sound,  for  instance,  or  the  pabatioas  tf 
the  atmosphere  that  prodnoe  soond,  depend  tr 
the  vdodly  of  their  propagatkn  on  tht^baAaif 
of  that  fluid,  while  the  waves  themseh«s  an  a 
snooession  of  compressions  and  dllationa,  in  vhidk 
each  partide  moves  to  and  fix>  within  a  virjiag 
but  determinate  range.  In  most  Iiqaid  «««« 
agdn,  therd  is  no  onward  motion  of  the  fiqsii 
partides  whatever — ^they  merely  rise  and  fdi, 
or  oscillate  within  a  determinate  apttoe  doriag  a 
determinate  time.  The  space  tfaroogfa  whkha 
molecule  rises  and  falls,  or  moves  to  and  fro^  ii 
the  amp/i/wfe  of  its  vibration.  On  the  other  hanS, 
an  assemblage  of  vibrating  molecules  ta  sH 
phases  of  a  vibration,  (no  i^ase  bdng  repeated 
is  an  stereo/  wave,  and  the  length  of  aodi  sa 
assemblage  is  genendly  represented  by  X.  It  is 
dear  that  the  velodty  of  propagation  need  not  de- 
pend dther  on  the  amplitude  or  the  qoantity  A: 
nay,  it  may  be  concdved,  that  a  great  nuaiher 
of  such  waves — difiering  in  their  dements — may 
co-exist,  or  form  a  Aeqf  or  coocoiriflg  nas 
of  waves,  and  atill  be  propagated  with  the  aaaa 
vdodty.  In  reference  to  a  large  dass  of  optSesI 
phenomena  and  laws,  no  question  need  be  started 
as  to  the  nature  of  these  Ui^t-wavea.  Hie  siapk 
conception  of  propagation  by  undulation,  invdns 
the  necessity  of  the  laws  of  Rajpixziov,  Rsnuo- 
TTOx,  iNTBRFBasNCB,  and  several  other  ib^qp- 
tant  affections  to  which  Itadiant  Li^t  is  8ol||eii. 
— The  only  important  pnssle  as  to  the  geneid 
theory  of  propagaUon  by  waves  has  recently  been 
triumphantly  removed.  It  is  physically  JByos- 
sible  to  conodve  of  waves  diverging  fiooi,  or 
rrnn^rEiTTf;  tff  n  ntrthrtrntttintf  iTTjninTj^fmrfpfffat 
But  Professor  Stokes  has  condoavdy  diowm 
that  waves  spreading  from  an  ori^n  of  diatmb- 
anoe  of  finite  magnitude  and  any  fiMrm,  ssnsihif 
agree  in  all  respects  with  waves  apreafing  final 
a  pure  focal  point,  so  soon  as  they  have  obtamri 
a  laige  distance  from  the  fecal  space.  So  thai 
the  equations  resulting  from  the  conception  of  ab- 
solute focal  pointe  may  be  applied  without  seasibls 
error  in  all  those  cases  in  which  it  is  nsud  ti 
apply  them. 

(2.)  The  general  Wave  of  l^gktieamqKmle,  or 
rather  an  aggregateofmamf  IfoMt. — ^Umb  general 
light -wave  cannot  be  deemed  hooM^jeneons. 
The  phenomena  of  coloor,  as  evolved  by  Tmv 
Plates,  in  DiFFaAcnoM,  or  the  Iittcrfbbbipci 
of  common  light,  and  above  all  in  Dispersiox  by 
the  Prism  when  a  Speetrvm  is  formed,  ibroe  \ 
Theory  the  new  notion,  that  the  light- wave  is  i 
poeite.  As  already  indicated  in  separate  parts  ti 
our  volume,  this  composite  or  sheaf  can  be  aaa- 
lyzed,  and  its  diflf^rat  waves  separated.  TW 
result  of  this  analysis,  in  oonneckion  with  the 
colours,  whose  sensations  are  exdted  by  tlie  wl- 
ous  waves,  is  presented  in  the  following  table  :-* 
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h 

^4. 

Orioon. 

F 

irambarofaDdato. 
tk»iitIo*awoQd. 

Extreme^ 

-0000266 

67640 

448 

Cmtlllnns  of 
t  milHoua. 

Bed. 

•wmot 

89190 

477 

** 

Intenn«dtete, 

•0000946 

40720 

495 

« 

Onnfre, 

•0000210 

41610 

506 

I* 

•0nOi)23A 

42510 

517 

M 

Tenow, 

•00002*7 

440U0 

585 

n 

Intennedlata. 

•0000219 

4560O 

555 

tt 

GrGon« 

•0000211 

47460 

677 

n 

Intermediate, 

•0000806 

40320 

600 

n 

BUM. 

•0000196 

51110 

623 

n 

Intermediate, 

0000169 

5y910 

644 

n 

Indigo, 

•0000165 

54U70 

658 

•« 

Intermediate, 

•0000181 

55240 

572 

•, 

Violet, 

.0000174 

57490 

699 

11 

Extreme, 

•0003167 

59750 

727 

n 

The  difficulty  of  a  theory  of  Ditpertion,  In 
harnxmy  with  the  Undolatoiy  Hypothesis,  is 
now  entirely  resolyed.  If  the  velocity  of  pro- 
pagstion  dq;>ended  solely  on  the  elasticity  of 
the  ethereal  medinni,  as  originally  supposed, 
all  these  composite  waves  would  of  coarse  be 
propagated  with  the  same  velocity,  and  there 
could  be  no  Dispersion.  But  If.  Cauchy,  taking 
a  larger  and  more  precise  view  of  the  conditions 
allbcting  the  propagation  of  waves  in  a  medium 
Ilka  that  demanded  by  the  Undalatory  Theory, 
■bowed  that  the  velocity  of  propagation  *p,  of  any 
wave^  is  determined  by  the  following  formula : — 

'•  =  «i  +  «J  *•  +  «4  ** +,  &C., 

In  consequenoe  of  this  depend- 
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enoe  of  m  upon  i,  there  must  be  Dispersion ;  and 
the  eolomr  of  any  portion  of  the  spectrum,  is  thus 
indlisolnbly  connected  with  its  refrangUnl^. 
The  modification  introduoed  by  M.  Cauchy,  as  the 
ground  of  the  foregoing  oondusioa,  was  not  a 
apedalty,  but  an  enlargement  or  fuller  view  of 
the  habitudes  of  elastic  media.  As  we  have  ex- 
plidned  under  Light,  he  simply  dismisses  the 
ooovenient  geometrical  fiction,  that  **  the  tphere 
^  Out  action^  or  o/tkt  vihratim  of  the  separate 
wtolectUe»j  w  infinUefy  emaU  compared  with  the 
iemgthofthevfttoeJ* 

(8.)  Naiure  or  Direciion  qfih€  V^ratuma  com' 
tiUuting  the  lA^-wone. — ^Ara  these  vibrations 
kmgktidmtd^  like  those  of  the  waves  of  $o%md,  or 
are  they  trangoerealt  like  those  of  a  vibrating 
anirical  string,  or  the  oscillations  of  a  particle 
in  a  liquid  wave  ?  A  question  started  by  the 
phenomenon  of  Polarization,  and  as  we  have 
■bown  under  that  article,  satisfactorily  resolved. 
Polariaation,  or  the  presentation  of  sidlw,  bjr  any 
ray  or  set  of  waves,  is  impossible,  unless  the 
▼ibratioiia  ormstituting  these  waves  are  Croiiff- 
eerie.  There  can  be  Refkxkny  Re/raetio%  Inter' 
Jeremee^  and  Ditpertion  of  Sowtd;  but  Poiarua- 
6i0»  oC  Amnd  ia  a  physical  hnpoasibOity.    The 
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waves  of  light  then,  must  consist  of  vibfaf iona 
executed  by  the  particles  of  the  ethereal  medium, 
troMoertehf  to  the  directum  of  the  propagation  qf 
iheee  waoet.  Another  inquiry  however,  of 
much  more  delicacy,  and  concerning  which  even 
Cauchy  has  held  different  opinions,  remained 
to  be  exhausted.  A  plane-polarized  wave  is  die- 
tingnisfaed  from  the  wave  of  common  Ugfat  in 
this: — The  vibratran  of  the  molecules  whfch 
produce  it,  are,  of  course,  transversal,  like  those 
of  common  light :  but  further,  they  take  place 
m  one  plane,  or  may  be  represented  as  doing 
so.  Now  what  is  that  plane?  Is  it  hidif- 
ferent,  or  is  there  any  definite  or  fixed  plane, 
to  which  we  may  refer  it,  by  usual  mathe- 
matical symbols?  The  only  fixed  plane  indi- 
cated by  the  phenomenon  of  Polariaation,  is  what 
Is  rightly  termed  the  plane  of  polarigation ;  a 
plane  determined  as  Ibllows : — In  the  case  of  a 
ray  of  light  polarised  by  reflexion,  that  plane  is 
the  plane  along  which  the  polarised  light  is  re- 
flected; but  a  more  general,  although  quite  equi* 
valent  definition  is  this, — When  a  polatixed  ray 
is  extinguished  by  a  tourmaline  plate,  the  (dane 
parallel  to  the  aseia  of  tkie  pkOe,  ia  termed  the 
plane  qfpolaritaikm ;  when,  on  the  contrary,  the 
ray  seen  through  the  tourmaline  plate  has  its 
maximum  of  intensity,  the  plane  of  polariaation 
is  perpendkmlar  to  the  axis  of  the  plate.  What 
rdation  then  has  the  plane  in  wUdi  the  ethereal 
molecules  vibrate,  with  this  determinate  plane  ? 
At  an  eariy  period  of  his  researdies,  Cauchy  con- 
sidered the  two  planes  parallel,  or  rather  one  and 
the  same;  and  the  lamented  M*Cullagh  of  Dublin, 
as  well  as  Mr.  Green,  held  the  same  view. 
Cauchy,  however,  has  returned  to  the  opinion 
of  Fresnel,  vis.,  that  the  planes  are  porpendiadar 
to  each  other;  and  this  suppoeitkm  promises  to 
be  a  secure  guide,  as  we  thread  the  labyrinth  of 
many  still  obscure  phenomena,  especially  those 
of  elliptK  polarization  by  reflexion.  It  cannot 
indeed  be  now  held  as  a  mere  assumptioo.  Pro- 
fessor Stokes  (see  Divfbactioh  in  Appendix) 
has  devised  and  executed  an  experiment  wliich 
must  be  termed  a  crucial  one,  clearly  indicating 
the  perpendicularity  of  the  plane  of  vibration. 
The  doctrine  in  question  may  thus  be  bdd  as  the 
new  and  most  recent  fsct  regarding  the  undula- 
tions that  determine  the  phciwmena  of  Lig^t 

(4)  Other  ^tedalhabUndesofthe  Itght-waot, 
and  o/the  Elattic  Ether  or  Jfedwm.— Difficulties 
however,  and  those  of  no  light  order,  still  re- 
main anid  are  brought  under  notice  in  a  man- 
ner quite  similar  to  the  procedures  that  revealed 
** Pertiirbatione^  amid  the  celestial  mechanism. 
The  non-existence  of  an  aheohiie  angle  of  polar- 
ization, or  rather  Its  Identity  with  an  angle  of 
maximmm  polarization,  as  well  as  the  entire 
phenomena  of  the  resolution  by  reflexion  of  a 
phme- polarized  ray  or  of  a  ray  of  commoa 
light,  into  rays  drculariy  or  elliptically  polar- 
Ind  —  (the  plane-polarized  ray  being  meraly 
that  case  of  elliptiodly  polarised  light  in  which 
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the  minor  axis  of  the  ellipse  la,  to  tbe  senses, 
indefinitely  small),  —  these  and  other  pheno- 
mena demand  the  introdaction  of  other  hj- 
potheses  in  order  that  they  may  be  geometri- 
cally resolved.  It  has  become  necessary,  there- 
fore, to  fiiU  back,  to  some  estent,  on  molecalar 
physics,  and  to  inqoire  into  the  aoddmts 
that  may  occur,  in  conaeqnenoe  of  certain  dis- 
turbances in  that  dastic  medium  whose  general 
affections  have  already  been  defined.  These  most 
recent  and  subtle  modifications  of  the  former 
rather  confined  theory,  are  due  to  M.  Cancfay; 
although,  in  one  very  important  point  the  truth 
was  discerned  by  our  excellent  Green,  and  the 
doctrine,  in  other  respects — although  inadequately 
— carried  out  by  another  inquirer  of  truest  genius, 
>[*Cullagh.  Canchy  soon  pierced  beyond  these 
more  general  actions  and  modifications  of  the  ethe- 
real medium.  He  saw,  stated,  and  calonlal^yl 
the  eflbcts  of  two  grand  troths.  Firtt,  that — 
on  the  disturbance  of  any  transverse  wave,  pro- 
pagated through  an  elastic  medium  of  any 
nature — there  must  be  generated,  along  with  the 
transverse  wave,  a  normal  wave,  or  a  wave  whose 
direction  is  perpendicular  to  the  face  of  the 
wave.  Mr.  Green,  along  with  M.  Canchy, 
attributes  to  this  normal  wave  the  effect  of  those 
alterations  of  phase  in  the  two  oppositely  polar- 
ized waves  constituting  a  common  ray,  whidi 
give  rise  to  the  class  of  phenomena  designated 
as  eO^jHcai  polariMoiion.  Secondly^  the  wttn- 
sUie$  of  the  reflected  beams,  on  the  other  hand, 
are,  as  M.  Jamin  has  shown,  dedudble  fitxn 
other  formnlsB  by  M.  Gauchy,  in  which  the 
eOects  of  extinction  by  the  media,  are  held 
in  account. — Nothing,  at  present,  is  more  ear- 
nestly to  be  desired  by  students  of  physical 
optics,  tiban  that  M.  Canchy  should  devote  his 
leisure  to  the  production  of  a  full  and  continuous 
%'iew  of  Molecular  Physics,  as  connected  with  the 
Undulatory  Theory  of  Light  No  other  inquirer 
could  do  this  so  well;  no  living  man  has  so 
tliorougfa  a  right  to  assert  that  by  his  formula 
he  has  estsiblished  the  laws  of  phenomena 
discerned  since  these  formula  were  produced, 
— formula  rested  on  pure  a  priori  grounds. 
Cauchy  states  that  several  theoretical  conse- 
quences of  the  Undulatory  Theory  of  light 
may  still  be  verified:  for  instance,  he  aven 
tliat  the  normal  wave  of  Green,  which  is 
also  at  the  root  of  many  of  his  own  oon- 
clnsbna,  must  be  distinctly  and  individually 
visible,  so  soon  as  we  obtain  telescopic  and 
microscopic  powers  that  will  enable  us  to  dis* 
cern  the  diameter  or  true  disc  of  Siriub! — 
In  the  meantime,  a  geometrical  difficulty  of  an- 
other kind  presses  itself  on  notice:  Acoordiog 
to  ail  conceptions  hitherto  entertained,  the  velo- 
city of  a  wave  on  entering  a  Medium  whose 
elasticities  vary  according  to  direction — say  a 
ciystal  vrith  more  than  one  geometrical  axis — 
ought  to  depend  on  the  direction  of  jfrop€t- 
gation.     But  aooording  to  the  theoiy  of  light, 


UND 

which  has  been  confirmed  by  experimeit— Iha 
theory,  viz.,  of  transverse  perpeodicnlar  vibn- 
tions — the  velocity  of  the  ray  withm  that  mediam 
must  depend  soldy  on  tbe  directioo  of  tbe  tnas- 
versal  diaracteristic  of  the  movenBent  prapagpted. 
The  difficulty  is  a  serious  one,  and  onglzt  to  lie 
grappled  with.  It  has  been  suggested  that  the 
elasticity  of  the  Inminileroas  medlom  nuy  Ise  ^ 
same  in  all  directions  and  in  all  sabetaooes;  boc 
tiiat  the  inertia  of  the  mass  set  in  motiaB  naj 
be  different  in  different  substances,  and  m  &»kh«- 
refracting  bodies,  dififerent  also  for  dlfieroilfi- 
rections  of  the  transversal  duracteristie  of  tJ^ 
movement  profMigated. 

IL  Tiu  UvDULAiORr  Thsobt  tiewed 
Phtsxcallt. — ^What  is  this  JEtter,  and  hov  an 
these  geometrical  undulatioas  reaHj  pndaced? 
Are  they  mors  than  abstract  or 
Entities,  indicative  periiaps,  in  its  highest 
rical  form,  of  some  grand  nltinutte  Law?  It 
cannot  be  denied  that  great  physical  ^i^is^iiti— 
exist,  in  the  way  of  imagining  the  realilj  of 
an  Ether,  sndi  as  these  gpomefaical  exigraoes 
demand.  It  must  be  a  substance,  amstUotBi 
to  resist  almost  entirdy,  longitudinal  ^stoi^ 
ance;  for,  notwithstanding  the  nocinal  ermsa- 
oent  waves  of  Green  and  Cancfa j,  it  is  dear 
that  transversal  vibrations  must  proceed  wilhiB 
it,  of  immense  velocity,  and  be  propagated  with 
great  ease,  while  longitudinal  vibratioBS  are 
scarcely  propagated  at  alL  How  can  an  etler  of 
this  sort  be  fknded,  in  oonsstency  with  the  com- 
paratively free  movements  of  the  Planets? 
Encke's  comet  indeed  indicates  the  reality  ef 
a  resisting  medium;  but  a  metfinm  of  Ha 
kind  of  which  we  have  been  speaking^  oi^Mi 
if  our  existing  physics  are  oonect,  to  hat* 
made  its  substantiality  manifest  by  other  aad 
indi^utable  tokens.  Without  Ayi-^^wg,  bow- 
ever,  fh>m  the  general  fonndatJona  cSt  this  Theoiy, 
other  views  of  its  physical  canse  may  be  en- 
tertained :  in  illustration  oi  the  po«bifity  ef 
which  we  give  the  substance  of  a  modifioatioa 
veiy  recenUy  pnyposed — that,  viz,,  whidi  ft»> 
fessor  Rankine  has  denominated  an  OriOiitmj 
Theonf.  The  snlgoined  extract  is  from  a  pqar 
read  before  the  British  Aasodation  at  Hidl,  la 
1853:>-**The  hypothesis  now  to  be  pnpoad 
as  a  groundwork  for  the  undnlatoij  daoiy 
of  light,  consists  mainly  in  conoemqg  that  tla 
lumini&rous  medium  is  constituted  of  As^t^A^ 
atoms  or  nuclei  diatribnted  throoglioat  all  spaoe^ 
and  endowed  with  a  peculiar  species  of  pdluity, 
in  virtue  of  which  three  orthoigonal  axes  in  each 
atom  tend  to  place  themsdvcs  parallel  respec- 
tively to  the  corresponding  axes  in  every  octe 
atom ;  and  that  pUtne-polarised  light  *^'»"*^'**  h 
a  smsll  oscillatory  movement  of  each  atom  rooft 
an  axis  transverse  to  the  directian  of  prup^a- 
tion.  Such  a  movement  would  be  traJBsaittsA 
through  sudi  a  medium  with  a  veifeciQr  prs- 
portional, — directly,  to  the  sqnare  root  of  ibi 
total  rotative  force  exercised  bv  the  ImninytnM 
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aloms  in  a  given  small  space,  upon  those  in  a  I  (A«  incideni  teate  on  a  plane  tangent  to  the  front 


ghreo  adjacent  snaall  space  lying  in  the  direction 
of  propagation,  in  consequence  of  a  given  amount 
cf  relative  angular  displacement  round  the  asds 
of  oscillation ; — and  invcrselyf  to  the  square  root 
of  the  sum  of  the  moments  of  inertia  round  the 
axes  of  oscillation  of  the  atoms  contained  in  a 
gliven  space,  loaded  with  such  portions  of  mole- 
cular atmospheres  surrounding  them  as  they  may 
carry  along  with  them  in  their  oscillations.  Then 
denoting  by  A,  the  velocity  of  transmission  in  a 
given  direction  of  plane-waves  of  oscillation 
round  transverse  axes  parallel  to  a  given  line ; 
C  a  oo-efficient  of  polarity  or  rotative  force  for 
the  given  directions  of  propagation  and  of  axes ; 
M,  a  co-effident  of  moment  of  inertia  for  the  given 
direction  of  axes;  the  above  principle  may  be 
represented  by  this  equation, 

»•  =  !. 

The  co-effident  of  polarity  in  question  is  proper 
only  to  an  axis  of  oscillation  transverse  to  the 
direction  of  propagation.  To  account  fbr  the 
stability  of  direction  of  the  axes  of  the  atoms, 
and  also  for  the  non-appearance,  in  ordinaiy 


oscillations  round  axes  parallel  to  the  direction  of 
propagation,  it  is  necessary  to  suppose  the  cor- 
respcwding  co-effident  for  the  latter  spedes  of 
o4d]lations  to  be  much  greater  than  the  co-effi- 
dent for  transverM  axes  of  oscillation. — It  is 
evident,  that  how  powerful  soever  the  polarity 
may  be,  which  is  here  ascribed  to  the  atoms  of 
the  luminiiiBrons  medium,  it  is  a  kind  of  force 
which  must  be  absolutely  destitute  of  direct 
influence  on  resistance  to  change  of  volume  or 
change  of  figure  in  the  parts  of  that  medium, 
or  of  any  body  of  which  that  medium  may 
form  part  \  and  that,  consequently,  the  difficulty 
which  in  the  hypothesis  of  vibrations  arises 
fhxn  the  necessity  of  ascribing  to  the  luminifer- 
oos  medium  properties  like  those  of  an  elastic 
solid,  has  no  existence  in  the  hypothesis  of 
oscillations  now  proposed.  The  luminiferous 
atoms  may  now  be  supposed  to  be  diffused 
throogfaout  all  space,  and  as  molecular  nudd, 
throughout  all  bodies;  the  distribution  and 
motion  of  their  centres  bdng  regulated  by  forces 
wholly  independent  of  that  species  of  polarity 
which  is  the  means  of  transmitting  a  state  of 
oscillation  round  those  centres. 

"(S.)  Of  the  IMffiradUm  of  Plane  poUnrized 
JJ^hi,  and  the  relaiion  of  Axes  of  OeeiUaiUm  to 
Planee  of  Polarizatum, — In  the  diffiraction  of  an 
oscillatory  movement  round  transverse  axes  past 
the  edge  of  an  obetade,  a  law  holds  good  exactly 
anakgoua  to  that  demonstrated  by  ProfSassor 
Stokes  for  a  transverse  vibratory  movement,  sub- 
irtitsiti"g  only  the  axis  of  oscillation  for  the  direc- 
tion of  vibration;  that  is  to  say, — The  directhn 


of  the  degraded  iMive.— 'Consequentiy,  oecilla* 
tions  in  the  incident  wave,  round  axes  oblique  to 
the  diffracting  edge,  give  rise  to  oscillations  in 
the  diffiracted  wave  round  axes  ntore  nearly 
paralkl  to  the  diffivcting  edge.  But  the  ex- 
periments of  Professor  Stokes  have  proved, 
that  light  polarized  in  a  plane  oblique  to 
the  diffracting  edge,  becomes,  after  diffraction, 
polarized  in  a  plane  more  nearly  perpencUcular  to 
the  diffracting  edge.— Therefore  the  axes  of  oscil- 
lation in  plane-polarized  light  are  perpendicular 
to  the  plane  of  polarisation. — Therefore  the  vdo- 
city  of  transmission  of  oscillations  round  trans- 
verse axes  through  the  luminiferous  medium  in 
a  oystalline  body  is  a  function  simply  of  the 
direction  of  the  axes  of  oscillation. — Now  if  tiie 
variations  of  the  vdodty  of  transmission  arose 
from  variations  of  the  co-efficient  of  transverse 
polarity  (denoted  by  c),  they  would  depend  on 
the  direction  of  propagation  u  wdl  as  upon  that 
of  the  axes  of  oscillation,  so  that  the  plane  of 
polarization  would  be  that  which  contains  these 
two  directions.  Since  the  velocity  of  transmis- 
don  depends  on  the  direction  of  the  axes  of  os- 
cillation onlv,  it  follows  that  its  variations  in  a 


of  phenomena  capable  of  being  ascribed  to   given  ciystallhie  medium   arise   wholly  frum 


variations  of  the  moment  of  inertia  of  the  lumi- 
niferous  atoma,  together  with  thdr  loads  of  ex- 
traneous matter. — Consequendy  the  co-effident  of 
polarity  c  for  transverse  axes  of  oscillation  is  the 
same  for  all  directions  in  a  given  substance. — 
To  account  for  the  known  laws  of  the  intensity 
and  phase  of  reflected  and  refracted  Ught  con- 
sistentiy  with  the  hypothesis  of  oscillations,  it  is 
necessary  to  suppose  also  that  this  co-effident  is 
the  same  for  aU  substances;  so  that  the  varia- 
tkms  of  the  vdodties  of  light  and  faidices  of 
refraction  for  diflerent  media  depend  solely  on 
those  of  the  moments  of  inertia  of  the  loaded 
luminlferous  atoms. 

"(4.)  Of  the  Waict-turfaee  m  CryttaUwe 
Btxttrs.— Let  the  axes  of  co-ordinates  be  those  of 
molecular  symmetiy  in  a  crystalline  medium. 
I^  Vii  Ms,  Ms  be  co-efficients  proportional  to  the 
moments  of  inertia  of  the  lumhiiferous  atoms 
with  their  loads  of  extraneous  matter,  round 
axes  paralld  to  x,  y,  s  respectivdy.  Let  r  be  a 
ndius  vector  of  the  diveiging  wave-surface  m 
the  direction  («,  /3,  y).  Then  the  equation  of 
that  sur£Boe  for  polar  co-ordinates  is 


J. 


(Ms -h  Ml)  cos  «,3 -I-  (Ml  +  M.)  cos  V} 


+  c«  {'■•"««**»+"«"«^  •^  +  «i 


M|  oos  'y 


]=05 

4^  the  axee  <f  oecUlation  m  the  diffracted  wave  ie 

the  profection  of  thai  qf  the  axes  of  oicUlaiion  m    and  for  rectangular  oo-ordfaiatM, 
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i  C»*+y*    +  «*) .  (Mj  Ms  «•  +  Ms  Ml  y* 

+    Ml  Ms  «•) [(Mg  +  Ms)**  + 

(Ms  +  Mi)s!  +  (Ml  +M2)a:*]  +  l  =  o. 

The   above   eqnatioDfl    are    exactly    those   of 
Fre8nel*8  wave-surfiBoe,  with  the  following  aemi- 
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the  Bqaaree  of  the  aeml-axes  of  the  wave-snr&oe 
along  each  axis  of  co-ordinates  being  invenely 
proportional  to  the  moments  of  inertia  of  the 
loaded  laminiferoos  atoms  in  a  given  space  roond 
the  other  two  axes  of  oo-ordinateB.  The  plane  of 
polarisation  at  each  point  of  the  wav^-surfeee  is 
perpendienlar  to  the  direction  of  greatest  decli- 
vity.— ^The  equation  of  the  index  sor&oe,  whose 
radios  in  any  direction  is  Inversely  proportional 
to  the  normal  velocity  of  the  wave^  is  formed 
firom  that  of  the  wave-surCioe  by  sabetituting 
respectively, 

1         11 
""'^i      Ms'     Ms' 


for 


— -        Ml,      Ms,      M3. 


These  equations  are  obtained  on  the  supposition 
that  the  co-efficient  of  polarity  for  axes  of  oscilla- 
tion parallel  to  the  direction  of  propagation 
(which  we  may  call  a)  is  either  very  large  or 
very  small  compared  with  that  for  transverse 
axes.  By  treating  the  ratio  of  these  quantities 
as  finite,  there  is  obtained  an  equation  of  the 
sixth  order,  representing  a  wave-surface  of  three 
sheets,  differing  somewhat  from  that  of  the  pro- 
pagation of  vibrations  in  an  dastic  ciTstalline 
solid ;  inasmuch  as  the  former  has  always  three 
cux!ular  sections,  while  the  latter  has  none,  un- 
less it  is  symmetricsl  all  round  one  axis  at  least 

A 

By  increasing  the  ratio  ;- without  limit,  this 

equation  is  made  to  approximate  indefinitely  to 
the  product  of  the  equation  of  Frosnel's  wave- 
florfiice  by  the  following, 

A  '      A  A  ' 

which  represents  a  very  large  ellipsoidal  wave  of 
oadllations  round  axes  parallel  to  the  direction 
of  propagation. 
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ing  to  the  iHToposed  hypothesia  of  osdUatiaiis,  the 
laws  of  the  phase  and  intensity  of  lif^t  itfeeled 
and  refracted  at  the  bounding  surface  of  two 
tiaospannt  substances  are  to  be  dctenmned  by 
oonditiooa  analogous  to  those  employed  ra  fhi 
hypothecs  of  vibrations  by  M.  Caochy  andMs. 
Green.    They  are  the  oooseqveDoes  of  the  poa- 
dple,  that  if  we  have  two  sets  of  fonnilB  ex- 
pressing the  nature  and  magnitodeof  the  ostili- 
tions  in  tiis  two  sabstances  reapectivelr,  Iha 
either  of  those  formnlsB,  being  applied  to  ap»- 
tide  at  the  bounding  siufaoe^  oogfal  to  (^  As 
same  results.— According  to  this  piiiiciple,  fiia 
foUowUig  six  qoanUties  ibr  a  particls  at  fiis 
bounding  snrfaoe  most  be  the  same  at  cv«y  a- 
stant,  when  computed  by  etther  of  the  two  sell 
of  formulc: — ^The  three'  aqgolar  dbplaoencBii 
round  the  three  axes  of  co-ordinatn, — The  tfaiee 
rotative  foroes  round  the  same  three  axes.— 
There  is,  genoraUy  spesking,  a  diaage  of  pksse 
when  li^  undergoes  refractkm  or  reflrrina.    It 
is  known  that  we  may  express  this  ehaage  of 
phase  by  subdividing  each  reflected  or  re&stfei 
distuibanoe  into  two^  of  suitable  inteosities  sad 
signs ;  one  syndunonoas  in  phase  with  the  ear- 
responding  incident  dtstorbanoe,  and  the  elhsr 
retarded  by  a  quarter  of  an  nndalatkiB.    thttt 
are  thus  twelve  quantities  to  be  fiNind,  vix^  the 
amplitttdes  of  the  six  compoBCBts  of  the  nAtdsd 
difitnrbance,  and  those  of  the  six  componrntsef 
the  refracted  distuibanoe.    To  determiae  then 
quantities  there  are  twdve  coBditaons,  vii.,  the 
equality  at  eveiy  instant,  acoocding  to  tiie  te- 
mobd  for  dther  medium,  of  the  total  angatar 
displacementa,  and  of  the  total  rotative  foroei^ 
roond  each  of  the  three  axes  of  oo-oidinale^  fit 
the  set  of  waves  composed  of  the  inddent  ware 
and  those  synchronous  with  it,  and  for  the  set  of 
waves  retanied  by  one  qoarter  of  aa  andaialisB: 
— The  roolts  of  these  oondicknis  have  been  ia- 
vestig^itod  in  detail  for  siag^y  refraoliBg  sd»- 
8tanoes.->The  indioei  of  refinactiQa  of  sadh  sab- 
stances are  proportional  to  the  square  looti  of 
Uie  moments  of  inertia  of  the  loaded  lomiai&nss 
atoms  in  a  given  space.    Thas,  if  theco  effiriiwn 
m',  m''  are  prc^rtional  to  these  aMMncnts  iatao 
given  sufasbmoes  respectivdy,  then  the  index  sf 
refraction  of  the  second  substaaoe  rdattvv^  la 
the  first  is 


^  = 
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ta 
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— In  the  case  of  light  inddent  on  a  ptana  sorbta 
between  two  such  media,  the  axes  of  co-ordinateB 
may  be  assumed  respectively  perpendicalsr 
the  reflecting  sarCnoe,  perpeadicalar  to 
plane  of  reflexion,  and  aloqg  the 
of  thoee  two  pluies;  and  osdHations 
axes  normal  and  paraDd  to  the  plana  of 
ion  may  be  oonddered  separatdy. — ^WImb 
axes  of  oadllalion  are  aonaal  to  the  plans 
reflfisioii,  that  is  to  9b^\  when  the  light  k 
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Is0d  ia  tliAt  pUne,  the  fiwmtiltt  for  the  intensi- 
dfli  of  the  reflected  and  refhusted  light  agree 
exactly  with  thoee  of  FreneL  When  the  re- 
flezioa  takes  place  in  the  rarer  medium,  the  re- 
flected light  is  retarded  by  half  an  nndulation ; 
vhen  in  the  denser,  there  is  no  change  of  phase 
anlflss  the  reflexion  is  total,  when  there  is  a 
certain  acceleration  of  phase  depending  on  the 
angle  of  incidence.  In  the  last  case,  the  dis- 
turbance in  the  second  medinm  is  an  evaneaemU 
sMve,  analogous  to  those  introduced  into  the 
Tibcaioiy  theory  by  M.  Caachy  and  Mr.  Green; 
that  is  to  say,  a  wave  in  which  the  amplitude  of 
QsdUatkm  diminishes  in  proportion  to  an  expon- 
ential function  of  the  distance  ftom  the  bound- 
ing surfiioe  (called  by  IC  Canchy  the  eio* 
dUbf),  and  which  travels  along  that  snifMse 
with  a  velocity  less  than  the  vdodty  of  an 
ordinary  wave;  the  square  of  the  negative 
exponent  of  the  modulus  being  proportional 
to  the  diflerence  of  the  squares  of  those  ve- 
lodtleBy  divided  by  the  square  of  the  velocity 
at  an  ordinary  wave. — ^This  is  an  evanescent 
wave  of  oecillaikm  round  transvem  axes. — How 
large  soever  the  co-efficient  of  polarity  for  osdlla- 
tiona  round  longitudinal  axes  may  be^  an  evan- 
Cioent  wave  of  such  oscillations  may  travel  along 
tlie  boooding  surface  of  a  medium  with  any 
Telocity,  however  slow,  provided  the  negative 
exponent  of  the  modulus  is  mads  large  enough. 
Consequently,  in  framing  the  formuln  to  repre- 
nnt  oscillations  round  axes  parallel  to  the  plane 
of  incidence,  we  must  introduce  in  each  medinm 
two  such  evanescent  waves  of  suitable  exponents 
and  indeterminate  amplitudes;  one  travelling 
along  the  surface  with  the  incident  wave,  and 
the  other  a  quarter  of  an  undulation  behind  it 
The  wi^^^mnm  amplitudes  of  oscillation  in  these 
evanascsnt  waves  constitute  four  unknown  quan- 
tities;  the  amplitudes  hi  the  two  ordinaiy  re- 
flected waves  and  the  two  ordinary  refracted 
waves,  differing  by  one  quarter  of  an  undulation, 
eonstitate  four  more  unknown  quantities,  making 
eight  in  all:  four  conditions  having  been  (bl- 
filled  by  the  waves  polarized  in  tfaus  plane  of 
incidence  there  remain  to  be  fulfilled  eight  con- 
ditions, via.,  the  identity,  as  calculated  by  the 
fbrmabs  for  the  first  and  second  substance  re- 
spectively, of  the  following  eight  functions  at 
the  bounding  surface;  the  angular  displacement, 
and  the  rotative  forces,  round  esch  of  the  two 
aiDes  in  the  plane  of  inci  leuce,  for  the  incident 
wave  and  the  set  of  wave«  synchronous  with  it, 
and  for  the  set  of  waves  retarded  by  one  quarter 
of  an  undulation.  These  conditions  are  sufficient 
to  determine  the  unknown  quantities,  and  to 
oonpkts  the  solution  of  the  problem.  The  fol- 
low^ Isageneral  statement  of  the  results  of  tiie 
aolniion  when  the  second  medium  is  the  denser. 
They  agree  with  the  results  of  the  experimenU 
ef  1L  Jamin,  and  are  in  every  respect  analogous 
to  those  dednosd  fimn  the  hypotbesb  of  vibra- 
by  IL  Canohy,   Miw  Green,  and  Mr. 
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Hanghton.— Light  polariased  in  a  plane  per- 
pendicular to  the  plane  of  incidence,  sufl^  by 
reflexion  at  a  perpendicular  inddenoe  no  altera- 
tion of  phas& — ^At  a  grazing  incidence  (or  when 
the  angle  of  incidence  differs  insensibly  from 
90"^),  the  phase,  like  that  of  light  poUurized  hi 
the  plane  of  incidencei,  is  retarded  by  half  an  un- 
dulation.— The  variation  of  phase  with  the  angle 
of  bicldeooe  is,  in  (act,  continuous;  but  it  is, 
generally  speaUng,  not  appreciable  by  observa- 
tion^  except  in  the  immediste  ndgbbonifaood  of 
an  angle  called  by  "bL  Jamin  the  principal 
inddmce,  where  the  retardation  of  phase  is  a 
quarter  of  an  undulation. — This  angle  difibrB  by 
a  very  small  amount,  appreciable  only  in  certain 
substances,  firom  the  potannng  angk^  at  whkdi 
the  intensity  of  light  pohurized  in  a  plane  at 
right  angles  to  the  plane  of  incidence  is  a  mini- 
mum.— ^The  **  Law  of  Brewster,"  that  the  tangeni 
qfthepoUurizmgangleis  equal  to  th6indexqfr&- 
Jifvctionf  is,  theoretically,  only  approximately 
true;  but  the  error  is  quite  inappreciable. — 
When  the  second  medium  is  the  less  denser  the 
phase  of  the  reflected  light  is  half  an  undulation 
in  advancs  of  its  value  when  the  second  medinm 
is  the  denser. — In  either  case,  light  polarized  in 
planes  perpendicular  to  the  plane  of  incidence  Is 
less  retarded,  that  is  to  say,  is  accelerated  in 
phase,  as  compared  with  light  polarized  in  that 
plane  according  to  the  following  table: — 

Rdstlve 
Aocefamtloa* 

}  undulation, 
undulation. 
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Anffleof 
Incident 
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Perpendicular  incidence, 

Principal  incidence^     

Grazing  incidence,      .    .  90 

In  the  case  of  total  reflexion,  light  pobrized  in 
planes  perpendicular  to  the  plane  of  incidence  has 
its  phsse  more  accelerated  than  light  polarized 
ui  that  plane,  by  an  amount  to  which  the  for- 
mnUe  of  Fresnel  give  a  close  approximation.' 
— The  proposed  hypothesis  has  not  yet  been  ap- 
plied to  reflexion  from  doubly  refracting  crj'stals; 
but  there  can  bo  little  doubt  that  it  will  be  found 
to  represent  the  phenomena  correctly. 

"(6.)  0/  Ctradar  and  Elliptic  Polarization* 
— Light  polarized  in  a  plane  oblique  to  the  angle 
of  incidence  is,  generally  speaking,  eDiptically 
polarized  after  reflexion,  the  phine-polarized 
components  of  the  disturbance  being  in  different 
phases. — According  to  the  hypothesis  of  oscilla- 
tions, circularly  and  elliptically  polarized  light, 
being  compounded  of  oscillations  in  different 
phases  round  two  transverse  axes,  consist  In  a 
sort  of  nutation  of  the  longitudinal  axis  of  each 
luminiierous  atom.  The  direction  of  this  nuta- 
tion, and  the  form  of  the  circle  or  ellipse  described 
by  the  ends  of  the  longitudinal  axes,  serve  to  de* 
fine  the  character  of  the  light  The  ellipse  of 
nutatkm  has  Its  axes  in  the  same  propNtion 
with,  but  perpendicular  in  position  tit  those  of 
the  dliptk:  orbit  supposed  to  be  deecribed  by 
each  atom  aooordug  to  the  hypothesis  of  vibra- 
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tions. — The  molecular  mechaiiisni  by  'wliieh 
certain  media  transmit  right  and  left-handed 
circularly  or  dliptically  polarized  light  with 
different  velocities,  is  still  problematical  accord- 
ing to  either  hypothesis.  The  laws  of  the 
phenomena,  however,  may  be  represented  by 
means  of  the  assumption,  tliat  in  the  substances 
in  question  the  extraneous  load  on  the  luminifer- 
oos  atoms  Is  a  function  of  the  direction  of  nuta- 
tion. 

"  (7.)  Of  Dispergion. — If  we  assume  the  ex- 
tent of  sensible  direct  action  of  the  polarity  of  the 
luminiferons  atoms  to  he  appreciable  as  com- 
pared with  the  length  of  a  wave,  the  velodty  of 
propagation  (precisely  as  with  the  vibratoiy 
hypothecs)  is  found  to  consist  of  a  constant 
quantity,  diminished  by  the  sum  of  a  series  in 
terms  of  the  reciprocal  of  the  square  of  the  length 
of  a  wave, — It  may  be  doubted,  however,  whether 
this  supposition  is  of  itself  adequate  to  explain 
the  phenomena  of  dispersion;  and  whether  it 
may  not  be  necessaiy  to  a^ume,  also,  that  the 
load  upon  the  luminiferons  atoms  is  a  function  of 
the  time  of  oscillation,  as  well  as  of  the  nature  of 
the  substance  and  the  position  of  the  axes  of  os- 
cillation.— In  conclusion,  it  may  be  affirmed, 
that,  as  a  mathematical  system,  tiie  proposed 
tlieofy  of  oscillations  round  axes  represents  the 
laws  of  all  the  phenomena  which  have  hitherto 
been  reduced  to  theoretical  principles,  as  well,  at 
least,  as  the  existing  theory  of  vibrations;  while 
as  a  physical  hypothesis,  it  is  free  from  the  prin- 
c^al  objections  to  which  the  hypothesis  of  vibra- 
tions is  liable," 

VaiTcrMd  iMUiiiert.    See  Appendix. 

17i«iil«.  One  of  the  Asteroids.  For  Elements, 
&c^  see  AfiTBBoiDS. 

VraiiMs.  Th^  planet  immediately  beyond 
Saturn  in  the  order  (k  distances  from  the  Sun,  dis- 
covered accidentally  by  Sir  WiUiam  Herschel  on 
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13tb  March,  1781.  It  turned  oot  aftenrsrds  that 
the  planet  had  been  seen,  and  its  plaee  reoonkd 
no  fewer  than  fifteen  times  between  1690  aid 
1771 ;  but  in  every  instance  it  waa  mitfakwi  lor 
a  fixed  star.    The  mean  distance  of  Uranoi  tfm 
the  Sun  is  1918229  times  the  distance  «f  the 
Earth :  It  revolves  in  its  orbit  in  84  yeaia,  5  dars, 
19  hours,  41  minutes,  and  19  seconds:   Hr^ls 
on  its  axis  in  9|  hooxs :  its  diameter  is  S4&,000 
miles,  and  its  density  0*18  that  of  the  EaitL  The 
remarlcable  part  p]a\*ed  by  the  apparent  inegobr- 
itiesof  Uranus  in  promoting  the  diaoovciyef  Kep- 
TUNE  (q,  p.),  has  already  been  fully  explained. 
There  is  much  that  is  interesting  in  refocooe  to 
the  satellites  of  this  planet.  Sir  WiUiam  HerKhd 
left  on  record  that  he  had  discoveied  six.    Tvo 
of  these  only  have  with  certidnty  been 
covered,  and  Mr.  Lassel  has  seen  other  two, 
periods  so  little  reomcilable  with  any  of  H«- 
schel's  six,  that  the  probabili^  ia,  thej'  are  ad£- 
tional  ones.     In  this  case  Uranns   must  have 
eight  satellites,  for  there  is  no  great  likelilMod 
that  Sur  William  Henchel  committed  a  mistake 
on  such  a  point     Four  satellites  have  Hwigfaw 
still  to  be  looked  for. — These  small  bodies  appev 
to  have  retrograde  motions,  and  their  oitits  aie 
inclined  nearly  80^  to   the   ediptic     Of  the 
physical  aspects  of  Uranus,  nothing  whatever  ii 
known, 

Una  9I^i«r,  «■«  IHIbw.  Two  of  the 
most  remarkable  northern  oonstellatioQS.  The 
latter  contiuns  the  pole  star.  In  the  tbrmerthov 
are  seven  well  known  stars,  by  two  oif  which— 
the  pointers — the  pole  star  is  readily  foond.  They 
are  disposed  in  the  form  of  a  quadrangle  joined 
at  one  of  its  comers  to  a  triangle,  and  are  all  of 
them  very  large.  A  line  thioogfa  the  poiatcn 
passes  through  the  pok  star.  This  star  is  the 
largest  in  Ursa  Minor ; — seven  stars  in  tbelatttr 
I  are  arnmged  very  liice  those  of  Una  Mi||qc 


Tacmmi.  A  perfect  vacuum  or  space  void 
of  all  matter  seems  not  to  exist,  upon  the  hypo- 
thesis of  the  luminiferons  ether  and  the  retaixling 
matter  in  the  case  of  £ncke*8  Comet.  We  can 
produce  no  perfect  vacuum.  In  the  air-pump 
receiver  the  approximation  is  very  rough,  and  in 
the  Torricellian  vacuum  (over  the  mercury  at  the 
top  of  a  barometer),  there  is  mercurial  vapour. 

Valve.  An  arrangement  by  which  air  or  any 
fluid  may  be  alternately  admitted  into  and  ex- 
pelled from  a  vesseL  We  cannot  enter  here  into 
the  arrangements  by  which  the  mechanist  secures 
the  more  and  more  perflBct  performance  of  these 
functions. 

Yauishlag  Point  and  lilae.  See  Pehstec- 

TIVB. 

Taponr  is  any  substance  in  the  gaseous  con- 
dition, at  the  maximum  of  density  consistent 
with  that  condition.    This  is  the  strict  and  proper 


meaning  of  the  word  "Vapour.**  It  iseone- 
times  used  in  an  extended  sense,  identical  with 
that  of  ^  gas, "  in  speaking  of  substances  when 
ordinary  condition  is  the  liquid  or  solid ;  but  Ch» 
extended  sense  tends  to  ambigoity,  and  wiQ  not 
be  used  in  the  present  article.  It  is  certain  that 
most  substances  are  volatUey  that  is  to  aay,  that 
they  can  and  do  exist  in  the  state  of  vapour, 
at  all  attainable  temperatures.  Many  vapoura. 
whose  existence  cannot  be  proved  by  nMchaaicil 
or  diemical  processes,  are  obvious  to  the  aensct  of 
smell ;  fur  example,  those  of  inn,  copper,  lead, 
and  tin.  Whether  aU  substances  are  volatile  at 
all  temperatures  is  yet  uncertain.  If  there  be 
cases  of  exception,  it  is  to  be  undentood  that  tfie 
laws  stated  in  the  sequel  of  this  artade  do  aoc 
apply  to  them. 

§  1.  Presnere  and  Den$ityof  Vtipour, — Flor  each 
volatile  subetanoe,  at  each  temperatoxe^  there  Is 
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•  certain  ptewuwwMch  batonoeUielewtpiw- 
sore  under  which  the  eahsUnce  can  exist  in  the 
liquid  or  eolid  itate»  and  the  greatest  pressors 
which  It  can  sustain  in  the  gaseous  state  at  the 
given  temperature.  This  pressure  is  called  the 
prtuvre  (^taturathn,  or  the  prettvre  t^vopom' 
of  the  given  substance  at  the  given  temperature; 
tliia  pressure  is  a  ftmcdon  of  the  temperatnrei  and 
the  density  of  the  vapour  is  a  function  of  the 
pleasure  and  the  temperature.  Tlie  relation  be- 
tween the  preesure  of  vapour  and  the  temperature, 
fi>r  various  snbetanoes,  has  been  the  subject  of 
many  series  of  experiments,  of  which  the  latest 
and  best  are  those  of  M.  Regnault  on  steam  {Mt- 
moiru  de  FAcademU  de$  Sciaicea,  1817),  and  on 
various  other  vapours  {Compies  Renduty  1854.) 
The  best  souroes  of  information  as  to  the  pres- 
sures of  vapoun  are  the  tables  computed  by  H. 
Regnault  fcom  those  experiments ;  but  such  pres- 
aures  may  also  be  computed  in  most  cases  with 
great  accuracy  by  the  aid  of  a  formula,  which, 
with  the  constants  applicable  to  vapours,  as  de- 
duced from  M.  Regnault*s  experiments,  is  given  in 
Heat,  Mkchahical  Action  of,  §  19,  and  more 
fully  in  the  Edmbvrgh  PkUoaopMcal  Jovntal^ 
July,  1849,  and  the  PhUoaopkical  Magaxme, 
Dec,  1854.  The  general  result  of  such  formulss 
and  tables  is,  that  t&  pressure  of  vapour  increases 
with  the  temperature  at  a  rate  which  itself  in- 
creases rapidly  with  the  temperature.  If  any 
Tapour  were  a  perfeet  gas«  its  dentUy  Di,  at  any 
temperature  Ti,  might  eadly  be  computed,  whoi 
its  density  Dq,  at  some  other  temperature  t^  had 
been  ascertained  by  experiment,  by  means  of  the 
formula 

,-  V  Di  (Ti  +  461*».  2  Fabr.>  _ 

Pq  (Tq  +  461^  »  Fahr.)  ^ 

1*0 


in  which  Pi  and  Po  are  the  pressurss  of  the 
pour  at  the  temperatures  Ti  and  Tq  respectively; 
but  no  vapour  is  an  absolutdy  periisct  gas;  and  the 
denrity  of  every  vapour  increases  more  rapidly 
with  bcrease  of  preesure  than  that  which  would 
be  given  by  the  above  formula.  That  fonnula, 
however,  is  sufficiently  near  the  truth  for  practi- 
cal purposes  when  the  density  of  the  vapour  is 
bdow  certain  limits,  as  is  the  case  with  the  va- 
poun of  most  substances  at  the  temperatures 
which  usually  occur  in  the  atmosphere.  The 
experimental  determination  of  the  densities  of 
Taponrs,  to  a  certain  rough  degree  of  approxima- 
tion, sufficient  to  enable  the  formula  (1.)  to  be 
applied,  is  easy,  and  is  assisted  by  a  knowledge 
of  their  chemicsl  composition,  in  oonsequence  of 
the  wen  established  laws,>:ff,  that  perfect  gases 
combine  by  volumes  in  idmple  nuuMrical  ratios 
only;  and,  McoiMi^,  that  the  volume  of  a  given 
weight  of  a  compound  perfect  gas  always  bem 
simple  numerical  ratios  to  the  volumes  whidi  its 
constituents  would  occupy  separately.  An  ex- 
ample of  the  application  of  these  laws  is  given  in 
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Srax.  In  Btatbg  the  results  of  such  computa- 
tions (which  are  of  frequent  oocumnoe  hi  works 
on  diemistiy),  Tq  is  generally  assumed  =  82^ 

as  a  standard  temperature,  and  the  quotient  ~ 

is  computed.  Do  being  the  approximate  weight  of  a 
cubic  foot  of  the  vapour,  and  Pq  the  pressure  in 
atmotpKertM  of  14^  lbs.  to  the  bch.  What  is 
conventionally  caBed  the  tpeciyic  gravitif  of  a 

I>A 

vapour  is  the  ratio  of  the  quotient  —  for  the 

vapour  in  question  to  the  corresponding  quantity 
for  atmospheric  air.  The  specific  gravities  of 
vapoun  and  gases  are  proportional  either  to  their 
atomic  weights,  or  to  some  simple  multiple  of 
their  atomic  weights.     The  ibllowhig  are  the 

Do 

Talnesof  --  in  lb.  per  cnbic  foot  per  atmosphere^ 

for  a  few  gases  and  vapoun : — 

Ether, O'SOn 

W^hnretofj.     oi,t7 

Mereniy, (HMB 


Air,.... 
Oxjgen, 
Hydroffen 
Csrbonlci 


Mld^' 


(Hn0798 

o-oenM 
o-oofton 

0*12S44 
,  OlMttB 


The  direct  experimental  determinatk>n  of  the 
densities  of  vapours,  to  a  degree  of  accuracy  suf- 
ficient to  show  the  exact  amount  of  their  devia- 
tion from  the  perfectly  gaseous  conditkm,  has  not 
yet  been  accomplished.  A  method  of  computing 
the  probable  vidue  of  such  densities  theoretically, 
from  the  heat  which  dlsappean  in  evaporating  a 
given  quantity  of  the  substance,  is  expLsined  and 
illnstrated  in  Hbat,  Michawical  AonoM  op, 
§20. 

§  2.  il/Moq}Acret  ^F<9ioiir--^^Am>id!ii/ Aale. 
— From  wlut  has  been  s^ted,  it  appean  that 
every  soikl  or  UquU  substance  in  a  state  of  mole- 
cular equOibrinm,  wherever  it  is  not  enveloped 
by  another  solid  or  liquid  substance,  is  enveloped 
by  an  atmoepliere  of  its  own  vapour,  of  a  density 
and  preesure  depending  on  the  temperature  (pro- 
vided the  substance  be  volatile  at  that  tempera- 
ture.) It  has  been  suggested  aa  a  hypothesis, 
that  the  density  of  a  very  thin  layer  of  thu 
atmosphers,  immediately  adjoining  the  suifeoe  of 
such  liquid  or  soUd,  may,  owing  to  the  attrsctktn 
of  the  liquid  or  solid,  be  much  greater  than  the 
density  at  considerable  distances,  and  that  the 
elasticity  of  an  atmosphere  of  vapour  so  consti- 
tuted may  be  the  cause  of  that  resistance  to  behig 
brought  into  aheolute  contact,  which  is  displayed 
by  the  soxflkces  of  solid  and  liquid  bodies  in  gene- 
ral (e.  ^.,  wlien  raindrope  roll  on  the  suzfece  of  a 
river),  snd  which  is  so  great  at  high  tempera- 
tures as  toproduce  what  is  called  the  "jpAeroiWa/ 
sftite"  of  masses  of  liquid,  in  which  thef  remain 
suspended  over  hot  soikl  smfkces  with  a  visible 
interval  between.  The  only  substance  on  the 
earth's  sniiace  which  is  sufficiently  abundant  to 
pervade  tlie  whole  of  the  earth's  atmosphsre  at 
aU  times  with  vapour,  to  an  amount  appreciable 
by  mechanical  and  chemical  processes,  is  water. 
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§  3.  MiMuret  of  Vaponn  and  Gates. — It  faas 
alzvady  beea  explained  (Heat,  Mechanical  Ac- 
tion OF,  §  •V)^  that  the  preasiire  exerted  against 
tbe  interior  of  a  vissel  by  a  given  qnantity  of  a 
perfect  gae  enclosed  in  it,  is  the  sum  of  the  pres- 
surea  -which  any  number  of  parts  into  whidi 
Buch  qaastitfnuiy  be  divided  wotdd  e^ei%  sepa- 
rately, if  each  were  endoeed  in  a  vessel  of  the 
same  balk  alone,  at  the  same  tempenit««;  and 
thait,  altfaottgh  this  law  is  not  exactly  trae  for 
any  actual  gas,  it  is  very  nearly  true  for  many. 
ThoB,  if  0-080728  lb.  of  air,  at  82°,  being  en- 
closed ia  a  vessel  of  one  cubic  foot  of  capacity, 
exert  a  pressure  of  one  atmosphere,  or  14*7  lbs., 
on  each  square  inch  of  the  interior  of  the  vessel, 
then  will  each  additional  0-080728  lb.  of  air 
which  is  endosed,  at  32°,  in  the  same  vessel, 
pKMhioe  T«iy  nearly  an  additional  atmosphere  of 
pressure.  It  has  now  further  to  be  explained, 
that  the  same  law  is  appUccAle  to  mixtures  qfffoses 
of  different  kinds.  For  example,  012344  lb.  of 
cailKmio  acid  gas,  at  32j^,  being  enclosed  in  a  ves- 
sel of  one  cubic  foot  in  ciapacity,  exerts  a  pressure 
of  one  atmosphere ;  oonsequendy,  if  0-080728  lb. 
of  air,  and  0*12844  lb.  of  carbonic  add,  mixed, 
be  enclosed  at  the  temperetnre  of  32°  in  a  vessd 
of  one  cubic  foot  of  capacity,  the  mixture  will 
exert «  pressure  of  two  atmospheres.  As  a  se- 
cond example— let  0*080728  lb.  of  air,  at  212°, 
be  enclosed  in  a  vessd  of  one  cubic  foot,  it  will 

212°  +  461°-2 
exert  a  pressure  of    32°  4-  463?^2  ^^  ^'? 

atmosphere.  Let  0-0879  lb.  of  steam,  at  212°, 
be  enclosed  in  a  vessel  of  one  cubic  foot;  it  will 
exert  a  pressure  of  one  atmosphere.  Conse- 
quently, if  0-080728  lb.  of  air,  and  0-0379  lb.  of 
steam,  be  mixed  and  enclosed  together,  at  212°, 
in  a  vessd  of  one  cubic  foot,  the  mixture  will 
exert  a  pressure  of  2*365  atmospheres.  It  is  a 
common,  but  erroneous  practice,  in  dementary 
books  on  Physics,  to  describe  this  law  as  consti- 
tuting a  difference  between  mixed  and  homogene- 
ous gases ;  whereas  it  is  obvious,  that  for  mixed 
and  homogeneous  gases  the  law  of  pressure  is  ex- 
actly the  same,  viz.,  that  the  pressure  of  the 
whole  of  a  gaseous  mass  is  the  sum  of  the  pres- 
sure of  all  its  parts.  This  is  one  of  the  laws  of 
mixtures  of  gases  and  vapours. — A  second  law 
is,  that  the  presence  of  a  foreign  gaseous  svhstance 
in  contact  unfh  the  surface  of  a  solid  or  Kquidj  does 
not  affect  the  density  of  the  vapour  of  that  solid 
or  Uquid^  unless  (as  M.  fiegnauTt  has  recently 
shown)  there  be  a  tendency  to  chemical  combina- 
tion between  the  two  substances,  in  which  case 
the  density  of  the  vapour  is  slightly  increased. 
For  example :  let  there  be  a  mass  of  liquid  water 
in  a  receiver,  at  the  temperature  of  212° ;  and 
above  the  surface  of  the  liquid  water,  let  there 
be  a  space  of  one  cubic  foot ; — ^it  is  necessary  to 
molecular  equilibrium  at  the  given  temperature 
of  212°,  that  that  space  of  one  cubic  foot  should 
contain  0  0279  lb.  of  steam,  whether  the  space 


be  void  of  all  other  substances,  or  fSIed  with 
quantity  of  ah,  or  of  any  other  gaseoits  sobrtiace 
which  does  not  exert  an  apiveciable  chfairal 
attraction  on  the  water.  To  fllvstnte  the  bv 
farther,  let  the  temperature  of  the  water  be  50°; 
then  it  Is  necessary  to  molecular  eqiufibriam  tlutt 
the  space  of  one  cubic  foot  above  the  water  shosbi 
contidn  0*00058  lb.  of  wateiy  vapour,  whttfaff 
and  to  what  amount  soever  air,  or  any  otkv 
gaseous  substance  not  chemically  attractiog  Ae 
water,  be  contained  in  the  sanM  spaoe. — ^T^ 
and  the  preceding  law  of  mixtares  of  gan 
and  vapours  (discovered  by  Daltoo  and  Gav- 
LuAsac),  enable  the  followiog^  questioo  li>  be 
solved : — Problem.  Given  the  total  presanre  p,  of 
a  mixture  of  a  gas  and  of  a  ^ven  vapoor,  ia  a 
space  saturated  with  the  vi^or  At  the  tanpen- 
ture  T ;  required  the  pressure  and  density  of  the 
gas  separately. — SoUultion,  Findi  ficom  a  table  «f 
experiments,  or  from  a  fonnn)%  the  pressure  cf 
saturation  of  the  vapour  for  the  given  tempera- 
ture T ;  let  it  be  denoted  hv p\  then  the  pnesaR 
of  the  gas  is  r  — p\  and  its  density  is  less  than 
the  density  which  it  would  have  had  under  the 
pressure  p,  if  no  vapour  had  been  preaeok,  In  the 

p  —  p  .  , 

ratio . — Bxampk.  A  space  ooatains  mixed 


air  and  iteuii,  being  aiatvated  with  aicam  at  5<P, 
and  the  total  presanre  is  14*7  Iha.  on  the  square 
inch;  what  ia  ihe  preaactre  of  tiie  air  sepannlT, 
and  what  weight  of  air  is  contained  in  endicalie 
ibotoftfaeapaoe? — Antwer.  EStherfromlLBig- 
nanlt*a  eacpeiiments,  or  finom  the  fbnnnla  already 
dted,  it  appeare  that  the  presanre  of  the  steam  b 
0*176  lb.  per  aquaietnch;  consequently,  thepfe9> 
sure  of  the  air  aetMfatdy  is  14*7  —  0*175  = 
14-635  lbs.  per  square  Ineh.  Alao,  the  wcigbt  of 
air  m  aeubfe  foot,  at  14*7  lb&  po-sqinare  indi  aod 
50°,  had  there  been  no  steam  present,  wodd  hare 

493°-2 


been  0-080728  x 


60*  +  46l*'-2 


=.0-077885 


lb. ;  oonaeqaently  the  weight  of  air  actaaBy  pre- 
sent along  with  the  steanit  in  a  csbie  ktit^n 

14-525 
0077886  X  -jjy  —  0-076»76 lb.   A sfCJad 

problem  is,  to  find  the  density  of  tlis  f^ixtne  of 
gas  and  vapour ;  which  is  solved  by  adding  to  tke 
density  of  the  gas  already  found,  the  denl^  ef 
the  vapour  as  computed  by  the  methods  fonoeriv 
referred  to.  Thus,  in  the  case  last  given,  it  ap- 
pears, by  computing  from  the  Istent  heat  4tf  eva- 
poration, that  the  weight  of  steam  in  a  cubic  bsl 
is  0*00058  lb. ;  consequently,  the  weight  of  a 
cubic  foot  of  the  mixture  dT  air  and  steam  i^ 
0076976  +  0-00058  =  0*077666  lb.  With 
respect  to  the  amount  of  the  deviations  finm  the 
laws  given  in  thjs  section,  which  occur  when  Hit 
ingredients  of  the  gaseous  mixtore  liave  arfniwi- 
cal  affinity  for  each  other,  the  reader  ia  iHuiwd 
to  the  hies  reeearcfaes  of  M.  Begnanlt  afaes^j 
mentioDed. 
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§  4.  Evaporation  <hm2  OlDiwIsfiMftMi.— When 
the  deittlty  of  the  yaporons  atmosphere  of  •  eoUd 
or  liquid  is  diminished,  hy  the  enlaigenieiit  of 
tlie  space  in  which  the  suWtanee  is  oootatned,  or 
by  the  removal  of  part  of  the  vapour,  whether  by 
mechanical  diaplacemeot  or  by  condensatioD  in 
an  adjoining  space,  the  solid  or  liquid  evaporates 
tratil  the  vapoor  is  restored  to  the  density  oones- 
ponding  to  the  existing  temperatore.  The  same 
thing  takes  place  when  the  molecnlar  equilibrium 
is  disturbed  by  communicating  heat  to  the  solid 
or  liquid.— -When  the  density  of  the  vaporous 
atmosphere  is  increased,  by  the  oontraction  of  the 
space  in  which  the  substance  is  contained,  or  the 
ad<Stion  of  vapour  from  another  source,  part  of 
the  vapoor  condenses  until  equilibrium  is  restored 
as  before.  The  same  thing  takes  place  when  the 
equHlbrinm  is  disturbed  by  abstracting  heat  from ' 
the  vapour. — Evaporation  is  accompanied  by  the 
disappearance  o€  heat,  called  the  tatmt  Beat  of 
EwMponOkm,  and  condensation  by  the  rC'eppear- 
ance  of  heat,  aooordhig  to  laws  stated  in  Hsat, 
M TCBAHiCAL  Acnoir  op,  §  §  19  and  21.  When 
the  space  above  the  soHd  or  liquid  is  void  of 
Ibrrign  substances,  the  restoration  of  equilibrium 
Is  sensibly  instantaneous ;  when  that  space  oon- 
tains  foreign  gaseous  substances^  it  is  more  or  less 
rttardad,  although  the  conditions  of  eqoflibriom 
am  not  changed.  It  u  the  letaiJatien  of  Oa 
diffosioa  of  wateiy  vapour  by  the  pnsenoe  of  air 
which  prevents  every  part  of  the  atmosphere  from 
being  always  satniated. 

§  64  £hiA»(ton.— When  the  communication  of 
lieat  to  a  liqoid  mass  and  the  vsmoval  of  the 
vapour  am  carried  on  ooBtinuonsly,  eo  that  the 
pressnm  throughout  the  mass  of  liqoid  is  not 
greater  than  that  of  satumtion  for  ita  temper- 
ature, evaporation  takes  place,  flrom  the  expoeed 
surface  of  the  liquid,  and  aleo  from  its  intenor; 
it  gives  out  bubbles,  and  is  said  te  boiL  The 
•itoertaining  by  experiment  of  the  temperatnne  of 
ebnlUtMNi,  or  boiiing  pomttf  of  a  liquid  under 
varioos  pressures,  is  the  meet  aocumte  method  of 
deftsminmg  the  relation  between  the  tempentnro 
and  pnssnm  of  satumtion  of  its  vapour. — Con- 
versely, when  that  relation  is  known,  tlie  boiling 
point  of  the  flnhl  may  be  made  the  meana  of 
measuring  the  prisstam  on  it.  On  this  principle 
ia  founded  the  method  invented  by  WoTlaston, 
and  since  perfected  by  Dr.  J.  D.  Forbes,  of 
dedneing  the  atmospheric  pressure,  from  the 
bofttng  point  of  water  in  an  open  vessel. — When 
the  term  b&iSnff  pohU  of  a  fluid  is  used  without 
qualification,  it  means  the  boiling  point  under 
the  arertge  atmospheric  pressum  oif  14*7  lbs.  on 
tlie  squam  inch. — Tlie  preeence  in  a  liquid  of  a 
teas  i^atile  raltotance  dissolved  in  it,  reeists 
etxillitioo,  and  raises  the  temperatun  at  which 
the  Sfmd  boUty  under  a  given  pnssnre;  but 
anlese  the  dbs^ved  substance  enters  Into  the 
cooipeeition  of  the  vapowTj  the  relation  between 
tiM  teinpeiatwe  and  pressure  of  satamUon  of  the 
latter  remains  unchanged.    A  resistance  to  ebul- 
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lition  is  also  ofltesd  by  a  venel  of  a  material 
which  attracts  the  liquid ;  and  the  boiling  takse 
place  by  starts.  To  avoid  tlie  erron  which 
causes  of  this  khid  produce  in  the  measurement 
of  boiling  points,  U  is  adrisable  to  place  the  ther- 
mometer not  in  the  liquid,  but  in  the  vapour. 

Fm»OHr»  If  cbalMia  or  T«alc«lm^  is  a  con- 
dition of  fluids  mom  properly  called  Chud,  Mut, 
or  Fog^  inasmuch  as  it  is  not  a  vaporous  condi- 
tion, but  a  particular  form  of  the  liquki  condUftoii, 
in  which  the  fluid  floats  in  the  air  in  the  form  of 
innumerable  small  globules,  which  am  with  good 
reason  believed  to  be  vesidea  or  hollow  bubbles. 
The  hoUowness  of  the  globoks  of  doud  has  of 
late  been  confirmed  by  some  optical  researches  of 
M.  Bravais  on  the  Fog-bow,  The  condition  of 
doud  is  one  into  which  fluids  pass  fttm.  the  state 
of  vapour,  on  being  condensed  by  mingtiog  with 
cold  air.  It  is  probable  that  the  globides  of 
doud  am  filled  and  envdoped  with  a  vaporous 
atmosphere.  By  heat  they*  are  made  to  evapo- 
rate and  disappear;  hy  odd  to  coalesce  into 
liquid  drops,  which  fall  to  the  ground,  or  adhere 
to  neighbouring  solid  bodies. 

Tarlnkic*  A  quantity  considered  in  any  dh 
vestlgatlon  may  be  regarded  as  dther  constant 
or  varying  during  the  coune  of  it  Thus  a  rect- 
angle qiay  be  considered  as  described  by  a  con- 
stant lino  which  movee  pardld  to  itself  along  a 
given  line.  Any  plane  curve  may  be  considored 
as  described  in  tLe  same  way  by  a  variable 
stmight  line. 

TarlailMs.    See  Lukar  Thbort. 

▼fwlati«He»  Calcalva  •£  Alludon  has 
dready  been  made  to  the  prindples  of  this  re- 
markable method  in  Andy  sis.  Its  fonndatioo 
is  a  method  of  difirtnHaHou^  but  quite  of  a 
peculiar  kind.  For  instance,  it  is  the  primary 
object  of  the  ordinary  cdcolus,  to  determine  the 
form  that  must  be  assumed  by  the  fbnction  p  x, 
if  «  should  recdve  an  increment  or  become  x  + 
A.  In  the  calculus  of  Yariatlons  the  object  is  to 
asoertdn  and  lay  down  the  laws  of  the  changes 
supervening  on  a  slight  altemtion  of  thbjbrm  0/ 
the  /iMicCum,  or  should  p  m  become  p^  m.  Had 
space  permitted,  we  should  have  given  an  out- 
line of  the  present  grasp  of  this  cdculus.  Pro- 
blems of  I»operm^er$f  formerly  insoluUe^  it 
commands  with  utmost  ease.  Its  power  over 
mechanicd  problems,  was  long  ago  demonstrated 
by  Lagrange.  At  present  them  is  no  depart- 
ment of  high  phydcs  that  can  be  touched  with- 
out its  aid.  The  student  is  reocHumendcd  to  the 
treatise  by  Mr.  Airy,  the  more  extennve  one  of 
Professor  Jellett,  and  the  great  German  work  of 
Stmuch. 

YartatlMB  »f  the  HIomb.  See  Luhah 
Throkt. 

▼•■It.  Unfortunatdy  we  can  now  add 
nothing  more  to  the  dementary  theory  given  of 
the  Aroh  under  a  former  artide.  The  student 
is  referred  to  an  excdient  and  perspicuous  de- 
mectary  work — Hann's  Theory  of  Bridgts^  and 
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above  aU  ottien  to  Frofeawr  Moflebj's  Engmeer- 

Vector,  IfaUUM.  When  a  bod j  ^eeoribes 
any  path  rooDd  a  fixed  poiat,  the  ladiiuyeGtfNrat 
aaj  moment  is  the  line  drawn  from  the  fixed 
point  to  the  podtion  of  the  body  at  that  time. 

Tel«cltr>  The  speed  with  which  a  body  k 
moving.  If  the  body  move  nnifionnly,  this  may 
evidently  be  measored  by  the  quotient  of  tlie 
q>ao8  divided  by  the  time.  Thus  the  ydodty 
80  miles  an  hoar,  wonld  be  lepresented  by  dO 
if  the  units  be  miles  and  hours.  Where  the 
movement  is  not  unifbnn,  the  velocity  is  measured 
by  the  space  described  in  an  infinitely  small  time 

divided  by  the  time.  Thus —f.  is  the  measure  of 

velocity.    For  angular  velocity,  see  Botatioit. 

Tel«cfltiee  TlitMil,  Prlaclple  •£  Under 
Statics,  the  notion  of  this  principle  has  been 
unfolded  and  its  nature  described,  as  the  formal 
link  between  the  general  principles  of  Equi- 
librium and  Abstract  Analysia.  Its  merit 
indeed  is,  that  it  contains  and  expresses  in 
an  analytic  form,  the  entire  foundations  and 
peculiarities  of  statical  problems.  Many  de- 
monstrations have  been  ^ven  of  the  principle  of 
virtual  velocities;  some  of  them  resting  on  very 
abstract  mathematics,  and  —  exactly  as  they 
have  done  so— with  indifferent  success.  It  is 
not  an  abstract  mathematical  proposition  at 
alL  Just  as  the  principle  of  D*Alanbert  is  a 
permissible  generalisation  of  the  law  of  the 
equality  of  action  and  re-action,  so  is  this  prin- 
ciple of  y  arignon,  or  rather  of  Lagrange,  a  permis- 
sible generalization  of  the  simplest  and  best 
known  laws  of  equilibrium.  Ih  neither  case, 
however,  is  the  generalization  roached  by  rash  or 
ariiitrary  inference.  Certain  definite  notions  or 
laws  or  modes  of  reasoning  on  these  subjects  hav- 
ing been  accepted — whether  on^the  authority  of 
universal  experience  or  of  intuition,  or  what  is 
nearer  the  truth,  a  mixture  of  the  two — a  few 
elementary  fiacts  or  formal  expressions  of  fiu^ts,  be- 
come capable  of  being  generalized  into  those  two 
laws.  We  are  touctdng  however  on  metaphy- 
sical rather  than  on  physical  difficulties.  The 
scientific  import  of  the  principle  of  virtual  veloci- 
ties, is  that  belonging  to  a  link,  as  aforesaiil ;  as 
D'Alembert's  principle,  in  its  turn,  resolves 
Dynamical  into  Statical  problems. — See  a  very 
interesting  article  by  Professor  De  Moigan  in 
KmghCt  CychpacUa, 

TeMiUailoM  has  been  defined  "  the  art  of 
supplying  enclosed  spaces  with  adequate  quan- 
tities of  pnro  atmospheric  air.**  Man  does  not 
live  by  bread  alone.  Besides  food  to  eat  and 
water  to  drink,  he  must  have  air  to  breathe. 
From  the  moment  of  his  birth  to  that  of  his 
death,  twenty  times  every  minute,  he  must  in- 
hale his  aerial  draught  Of  his  material  wants 
the  demand  for  air  is  by  far  the  most  inexorabla 
Food  he  may  go  without  for  many  hours ;  water 
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he  nquires  only  occasionally ;  but  let  lum  l- 
dsprived  of  air  for  a  fbw  aeoooda  only,  ac 
death  is  inevitable. — The  gaseoos  oompowid  pp 
vided  by  nature  for  the  use  of  man  in  reipin 
tion — common  or  atmospheric  air — oonasli  < 
two  mgredients,  oxygen  and  azote,  oombined  i: 
the  proportion  of  one  measure  of  the  fonner  to 
four  of  the  latter.  Of  no  other  mixture  can  be 
partake  with  perfect  safety.  A  nwn  of  am^ 
size  inhaks  about  three  thousand  gaOens  ef 
air  in  a  day.  To  meet  this  air,  phjsiofagists 
tell  us  that  the  heart  sends  two  onnoes  of  blmi 
seventy -five  times  a  n^ute,  or  twenty -foar 
hogsheads  in  twenty-four  bonrs.  Koi  a  lew 
important  consequences  ensue  from  brining  to- 
gether these  enormous  quantities  of  air  and  Unod. 
A  fire  without  flame  is  kindled,  and  a  laige  amount 
of  heat  is  produced.  The  Uood  b  porified,  the 
air  is  vitiated ;  a  fifth  part  of  the  oxygen  of  the 
inspired  air  disappears,  and  is  letJaced  by  a 
deadly  poison,  carbonic  add  gaa.  The  mfxtaie 
ea>pitd  is  wildly  unfit  for  the  support  of  annial 
lifeb  When  mad  is  in  the  open  air,  dw  eveh- 
tion  of  the  noxious  prodncts  of  reqilratian  is  st- 
tended  with  little  haim.  Bong  warmer  tiian 
the  suRonnding  air,  and  therefore,  bulk  for  buHc, 
lighter,  they  immediately,  like  oEL  in  water,  i«« 
to  a  higher  level,  where  they  are  apeedfly  dif- 
iused,  leaving  their  pbce  to  be  filled  by  the 
rushing  in  of  the  colder,  denser  fluid  around.— 
But  we  do  not  live  always  in  the  open  air.  At- 
mospheric vidssitudes,  were  there  noCfafaig  dse; 
compel  us  to  have  reoourw  to  **  ceiled  hooses." 
In  these,  it  will  readily  be  pereeived,  the  pnccDs 
of  respuvtion  is  carried  on  hi  drcumstances  alto- 
gether diflerent  In  few  cases  is  theve  provided 
either  outlet  or  inlet  for  air.  In  the  entier  ages, 
when  the  openings  for  light  were  attheaametir^e 
openings  for  air,  something  like  ventSataon  n»- 
oessarily  took  place,  but  £e  inventiaB  of  giasi 
windows  put  an  end  to  that  It  need  csB«e 
no  surprise  that  sndi  a  state  of  matters  dioald 
frequently  be  attended  with  iijurikma  eooie- 
quenoea.  With  the  causes  of  contamination  ia 
ftill  activity,  and  the  natural  movements  of  the 
afr,  whereby  tlie  defilement  mi^  be  neotral- 
ized,  carefully  and  studiously  pravcnled,  what 
can  poanUy  follow  but  disease  and  aometiaMi 
death?  Kumberless  plana  have  been  a&xptr' 
for  dearing  bniklings  or  apartments,  of  foul  air. 
From  the  days  of  Desagufiere  and  Hales,  liea 
years  have  elapsed  without  die  appearance  of  an 
expedient  for  accomplishing  complete  and  perfect 
ventilation.  It  is  weO,  however,  to  keep  ia 
mind  that  the  leading  prindples  involved  In  the 
problem  are  few.  In  every  system  of  ^IwfH**? 
ventilation  there  must  be  an  outlet  for  tiie  vitiated 
air,  and  an  inlet  for  fresh  air.  Having  obcained 
these,  the  next  point  to  be  considered  is,  tbs 
means  to  be  used  to  cause  a  cnrrent  between  the 
twa  In  the  spontaneous  ventilatkm  of  natnn. 
we  have  seen  that  the  heat  of  the  expired  air  ia 
ordinary  drcumatanoes  is  enough  for  this  prnpu^ 


368 


TEN 

and  then  etn  be  no  doabt  that  bot  for  ArtUdid 
mtermptloos  the  caae  in  rooms  would  be  eauctlj 
the  same.  The  ouue  of  motion  would  be  the 
difiereDce  of  temperatoie  between  the  air  ex- 
p^ed  flrom  the  chest  of  the  iodiyidQal  breath- 
ing, and  that  Immediately  oatslda  the  apartment 
An  operation,  in  short,  woold  be  instituted  iden> 
tical  in  character  with  thtdraughi  of  the  common 
chimney.  Few  apartments,  however,  are  con> 
stmcted  with  a  view  to  admit  of  this  simple  pro- 
cen  being  brought  into  play.  The  oeiUngs  aro 
almost  invariably  flat  and  impervious.  If  there 
be  outlet  or  inkt  at  all,  these,  generally  speaking, 
are  ftinUshed  by  vety  sorry  make-shifts, — such 
as  imperfectly  fitted  casements,  warped  doors, 
keyholes,  and  chinks  in  the  walls  of  the  buflding. 
lint  what  of  the  chimney?  it  may  be  asked; 
i«  not  the  open  fire-place  and  fine  quite  a  suffi- 
cient outlet  ibr  the  vitiated  ahr?  There  can  be 
no  doubt  that  as  at  present  constructed  they  are 
not  The  brisk  draught  caused  by  a  biasing  fire 
in  an  open  grate  does  mudi,  certainly,  to  change 
ilie  air  near  the  floor,  but  this  is  by  no  means  all 
that  is  wanted.  The  hotter  strata  near  the  ceil- 
ing, contain  the  banefol  products  of  breathing  and 
biuiiing,  together  with  varfeusanimal  exhalations; 
and  thtte,  U  is  obvious,  can  be  but  little  affected  by 
the  diimney  current  Several  contrivances  have 
been  brought  forward  with  the  view  of  aiding 
tlie  open  fire-place  in  ventilating  the  apartment 
Tredgold  recommended  an  inverted  syphon,  the 
one  leg  to  open  into  the  chimney, — the  month  of 
the  tube,  with  a  register,  befaig  placed  near  the 
ceOing.  Hr.  Toyntee  inserted  into  the  chimney, 
a  little  wayfttMn  the  ceiHngof  theroom,  asquare 
iron  tube,  fitted  at  the  end  opening  into  the  room 
with  a  plate  of  peribrsted  sIik;,  and  a  flap  of  oiled 
silk  to  act  as  a  valve,  aUowing  the  fiiul  air  to  pass 
up  and  prevent  smoke  coming  down.  Another  in- 
strument, intended  to  answer  the  same  purpose, 
is  the  balanced  valve  of  Dr.  Amott  Where  the 
outlets  and  inlets  are  properly  adjusted,  this  con- 
trivance often  proves  of  great  service  in  securing  a 
draught  ftom  the  upper  part  of  the  apartment 
In  most  places  fitted  up  with  the  view  of  aUow- 
ing  spontaneous  ventilation  ftdl  play,  it  is  cus- 
tomary to  have  the  abduction  tubes  at  the  roof, 
and  the  induction  tubes  near  tbe  floor.  This 
amngement,  however  g«od  theoretically,  is  in 
practice  attended  with  inconvenience.  Cold  cur- 
rents CO  the  lower  portknis  of  the  body  are  un- 
avoklableb  A  plan  ^together  different  ftom  these 
has  been  tried  lately,  and  apparently  with  the 
iMBt  results.  Tbe  method  adverted  to  is  founded 
on  the  circumstance  that  one  tube,  provided  it  be 
sufficiently  capacfous,  may  serve  at  one  and  the 
same  instant  for  abduction  and  induction, — the 
centre  being  occupied  by  a  column  of  warm  out- 
going air,  while  towards  the  circumference  a 
stream  of  cool  air  is  rushing  Inwards.  Although 
a  partial  knowledge  of  the  feet  of  counter  cu^ 
rents  taking  place  in  a  single  opening  wai  pos- 
sessed by  the  earlier  writers  on  ventilation,  Mr. 
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M*KinneIl,  of  Glasgow,  was  the  firrt,  it  b  be- 
lieved, to  dlnover,  and  draw  attention  t«,  this 
invariable  arrangement  of  aerial  cnnaDta  in  the 
drcnmstances  described.  Openings  of  sufficient 
capacity,  however,  to  admit  of  the  vnlmpedcd 
movements  of  these  ciftreDts,  would,  in  tlie  cli- 
mate of  Brftahi,  be  intolerable.  Bul,<o»  iBVei*> 
tigatfon,  it  was  found  that  the  same  aflbsts  ciuld 
be  obtained  in  smaller  space  by  lAieving  the 
ascending  and  descending  currents  ftom  nnttnl 
contact  Mr.  M*KhuieU*s  patent  ^eatUatoc  fe 
constructed  on  these  prindplcsj  It  fasosto 
mslnly  of  two  tubes  arranged  conoentikldl^E, 
the  inner  discharging  the  viriatsd  .air«  wUlethe 
fresh  supply  flows  down  the  outer  tube.  -It  Is 
almost  automatic  bi  Its  action,  requbing  little 
or  no  attention  in  ordinary  drcnmstanees.  It 
removes  the  air  as  it  is  vitiated,  and  supplies  iu 
place  with  pure  air,  In  the  exact  amount  rsqufred, 
in  currents  so  gentle  ss  scarcely  tor  be  pereeptlblfc 
Tbe  contrivance  also  posseises  this  greet  advan- 
tage, that  it  can  be  IntrMueed,  and  aels  as  efliee- 
tivdy,  between  the  celling  and  floor  of  ^  lawer 
storeys  of  buildhigs  as  in  apartments  having  im- 
mediate aooesB  to  the  root  It  may  be  wdl  to 
mention  tliat  the  schools  of  the  Highland  Society, 
and  a  number  of  other  puUlc  buildings  in  (^sa- 
gow,  have  been  ventilated  on  this  prteeiple  with 
the  best  possible  results.  Several  sdentifle  gen- 
tlemen of  eminence  have  examined  the  apparatus 
in  operstion,  and  have  spoken  fkvourably  r^gsrd- 
ing  its  merits,  as  an  instrument  at  once  simple 
and  eflfective.  Such  bcdng  the  foot,  It  is  to  be 
hoped  that  the  capabilities  of  the  iaventkm  to 
attain  the  important  end  in  view  will  be  fairly 
tested;  and  it  will  be  grstM^iug,  if  the  long  vexni 
question  as  to  the  best  mode  of  ventilation  should 
be  set  at  rest  by  this  appeal  to  what  seems  to  be 
one  of  those  laws  which  cannot  be  violated  or 
overlooked  with  impunity — the  laws  of  Nature. 

▼«•■■.  The  second,  and  to  the  eye,  the  most 
beautiftd  star  In  the  heaA'ens.  Being  nearer  the 
sun  than  the  earth,  her  apparent  path  Is  mainly 
an  oscillation  to  and  fh>---with  the  sun  as  its 
centre, — ftt>m  which  central  point  the  planet  de- 
parts only  about  46^;^  an  angle  termed  her 
maximum  elongation.  According  to  the  sids  of 
the  sun  on  whfeh  she  Is,  Venus  Is  our  morning  or 
evening  star.  If  to  the  east  of  thst  Inmlnuy, 
she  sets  after  him,  and  then  Is  the  he$per  of  the 
ancients ;  If  on  the  west,  she  rises  flr^t.  and  then 
is  ths  welcome  Imt^tr,  The  light  of  Venns  Is  a 
daszling  white,  and  so  briUiant  9ib  to  east  a  dis- 
tinct shadow  even  under  our  northern  impure 
skies.  The  pl8net*s  mean  distance  flpom  the  sun  if 
68,897,500  miles,  so  that,  when  at  hiferior  con- 
junction she  is  only  27  mlllioas  of  miles  ftxmi 
tbe  £arth.  The  diameter  of  Venus  is  7,807 
miles— less  than  that  of  the  earth  by  a  very 
small  amount ;  hsr  density  is  fidly  one-eighth 
greater  than  the  density  of  our  globe,  or  more 
sccuratdy  1*12;  the  period  of  her  ort>itrf  re- 
volution 224  dat-s,  16  hours,  49  minutes,  and  7 
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feoooda;  uid  tke  length  of  bar  day  is  28  houn. 
21  minntes,  22  aeomdiB.  From  tha  oomparatix'e 
proriinity  of  thb  planet,  one  might  reaaonably 
expect  that  Qoch  inforraatioii  oonoenung  its  sur- 
face has  beeh  aoeumnlated.  Unfbrtu&atdy  this 
is  not  the  case.  When  Yenns  is  nearest  us,  only 
a  T«ry  small  part  of  her  illnminated  portkm  is 
tanked  tdnrards  the  earth,  and  she  ia  then  very 
near  the  sun.  But  farther,  the  planet  appears  to. 
have  a  very  dense  atmosphere  charged  with 
dbuds ;  and  the  consequenoe  is  tha^  her  true 
surface  has  been  rarely  if  ever  seen.  '  We  may 
safely  dismiss  the  details  and  measurements  of 
her  mountains  given  by  Schroeier,  as  pure  ro- 
mance ;  nevertheless  it  is  not  so  ea[sy  to  discard 
the  numarons  intimations  of  the  existence  of 
mountains  that  were  noticed  by  Sir  William 
HerscheL  Indeed,  there  is  an  antecedent  proba- 
bility in  ikvov  of  such  a  iaet,  ioasmnah  as  the 
ut>hiaving  cause  that  has  disrupted  and  rendend 
so  uneven  the  sntfiMMB  of  otto  batfear  known 
bodies,  ia  ui  all  likelihood  a  eomieai  ona  If  the 
detamiination  usually  given  «f  the  inoHnaticm  of 
the  axis  of  Yenoa  to  the  plane  of  its  orbit^  vis^ 
74^  be  oorrect,  therelationaoftikastx&oeaf  lbs 
planet  to  beat  and  Ike  aeaaona,  mnat  be  vety  dif* 
ievent  £rom  ours;  the  breadth  of  its  tonid  aone 
moat  be  equal  to  nearly  fiv^-dxths  of  its  entire 
ditumference.  In  thb  respect  Yenua  stands  ont 
in  remarkable  contrast  with  Jupiter,  fi)^tllisgOI^ 
geous  planet  may  be  said  to  have  no  saaaonB. 
The  oifaU^  Venus  lykigwidiin  the  esbit^  the 
earth,  tfiat  planet  neoesaarily  has  phases,  it  is 
not,  bcwwfeiv  ^  saperiov  ooojiunctiii  orwheU/She 
is  ftill,  that  she  sends  out  tks  gMsiaat  quantity  of 
light.  M  tbm.  poddoB  in  toofbift  ehe  is.fti^ 
tliest  from  the  earth,  and  her  light  is  diminished 
by  distance.  Her  position  of  greatest  baOiancy 
is  an  intermediate  point,  viz.,  when  her  ebnga- 
tion  is  40°,  although  than  she  is  In. phase. 
Venus,  because  of  her  proximi^  and  bar  maaa, 
must  largely  afibct  the  earth's  orbit  by  k|dnofa)g 
perturbations.  One  of  these,  of  long  period,  has 
beendetermined  only  in  recent  times.  Tbegnenl 
relations  of  the  two'planets  in  their  orbits  are  the 
following  t'-'Tkirtem  times  the  period  of  Venus 
is  wy  neatly  equal  to  mgiht  thnes  that  of  the 
earth ;  and  thb  gives  rise  to  an  approximate  oo* 
incidence  of  erary  fifth  conjunction  in  the  same 
parts  of  each  orbit  The  ooinddenoe  is  not 
exact,  so  that  bestdes  the  eflbots  arising  Dram 
the  relation  just  stated,  there  is  necessarily  ao- 
camnlating,  effects  springing  out  of  this  non- 
exactness.  These  pass  though  a  course  also, 
occupying  very  many  years,  and  constitute  a  itmg 
tnequaStjf.  The  detection  and  full  discussion  of 
thb  inequality  is  due  to  Mr.  Airy.  It  amounts 
to  only  a  few  seconds  at  its  maximum,  and  its 
period  is  240  years.  We  have  already  rafen«d 
under  Lunui  Thvort  to  a  similar  action  of 
Venus  on  our  Moon. 

V«*««,  T*m««lts  •f.    If  the  orbits  of  the 
two  planets  between  us  and  the  sun  lay  in  the 
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planaortherediptasitisnnByloset  tfaat»  si  eos 
period  of  every  revolnlkHi  thsgr  wonld 
observer  on  tlie  cirth  to  iramtk  oi 
the  sun's  dise,  exactly  as  aaoh  of  tka  ssleffitcs  «rf 
JupttertianaitB  ataveiy  lerolntioii  Ibe  diseof  thtt 
planeC  The  itdMoemit  of  the  two  odats,  hsir- 
evef,  interftre  with  the  regnlaiity  of  this  OKm> 
renoatandwe  halve  auohtoandts  aeoordinii^yeoly 
when.*-.as  hi  tke  esse  o£  adl^MBS  of  tfaaflDnaii 
moon-— the  nodes  of  thasa  orbifes  am  in 
poaitieBS.  These  pfaanomeaa  are  at  no 
tanoe  in  rvgaid  of  any  light  4kaf  aboden  dn 
physical  eharader,  or  raUtkias  of  any  of  the 
bodiea  concerned;  but  they  oopstitnte  onr  ba4 
moaaa  of  aseSitaining  the  dSsfesaosvor  tfao /arn^ 
2b»  of  the  iua.    A  Bimpls  lUnstralkn  wffl  iiaka 
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clear.  Let  a  a'  bo  the  wtMsal 
of  the  sun,  ■  B' tko  vartfeal  diametar  of 
the  earth,  and  y  an  intervenii^  body.  An 
observer  at  ■,  will  sea  that  bo4y  (Bojectod  on  the 
sun  at  T,  «hfle  «m  at  s"  seas  its  piojectiQn  at  f. 
If  thsBthatdiflUoosTi!'  can  bo  maaanred,as 
well  as  tho  .dsManoa  «  sf,  a  is  plain  that  tbe 
ratio  of  tha  diatanoes  B  V  and  T  T  an  dotenniaed. 
for  bocanse  of  tho  aimilari^  of  tho  trisB^K  dai 
Ibllowii^  proposition  holds 

B  B' :  T  i'  =  B  V  :  V  T. 
Should  B  y  bo  also  known,  thedistanoe  t  t,  and 
thenfoio  b  t  would  thus  be  detenained.  h 
scaioely  loquiios  to  bo  remarked  that  the  nearer 
the  body  y  is  to  the  earth,  tho  intercepted  ^laoa 
T  if  will  appear  lai^er,  and  that  enora  of  bms* 
surament  wiU  therefoo  leas  affect  the  aocoraejr  cf 
the  lesnlt;  on  which  account  aa  well  as  senrsl 
others,  the  transits  of  Venus  are  of  mndi  note 
impoitanos  than  those  of  Mercory  in  their  appli- 
cation to  determiaa  the  distance  or  psnQaxcf 
the  sun.  The  practiGal  qosstion  remains,  horn- 
ever,  by  what  means  shall  we  measure  t  ^  ? 
Let  the  oocuxtenee  be  transfand  to  thsdiKof 
the  sua.  If  that  disc  is 
represented  by  the  sub- 
jomod  circle,  the  paths  of 
the  two  apparent  Iransitt 
win  evidendy  be  t  x^and 
T'T"';  and  as  these  are 
of  ^flforent  lengths,  the 
periods  occupied  by  the 
transito  will  bediflbrant. 
Now,  as  the  distance  be- 
tween the  two  chords  is 
of  that  diflference,  an  accurate 
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of  tho  one  wfll  awsBnrily  oondnct  to  a  oofnct 
valne  of  the  tener.  IIm  pn)bknfc  is  tiMro- 
fan  radooBd  to  tUs— reqnlnd  tiiB  ponodB  ooou- 
pied  by  Vtniw  in  paarinff  aeross  the  due  of  the 
811X1,  m  that  fdMiMiiMnoa  fs  mod  by  ohMrvera  at 
diflfenot  ptacm  of  the  earth  snitaUy  ohoseo  and 
at  eooddcrable  diitanow  irom  eaeh  olhier.  The 
cakiiUtira  b  not  ao  brief  oertabilyM  raiiiaaentad 
in  our  iUwtratieo,  bat  as  the  cndrs  aatnie  ef 
oomotioDB,  AflL,  that  an  icqaired,  is  exphuned 
in  EoupsBa  and  OocvLxanoMB,  they  need  not 
be  again  diecweed.  TheM  tnuuiti  aie  of  VI17 
ran  ooctnmnoe,  and  the  iatuiiala  of  tine  tlial 
eeparato  them  might  fvdl  appear  oapiidoasf 
thbv  ftrm  a  ncamnoe,  horweTer^-*-tiie  foilowing 
being  the  oyde  hi  ytaia,  8, 122.  8^  106.  The 
tnnsito  never  happen  nnleas  In  June  and  No- 
Tember.  On  the  laat  occasion,  wlien  Captain 
Cook  had  it  in  charge  to  observe  from  Otaheite, 
viz.,  in  1769,  the  sun's  parallax  was  detennined 
to  be  6"*6776.  One  hmi^red  <md  Jioe,  ^/ear$ 
5idded  to  1769,  brings  as  to  the  year  1874, 
wlien  the  next  transit  will  occur  on  December 
8th;  and  tight  years  farther  on,  viz.,  on  Decem- 
ber 6th,  1882,  another  opportunity  of  repeating 
the  meaenremcnts  will  be  witliin  reach  of  Astro- 
nomers. Theie  will  not  be  another  sach  tran- 
sit nnta  the  year  2004. 

T«r«lcr.  When  the  unit  of  any  Hne  is 
divided  into  the  lai^est  number  of  small  equal 
parts  that  can  be  hitroduoed  oonvenieatly  to  the 
medianiGian,  many  purpoees  indooe  as  to  seek 
for  a  still  minuter  subdivisioa.  The  method  by 
wbkh  Yemier  procured  this  was  the  foUowing:— • 
Let  one  of  the  units  be  divided  by  medhankal 
means  into  m  parts ;  and  let  a  little  sliding  scale, 
upon  whkh  a  unit  is  engraved  be  divided  into 
m-f-^P*'^-  Then  suppose  that  in  the  measure- 
^  meat  of  any  magnitude  wliieh  reaohes 
up  to  the  pohrt  ^,  the  last  nnit  divi- 
sion on  the  original  scale  of  roeasove- 
nent  a,  is  at  R.  Then  let  the  sub- 
diviskm  go  on  as  marked  in  the  figuie, 
p  lying  between  the  ath  and  the  n  4- 
1th.  Hove  the  Vernier  b  which  is 
attached  to  the  iostrament  by  a  rery 
fine  screw  motion,  until  a  divisfcm  of 
it  be  just  at  p.  Count  down  how 
many  spaces  on  the  vernier  we  have 
to  go  before  tliere  is  a  poinftforwhich 
its  division  exactly  coincides  with  that  cf  the 
original  scale,  and  suppose  that  p  divisions 
are  so  neccaear^-.     Then  if  the  space  j»  k  be 

called  Xy  we  have  *  +  (p  —  1.)  — =—  -^ — s . 

w      w-f-  1 

a         m  -|-  1  m 

—  ^  P  —  ^  P  ''\'  ^  — 1>H"  "*  =s 
""  m  (m  -f-  1) 

ta+_l— />   ...   ^  --  Jl    _  P 

as  (fa  -|~  ^       "    ^  **  m(ai-|-  1) 
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Hence «  =  — .    ^    v  — 

m        tJi-|-  1        •» 

'  "^  ^  V  ""  ^+v 

Hence  the  value  h  p  is  accurately  measure<^ 
— To  discern  how  much  smaller  a  quantity 
may  be  thus  measured,  than  by  the  ordi- 
nary processes  of  measuring  by  mtbs  and  m 
-{-  Iths;  we  remark  that  tbe  only  two  ap- 
proximations to  the  value  of  h  p,  without  the 

vernier  would  be  —  »  aad  —  (a  -}- 1).  Kov  if  p 
m  n 

=s  1,  the  additioDal  Quantity  measafedii  »*   ,■■', 

of  the  divisicn  of  &  Thusif  the  divisions  are  in 
lOths,  the  vernier  enables  us  to  read  with  tiie 
same  aeenraey  to  llOths.— This  is  the  only  irn* 
portaat  method  now  used.  Another,  called  after 
l^onius  has  become  qnito  obaolete.  MiccosoDpes 
are  usoaHy  attached  to  an  instrument  provided 
with  a  vender,  so  As  to  cnalile  ua  to  see  aoeur> 
raieiy  when  p,  one  ef  the  remier  division  lines, 
cofaiddes  with  one  of  the  division  lines  of<  the 


proper  acale. 

Teatlcal.  The  direction  in  wliich  a  plummet 
habge  that  ia  the  direction  of  the  radius  of  the 
earth.  TUs  not  quite  the  direction  (v.  Dkvu- 
tiom)  near  a  large  mountain,  in  oonsequanoe  of 
the  attraction  of  the  mountain  itselfl 

Tcaaa.  One  of  the  Asteroids.  For  Elements, 
Ac,  eee  AarBBoina. 

▼IbvntlMB.  See  AtXMjancs,  UNDuiiAiORr 
Thbobt,  Ac. 

Vietatto.  One  «f  the  Asteroids.  For  Efe- 
ments^  &c.,  see  AaraROiDfi. 

Tire*.  A  well  known  oonstalUtion  in  the 
Zodiac 

TisiMu  TIm  phenomena  of  vinioa  have  been 
laigdy  dtMueeed  under  other  artideai  See  £y^ 
PakaLlax  BnrociAAR,  Stdukmoopb,  &c 

Tia  Vlv*!  IJviac  P«r«ea,  Caawf iiiniiaa 
•C  Daring  tiM  Angustan  period  of  Leibnitzand 
the  BemoiSlia,  a  questiea  was  hotly  debated  as 
to  the  right  fneosire  qf  force, — vi&,  whether  it 
ooght  to  be  the  mass  multiplied  by  the  sfuors  of 
the  vtibeiljf,  or  by  the  dn^  9eheUjf.  D^AJem* 
bert,  in  Us  veiy  beautiful  treatise  on  Dynalnici^ 
represents  the  questioa  as  a  purdy  verbal  one  It 
waa  not  so;  although  no  praotioal  problem  oenld 
torn  vp,  about  wlioae  treatment  the  scientific 
oombatants  would  hate  disagreed.  Henoe  the 
oontroversy  must  have  been  oanaed  by  the  eous- 
4on,  fimn  general  propositions,  of  oonsidetafth>BS 
that  always  enaered  with  doe  weight  Into  Che 
treatment  of  special  propositions;  Of  in  tiMgenersl 
proposition,  an  imperfect  defiaiiien'of  some /of 
these  oonalderations  must  have  been  aduutttsd.-* 
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The  vii  vkfa  of  uj  syMeni  of  bodies  in  motion, 
is  the  mm  of  aU  the  mastes,eack  multiplied  &y 
cAe  Mgmare  ^  itt  veloeiig.  If  the  sjstem  consist 
of  a  flnlte  nnmber  of  sepante  molecoles,  the 
theorem  is  expressed  by  the  equation: — 

am  .9* 

If  we  treat  of  a  continnoas  mass  of  a  bodj,  for 
instanee^  the  expression  is: — 


f  V*dWL 


The  CbiMsriNifibii  of  the  Vtrm  Vwm  is  this,— no 
system  of  bodies  in  motion,  can  aoqairB  or  lose 
any  quantity  of  vi»  vieo,  in  conseqoence  of  tlie 
mntoal  action  of  its  diflerent  parts.  This  loss  or 
acquisition  most  accme  tliroagfa  the  agenqr  of 
exieinal  focces.  In  technical  langoage,  when 
extenal  forces  are  not  operative,  we  have  a»9* 
necessarfly  constant  Thispropositknissovaln- 
ahie^  that  it  may  be  taken  as  one  main  founda- 
tion of  the  philosophy  of  Maektma.  Still  flu^ 
ther,  in  aU  esses  that  occur  in  nature,  the  amount 
of  Uie  vit  visa  acquired  in  passing  ficom  one 
position  to  another,  depends  on  the  co-ofdbates 
which  settle  the  initial  and  final  positions, 

▼•Uaic  Pito.  Shordy  after  the  discovery, 
by  Oalvani,  of  the  remaifcsble  efiects  of  associ- 
ated metals  and  liquids,  in  developing  an  agen^ 
cspaUe  of  powerfully  aflecthig  the  nerves  of  living 
or  rsoently  killed  animals.  Plot  Volta  of  Pavia, 
deeply  interested  in  the  new  field  thus  opened  up 
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to  nseaidi,  was  led  to  notice  pnrtienfauly  the  I 
portanoe  of  the  oootaet  of  thedSsrimtlar 
developnigtfaispheDoaieDOiL  Byi 
combination  of  tliongfat,  he  conceit) ed  the  hs^fnr 
idea  not  only  of  increasing  tlte  anwt  of  cnngr 
by  enlaiging  thesurfraes  of  the  metaDie  plslM  is 
contact,  but  alsoof  grestly  modifying  it  by  placi^^ 
one  comfainatiDn  or  element  abom  anotha;  ssd 
conducting  the  current  tfans  produced  thra^ 
wires  coDiiectsd  with  the  upper  and  lower  pbiK 
This  arrangement  was  called  the  POe^  k»  mk 
were  named  the,poles  from 
their  opposite  qnaSties.  The 
figure  npresauts  a  portion  of 
a  pile,  such  as  that  first  con- 
structed by  Yolta;  a  is  a 

zfaie  plate,  ifc  a  dmilar  plate  .  I       ,  ^  . 

of  copper,  and  c  ai  doth  of  p      ^^ ^3  1 

thesamesise.  The  doth  ill  tT  ZH  i 
moistened  with  an  acidu- 
lated solution,  such  as  one 
part  of  sulphuric  acid,  and 
twdve  parts  of  water.  An 
dement  consists  of  zinc,  copper,  dolfa,  and  die« 
dements  are  placed  above  eadi  other,  in  the 
order  indicated.  T\m  cnnent  of 
siq>po8ed  to  travd  as  shown  by  the 
For  the  improvements  on  this 
paratus  see  Battbbt  and  ELacTBo-DruAxn. 
YOTtex  WkMi,  or  TaiMBtt.  SeeWATSE- 
Whbbu. 
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Wnneepeui.  The  meteordogical  phenome- 
nm  known  by  the  name  of  waterapoot  has  been 
long  the  subject  of  terror  and  amazement  to  the 
sailor,  and  of  inquiiy  and  coi^ectnre  to  the 
phOoaopher.  The  apparition  itself  is  thus  de- 
scribed by  Ualte  Bran : — "  Underneath  a  dense 
doud  the  sea  becomes  agitated  with  violmt  com- 
motion, the  waves  dart  rapidly  round  the  centre 
of  the  agitated  mass  of  water,  on  arriving  at 
which  tlwy  are  dispened  into  vapour,  and  rise 
whirtiqg  round  in  a  spiral  direction  towards  the 
doud.  This  conical  ascending  cdumn  is  met 
by  another  descending  which  joios  with  it  The 
lower  is  often  fnm  five  to  eighty  fathoms  in 
diameter  at  its  base.  Both  cdnmns,  however, 
diminish  towards  the  middle  so  as  to  be  not  more 
than  three  or  four  lint  in  diameter.  The  entire 
column  presents  Uadf  in  the  form  of  a  hollow 
cylinder,  or  tube  of  glass,  empty  within.  It 
glides  over  the  sea  without  any  noise  being  heard." 
As  to  the  real  nature  of  the  colnnm  which  con- 
stitutes the  chief  part  of  this  phenomenon,  and  as 
to  the  causes  wUdi  give  rise  to  it,  very  many 
coq)ectures  have  been  made  by  Benjamin  Fnmk- 
lin,  ICalte  Brun,  Oented,  Pdtier,  and  others, 
some  of  them  plaiisible  but  incomplete,  and  alto- 
gether deficient  in  proof;  others  untenable  as 


bdng  eootrsry  to  the  ctaMliihwl  plineiplei  ef 
physics.  Recently  the  sulijeGt  haa  been  msde 
matter  of  theoretleal  and  experimental  lesearch 
by  Dr.  Tkylor  of  Glasgow,  and  the  results  pn- 
sented  to  the  Britash  Association  in  a  paper  ned 
at  the  Glasgow  meeting  hi  1865^  As  theez- 
pianariiw*  scems  to  bc  comolete  and  ■**s«r»**«i** 
the  ob|ect  of  this  artide  will  be  best  attamed  bv 
the  foUowing  extract  from  the  paper  reforred  to : 
— ^  Although  some  theories  of  the  waterspout, 
mors  or  less  plausible^  have  been  propoeed,  yet  I 
believe  it  may  beeoneetly  stated  thatno  attends 
has  been  made  fttNn  any  of  them  to  account  fcr 
alltiie  phenomena,  for  less  to  give  anything  fiks 
a  rigid  analysis  or  experimental  proot  Us 
theory  which  eeems  most  el%ible  is  that  which 
supposes  the  cause  of  the  appearance  of  the  spent 
to  be  a  whiriwind,  produced  meet  probably  ss  Is 
seen  on  the  small  scale  in  duet  eddies,  or  dJiaplie 
in  a  stream  of  water.  But  the  difliculty  comes 
to  be  fdt  in  the  detaih.  What  is  the  tube  er 
spout  ?  What  force  pniJects  it  downwaid  and 
again  draws  it  up?  If  a  be  the  supeiuMaaB- 
bent  piessuie  forcing  down  a  portion  ef  av 
and  doud  into  the  mcfied  ^Mce  in  the  !»• 
tsiiar  of  the  rotatlqg  cdonm,  how  does  thh 
account  for  the  stcange  appeannoe  frequmdy 
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of  fbur  or  Ofoa  mora  snake-like  tobes 
dfleonding  dote  together?  Isit  possible  to  sop- 
poM  eieh  to  have  e  separate  whiil  mmd  H  ? 
Thia  cannot  be,  aa  the  oppoeite  cormts  when 
thcj  Join  woold  dntroy  eadi  other.    See  fig.  1. 

Again,  the  edlomns  or 
apoats  aiefreqnentljaeen 
to  have  a  regular  coil- 
ing motion  like  a  Hy- 
ing snake,  and  also  to 
dilate  and  collapse  like 
the  drinUng  throat  of 
an  anlmaL  I  adopt  the 
theory  that  the  pheno- 
menoo  is  one  of  rotation, 
'is-  L  and  aal^ect  the  matter 

to  caknlatiop,  thns:»lst,  Is  it  possible  that 
the  spent  ean  be  a  real  yacunm  as  some 
haye  sappoeed?  If  so»  the  lotetorj  motioa 
most  be  great  enoqgh  to  generate  at  its  ex- 
terior Hmits  sofBcient  centiiAigal  pressura  to 
sustain  the  wliole  ibrte  of  the  atmosphere. 
Snppoee  then  that  we  luive  a  line  of  particles 
mti^ing  in  a  horisootal  plane  ronnd  its  one  end 
as  e  centre  as  at  c,  then  w  being  the  angnlar 
▼elodty  r  w  will  be  the  absolute  ySlocity  of  any 
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partkle  wliose  distance  from  o  is  r,  and  its  oen- 

triftigalfoneisify 

r 


or  r  1^.      Then  the  out- 


ward Ibroe  at  d  being  due  to  the  accumulation  of 
the  eflbrts  of  the  whole  line  of  particles  we  have 

F=sjw»rrfrrr   2?*J^   -t-o,andlfw« 
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take  the  diameter  of  the  tube  or  nco-roCatlng 
fiart  to  be  inconsiderablei  o  will  be  =: o and  f=: 

— —  iriiara  r  now  signifies  the  enter  limit  of 

the  levolying  Une  of  particles,  hot  e  =  r  «,  so 

—  ;sr  p,  and  tUs  csntriAigal  force  acting  on  the 

exterfcr  partide  is  to  be,  in  the  case  of  a  ya- 
cunm being  left  at  a  eqoal  to  the  whole  accomn- 
lathre  tirce  of  grayltj,  which  if  h  be  the  bright 
of  a  vnUbrm  atmosphere,  will  be  h  y  where  jf  is 

y« 

the feroe of gnyity,  so  — =:if^ory'  =  SB^ 

or  T  =:  i/  i^H,  wbfcA  is  also  the  yelodtrf  which 
a  body  oonld  aoqoirs  by  ISriUng  finely  firan  the 
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height  B.  So  we  sse  that  the  exterior  bonndsTT  of 
the  reyolving  plate  of  air  would  require  to  haye  a 
ydodty  altogether  incrediUe  and  ntterly  inoom- 
patiblewith  the  comparatiydy  harmless  nature 
of  watersponta — ^twenty-five  miles  per  minute, 
while  the  moot  violent  hnnicane  has  only  a  speed 
of  flmn  one  to  two  miles  per  minute.  Ships  bayo 
passed  through  waterspouts  with  only  the  lees  of 
a  sail  or  twa  But,  indeed,  it  is  evident  that,  un> 
less  the  wldri  extended  to  the  upper  limits  of  the 
atmoephere,  it  Is  ntterly  Impossible  that  a  vacuum 
oouM  subsist,  c^'en  wen  the  rotatory  velodty 
of  the  sunonnding  air  great  enough.  If  the 
phenomenon  be  one  produced  by  rotatioQ  thero 
can  be  only  a  sUght  degree  of  ranliiction  In  tiiei«e 
spouts,  fiir  less  can  thtj  be  empty  tubes  as  is 
often  supposed.— Again,  suppose  rotation  only 
gentle  in  degree,  we  can  see  that  the  tendency 
win  be  fi>r  the  air  which  lies  immediately  above 
and  below  the  axis  of  moticm  to  be  thrust  like 
two  cones  into  its  Interior,  and  the  problem  now 
Ibr  solution  is  as  IbUows: — ^Taking  the  air  above, 
and  supposing  It  specifically  lighter,  and  there- 
fixe  It  will  hare  a  tendency  to 
ramain  up,  unless  pushed  down, 
and  to  return  again  when  the  push- 
ing Ibroe  ceases.  If  suebacohunn 
be  depressed  into  the  interior  of  a 
mass  of  denser  air  (supposfaig  It 
to  have  as  great  dastidty)  it 
wfll  be  pushed  up  with  a  fince 
equal  to  the  difitewoe  between  its 
own  wei^t  and  the  weight  of  an 
equivalent  column  of  the  exterior 
air.  If  A  be  the  height  of  these  columns,  and 
d  the  density  of  the  lighter  or  internal  one, 
that  of  the  external  being  unity,  we  have  the 
preesures  to  eadi  other  as  A  to  AJ  and  the 
diflmnce  between  them  wiU  be  A  —  Ail  or 
A  (1  —  d)  and  this  Is  the  pressure  which  the 
centrifbgal  force  of  the  revolving  air  must  sus- 
tain, as  it  is  that  with  which  the  depressed 
column  tends  to  rise^  That  the  centzifiigBl 
fiaroe  may  be  equal  to  this,  we  must  have  v  = 

V  2  ^  A  (1  —  d).  Suppose  a  not  nnCkely  case, 
that  the  height  of  the  descended  column  of  the 
spout  is  400  feet,  and  that  the  density  of  the 
stratum  of  air  and  doud  composing  it  Is  '99, 
while  the  external  air  at  the  average  height  Is  1, 
then  the  vdodty  of  ro- 
tation neccasaiy  to  r»- 
tahi  it  depressed,  or  to 
depress  it.  Is  got  by  the 

form 


Tlf.& 


^eec 


400  X  -01  =  16 
per  second,  whfeh  Is  the 
extreme  vdodty  requi- 
site at  the  part  of  the 
revolving  column  far- 
thest ftom  the  spout 
Sedngthat  this  view  of  the  matter  gives  a  very 
moderate  speed  as  soflSdent  for  the  depnadoii 
d 
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of  doady  shreds  down  into  the  interior  of  the 
revolving  air,  I  resolved  to  sobniit  the  eop- 
position  to  experiment  I  take  a  glass  box  (fig.  6) 

supported  on  a  wooden 
tray  and  suspended  by  a 
long  tyristed  string.  The 
glais  plates  composing 
the  sides  of  the  box  are 
about  eighteen  inches 
square,  andarenot  dosely 
joined  at  the  oomerB,  but 
leave  long  narrow  slits, 
as  represented.  Theoover 
is  of  glass  and  has  a  cir- 
cular hole  in  It  of  two 
inches  or  more  in  dia- 
meter.  A  piece  of  burn- 
ing nitrated  paper  is 
dropped  into  the  interior, 
and  produces  a  white 
smoke,  which,  when  itooob,  is  somewhat  heavier 
than  the  air.  A  thin,  loose,  stratum  of  cotton 
wool  Is  now  placed  on  the  upper  opening  to 
prevent  external  agitation  ftom  distubing  the 
atmosphere  within,  and  at  the  same  time  to 
allow  free  admission  for  the  air.  The  whole 
is  now  set  into  rotation,  and  almost  imme- 
diately the  dark  column  of  the  external  atmo- 
sphere begins  to  descend  in  a  beautiful  ooracal 
form,  like  a  black  finger,  and  exactly  resembling 
the  waterspout.  It,  before  long,  passes  completely 
to  the  bottom,  if  the  rotation  be  quick  enough, 
after  which,  as  the  speed  slackens,  the  column  is 
again  drawn  up  (of  ooune  in  reality  puahed  or 
floated),  and  widens  out,  leaving  an  irregular 
border,  exactly  as  after  the  termination  of  the 
real  waterspout  The  action  evidently  is  the 
passage  of  the  internal  heavy  vapour  through 
the  slits  left  at  the  comers  by  centrii\igal  foroe, 
and  the  descent  of  the  external  atmosphere  fh>m 
above  to  take  possession  of  the  partial  vacuum. 
The  ascent  of  a  similar  cone  would,  of  course, 
take  place  fiom  an  opening  in  the  bottom,  as 
happens  with  the  air  and  spray  from  the  sea  in  the 
real  waterspout  \  but  this  part  of  the  operation 
presents  difficulties  in  practice.  A  gentle  rotation 
is  sufficient  for  the  above  experiment — While 
making  these  experiments,  I  was  pleased  to  find 
that  frequently  two,  three,  or  even  four  or  more 
cones  descended  and  appeared,  as  the  whole 
revolved,  to  coU  and  twist  round  each  other.  I 
likewise  saw  a  complete  explanation  of  the  so- 
called  swallowing  action  of  the  waterspout  The 
shreds  forming  tibe  descending  columns  are  fre- 
quently not  round,  but  flat  at  one  end  and  round 
at  another,  and  sometimes  resemble  a  slightly 
twisted  ribbon.  So,  when  a  flat  part,  seen  at  a 
distance  great  enough  to  prevent  its  rotation 
being  detected,  presents  itself  alternately  edge- 
ways and  then  with  its  flat  side  to  the  eye,  it 
seems  as  if  it  had  dilated  and  subsequently  col- 
lapsed, giving  the  appearance  of  drinking. — In 
conclusion,  I  would  state  that  the  waterspout 
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boo^sta  of  shreds  of  dondy  air  punted  down  iaft» 
the  interior  of  the  portico  of  tha  aUmtn^km 
bdow,  which  has  been  rapeOed  by  the  aote  of  a 
rotation,  probably  originaUy  «niu«d  by  osatend- 
ing  cumots.  When  Che  rotaUon  is  vciy  r^gaisr 
and  cirenmatanoes  fisyonjabJe,  the  dusundiHg 
column  may  poessss  symmetry  actd  a 
section,  but  at  other  tines  tiim  may  be 
columns,  which  then,  howeirer,  hnve  not  each  a 
separate  rotation  about  it,  but  go  round  with  thi 
gMMnd  mass  \  the  rotation  in  the  ceotnl  spoe^ 
where  they  exist*  being  of  oonrM  slow.  The 
aaoent  of  the  spray  and  air  tkma  the  snfaos  «f 
the  sea,  or  of  fight  bodies  from  the  land,  is  pnK 
dnced  by  the  same  oaoae^*' 

iratc»>  WhMla  are  rotating  engines  vbSRliT 
water,  set  un  motion  by  the  eaith'a  gcavitatiam 
is  made  to  perform  work.  Tbeir  first  invcntan 
is  of  unknown  antiquity. 

§  1.  General  rAeory._The  power  of  a  witai^ 
wheel  may  be  stated  in  two  w^a:  as  total  pofeer 
and  as  aeailable  power.  The  total  poteer  u  the 
whole  energy  lost  in  a  given  time  by  the  wseer 
which  is  supplied  4o  the  wheel,  and'is  a  matter 
for  theoretical  computation,  when  the  elet'ations 
and  velodties  of  the  water  before  and  after  actioit 
on  the  wheel  are  given,  and  also  the  quantity  of 
water  supplied  to  the  wheel  in  a  given  time;  tiie 
available  power  is  the  work  whidi  tbe  wfaed  b 
capable  of  performing  in  a  given  time  when  ap- 
plied to  overcome  the  resi^anoe  of  medmnin, 
and  falls  short  of  the  total  power  by  reason  of 
waste  of  energy,  whose  amount  can  he  detenniaed 
by  special  experiment  only.  The  tUal^  or  ai«n- 
mton  tkeoretioal  efieiency  of  a  water-wbed,  ii 
the  ratio  of  the  whole  energy  lost  by  the  water 
in  acting  on  the  wheel,  to  die  whole  enrnfj 
possessed  by  it  before  so  acting.  The  amflWr 
efficiency  is  the  ratio  of  the  woric  peifoiiiied  by 
the  wheel  to  the  whole  energy  posseaaed  by  the 
water  before  acting  on  it — Water  may  act  ea  a 
whed  either  by  its  weigH,  or  by  its  eetocs^; 
that  is,  dther  by  its  jhoMm^  or  by  its  metid 
energy.  See  Macbihbb.  Water  aeting  b^ils 
weight  may  dther  press  directly  on  tlie  whsd, 
or  may  transmit  piessmu  to  the  whed  indirectly 
through  an  intervening  mass  of  water.  In  cither 
case  the  potential  energy  of  the  water  is  found  by 
multiplying  the  wdgfat  of  water  supplied  to  this 
wheel  in  an  unit  of  time^  into  the  elevation  of  tbe 
upper  surface  of  the  water  just  before  it  begins  to 
press  on  the  whed  directly  or  indirectly,  aboro 
the  upper  surfoce  of  the  water  just  after  it  hss 
ceased  to  press  on  the  whed.  The  achtal  eneryf 
of  the  water  is  found  by  multiplying  the  wdgfat 
of  water  supplied  to  the  whed  in  an  unit  of  time, 
by  the  hei^t  finom  whidi  it  must  fall  in  order  u> 
acquire  the  vdodty  wliicfa  it  lias  jnst  befon  be- 
ginning to  press  on  the  whed  {  wliich  iMight  is 
found  by  dividmg  the  half-aquare  of  .that  velodi^ 
by  the  accelerating  fbroe  of  gravity.  The  total 
power  of  the  whed  is  found  by  adffing  ti^eth« 
the  potential  and  actual  energy  as  already  de- 
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fiMd,  and  snbtnietijig  the  actBal  eaergy  dM  to 
the  rdodty  which  the  w»t«r  has  Jost  after  oea»- 
itkg  to  pros  on  the  wbecL  A  mafaiolyjoct  of  sMU 
Id  the  deigning  and  cooecnietion  of  water-wheds 
is  to  insnn  that  the  latter  velodtr  shall  be  Mither 
leas  Bor  more  than  sadloieot  to  prevent  the  aoen- 
nidation  of  water  abovt  the  wheel.  To  express 
siyniboIieallT  wtiat  has  been  stated,  let  q  denote 
Um  weight  of  water,  In  poumkj  supplied  to  the 
nhcel  in  a  second;  ■  the  difibvnee  of  elevation, 
ia^bef,  of  the  sorihoe  of  the  water  before  and  after 
its  actioo  on  the  whed ;  Ti  the  velocity  of  the 
water,  in  feet  per  $ecomtL,  just  beiore  it  biegios  to 
pfMB  on  the  wheel,  or  nupplif-^fidocihf;  v^  the 
Telocttv  of  the  water  Just  after  it  has  ceawd  to 
a«t  on  the  wheel,  or  dMiarg^'^odocUy, 
Then  the  potential  enei|;y  of  the  water  is 

qn  fijot-ponnds  per  oeeond; 
the  aotnal  energy, 

«  -    -^  foot-poonda  per  second; 
tha  total  eneigj, 

Q  f  H  +  1l\  foot-ponnds  per  second; 

the  eneigy  of  the  water  when  disohazgedi 
Q  TL  fDot-pounds  pet  second ; 

the  total  power  of  the  wheel, 

Q  (■  +    ^^^*  \  lioot-poonds  per  aeeond; 

the  nuuiimum  theoretical  efficiency, 


H  + 
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64*4 
Thespadal  theory  of  waier-wlieeh  consists  mainly 
in  determining  the  relation  which  the  discharge- 
velocity  Tj  bears,  for  each  different  construction 
of  wlieel,  to  tin  snpply-velodty  v i  and  height  of 
deeceot  u.     The  quantity 

«  +  6F4 
may  be  called  the  theoretical  faU  or  hmd.  The 
available  effideocy  t:^  a  water-wheel  fUU  short  of 
the  maxlmnm  theoretical  efficiency  prindpally 
ftx>m  the  following  causes. —  1.  The  resistance 
of  tbe  chanod  and  orifices  by  which  the  water 
Is  supplied,  which  causes  the  actual  height  from 
whldi  the  water  must  descend  in  order  to  acquire 
the  supply- velodty  Y^  to  be  greater  than 

64*4 
Tbe  effiwt  of  such  nsbtanoa  is  expresed  by 
potting  for  the  attwdfallt 

■  +  (1+/)6S 
/  being  tbe  co-effideut  of  rtsdstance  of  the  channel 
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and  orifices  of  supply,  determined  according  to  tlie 
prindples  of  hydraulics. — 2.  The  escape  of  part 
of  the  water  before  it  has  completed  its  action  on 
the  wheel ; — 8.  The  agitation  and  mutual  ftiction 
of  the  paitldes  of  water  acting  on  the  whed ; — 
and,  4.  The  friction  of  the  whed.  The  effects  of 
the  last  three  causes  are  expressed  by  multiply^ 
ing  the  total  power  and  tbe  theoretical  effidency 
of  the  whed  by  an  empirically-determined  frac- 
tional co-efficient;  so  that  the  aoaUabk power  is 
denoted  by 

(l-»)«(u+     ' 


■Dd  the  maUiMe  ^faacg  by 
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The  quantity 
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64-4     ) 


may  be  called  the  tfietkefaiL 

$  2.  Chwnficaiion,  Part$^  and  Adjunct*  of 
Water-  IF%ee£i.— Water-wheels  may  be  classified 
as  follows: — Overshot -wheels  and  Bigh  Breast' 
wheelsj  bdog  vertical  wheds,  on  which  the  water 
acts  chiefly  by  its  weight,  or  by  potential  energy*. 
UndersJiot-vImels  and  Low  Breast-whe^,  being 
veriical  wheds,  on  which  the  water  acts  chiefly  by 
its  vdocity,  or  by  actual  energy ;  and  T\urhines, 
being  horizontal  wheels,  on  which  the  water 
acts  partly  by  potential  and  partly  by  actual 
energy,  being  supplied  and  discharged  in  all 
directions  round  the  vertical  axis.  The  following 
are  the  essential  parts  common  to  all  classes  of 
water-wheels: — I.  The  axis  or  shaft,  and  its 
gudgeons  or  pivots.  2.  llie  radiating  parts  on 
wluch  the  water  acts;  which  in  Overshot  and 
Breast-wheds  are  Buclrtff  or  cells;  in  Undershot- 
wheels,  Floats ;  in  some  Tnrbmes  rones,  and  in 
others  hollow  arms.  The  necessary  adjuncts  of  a 
water-wheel  are, — 1.  The  Reservoir  or  PenUtock^ 
from  which  the  water  is  supplied.  2.  The  Slmce 
or  Vahe  for  regulating  the  expenditure  of  water, 
which  is  sometimes  acted  upon  by  a  Governor  or 
revolving  pendulum.  8.  Tbe  Tenl-Race^  or  chan- 
nel for  can^-ing  away  the  water  discharged. 

§  8.  Overshot  and  Bigh  Breast-Wheels.— The 
water  b  supplied  to  this  dass  of  wheels  at  or  near 
the  summit,  and  acts  wholly,  or  almost  wholly, 
by  its  wdgbt  Tbe  periphery  of  an  Overshot- 
whed  consists  of  the  croiofis  or  shrou^Sng^  heing 
two  thin  verUcal  rings,  connected  with  the  shaft 
by  arms  and  braces^  and  having  the  space  be- 
tween them  divided  into  cdls  by  curved  or  an- 
gular trough -shaped  partitions  called  ftadbete. 
The  water  pours  fit>m  the  pentstock  through  the 
regulating  duioe,  into  the  openings  at  tbe  outer 
edges  of  the  dide  of  buckets,  filling  them  in 
succession.  Formerly  the  buckets  used  to  be 
closed  at  thdr  inner  rides,  but  now  they  are 
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made  with  openings  for  the  escape  and  re-entnmoe 
df  air.  While  the  backets  are  descendingf  part 
of  the  water  overflows  and  escapes,  and  this  is  a 
cause  of  waste  of  energy :  as  each  backet  arrives 
at  the  lowest  point  of  its  revolution,  it  dischatges 
all  its  water  into  tlje  tail -race,  and  ascends  empty. 
A  high  breast-wheel  differs  from  an  oversliot- 
wheel  chiefly  m  having  the  water  poared  into 
the^bnckets  at  a  somewhat  lower  elevation  ta 
compared  with  the  snmmit  of  the  wheel,  and  in 
bdng  provided  with  a  casing  or  trough,  called  a 
breast^  of  the  form  of  an  arc  of  a  cirde,  extending 
from  the  regulating  sluice  to  the  commencement 
of  the  tail-race,  and  nearly  fitting  the  periphery 
of  the  wheel,  which  revolves  within  it  The  effect 
of  the  breast  is  to  prevent  the  overflow  of  water 
from  the  lips  of  the  buckets  until  they  are  over 
the  tail-raoe.  The  usual  velocity  of  the  peri- 
phery of  overshot  and  high  breast- wheels  is  from 
three  to  six  feet  {ler  second;  and  their  available 
efficiency,  when  well  designed  and  constructed,  is 
from  0*7  to  08.  The  diameter  of  an  overshot 
or  high  breast-wbed  must  evidently  be  equal  to 
or  greater  than  the  height  of  the  fidl  of  water; 
and  they  are,  consequently,  sometimes  of  enor- 
mous sizeu  A  few  exist  exceeding  seventy  feet 
in  diameter.  Wheels  of  this  class  are  the  best 
where  there  are  huge  supplies  of  water,  and  falls 
that  are  not  too  low.  They  have  been  much  im- 
proved of  late  years  by  varbus  engineers,  and 
specially  by  Mr.  Fairbaim. 

§  4.  Underthot  and  Low  Breast-Wheelt, — 
Wheels  of  this  dass  are  driven  diiefly  by  the  im- 
pulse of  water,  discharged  from  an  opening  at  the 
bottom  of  the  resenw  with  the  vdodty  produced 
by  the  fall,  against  jioa^  or  boards.  Every  such 
whed  has  a  certaui  tfelocUjf  qf  maximum  efficiency^ 
being  the  vdodty  of  the  whed  which  gives  the 
least  possible  vdodty  to  the  discharged  water, 
and  bearing  a  ratio  to  the  supply-vdodty  of  the 
water  which  depends  on  the  form  of  the  floats, 
but  does  not  in  any  case  differ  much  from  \, 
In  undershot-wheels  of  the  old  construction,  the 
floats  are  flat  boards  in  the  direction  of  radii  of  the 
whed;  and  the  maximum  theoretical  efficiency 
is  V  The  available  effidency  is  much  leas,  sd- 
dom  exceeding  \.  An  undershot -whed,  pro- 
vided with  a  Weast  or  casing  extending  as  before 
described  from  the  duice  to  the  commencement 
of  the  tail-race,  becomes  a  low  breast-whed,  in 
which  the  water  acts  partly  by  wdght,  though 
chiefly  by  impulse.  This  dass  of  wheels  was 
much  improved  by  Poncdet,  who  curved  the 
floats  with  a  concavity  backwards,  adjusting  their 
position  and  figure  so  that  the  water  should  be 
supplied  to  them  without  shode,  and  should  drop 
from  them  into  the  tail-race  without  any  hori- 
zontal velocity.  The  maximum  theoretical  effi* 
ciency  of  such  wheds  is  as  great  as  that  of  over- 
phot  wheels ;  but  their  available  efficiency  has  not 
been  found  to  exceed  0*6.  They  are  well  adapted 
to  low  fails  with  large  supplies  of  water. 

§  5.  rur&Mes.— A  turbine  is  a  horizontal 
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water-whed  with  a  vertical  azia,  nedviqg  and 
diachaiging  water  in  all  direcdooa  noad  that 
axis.  It  is  driven  partly  by  the  weight  of  water 
and  partly  by  the  impnlae,  and  bu  a  cattna 
vdocity  of  maximam  eflfect,  bearing  a  ratio  is 
the  fall  of  water  which  depends  cm  the  comtnas 
tion  of  the  turbine,  and  which  ia,  in  geoenl,  aboa 
half  the  vdodty  at  which  tlie  tarbioe  woidd  l^> 
Yolve  if  unloaded.  The  maximam  theondcal 
efficiency  of  every  wdl  designed  taitine  £flBi 
from  unity  only  by  the  amoont  due  to  the 
vdodty  requisite  to  discfaaige  the  water:  the 
available  effidency  is  varionaly  stated,  hot  may 
be  hdd  to  range  from  0*66  to  0  8.  Torbinei  an 
easily  adapted  both  to  high  and  to  low  fells,  aad 
are  specially  wdl  suited  for  high  fisUs  with  sasaB 
supplies  of  water;  they  have  also  the  advantage 
of  bdng  capable  of  working  drowned,  er  yshSbf 
immersed  in  the  water  of  the  tail-raoe^  Taibioei 
are  of  three  daases. — CUtu  1.  The  R^-aOSmk 
Turbine^  or  Baricer's  Hill,  modified  and  isBproved 
by  various  inventors,  and  especially  by  Mcsbb. 
Whitehiw  and  Sthrat  In  the  besl  form  of  tMs 
turbme,  the  water  is  conducted  ttom  the  pentstsck 
by  a  large  pipe  into  the  centre  of  a  bolkiv  ra- 
tating  disc,  provided  with  two  or  three  hoDov 
arms,  which  dischaige  the  water  throogfa  orifices 
directed  backwards,  in  streams  tangential  to  the 
cirde  of  revolution  of  the  orifices.  Tlw  grsat 
improvement  of  Messrs.  Whitehiw  and  Stfant, 
consisted  in  placing  valves  finr  a^ioating  the  ex- 
penditure of  water  to  the  woric  to  be  |ieifoiBwd 
at  the  crifloet  of  ditckarffe.  The  best  fonn  ler 
the  arms  has  been  daboratdy  faiveatlgated,  bat 
to  little  purpose,  tlie  essential  quaBtfas  bribg— 
abundance  of  room  within  for  tiie  motkn  of  the 
water  from  the  central  pipe  to  theorifioeB,aod6ttk 
resisting  surfooe  withoat.    Thevdod^of  i 
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mam  fheoretieal  effidene^  for  tfaeiwrQlatioD  of  the 
orifices  is  nearly  that  with  which  a  Jet  wooM 
isinie  from  these  orifices  If  at  rest — dam  8.  Ths 
IntemaUg  SuppUtd  Faae-TMtae,  perfoctsd  kgr 
M.  Foomeyron,  is  represented  m  plan  by  figure  1 
A  huge  pipe  ▲  supplies  watar  from  the  peBtMnrir 
to  a  fixed  or  cylindrical  water-diambcrBB,  hariag 
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orifiow  an  roond  its  periphery,  to  wblch  the  water 
U  so  directed  bjr  carved  gtude-blades,  that  it 
strikes  in  an  almost  tangential  direction  agdnst 
the  vanes  of  the  wheel  o  c,  which  endrclM  the 
water-chamber,  lliose  blades  are  cnrvod  bade- 
ward  in  such  a  form,  that  when  the  tnrbbie  re- 
▼olves  at  iu  proper  Telocity  the  water  is  dis- 
chaiiged  without  rotatory  moickik    The  mles  for 


properly  determining  the  forms  and  proportions 
of  this  tnrbiDe  are  ffiven  in  detail  in  M.  Four- 
neyroo*s  work  on  the  subject. — doit  8.  The 
ExtemaUy  Shq)ptM  Vme-TWnne,  or  Voriex 
Water-  Whed  of  Mr.  James  Thomson,  is  repro- 
aeoted  in  plan  by  figure  3.    a  is  a  cylindrical 

water-cliamber,  sup- 
plied by  a  large  pipe 
or  pipes  from  the 
pentstock.  b  b  b  b 
cured  guide-bUdes, 
I  so  placed  as  to  cause 
the  water,  in  movii^ 
from  tlie  drcumfer- 
ence  to  the  centre  of 
the  chamber,  to  form 
a  Tortez  or  whirl- 
pool These  blades 
are  moveable  about 
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pivots  at  c  o  c  c,  so 
as  to  adjust  theopen- 
fngs  between  them  for  the  passage  of  water. 
D  the  wheel,  with  vanes  round  Its  drcumiler- 
ence,  and  a  large  orifloe,  or  pair  of  orifloes  in 
its  centre,  for  the  discharge  of  the  water  into 
the  taO-FBcsu  The  vanes,  at  their  outer  ends,  are 
in  the  directions  of  radii  of  the  wlieel,  so  as  to  be 
acted  on  perpendicalarly  by  the  whirlpool;  but 
towards  their  inner  ends  they  are  curved  back- 
wards in  such  direction  that  the  water,  wlien 
deUvered  from  them  into  the  oentral  discharge- 
orifices,  has  no  rotatory  motion.  The  best  velo- 
city for  the  periphery  of  this  wheel  is  that  due 
to  one-half  of  the  foil;  and  for  a  given  foil,  it  is 
much  less  tlian  tlie  best  velocity  for  other  classes 
of  turbtnes.  This  is  a  oonsidermUe  practical  ad- 
vantage. Another  advantage  is  the  ease  with 
which,  by  means  of  the  moveable  guide-blades, 
the  expenditure  of  water  is  aiQusted  to  the  work 
to  be  performed.  See  Fairbaim  On  WaUr-' 
Whedi;  Bankine  Om  Prim  Mopert, 
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W«Tca»  Weber  divides  waves  into  two 
kinds,  standing  waves  and  progressive  waved. 
The  first  kind  are  seen  in  the  motions  of  the 
particles  of  a  stretched  string  which  has  been 
drawn  aside  in  the  middle  and  allowed  afrer- 
wards  to  move  by  its  own  elasticity  and  tension, 
as  in  fig.  1,  where  the  particle  ▲  moves  with 
a  grsdoally  in-      ^ 

creasing  velocity  ^"^ '^ . 

till  it  reaches  the     'j», -'* 

position  of  repose 
iudicated  by  the 
continuous  Une,  daring  which  motion  it  is  urged  by 
the  decreastog  tension.  Here  it  would  remain  were 
it  not  for  the  momentum  it  has  acquired.  In  con- 
sequence of  this,  however,  it  stiU  proceeds,  and 
no.w  against  the  force  of  tension.  Its  vdodty  is 
thus  gradually  destro^*ed,  and  it  comes  to  rest  in 
a  position  a',  again  to  commence  a  new  vibration 
towards  A,  and  so  on,  till  the  air  and  other 
resisting  causes  gradually  exfaanst  its  energ\'. 
This  eneigy  exists,  at  one  part  of  the  motion,  it 
will  be  seen,  wholly  in  the  tension  of  the  string, 
and  at  another  wholly  in  momentum,  or  vit  mm 
of  the  particle^  and  at  intermediate  parts  of  both. 
The  one  is  called  potential  energy,  and  the  other 
actual  energy.  If  the  potential  energy  is  pro- 
portional always  to  the  distance  from  the  neutral 
or  quiescent  position,  it  is  easy  to  prove  that 
Urge  and  small  vibrations  will  be  p^ormed  in 
the  same  time,  and  the  reasoning  is  precisely  the 
same  as  that  employed  in  the  case  of  the  cydoidal 
pendulum.  This  is  very  nearly  the  fact  fur 
stretched  cords  of  such  substances  as  masical 
strings  ars  made  o^  where  Hooke*s  law  **at 
tensio  sic  vis,**  holds  good.  Hence  the  valuable 
property,  that  the  note  of  such  a  musical  strinj; 
is  the  same  whether  it  is  softly  or  strongly  ttnuk. 
It  will  be  noticed  that  in  this  kind  of  vibration 
or  curve  motion,  all  the  particles  of  the  string 
similarly  move  or  come  to  rest  a^  the  same 
instant,  or.  In  other  words,  that  they  are  all  in 
the  same  phase  of  movement  simultaneously; 
hence  the  name  standhig  waves.  It  is  otherwise 
with  the  movements  of  the  atmospheric  particles 
which  are  set  in  motioo  by  sudi  a  string,  and 
whldi  constitute  the  sound  derived  from  it  The 
air  being  a  compressible  and  elastic  substance, 
the  movfang  string  drivesooe  partide  closer  against 
another  tlum  its  normal  position ;  this  arouses  a 
repnl8i\'e  action  between  these  two,  which  sets  the 
forther  one  in  forward  motion  against  the  one 
still  more  in  advance,  till  tlie  diminishing  dis- 
tance between  them  is  able  to  overoome  its 
inertia  by  the  resulting  repulsion,  when  a  coire- 
spooding  movement  of  its  mass  begins,  and  so 
on,  in  a  manner  mora  easy  to  conceive  than 
shortly  to  dmaibe,  A  condensation  of  aerial 
partides  thus  propagates  itself  with  a  velocity 
dependent  on  the  elastic  forces  alone,  and  there- 
fore the  same  for  all  varieties  of  impulse.  The 
string  after  communicating  this  impulse  recedes, 
thaa  leaving  a  vacuity  b^ween  it  and  the  con- 
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tiji^oiis  aerial  ptrticleB.  Back  into  this  they  are 
pressed  by  the  elantic  foroo^  and  foUpw  the  striug, 
III  tt»  opposite  excarsiont  thus  propagatingi  now 
a  nrelkction  -which  follows  the  preceding  cw 
densadoo,  exactly  at  the  aaroo  rate  and  in  a 
manner  amilar  to  that  which  liaa  been  described. 
If  the  string  still  continue  to  vibrate,  another 
condensation  and  rarefacti<m  will  IbUow,  which 
will  spread  themselves  onward  from  particle  to 
partide,  and  thus  a  series  of  similar  movements 
affecting  successive^  the  same  particles,  will 
follow  each  other.  In  this  case,  therefore,  for  a 
certain  distance  from  the  string,  the  particle  are 
approaching  each  other,  while  at  the  same  io^ 
stant,  farther  on,  the  particles  are  receding  froax 
each  other,  or  rarefaction  i^  occozring.  During 
this  process,  it  is  evident  that  th^  motions  of  any 
individual  particle  must  be  opposite  at  different 
times,  and  also  that  each  particle  must  succes- 
sively ondergo  the  same  motion^*  Thus  in  the 
aunexed  fig.  (fig.  2),  the  upright  lines,,  a^  b,  c, 
&c.,  represent  contiguous  strata  of  aerial  par- 
ticles in  a  state  of  undulation  up  to  r,  while 
Uiose  beyond  are  in  repose.  From  Jl  to  d  the 
particles  are  moving  forward ;.  firom  d  to  o  they 
are  moving  backward.  From  o  to  K  they  are 
moving  backward,  and  ^m  k  tf»  o  forward. 
The  particles  moving  in  the  same  direction  at 
any  instant  are  said  to  be  in  the  samejpAose. 
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The  particles  in  any  one  phasc^  though  th^ 
move  in  the  same  direction,  yet  have  different 
velocities.  In  the  lower  part  of  fig.  2,  the  \ib1o- 
cities  are  represented  by  lines  drawn  downwards 
from  the  straight  line,  and  are  proportional  to 
the  lengths  of  those  lines^  The  curves,  instead 
of  being,  as  in  this  case,  parts  of  circles,  might 
l)e  any  whateA'er  in  difiSorent  kinds  of  undulation. 
Thus,  it  will  be  seen,  that  while  ▲  is  at  rost^  b  is 
in  rapid  motion,  o  less  so«  and  d  is  at  rest,  e 
moving  in  an  opposite  direetk)n,  f  moving  more 
rapidly  in  this  direction,  g  is  at  rest  Kach  of 
these  in  their  turn  going  throqgh  oil  the  iDove- 
ments  of  the  others  successively.  From''«ny 
one  point  in  ascertain  state  of  motion  or  density 
to  another  point  in  the  same  state,  is  called  the 
length  of  a  wave.  In  this  way  waves  of  sound 
travel  onward  with  admirable  r^gularUy,  and 
with  aniform  speed,  losing  strength  in  so  far  as 
the  amplitudes  of  the  motion  of  the  individual 
molecules  is  ooncemed,  but  continuing  of  the 
same  lengi^u  and  periods,  Individufd  waves. 
cross  each  other  and  separate  without  mutual 
destruction,  each  particle  taking  on  the  move- 
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itt«nt«  due  to  the  oomhaned  iaflnencB,  as  pobM 
out  by  the  laws  of  raechanioBa  prowiBg  by  tke 
agreemsDt  of  theon'  aad  observatioo,  that  h  U 
by  undulation  of  the  atmoaphere  that  aoaad  u 
propagatedi  and.  that  tha  asial  particks  a  their 
movements  arq  regnUted  by  the  same  laws  mkuh 
govern  the  roost  poodeioiiB  and  solid  laaaM. 
Wave  motioB  of  aaimilar  kind,  thai  ia,  alserasB 
condensaUon  and  rarefaGtion«  ooovejs  aovnd  aad 
all  other  isopuls^  throqglit  liimida  aad  setti 
whethfr  it  be  tlie  gentle  iaipnW  of  a  vibtatiing 
bell,  the  stroke  of  «,  hammer  on  m  ]bar  of  irm  m 
passing  from  partidfi  t»  pavlkle  c^  its  wbtfaarr, 
or  the  hapuls^  of,  this  earthquake;.  It  has  beea,  b^- 
applioation  <)f  the  ^oehanicpof  uBdnlaring  aiatisB 
to  a'hypoth^tRal  snjbgffinoft  called  atber^  that  Je- 
suits so  marvellous  Imre  been  achieved  in  pkyv- 
cal  optics,  and  the  theory  of  undnlataoajadsstoi 
to  pli^  a  pa^  no  less  impartant  la  the  scseaee  «f 
heat,  and  it  may  he,  of  «]ectiidty.     It  voald  he 
altogether  impossible^  within  iha  aae%ned  laaks 
of  the  present  -vQlumOk  toi  enter  on  a  ^atyesi^ 
vast  as.to  have  looppip^d  a  ooarfdecaUe  pixtioasf 
the  U?as  ot  Lagraaige,  Eulert  the  Benieaillw, 
PoaasoQ,  Framel,  Tooqg,  aad  many  eCh«  aiatfae- 
matiolans,    Newton  was  the  first  wlk9  attompied 
suooessiully  to  explain  nndnlatinn  by  the  fan- 
copies  of  meqhaniffls  Mii  to  dedooe  the  lapE 
wiMch  regulate  its  pyppegiitkm,  aad  thoagh  his 
methods  are  defioient  to  sotaeaste&i  in  gfsotaSt^, 
and  even  ia,applieab9ity,,oompared  with  ikm 
which  havebeendetiaed  sinoe  th^modamSaiieuee 
ments  in  aaaljsrspsi  they  yet  Jwve  the  advanwy 
of  being  far  moie  per^Hcnow^  etOo^nng  ia  ikii 
respect  the  &U  fuperiiHiyty  ef  geoatttxical  nfne- 
sButatien  as  compared Mriah  the  2eeHlU4>C  sum- 
bolieal  analysis.   .  In  vhat  ibUowa^  tlienfac^  «a 
the  unduUitiea  of  Uqnkls,   ve  shall  take  the 
method  set  foi^  by  Kewton  in  the  eigbth  sectien 
of  the  second  book  of  the  IMacfpia.     Waves,  in 
a  liquid  where  the  compreasibiUt)-'  of  the  liqaid 
is  ineonsiderable,  as  in  the  case  of  watciv 
propagated  by  alternate  novetnenta,  wot  of 
densation  and.  rarefaction,  ef  eoutignoas  paitidai, 
but  by  eievation aad  d^icsskmef  the  aHpadnal 
parts  of  the  &pnd,ee  as  to  call  into  play  ths 
force  of  gravitf  in  prodociiig  a  pwasareprimariy 
in  a  verticfd  direction,  bu  whieh,  by  a  pnipci^ 
of  liqmds  (equality  of  praaaore  m.  all  dinokkm^ 
is  oonverted  into  prassnfe  prodncii^c  latwal  dit- 
pUeementmamaooerthatinay  beSlustniBiap 
iblkma : — If  a  stone  be  tfarewa  into  a  peel  ef 
still  water  the  partklesagaiQat  vhidkU  impingw 


are  pushed  down,  and  aa  water  ia  neariy  ii 
pressib^  the  parts  at '  spd  c  amst  oeoesiarii^Fke 
pushed  up  to  make  way  fi>r  a.  The  parts  a  sad 
C  are  now  i|»  the  position  of  loads  lakl  en  the 
surface  at  those  points  which  each  prosi  lto«>- 
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ward  and  force  vp  oontigvous  poitions  on  each 
side,  which  again  in  a  dmilar  manner  descend 
and  propagate  the  motion  to  others,  and  bo  on. 
ticre  there  is  no  elastic  fcroe  called  into  play, 
bat  the  weiglit  and  momentum  of  the  particles 
acthig  aecofding  to  the  laws  of  equilibrinra  of 
fluids,  devdop  the  alternating  movements  of  the 
Individoal  partides,  and  as  a  consequence  of  these, 
«!iuse  the  waves  to  spread  ngaUafy  eutward 
fVom  the  centre  of  distmbanoe.  It  Is  evident 
that,  hi  ttie  wave  motions  of  Uqoids^  it  is  the 
■wave  firm  alone  that  pi'^feiesses ;  the  indlvidoal 
patrtides  of  the  liquid  mmfy  moving  to  and  fro 
tlirsagh  short  distanoeB,  and  at  the  end  of  eveiy 
waf«  returning  to  the  smoe  position.  Anj  one 
who  has  observed  the  march  of  a  line  of  ftot 
Boldien,  must  have  noticed  the  wave  motbns 
which  run  rapidly  akmg  the  line.  This  arises 
from  the  want  of  perfect  cohicidenoe  between  the 
mefvementB  of  the  diflerent  portlonfl  of  the  oolttnm. 
Those  In  the  front  move  the  fbot  a  little  eaifier 
than  thosefarther  to  the  lear,  and  this  retardation 
proceeds  regolariy  back,  so  that  after  a  certain 
distance,  the  descent  of  the  foot  is  occurring  at 
tlie  same  instant  as  the  lifting  of  those  In  front, 
and  In  the  Interval  all  degrees  of  intermediate 
movements  have  occurred.  As  a  consequence  of 
this,  a  wave  is  seen  along  the  heads  of  the  men, 
some  rMng  while  others  are  sinking.  In  such  a 
eafM  it  la  dear  that  the  indlvMoal  men  rise  and 
lUl  merely  (negleoting  in  tlie  meantime  thdr 
real  progress),  perhaps  only  once  In  a  second, 
-whenas  the  wave  may  proceed  1,000  yards  In  the 
MRie  timei  A  little  oondlderation  of  this  simple 
illustration  will  point  out  one  of  the  most  import 
tant  peculiarities  of  wave  motion,  vis.,  that  the 
rai^dHy  of  movement  of  the  wave,  or  Its  vdodty 
allong  the  line,  does  not  depend  on  the  extent  of 
the  movements  of  each  man,  but  upon  the  time 
he  takes  to  complete  a  step,  and  above  all,  on 
what  ahme  determines  the  length  of  the  wave, 
the  degree  of  retardation  of  movement  ftom  man 
to  min.  Thns  if  one-fbitleth  of  the  time  of  a  step 
is  lost  by  each  man,  then  the  twentieth  man  will 
be  at  his  greatest  height  while  the  fortieth  is  only 
beginning  to  rise.  The  length  of  a  wave  will 
extend  over  forty  men,  and  over  this  distance 
win  the  wave  run  during  the  time  of  each  step. 
To  proceed  with  Newton's  investigation  of  the 
laws  of  progression  of  Hquid  waves,  lie  pduts 
out  the  analogy  of  the  kind  of  motion  observed 
in  a  pendnlnm,  and  in  the  individual  particles  of 
an  undulating  liquid.  Both  proceed  from  rest 
through  more  and  more  rapid  motion  to  rest 
again,  and  so  on.  Both  are  impelled  by  pressures 
resulting  from  gravity,  which  vary  in  a  manner 
in  each  case  nearly  identical  In  fig,  4,  let  a  c 
represent  the  levd  of  water  In  a  bent  tube,  and 
let  some  force  be  applied,  so  that  the  levd  be 
raised  In  one  leg  to  x,  and  depressed  In  the  other 
by  a  rimtho'  quantity  to  o,  it  will  then  oecfflate, 
and  it  win  be  observed  that  aU  the  osdilations, 
aman  and  great,  till  it  comes  to  rest,  will  be 
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performed  In  the  same  time.  The  reason  of  this 
will  be  manifest  from  the  consideration,  that  the 
Impelling  force  is  the  load  ^ 

ot  water  above  the  levd,  / 

via.,  at  the  beginning  of  / 

the  oscillation  b  a  and         /  x 
CO,  or  twice  b  a ;  and  the       /     ^H  H^ 

distance  to  be  passed  over      /  H» 

Is  also  twice  e  a  for  each     / 
oscillation.     But  as  the  / 
undulations   decay,  and  4»  q* 
become  smaUer,  the  load  fi»  4 

of  water  or  the  driving 
forces  become  smaner,  and  the  time  taken  would  be 
greater  were  it  not  for  the  drcomstance,  that  the 
spaces  to  be  mn  over  are  less  m  the  same  defpree. 
For  it  is  an  axiom  in  mechanics,  that  with  the 
same  load,  if  the  spaces  and  driving  forces  be 
proportional,  the  times  will  be  equal  Hence  is 
derived  the  law  of  Isochnmlsm  dt  tlie  undulations. 
Next,  to  discover  the  law  which  connects  the 
time  and  the  vdodty  of  a  wave  with  its  length. 
If  a  pendulum,  a  p,  fig.  4,  bo  taken  of  half  tho 
length  of  the  undulating  column  of  water,  and  it  be 
separated  ftom  its  podtion  of  repose  in  the  verdcal 
line,  by  a  space  equal  to  b  a,  the  displacement 
of  ^e  water,  it  follows  by  the  well-known  laws 
of  the  pendulum,  that  the  driving  force  wffl  be 
to  the  whole  weight  of  the  pendulum  as  f  q  to 
p  a,  that  is  as  B  A  to  half  the  column  of  liquid, 
or  as  Q  K  A  to  the  whole  column;  that  Is,  the 
driving  forces  in  the  two  cases  are  the  same  parts 
of  the  load  to  be  driven,  and  tlie  spaces  to  be 
passed  over  are  equal,  so  the  times  of  describing 
these  spaces  must  be  equal  also.  If  then  we 
know  the  times  of  undulation  of  a  pendulum  of 
the  same  length  as  half  the  wave,  we  also  know 
the  time  of  a  wave,  and  hence  the  vdodty  with 
which  it  travels,  as  it  travels  its  own  length  in 
the  time  of  two  osdilations.  Now,  the  time  of 
a  pendulum  is  given  by  the  formula  I  =  3*14 

\  /     82  ^^^'^  L  is  the  length  in   fiset,    and 


t  is  the  number  of  seoondsi  According  to  tho 
foregoing  theoiy,  If  we  substitute  in  this  ibr- 
mula,  half  the  iength  of  the  undulating  column 
for  u  we  win  have  the  time  of  oscillation  of 
the  water  in  the  tube.  Experiment  verific:* 
thb.     We  see  that  fhmi  the  funuula  <  =r  3*  4 


\/a* 


hich  the  above  becomes  when  we 


put  L  for  the  length  of  the  wave  that  the  time  of 
an  osdHation  is  proportional  to  the  square  root  of 
the  wave  lengtli,  which  is  exactly  the  result  ai^ 
rived  at  by  the  most  approved  modem  researches. 
Newton  remarks  that  It  Is  not  true  that  the  par- 
ticles In  real  waves  of  water  move  back  and  for- 
ward exactly  in  the  manner  of  the  liquid  In  the 
syphon,  but  that  they  describe  curved  paths  re- 
entering into  themsdves,  and  therefore  that  this 
mode  of  Investigatkm  can  only  be  approsimatdy 
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correct ;  but  the  same  remark  applies  to  every 
HHxle  which  has  hitherto  been  used  for  the 
theoretical  esuminatioii  of  wave  motion.  Cal- 
culatione  made  by  meaos  of  a  formula  derived 
from  Newton*s  method,  only  differ  very  little 
from  the  results  of  observation  on  actnal  sea 
waves.  In  the  analytical  treatment  of  the  qoee- 
tion  of  waves,  the  conditions  of  the  motion  of  the 
aqueous  particles  are  expressed  in  equations  de- 
rived ftom  tiie  circumstanoeSf  Ist,  tliat  any  mass 
of  water,  though  altered  in  form,  muststUl  occupy 
the  same  volume ;  2d,  that  movement  is  periodic 
or  oscillatory;  and,  8d,  that  the  partides  are 
sulject  to  the  action  of  gravity,  and  that  they 
transmit  to  each  other  equal  pressure  in  every 
direction.  Tliere  are  thus  got  three  equations, 
which  by  etimtnatbn  determine  the  liorisontal 
and  veitical  dtsplacements  of  the  particles  in 
terms  of  the  time,  of  tlie  position  <^  the  par- 
ticle wlien  at  rest,  and  of  the  wave  lengths 
or  tlie  distance  between  two  socoessive  par- 
ticles in  the  same  phase.  The  methods  which 
must  be  followed  in  th»  diacusSion  of  those 
equations  would  be  unintelligible,  without  the 
introduction  of  symbolical  representation  to  an 
extent  inadmissible  in  the  present  volume.  For 
the  details,  the  reader  is  referred  to  the  treatise 
on  Waves  in  the  Encydopcadia  MetropoUtana. 
Some  of  tlie  results  only  can  be  given.  When 
the  length  of  the  wave  is  not  greater  than 
the' depth  of  the  water,  the  velocity  depends 
(sensibly)  only  on  its  length,  and  is  proportional 
to  the  square  root  of  its  length.  When  the  length 
of  the  wave  is  not  less  than  a  thousand  times  the 
depth  of  the  water,  the  velocity  of  the  wave  de- 
pends only  on  tlie  depth,  and  is  proportional  to 
the  square  root  of  the  depth.  When  the  depth 
is  great  in  comparison  with  the  length  of  the 
wave  (as  in  the  case  of  ordinary  waves  in  tlie 
open  sea),  the  motion  of  the  water  at  any  great 
depth  below  the  surface  is  wholly  insignificant  in 
comparison  with  that  at  tlie  surface.  As  the  depth 
below  the  surface  proceeds  in  arithmetical  pro- 
gression, die  motion  diminishes  in  geometrical 
progression;  and,  at  a  depth  equal  to  the  length  of 
the  wave,  the  motion  is  diminisfaed  to  ^irth  part 
at  the  surface.  In  waves,  shallow  in  comparison 
to  the  whole  depth,  the  greatest  horizontal  mo- 
tion is  equal  to  the  greatest  vertical  motion.  In 
ordinary  cases  of  small  waves,  the  motions  of  the 
individual  particles  is  in  circular  orbits  round 
their  positions  of  equilibrium  as  centres.  In 
other  cases,  especially  where  the  length  of  the 
wave  is  great  in  comparison  to  the  depth  of 
the  water,  the  particles  move  in  elliptical  orbits, 
with  different  degrees  of  flatness  at  different 
depths.  These  results  of  theory  are  confirmed  by 
observation.  Weber  has  made  many  experiments 
on  waves  on  a  small  scale  in  glass  troughs,  and 
observed  the  motions  of  tlie  particles  at  difi^rent 
depths,  by  means  of  small  particles  of  floating 
dust.  He  showed  that,  in  the  case  of  many 
regular  wares,  the  particles  all  revolve  in  circles. 
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with  a  uniform  velocity,  and  be  gives  fisgrsas 
showing  the  manner  hi  which  the  levofaition  of 
the  paiticles,eadi  msnccession  beinginadifierait 
part  of  its  orbit  at  the  same  instant,  cansei  sa 
approach  of  partides,  and  thereforo  fraai  tlie  ■• 
compressibility  of  the  fluid,  a  rise  of  the  aoiMS 
at  one  part,  while  a  recession  of  partides  cnss 
a  depiesslon.  Fig.  5  is  an  elementary  portioa  cf 
such  a  diagram  &■  a  sipg^  paitid&    In 
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of  less  regularity  the  parttdes  revolve  In  cDipws 
or  sunilar  figures.  Mr.  Russell,  in  Ma  leports 
to  tilie  British  Association,  has  detailed  eercral 
important  experiments  on  the  velodtieB  and 
depths  of  waves,  and  he  has  for  the  first  tima 
investigated  the  peculiarities  of  the  wave  gene- 
rated by  the  movement  of  a  solid  throogh  a 
liquid,  which  he  calls  the  oscillating  wavCf  or 
wave  of  translation. — Captain  Scoresby  on  a 
recent  voyage  to  America  observed  waves  SO  feet 
high,  and  550  feet  long.  The  horizontal  preaaare 
of  waves  encountering  an  o^ eet  haa  hem  made 
the  sob|ect  of  experiment  by  means  of  Stephen- 
son's Marine  Dynamometer.  It  was  found  that 
the  Atlantic  waves  frequently  exerted  apmssuie 
of  three  tons  on  eadi  aqnare  foot,  while  in  the 
Gennan  Oceian  the  force  did  not  exceed  one  and 
a-half  tons.  Waves  run  to  vast  distances  aloag 
the  surface  of  the  sea,  but  do  not  agitate  the 
water  to  any  great  depth.  Thus»  the  same  wave 
runs  continuously  from  Cape  Horn  to  the  Island 
of  Ascendon,  a  distance  of  9,000  miles,  and  the 
waves  ftom  tropical  stonns  frequently  visit  the 
British  coasts,  while  at  a  depth  of  a  fow  hon- 
dred  feet  the  ocean  remains  in  perpetual  lepose. 
For  fhrther  developoients  of  the  theory  of  Cnda- 
lation,  the  reader  is  refaned  to  Sousd^  Uxdola- 
TORT  Tbbort,  Ac,  &c 

ITanfB  ImUcatMT.  F<w  the  prindples  ef 
all  sudi  instruments,  see  Dikamombtkb. 

ITcntfeer.  The  namegenenlly  given  to  the 
condition  of  any  locality  at  any  given  time^  as  to 
the  elements  of  dimate.  In  those  variable  coon- 
tries  in  which  we  live,  fine  or  bad  weather 
usually  signifies,  foir  seasons  or  rainy  smbobs. 
In  many  regions  of  the  globe,  there  are  stated 
and  regular  periods  of  rain  and  serene  aky ;  so 
that  the  prediction  of  the  irealher  beoooMS  an 
easy  task  and  exdtes  little  attention:  with  u, 
however,  who  live  under  a  dimate  so  diangeafak^ 
and  to  whom,  as  to  all  the  worid,  foir  seaaonsaie 
of  high  importance,  men  catch  eagerly  at  s^as 
of  what  is  to  happen,  and  have  embodied  their 
experience  in  proverbs.  It  cannot  be  doubled 
that  there  are  signs,  having  a  distinct  phyidosl 
ground,  that  intimate  the  fotnre  with  more  er 
less  predsion.    Of  the  popular  s^gnsb  hoifevo^ 
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m  may  safely  dismiM  as  altogether  groundless, 
the  common  proveriM  oonnected  vith  the  Moon. 
The  change  of  the  moon,  the  periods  when  she 
«nten  on  her  new  or  fall  state,  or  her  stats  of 
quadrature,  have  nothing  whaterer  to  do  with 
the  sutiject,  and  would  never  have  attained  even 
a  popalar  aathority,  anless  in  legiona  like  onrs 
where  a  guess  is  as  likely  to  he  right  as  to  be 
wrong,  sind  where  the  oorrect  goeas  or  prognosti- 
cation is  always  the  surest  to  be  remembered. 
There  b  only  one  possible  infloaioe  of  the  moon 
in  thto  direction — ^that,  vis.,  derived  from  her 
light.  There  seems  some  ground  for  the  assertion, 
that  foil  moon  has  a  certain  efficacy  in  dis- 
pelling donds:  possibly  because  she  must  then 
transmit  a  certain  amoimt  of  radiant  heat — 
which  heat  is  absorbed  by  <mr  atmosphere. 
The  beneiSoenee  attributed  to  the  harvest  moon 
may  thus  be  not  wholly  a  fable.  If  it  is  not,  we 
stKNild  expect  comparatively  good  weather  when 
fiiU  moon  occurs,  with  ahigk  Dorthem  declination 
of  oar  nocturnal  luminary.  — AH  other  popalar 
indications  or  prognostics  are  connected  with  the 
cloads ;  these  have  been  wdl  explained  by  Sir 
Humphrey  Davy  in  his  Satmoma,  One  i  the 
qMaken  in  the  dialogue,  inquiiing  why  the  clouds 
in  the  west,  bebg  red,  witii  a  tinge  of  purplei 
shoold  portend  fair  weather,  is  answered,  that  the 
air,  when  dry,  refinscts  mors  of  the  red  and  heat- 
making  n^^  than  when  moist;  and  9^  dry  air 
is  not  perfectly  transparent,  those  rays  axe  re- 
flected in  the  horiaon.  It  is  added  that  a  cop> 
pery  or  yellow  sunset  foretells  rain;  but  that,  as 
an  indioMlon  of  approaching  wet  weather,  no- 
thing is  more  certain  than  a  halo  round  the 
moon,  since  it  is  produced  by  precipitated  water : 
the  laiger  the  circle  is,  the  nearer  are  the 
clouds;  consequenUy,  the  more  ready  to  descend 
in  rain.  In  exjdaining  why  a  rainbow  in  the 
rooming  betokens  rain,  and  one  in  the  evening 
foir  weather,  it  is  stated  that  the  bow  can  only 
be  seen  when  the  donds  depositing  the  rain  are 
opposite  to  the  son;  thus  hi  the  morning  the  bow 
is  in  the  west,  and  in  the  evening  in  the  east; 
mtd  as  the  rains  in  this  country  an  usually 
brought  by  westerly  winds,  a  bow  in  the  weA 
indicates  tliat  the  rain  is  coming  towards  the 
spectator;  whereas  a  bow  in  the  east  indicates 
that  the  rain  is  passing  away  from  him.^The 
indications  of  fine  weather  from  swallows  flying 
higii,  is  exidained  by  stating  that  the  insects  on 
which  these  birds  feed  delight  to  fly  in  a  warm 
stratomof  air;  bat  warm  aur  being  lighter  than 
that  which  is  moist,  occupies  a  higher  part  of  the 
atmosphere,  and  therefore  the  birds  then  find 
their  prey  in  the  apper  regions.  On  the  cod- 
traiy,  when  the  warm  air  b  near  the  surfeoe  of 
the  earth,  the  insects  and  birds  are  there  abo, 
and  then,  as  the  cold  air  from  above  deaomds 
into  it,  a  deposition  of  water  takes  place.  The 
opinion  that  sea-birds  come  to  land  in  ordw  to 
avoid  an  approadiing  stom,  b  stated  to  be  er- 
mncons;  and  the  ohuo  aligned  is,  that  as  tha 
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fish  upon  which  the  birds  prey  go  deep  into  tlie 
water  daring  storms,  the  binb  come  to  land 
merdy  on  account  of  the  greater  certainty  of 
finding  food  there  than  out  at  sea.  It  may  be 
obserx-ed  here,  that  the  kind  of  doud  whidi  b 
designated  cirro-stratus,  is  almost  always  folbwed 
by  a  depression  of  temperature  in  the  atmosphere, 
and  by  wind  or  rato. — In  a  section  of  Raih,  we 
have  described  the  relations  of  the  rise  and  fall 
of  the  mercurial  column,  with  that  metejr. 

W«i«ht  •f  Obaerv»ti«M.  Thb  subject  has 
already  been  dbcnssed,  in  so  iar  as  our  space  will 
permit,  onder  Ebbob,  PnoBABiunBa,  and 
Squarbb  thb  LiAaT.  The  student  b  referred 
to  the  works  on  Probabilities  by  De  Moigan  and 
Galloway. 

Welghta  aad  M— uw.     In  so  far  as  an 
article  with  thb  title  may  be  presumed  to  com- 
prise an  aooount  of  the  weighte  and  measurm  in 
use  in  civilized  countries,  we  renounce  all  inten- 
tion of  writing  it  here.    We  can  advert  only, 
and  that  with  every  brevity,  to  the  prindples 
involved  in  the  adoption  of  vntU^  and  in  the 
mode  of  multiplying  and  subdividing  those  units. 
— (1.)  There  are  no  natural  units,  except  as  to 
quantities  of  time  and  angobr  magnitude.    The 
sidereal  day  b  a  fixed  unit  of  time,  and  the  right 
angte  a  fixed  unit  of  angular  magnitude.    All 
other  unite  are  conventional, — only  it  were  well 
that  dvilized  nations  could  agree  and  adopt  some 
one  convention.    Whence  however,  one  standard 
of  ImgSk — whence  one  unit  of  weight?    Several 
attempte  have  been  made  to  derive  a  natural  stan- 
dard or  unit  of  Imgth  from  some  fixed  dimension 
in  Nature.   For  instance,  the  French  government 
defined  a  melrt  as  the  ten-millkmth  part  of  a 
quarter  of  the  meridian, — which  qnantity  they 
trusted  that  tlieir  great  survey  would  ascertain 
with  an  ultimate  exactness.    English  scientific 
men  on  the  other  hand  preferred  as  an  unit,  the 
length  of  the  pendnlum  vibrating  seconds  in  a 
given  latitude.    But  as  the  result  of  the  last  com- 
mission appohited  by  the  British  government,  we 
have  the  recommendation  that  idl  attempte  to 
obtain  a  natural  standard  be  abandoned,  that  a 
return  be  made  to  the  old  plan  of  standanb 
manufactured  in  metal,  and  that  the  unit  be 
taken  ftt>m  our  best  exbting  representation  of  the 
old  standards.    It  would  seem  strange,  to  recom- 
mend a  retrogression  to  the  authority  of  standards 
which  have  no  abaobaU  authority,  and  of  which 
we  have  no  perfectiy  accurate  copies;  but  the 
balance  of  convenience  b  decidedly  with  the  coo- 
dusion  of  the  oomraissionerB, — the  uncertainty 
being  capabb  of  being  made  less  in  thb  way  than 
in   any  other.     The  commissionen  proceeded 
farther,  and  accomplished  the  fabrication  of  a 
standard,  by  use  of  precautions  and  an  amount  of 
can  and  skill  superior  to  whbh,  nothing  iould  be 
demanded  by  the  most  delicate  and  important 
problem  in  engineeciag.     Aa  to  standards  of 
weight,  these  were  formerty  referred  to  standards 
of  length— tha  onit  being  a  cobic  inch  of  distUled 
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water.  The  commbsionen  reeommead  faotrervr 
that  caiMcity  be  not  henceforth  measured  by 
length  but  by  weight;  and  that  the  unit  henoe- 
forth  shall  be  a  pound  avoirdopois  careAdly 
preserved  in  the  form  of  a  piece  of  metal  or  other 
durable  substance. — (2.)  ScientiOc  abstraetions 
having  thus  been  abandoned  as  unfit  for  praeUcal 
uses  in  the  detenninattoa  off  units,  it  remains  to 
Inquire  whether  aid  from  theory  might  not  help 
us  towards  a  regular  and  uniform  sjrstem  of 
divisions  and  subdivisions?  Now  there  is  per- 
haps no  change,  so  simple  in  itself  which  promises 
to  yield  so  groat  an  amount  of  practical  advantage 
to  the  great  body  of  the  people,  as  the  adop- 
tion of  a  pnrdy  decimal  gyttem  in  the  arrange- 
ment of  the  %'arious  denominations  of  wetghts, 
measues,  and  money.  This  is  a  diange  which 
has  been  long  contemplated  and  frequently  and 
strongly  urged  by  a  few  mafhemaUdana  and 
others  whose  attention  haa  been  more  e^Mcially 
directed  to  the  subject;  but  the  question  is  one 
in  which  it  is  found  OKtremely  difficult  to  interest 
any  considerable  section  of  the  pubUci  and  in  the 
absence  of  popular  fesiiog  it  is  to  be  regretted 
that  even  the  most  obviously  useftil  and  necessary 
reforms  are  too  apt  to  be  postponed  to  questiona 
of  a  far  less  important  but  more  exciting  charaetir. 
— ^The  various  scales,  according  to  which  the  dif-* 
ferent  denominations  of  British  weights,  measures, 
and  money  are  now  related  to  each  otiMr,  present 
the  most  inconoeivable  anomalies,  and  are  indeed 
quite  barbarously  complex  and  confusing.  In 
avoidupois  weight  the  scale  in  use  is  16,.  16,  28, 
4,  and  20;  in  troy  weight,  24,  20,  and  12;  in 
apothecaries*  weight,  20,  8,  8,  and  12f  in  long 
measure,  12,  8,  6^,  40,  8,  and  8;  in  anperficial 
measure,  144,  9,  8^,  40,  and  4 ;  in  liquid  and 
dry  measures,  4,  2,  4,  2,  4,  8^  and  10;  and  in 
money,  4,  12,  and  20.  It  is  impossible  to  esti- 
mate with  any  degree  of  accuracy  the  amount  of 
lalMur  annually  thrown  away  1^  the  nation  at 
laige,  while  persisting  in  performing  the  manifold 
computations  necessary  to  its  gigantio  cemmerce 
and  indnstr}',  by  means  of  a  series  of  tables  so- 
noedlessly  complicated  and  imperii  aa  those  now 
in  use.  But  the  waste  of  time  and  loss  of  money 
must  besomethuigquiteenormous,  whfleeveryday 
it  becomes  greater  and  greater.  Weve  the  different 
denominations  of  wdghts,  measures,  and  money 
brought  into  harmony  wilfa  the  ibndamental 
principle  of  our  common  arithmeticj  by  the 
adoption  of  a  purely  dedmal  arrangement,  it  may 
safely  be  affirmed  that  the  labour  of  commeraal 
and  professional  calculations  would  be  redueed 
much  below  one-half  of  what  is  now  expended 
in  this  direction,  while  the  risk  of  enors  would 
be  diminished  in  a  sdll  greater  ratio. — In  an 
educational  point  of  view,  this  qneetbn  is  also 
very  important,  more  especially  as  r^pards  the 
instruction  of  the  children  of  the  poorer  classes. 
Were  a  decimal  system  introduced,  the  various 
denominations  of  weights,  measures,  and  money, 
iucreasing  and  diminishing  by  a  uniform  scale  of 
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tens  and  tenths,  the  labour  of  iuipMUag  and  d 
acquiring  a  knowledge  of  all  the  aridiaKtic 
necessary  for  ordinaiycommerdal  parpoaeswodd 
evidently  be  greatly  abridged.  Sir  John  Bowii^ 
states  thai,  in  China,  where  a  hdUiirb  dednal 
system  is  in  use,  a  boy  at  school  beeomcs  a  betto' 
practical  arithmetician  hi  a  month  tfaaa  a  boy  ia 
an  English  school  can  beoome  In  a  year.  There 
may  possibly  be  a  little  over-ooloonig  here;  bat 
when  it  is  considered  that  for  oedinaiy  commfrasl 
computations  notkung  would  be  reqnired  heyoad 
the  power  of  applying  readily  the  four  ample 
rules,  it  is  not  to  be  disputed  that,  ki  so  far  as 
arithmetic  is  eonceroed,  a  lad  of  ordinary  mtclE* 
gence  might  do  more  by  attending  an  evenng 
dass,  during  a  angle  winter  aeasioD  to  qoahfy 
himself  for  a  place  in  a  shop  or  office  than  he 
could  now  do  even  by  a  years'  fimwtant  atCoid- 
aaceatareguIirdayaehooL — Readen*  who  hare 
not  hitherto  considiered  the  snl^ect,  are  leoom- 
mended  to  refer  to  the  FrendiTablea  of  We^faH, 
Measures,  and  Money,  which  are  oonatracfecd  oa 
a  uniform  decimal  sode.  FnS  iDfonaatioo  re- 
garding the  progress  of  the  question  in  this 
country  will  be  found  in  the  foHowing  publica- 
tions i—iS^wnl  e^lla  Bojfol  Commiuwm,  qp- 
pomled  m  1888,  on  a  Dedmai  S^$iem  tfWas^ 
md  Measures;  R^ori  t^Ae  Mogal  OiawWai, 
appomUd  in  1848,  on  Decimal  Caimagt^  R^mi 
of  CkmmiUoe  ef  Home <f  Cimmome^  appoin^edim 
1868,  on  Dedmtd  Comage^  Bk  Charles  Padsy^ 
volume  on  tiDedmalJSk^rtem  i^Weis^  Meamrte^ 
and  i/bn^  f  and  the  pubUoations  of  the  **  Decimal 
Aasociation,"  established  m  lAndon  in  1864,  to 
promote  a  decimal  system  of  mon^,  Ac,  Ac 

Wfeeel  and  Axin.  One  of  tiie  mfchanfcaj 
powers.  Its  form  and  mode  of  opaatiun  are 
known  to  every  one.  it  is  evident  enongh  dud 
it  is  simply  a  lever  arrangement  in  winch  the 
arms  (the  radii  or  spokes)  are  changed  contiB- 
ually  as  the  madiine  moves,  the-arms  remaiBiagr 
however,  of  eonstant  length.  The  ratio  of  the 
power  to  the  weight  is  therefore  inversely  as  tiie 
radius  of  the  wheel  to  that  of  the  axk. 

WhIripaaL  A  phoe  in  a  fiver  or  in  tibe 
se%  where,  in  conseqnenoe  of  oLatniciSuna  tliat 
cause  the  meeting  of  varions  cmrats,  the  water 
talus*  on  a  revolving  motion.  When  <fiAnDt 
cmrents  meet  in  this  way  there  is  no  lewiltant 
mechanically  posnble  except  n  wldr^KwL  In 
varkjus  portions  of  the  ocean,  most  powolkl 
resnlta  of  this  sort  are  evolved,  —  witness  the 
Madstrom,  Sqrlla,  and  our  own  Oorryrredcin. 
They  are  all  redueihle  to.  the  same  princ^dik 
SeeWiHDfl^ 

Widri  wind.    See  Wnnw. 

Wlada.  The  Theory  of  the  Winda,  althom^ 
for  from  perfect,  has  recently  been  greatly  ad* 
vanoed  by  important  discoveries  in  threedire^ionik 
We  shall  bfiefiy  stato  these  in  their  order. 

L  Thbobt  of  thb  Wofoe  nr  Grxziau — 
If  the  Bor&oe  of  our  globe  were  equaOg  warm  at 
emry  part^  and  oonliBaBd  acs  the  Atmosphwn 
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would  miuin  fvm  at  xvst,  ue^  winds  ooald  not 
exut  But  if  <tnjf  one  apci  or  rtgion  of  the 
terrtttrial  wpvfioM  ia  hnUd  fwrt  lAan  aauiikiT^ 
*tlM  eqnUibriamof  its  snperincambent  aerul  maas 
must  be  distorbed,  and  motion  will  neccosarily 
ensocu  Therat&NMJSsortliepiocenisTaysunpk^ 
The  oolonia  of  air  resting  on  the  heated  region, 
beoomes  ako  heated  bj  oondacdon,  oonveiilon, 
and  to  some  extent  by  radiation.  It  expands 
therBfixe,  or  aogments  in  length,  and  most  fiow 
over  at  its  higbeht  part  The  barometer  mnst 
therefore  fidl  at  the  earth*a  surfkoe,  and,  in  obe- 
dience to  the  fundamental  laws  of  the  Statics  of 
Fluidl,  amsh  of  air  ?rfll  ensue  towards  the  heated 
region  from  all  quarters  near  the  sv&oe.  Two 
currents  or  winds  result  therefore:  oneyrostthe 
heated  region  in  the  upper  parts  of  the  atmo- 
sphere^ and  another  iowxrdi  it,  at  the  surfoos 
and  low  elevations.  The  entire  habitudes  of  tliese 
cumnts-^their  intensities  at  all  heights,  and  of 
coarse  tlie  eteratioQ  of  the  neutral  stratnm,  or 
the  stratum  where  then  is  no  cnirent— have  been 
analysed  by  the  late  Professor  Daniel,  in  his 
moat  instmctive  woik  on  liMtoirologff^  to  which 
again  we  earnestly  refer  the  student— Apply 
this  elementaiy  conceptloa  to  the  actual  earth, 
and  how  extreme  the  complexity  of  its  winds  1 
Let  a  Tariatioii  of  snrfece- temperature  occur 
through  any  cause— even  the  shifting  of  a  dood 
—and  peculiar  aerial  currents  must  ensue!  Never- 
thdeas  there  are  general  laws.  For  instance,  then 
most  in  the  main  be  a  tenden^  to  upper  currents 
tnm  equator  to  both  poles,  and  of  oompensating 
under  currents  ftom  both  polas  to  the  equator. 
Within  the  tropics,  the  annual  course  of  the 
son's  declination  must  also  produce  regular  aerial 
changes:  and— ^till  more  minutely — so  mnst  the 
alternation  of  day  and  night,  espedaUy  in  oonn- 
tries  on  the  sea-boaid. — But  then  is  a  second 
foemiral  element  of  paramont  moment  in  refer- 
ence to  all  movements  of  the  atmosphere^  That 
dement  is  ths  dimmal  riHatiai^  qftk$  earth.  Lst 
us  see  how  this  must  affect  the  two  great  winds 
of  which  we  have  Just  spoken,  vis.,  the  under 
carmt  from  the  poles  to  the  equator,  and  tlie 
npper  cnirent  from  the  equator  to  the  poles.  A 
particle  of  air  at  tlM  pole,  has  no  motion  of  rota- 
tion; and  if  one  oonld  suppose  it  transfetred  at 
once  to  the  earth's  surfiMe  at  ttie  equator,  it  would 
rest  stabfy^  over  a  surfiMS  rotating  from  west  to 
east  with  a  great  velodty.  ThesfoMfi^ofsucha 
particle  woidd  have  preciedy  the  effect  of  an  east 
wind  blowing  with  the  velodty  of  the  earth's 
rotation.  And  it  is  essy  to  see  that  through  all 
the  regions— say  between  North  pole  and  equator 
— this  polar  current  must  take  on  an  easterly  in- 
clination; that  is  to  say,  it  will  produce  winds 
between  pure  north  and  pure  east— the  pura 
north  wind  existing  only  at  the  pole— the  pure 
east  only  at  the  equator, — while  north -easts 
roust  prevail  in  the  intermediate  or  temperate 
zones.  Because  of  predsdy  the  same  piindple, 
only  vevereed  hi  its  action,  the  upper  current 
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fimn  equator  to  polo,  must  become  a  pvrdy  we< 
wind  at  the  pole,  having  changed  gradually  to  that 
direction  from  ite  initid  direction  of  purs  south — 
passing  in  the  temperate  cones  through  the  in- 
termediate inclination  of  south-west— *The  equa- 
torid  east  winds  an  of  courss  the  l\rade  wiidt : 
the  M<m$otm»  owe  important  modifications  to  the 
cause  now  specified :  and  it  is  wdl  known  that  in 
the  temperate  cones,  our  diief  winds  an  those 
from  the  north-east  and  south-west  The  dter- 
nation  of  these  oppodte  currente,  is  owing  to  the 
fact,  that,  through  various  causes,  the  equatorial 
and  polar  currents  often  change  places,— the  one 
descending  to  the  earth's  surfeoe,  and  the  other 
ascending^-— The  iireguhr  winds  prevailing  in 
the  temperate  cones— say  over  Europe— involve 
indeed  no  other  causes  than  diiferenoea  of  tem- 
perature. Suppose,  for  instance,  that  a  generd 
south-west  occupies  the  upper  regions,  but  that 
the  western  part  of  Europe  is  very  hot,  while  the 
eastern  districts  remain  very  cdd  with  a  douded 
sky.  This  difikrence  of  temperature  will  inme- 
diatdy  give  rise  to  an  esst  wind,  and  when  this 
wind  meets  that  from  the  south-west,  there  will 
be  a  south-esst  wind,  that  may  be  transformed 
into  a  true  south  wfaid.  M.  Dov^  has  indeed 
deduced  in  a  most  dmple  and  ingenious  way,  the 
evolution  of  all  winds  firom  the  reigning  south- 
west and  south-east  aerid  currents.  He  con- 
dudes,  farther,  that  in  generd  the  winds  must 
socoeed  each  other  in  a  certain  determinate  order 
—an  order  which  he  designates  as  the  Law  qfth» 
RoiaAmqftkeWM-Vam.  The  Uw  is  this :— 
in  the  regular  sncesssion  of  phenomena,  the  wind, 
in  our  Irtitndw,  should  turn  fkom  the  east  to  the 
south  and  to  the  west, — thence  through  the  north 
to  the  east  agdn.  In  the  southern  hemisphere 
the  courss  is  revereed.  The  reader  should  con- 
sult Dovtfs  origind  memoiis  in  his  MeUonn 
fogiiche  Untanmdmngm^  or  the  discusdon  of  Uie 
same  subject  in  the  Hanud  by  Kaemta,  as  trsns- 
Uted  by  Mr.  Walker.— We  doee  this  part  of  our 
sntrfect  with  an  account  of  the  main  winds  ori- 
ginating in  the  efficient  causes  Just  unfolded, — 
an  account  copied  by  kind  permission  of  the 
Editor  from  the  Notes  to  Johnston's  invduable 
Pi^ftiiOid  AOaa. 

(1.)  Trade  TFrndi.— The  trade  wuids  an  so 
certain  in  thefar  eonree^  and  navigation  is  sci 
simple  where  thmr  blow  steadily,  that  for  this 
resson  the  eariy  Spanish  navigaton  gave  to  the 
trade  wind  regkai  of  the  Atlantic  between  Europe 
and  America,  the  name  of  the  ''Ladies'  Gait'' 
Whero  these  winds  ara  wdl  established,  the 
weather  ie  ooostantiy  fine^  and  the  sky  in  generd 
dear.  If  they  suddenly  cease,  the  sky  lowerv, 
and,  in  certsin  localities,  rdn  and  storm  succeed, 
with  a  violence  and  a  duration  proportioned  to 
the  vicinity  of  the  place  to  the  equator;  and  it 
is  remarked  that  thdr  rs-establishment  is  dways 
by  a  vblent  reaction,  or  by  an  excessive  fdl  of 
rain.  The  trade  winds  blow,  with  occasiond 
interruptions   and  modifications,  mora  or  less 
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regularly  xxnmd  the  globe;  l)ut  in  general  their 
iiidaenoe  ia  not  felt  within  100  miles  of  the  shore, 
where  they  are  afiiicted  by  the  vicinity  of  land : 
in  many  places,  as  on  the  coast  of  AfHca  in  sum- 
mer and  automn,  they  are  southerly,  and  assume 
the  character  of  rooosoon  winds.  On  the  north 
of  the  equator  they  bbw  from  the  E.  to  N.E., 
N.N.E.,  and  N. ;  and  on  the  south  of  the  equator, 

S.S.E.,  KS.E.,  and  £ The  polar  limits  of  the 

N.E.  and  S.E.  trade  winds  extend  generally  on 
each  side  of  the  equator  in  the  Atlantic  and 
Pacific  Oceana,  to  the  parallel  of  latitude  30° 
K.  and  S.    But  these  limits  vary  greatly  in  dif- 
ferent parts  of  the  ocean,  and  at  di£ferent  seasons, 
because,  being  subject  to  the  influence  of  tempera- 
ture, they  remove  two  or  three  degrees  towards 
the  north  or  south,  according  as  the  sun  has  north 
or  south  declination.    Thus  in  spring  they  are 
nearest  the  equator,  extending  sometimes  at  this 
season  not  further  from  it  than  the  parallel  of  15° 
N.  lat  The  zone  of  the  N.E.  trades  m  the  Atlantic 
Ocean  extends,  on  an  average,. from  about  laL 
7°  to  lat  29°  N.,  a  section  of  the  globe  composed 
of  nearly  one-third  part  of  land  and  two-thirds 
water.     The  zone  of  the  S.E.  trades  in  the  At- 
lantic is  much  broader  than  that  of  the  K.E., 
and  the  S.E.  trades  blow  with  greater  freshness: 
they  sometimes  extend  to  lat  10°  or  15°  N., 
whereas  the  N.K  trades  seldom  blow  south  of 
the  equator.     In  the  Pacific  Ocean  the  trade 
winds  first  strike  the  sea  in  Iho  paralld  of  about 
30°  N. ;  thence  they  blow  N.E.,  and  reach  the 
belt  of  equatorial  calms,  which  here  meiges  into 
the  monsoon  regiim,  in  the  vicinity  of  the  Caro- 
line IsUnds.    Between  the  N.E.  and  S.E.  trades 
a  space  intervenes,  extending  at  difierent  seasons 
from  about  150  to  500  miles  in  breadth.     Here 
the  two  winds  meet  with  opposing  forces  so  nearly 
balanced  as  to  neutralize  each  other,  and  produce 
a  calm.    But  as  Uie  air  of  die  trade  winds  has 
in  each  hemisphere  traversed  obliquely  a  laige 
space  of  ocean,  it  is  necessarily  loaded  with  mois- 
ture, and  hence  this  belt  of  calms,  known  to 
seamen  by  the  name  of  the  **  Variable,**  is  also 
the  zone  of  constant  rain,  of  baffling  winds,  and  of 
electrical  explouons.      Following  the  course  of 
the  sun,  the  belt  of  calms  shifts  its  position  during 
the  year  over  nearly  17°  of  latitude,  according 
to  the  season.     In  summer  it  strotcheB  fiuthest 
north,  where  it  remains  several  months,  and  then 
returns  south,  so  as  to  attain  its  extreme  southern 
latitude  some  time  in  March  or  ApriL     In  July 
and  August  it  extends  to  between  lat  7°  and  12° 
N.,  and  in  March  and  April  between  lat  5°  S. 
and  2°  N.     This  system  of  calms,  which,  in  con- 
nection with  the  monsoons  of  the  Atlantic  and 
Pacific  Oceans,  is  called  "  equatorial  doldrums,** 
has  a  powerful  effect  in  retarding  the  voyage  of 
vessels  under  canvas.     Besides  the  great  equa- 
torial belt  of  calms,  recent  investigations  have 
confirmed  the  opinion  that  there  exist,  near  the 
tropics  of  Cancer  and  Capricorn,  belts  of  calms 
across  the  great  oceans.     On  the  equatorial  side 


of  these  belts,  the  wind  at  the  amCaoe  of  the  sea 
UowB  permanently  towards  the  equator;  whQe  oa 
the  polar  side,  the  prevailing  direction  of  tb» 
wind  on  the  suiiaoe  of  the  ocean  is  towaids  tiK 
poles.  On  the  pdar  side  of  the  Oa|Hioani  brit 
the  winds  prevail  from  the  K.W^  and  on  tbe 
equatorial  side  from  the  Q.R. ;  on  the  polar  sidt 
of  the  Caneer  belt  the  prevailing  winds  are  from 
the  S.W.,  and  on  the  equatorial  aide  from,  the 
N.E.  like  the  belt  of  equatorial  calma,  the  eifan 
belts  of  the  tropics  are  variable  both  in  breadtli 
and  in  position,  according  «to  the  season.  Tie 
extreme  vibration  of  the  calm  bdt  of  CaDoer  b 
between  the  paraUeb  of  17°  and  38°  N.  -  This 
belt  b  known  to  American  seamen  as  the  **Hane 
Latitudes.** 

(2.)    Montoon    Wtnd^ — ^The  provnoatorr  of 
India  intruding  itself  into  the  region  of  the  trade 
winds,  interrupts  the  oontinnoBS  westerly  current 
of  air,  which  is  replaced  by  aUemating  cariCDts 
from  the  N.E.  and  S.  W.    These  change  their  di- 
rection as  the  sun  passes  the  latitude  of  the  place. 
On.the  Malabar  coast,  as  the  ann  approaches  from 
the  southward,  donds  and  variable  winds  attend 
him;  and  his  transit  northward  is  in  a  week  or 
ten  days  ftdlowed  by  that  ftnioiis  boist  of  tfanndFr 
and  tempest  wliidi  herald  the  rainy  aeaaon.  His 
southward  transit  is  less  distinctly  marked ;  it  Is 
the  sign  of  approaching  fidr  weather,  and  »  abo 
attended  by  thunder  and  storm.    Monsoon  wmds 
prevail  to  a  limited  extent  in  several  portkos  of 
the  globe,  as  in  the  Gulf  of  Mexica,  where  the 
norte^  or  north  winds,  blow  from  SefiCember  ta 
Mareh ;  and  on  the  coast  of  Mexico  aitid  Central 
America,  where  recent  obaervationa  have  ascer- 
tained the  existence  of  regular  monaoon  winds; 
on  the  coast  of  Brazil,  where  in  antumn  (Bcp- 
tamber  to  March)  they  bbw  fiem  the  N.E.,  and 
in  spring  (March  to  September)  from  the  S.E. 
On  the  other  side  of  the  continent,  the  monsooas 
of  the  Chili  coast  blow  fttsm.  the  N.  from  May  to 
September,  and  from  the  S.  from  October  to 
May;  on  the  coast  of  Africa,  where,  between  the 
parallel  of  18°  N.  and  the  equator,  the  trvie 
winds  are  during  the  summer  and  antnmnal 
months  turned  back  by  the  heated  plams  of  the 
interior,  and  blow  as  a  regular  aoothwardly  nton- 
soon  during  six  months.   Hie  region  of  the  oc.'aa 
exposed  to  these  winds  is  of  a  conilbnn  shape, 
having  its  base  resting  upon  Africa,  and  its  apex 
stretcUng  over  to  witUn  10°  or  15°  of  die  mooth 
oftheAnuuon.  These  monsoons  b]<>w  towaids  the 
coast  of  Africa  from  June  to  November,  indanre, 
and  bring  the  rains  which  divide  the  seaaooa  in 
these  parts;  in  the  Mediterranean,  where  the 
north  winds  (EUam  wmdt  of  the  Greek)  attain 
their  greatest  force  in  summer.    Bat  these  wind* 
are  moat  thoroughly  established,  and  blow  with 
the  greatest  regularity,  in  the  Indian  Oeeaa. 
especially  on  the  north  of  the  equator,  wliere 
they  extend  from  the  coast  of  Africa  to  the  essi 
coast  of  the  Bay  of  Bengal,  and  even  to  the 
China  Sea;  although  in  the  northem  portioB  of 
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it  tbcy  blow  with  kn  regularit}r,  sooth  of  the 
equator,  the  moosoons  extend  to  Ut  7°  or  8°  S. 
in  the  Indian  .Ocean.    In  general  the  monsoons 
blow  towards  the  continent  during  summer,  and 
in  an  opposite  direction  in  winter.    Thus,  the 
period  of  the  oommenoement  of  the  S.W.  mon- 
soon, which  prevails  in  the  northern  part  of  the 
Indian  Ocean  from  April  to  October,  corresponds 
to  the  season  in  which  the  snn,  having  attained 
A  great  north  declination,  the  opposite,  or  K.K 
monsoon  prevails.    The  monsoons  blow  in  one 
direction  during  half  the  year,  or  rather  Irom  the 
middle  of  April  to  the  middle  of  September,  and 
in  an  opposite  direction  from  the  middle  of  Octo- 
ber to  tbs  middle  of  March.    In  the  north  of  the 
Indian  Ocean  the  S.W.  monsoon  commences  in 
the  middle  of  April,  and  terminates  in  the  middle 
of  September.    The  N.E.  monsoon  succeeds,  and 
continues  from  the  middle  of  October  to  the 
middle  of  March  or  beginning  of  April.    The 
S.  W.  monsoon  brings  rain  and  foul  weather.  The 
wind  blows  with  greater  force  during  this  than 
during  tlie  N.E.  monsoon,  when  the  sky  is  gene- 
rally dear.    The  zone  of  the  S.W.  and  N.E. 
monsoons  is  comprised  between  the  equator  and 
tropic  of  Cancer.    It  extends  firom  the  east  coast 
of  Africa  to  the  coasts  of  India,  China,  and  the 
Philippine  Islands.    Its  influence  is  sometimea 
felt  in  the  Pacific  to  the  vidnity  of  the  Mari- 
annes, i. «.,  to  146^  £.  longitude.    In  the  north 
it  is  occasionally  observed  as  ikr  as  the  islands  of 
Japan.    Regular  monsoons  are  established  in  the 
channel  of  Mozambique,  f  rum  the  parallel  of  the 
Bay  of  lofiila  to  the  equator.    On  the  east  of 
Madagascar,  the   N.E.  monsoon   blows   fIrom 
2?ovember  to  April,  and  the  S.E.  from  April  to 
November,  the  latter  being  the  fine  season.   The 
limits  of  the  monsoons  are  not  uniform  in  all 
places,  and  they  do  not  always  change  exactly 
sit  the  same  period  of  the  }*ttar.     In  die  Bay  of 
Bengal  the  winds  are  more  variable  in  force  and 
direction  than  in  the  Indian  Ocean,  where  storms 
occur  very  frequently  at  the  change  of  the  mon- 
soons.   On  the  south  of  the  equator,  the  S.K 
monsoon  commences  in  the  middle  of  April,  and 
tenninates  in  the  middle  of  September;  it  Is 
replaced  by  the  N.W.  monsoon,  variable  to  tbe 
W.S.W.,  which  commences  in  the  middle  of 
October,  and  ends  in  the  middle  of  March.    This 
latter  monsoon  is  the  period  of  squalls  and  foul 
weather.— The  S.E.  and  N.W.  monsoons  blow 
within  a  zone  comprised  between  the  equator  and 
the  parallel  of  8°  or  9°  of  S.  latitude ;  but  on  the 
coast  of  Australia,  and  in  the  west  of  the  Padfic, 
this  zone  extends  to  the  paralld  of  20°  or  80°  S. 
— The  N.W.  monsoon  rarely  blows  with  force 
and  ngularity,  except  in  the  months  of  Decem- 
ber and  Janoary,  when  it  sometimes  occupies  a 
sone  oomprised  between  Uie  parallels  of  10°  or 
12°  S.  and  those  of  2°  and  3°  N.   This  monsoon 
is  8nb|ect  to  great  irregularity.    The  S.E.  roon- 
won  wliich  prevails  during  thefine  season  on  the 
south  of  the  equator,  may  be  considered  as  an 
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extendon  of  the  S.K  trade  winds,  which  then 
extend  to  the  equator,  the  sun  being  at  that 
time  near  the  tropic  of  Cancer.  The  part  of  the 
ocean  where  S.E.  and  N.W.  monsoons  blow  with 
the  greatest  force  and  regularity,  is  the  Sea  oi 
Java,  and  thence  toward  the  east  to  Timor, 
among  the  Moluccas,  and  toward  New  Guinea, 
in  the  Arapua  Sea.  These  monsoons  are  expe-  ' 
rienced  on  the  north  coast  of  Australia,  between 
Melville  Island  and  Cape  York,  as  well  as  !n 
Torres  Strait,  where  the  N.W.  monsoon  begitia 
at  the  end  of  October,  and  continues  till  March. 
— The  change  of  the  monsoons  occurs  between 
the  latter  half  of  March  and  September,  and  the 
first  half  of  April  and  October.  This  change 
takes  place  gradually,  and  is  almost  alwap 
accompanied  by  storms  and  tempests.  When 
the  monsoon  is  about  to  cease,  the  douds  in  the 
upper  atmosphere  are  observed  to  take  a  direc- 
tion oppodte  to  that  in  which  it  has  been  blow- 
ing, although  several  weeks  sometimes  intervene 
before  the  change  is  apparent  at  the  surface 
of  the  sea.  Monsoon  winds  penetrate  far  uito 
the  interior  of  continents,  but  then  thdr  direction 
is  modified  by  the  form  and  contour  of  coasts  and 
islands,  chaina  of  mountains,  and  other  causes. 
The  direction  of  the  monsoons  determine  the  wet 
and  dry  seasons  in  India;  the  rainy  season  of 
the  west  coast  corresponding  with  the  S.W.,  and 
that  of  the  east  coast  with  the  S.E.  monsoon. 

(8.)  Land  and  Sea  Breezes, — ^These  alternating 
wfaids,  which  prevail  on  the  coasts  of  continents 
and  islands  of  the  Indian  ocean,  on  the  African 
coast  and  other  places,  are  occasioned  by  the 
diurnal  heating  and  cooliog  of  the  soil,  the  tem- 
perature of  the  sea  remaining  neariy  uniform. 
They  follow  the  course  of  the  sun,  on  which  they 
appear  entirely  to  depend,  occurring  sooner  or 
later  according  to  locality.    When  moat  power- 
fidly  fdt,  the  air  at  noon  is  found  to  have  attained 
a  temperature  of  120°,  while  that  of  the  sea  rarely 
rises  above  80°.    The  air,  thus  heated  and  ex- 
panded, ascends,  and  draws  from  the  sea  fresh 
supplies  to  fill  its  room ;  the  current  thus  gen- 
erated constitutes  the  sea  breeze.    During  night, 
the  temperature  of  the  earth  often  sinlu  to  50°  or 
60°,  cooling  the  conterminous  air,  and  condensing, 
in  the  form  of  dew,  the  moisture  floating  around. 
The  sea  is  now  from  16°  to  20°  warmer  than  the 
earth,  the  greatest  difference  between  the  two 
existing  at  sunrise;  the  air  then  rushes  in,  and 
draws  off  a  current  from  the  shore,  constituting 
the  land  breeze^     The  sea  breeze  commences 
gently  at  first,  and  gradually  increases,  attaining 
its  greatest  force  at  the  period  of  maxmun  heat 
of  the  day.     It  declines  with  the  decreasing  heat 
of  the  evening,  and  at  sunset  there  is  an  interval 
of  cahn.     Duriog  night,  when  the  land  is  colder 
than  the  sea,  the  land  breeze  prevails.    It  attains 
its  greatest  force  at  the  period  of  the  tnimmum 
temperature  of  the  night     A  knowledge  of  the 
winds  b  of  great  use  in  local  navigation. 

(4.)    Pnvaiimff  Nirrth-Eagterly  and  South- 
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Wuter^  PTtfub.— Bevpnd  the  limits  of  the 
trade  winds  in  the  temperate  zone  of  both 
hemispheres,  are  the  region  of  the  prevailing 
sooth-westerly  and  north-westerly  winds.  These 
appear  to  be  produced  by  the  fusion  of  the 
return  correnta  from  W.  to  £.,  occasioned  by 
the  trade  winds,  with  the  currents  flowing  from 
the  poles  towards  the  equator.  The  wmds  which 
result  fh>m  these  must  necesBarily  take  a  mean 
direction,  depending  on  the  relative  force  of  the 
opposing  currents  of  air ;  this  direction,  although 
very  variable,  is  chiefly  westerly.  On  the  north 
of  the  equator,  between  the  pnallel  of  80°  and 
60°  north,  it  is  variable  to  the  W.  and'  S.W. 
The  prevalence  of  south-westerly  winds  in  the 
temperate  zone  of  the  North  Atlantio  Is  formed 
by  the  difference  of  time  occupied  in  the  voyage 
of  wind -propelled  vessels  from  the  north  of 
Europe  to  North  America,  and  that  of  the  re- 
turn voyage  firom  North  America  to  Europe. 
From  Liverpool  to  New  York  the  average  is  forty 
days,  while  from  New  Tork  to  Liverpool  is  twenty- 
three  days.  Between  Europe  and  America  the 
S.W.  winds  prevail  in  the  ratio  of  two  to  one. 
The  mean  direction  of  the  prevailing  winds  in 
this  sone,  deduced  from  numerous  observations, 
is,  for  England,  S.  68°  W. ;  France,  S.  88°  W. ; 
Germany,  S.  76°  W.;  Denmark,  S.  62°  W.; 
Sweden,  S.  50°  W. ;  Russia,  N.  87°  W. ;  North 
America,  S.  86°  W.  Russia  is  the  only  country 
in  which  the  mean  direction  of  the  wind  is  a  little 
to  the  N.  of  west  In  the  Atlantic  Ocean  the 
most  prevalent  direction  of  the  winds  is  betwe^ 
8.  45°  W.,  and  S.  10°  W.  When  tiie  sun  is 
in  the  northern  hemisphere,  they  prevail  from 
S.W.  to  W.S.W.;  but  when  he  is  in  the 
southern  hemisphere,  they  blow  firom  W.N.W. 
to  N.W.  This  hitter  period  is  the  season  of 
squalls  and  fbul  weather  between  North  America 
and  Euope.  —  On  the  south  of  the  equator, 
between  the  parallels  of  80°  and  50°  a  it  is 
observed  that  the  winds  blow  periodically  from 
S.  W.  to  N. W.,  that  they  vary  from  W.  to  N.W. 
when  the  sun  has  south  declination;  whilst 
during  the  rest  of  the  year  they  are  in  general 
from  W.  to  S.W.,  and  are  then  accompanied  by 
storms  and  foul  weather.  In  general  they  are 
very  variable  and  inconstant  Between  Cape 
Horn  and  the  Gape  of  Good  Hope,  a  north  wind 
of  several  days*  duration  is  succeeded  by  dull  and 
rainy  weatho*,  but  when  the  wind  passes  to  the 
S.  of  W.  the  weather  is  dear  and  fine. — In  the 
frigid  zone  of  the  Atlantic,  comprised  between 
tlie  parallel  of  60°  N.  and  the  pole,  enck)sed  by 
Europe  and  North  America,  and  containing  the 
islands  of  Iceland  and  Spitzbeigen,  no  regular 
fuccession  of  winds  has  been  obsen'ed.  The  land, 
from  its  vicinity,  and  the  snow  and  ice  by  which  it 
is  environed,  exenases  a  varying  inflnenoe  on  the 
currents  of  air,  according  to  the  season.  North 
winds  are,  however,  the  most  regular  and  domi- 
nant All  the  winds  of  this  Kone  are  accompanied 
by  rain  and  snow,  except  during  portions  of  June, 
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July,  and  August,  when  tlie  weather  is  tderaUr 
mild  during  sontherily  winds,  althovgh  aoeon- 
panied  by  snow,  rain,  and  fogs.-  Tlie  eaUesC 
winds  are  those  fttim  the  N.  and  N.E.,  but  m 
June  and  July  they  fireqnently  blow  fiem  the 
S.S.W.,  and  sometimes  with  violenoe.  Dming 
the  months  of  April  and  May,  sooth  winds  fafiqg 
snow;  daring  the  rest  of  the  year  there  are  thick 
fogs  and  bad  weather.  At  ^itsbagOB,  it  has 
been  observed  that,  during  the  eariier  part  of  the 
year,  the  winds  blow  from  the  south,  and  that 
they  are  northeHy  during  the  remainder.  S.E. 
and  N.E.  winds  bring  the  greatest  amount  tt 
snow.  At  Novaia  Zemlia,  trom  September  to 
May,  the  winds  blow  froin  the  north  ahnait 
without  faiteRuption,  while  fium  May  to  Aqgnt 
they  are  westeriy.  On  the  coast  of  Gree&laBd 
the  winds  are  not  peiiodicaL  From  May  to 
July  the  weather  is  fine  with  diangeable  winds, 
chiefly  fiiom  the  &S.  W.  The  winds  are  variable 
till  September.  Rains  are  unfieqnent;  stonns 
rare,  and  of  short  duration.  The  ccridest  winds 
are  ttom  the  N  JS.  In  the  arctic  rogiooa,  aoooni- 
ing  to  Parry's  interesting  series  of  obeervatioos, 
extending  umntenvptedly  horn.  Jolr,  1819,  l» 
September,  1820,  between  the  pataJleb  of  74° 
and  75°  N.,  the  winds  are  veiy  varlaUe  and 
moderate  at  all  seasons  of  the  year.  Thanomber 
of  days  on  whidi  they  blow  fhan  the  dlAreat 
quartern  are  as  follows  :-^N.,  111(;  K.K.W., 
56 ;  N.W.,  82 ;  W.N.W.,  i  -,  W^  82 ;  W.aW., 
1;  S.W^  19;  &S.W.,  2|;  S.SJE.,  8^;  a&, 
12^;  KS.E.,  8^;  £.,  19|}  E.N.K,  -- ;  N.SL, 
6;  N.N.K,  10;  cahn,  11;  variable,  21«  Cap- 
tain M*Glnre  found  the  prevailing  winds  !?.£. 
along  the  American  shore  of  the  polar  sea. 
During  his-  two  winters*  detentioD  at  Baniag 
IsUnd,  he  found  S.S.  W.  whids  invariably  Wag 
the  greatest  cold.  In  Hndsoii  Bay,  H  has  been 
remarked  that,  ftxim  October  to  Mar,  the  pre- 
vailhig  winds  are  from  N.  to  N.W.,  and  fieaa 
June  to  October,  S.E.  to  £.  StroQg  nortlMriy 
blasts  prevail  in  spring  and  antmnn. 

II.  TrBORT  OF  HOBRICAXBa  OS  CXCLQUS. 

—The  winds  or  suddefr  and  peculiar  aasnas 
usuallyknown  as IVoploal  AirrioaiiaB,  TJplsoM^ 
&C.,  belong  to  a  peeoliar  ordei^— origlnalBig  hi 
disturbing  causes  acting  suddenly,  but  tiiSag 
ttmr  character  frfom  the  cosmteil  cimditiowi  of 
the  earth.  The  phenomena  of  tfaeae  are  fhOy 
described  in  the  extract  given  below.  We  shall 
premise  a  very  ten  remoka  as  to  their  Boasritit* 
tion  and  its  physical  causes.  Two  views  have 
been  taken  of  tlie  chancier  of  tlieseatenns.  Hie 
idea  orighially  started  by  Brandes,  that  they  an 
oentripd[al,  or  that  they  cooalst  of  euTCots  di- 
rected towards  a  point  of  distnrbanee^  wtddipoiat 
has  also  a  motion  of  tnmalation,  is  still  vigor- 
ously nudntamed  In  the  Unitad  States  by  Pra- 
fessor  Espy,  and  has  been  ably  adrocatad  hi  this 
country  at  several  meetings  of  the  Biitlah  Abbd- 
dation  byMr.  RuBsdlQfKOwhns.  Bat  a  ImC, 
or  cracto/  qneation,  was  long  ago  applied  by  ^ 
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Duri  to  tlie  great  storm  of  December,  1821, 
and  tbe  reply  of  the  phenooieDa  did  not  at  all 
ooindde  with  the  centripetal  theoiy.  The  ftct 
that  theee  stonna  are  rotatory,  or  movmg  nfhirl- 
wimbj  owing  theSr  ibroe,  not  to  their  motion  of 
tzanalation,  but  to  their  lohtrhomd  farcej  seems 
established  beyond  doabt  bj  a  vast  aeeimiula- 
tion  of  observations  by  Redfield,  Reid,  Back, 
Dobsoo,  and  other  distinguished  physidsta. — Bat 
besides,  tlie  rotatory  theory  lias  its  roots  deep  in 
physical  and  eflEident  agencies.  Dovtf  long  sgo 
showed  that  a  body  of  air  coold  ndt  be  pnjeeted 
suddenly  northwards  or  soathwards  from  an  equa- 
torial r^^  without  taking  on  a  rotatory  move- 
ment, as  wdl  as  a  motion  of  translation  corre- 
sponding in  all  featares  with  the  progress  of  the 
Gyelones.  This  paper— too  little  known  in  this 
eoontry— -is  in  the  third  volame  of  Taylor's 
Sdsnii/k  Memoin.  And  the  subject  has  been 
recently  treated  on  the  ground  of  wider  views  by 
Dr.  John  Taylor  of  Glasgow.  At  the  meeting 
of  the  British  Association  in  Belfast,  he  dearly 
proved,  alilce  by  k  priori  reasoning  and  ingenious 
and  applicable  experiment,  that  no  centripetal 
flow  of  aerial  currents  can  take  place,  towards  any 
ooint  on  the  earth's  surCue  without  the  genera- 
lion  of  a  rotatory  storm,  having  all  the  characters 
9f  hurricanes  and  typhoons.  The  fact  ^  the 
earMt  rotation  constrains  this  result;  nor^ss 
Dr.  Taylor  inftrs  universally — can  there  exist  a 
fmrely  rectilinear  current  of  air,  except  on  the 
equator  itselt — Beferring  to  the  original  memoirs 
named,  we  subjoin  Mr.  Johnston's  aocount  of  the 
plienomena  of  the  cydones. 

Cjfdomei  or  Eurriamei, — ^The  cyclones  of  the 
AotUles,  and  those  of  the  Indian  Ocean  and  the 
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same  meridian,  but  on  opposite  sides  of  the 
equator,  and  10°  or  12°  apart  In  both  hemi- 
spheres, during  the  early  part  of  thdr  course, 
storms  move  in  a  direction  from  E.  to  W.,  snd, 
in  an  opposite  direction,  or  from  W.  to  E.,  dur- 
ing the  latter  portion.  In  all  cases  they  move 
obliquely  in  a  direction  from  the  equator  toward 
the  poles.  In  the  K.  hemisphere,  the  area  of 
their  commencement  is  oomprised  between  lat 
10°  and  20°  N.,  and  long.  50°  and  64>°  W.,  on 
the  borders  of  the  narrow  zone  of  calms  and 
variable  winds,  which,  as  before  expldned,  is 
always  north  of  the  equator,  and  correspondii 
with  the  zone  of  constant  predpitation  of  rain 
and  of  dectrical  explosions. 

2.  They  obey  a  double  movement,  one  a 
gyratory  movement,  tbe  other  a  movement  of 
trsnslation.  North  of  the  equator  this  gyratory 
movement  is  from  right  to  left  by  the  K.,  or  in 
a  direction  eoiUnuy  to  the  hands  of  a  watch.  On 
the  S.  of  tbe  equator,  the  movement  is  fitom  left 
to  ri^t  by  N.,  or  in  a  direction  coincident  witli 
the  hands  of  a  watch.  The  general  movement 
of  trantlation  is  in  the  Ibrm  of  a  parabolic  curve, 
of  which  the  summit  is  toward  the  W.,  and  tbe 
branches  extended  to  the  £.  The  summit  of 
this  curve  is  tangent  to  the  roeridisn,  about 
lat  80°  hi  the  N.  hemisphere,  and  about  26°  in 
the  S.  hemisphere,  coinciding  with  the  polar 
limits  of  the  trade  winds. 

3.  The  point  of  departure  of  the  storm  is  at 
the  E.  extremity  of  the  curve,  nearest  the  equator, 
in  oorrespoiidiog  latitude  with  the  declination  of 
the  sun.  Thence  tbe  first  half  of  the  storm  is 
diiected  westward,  towards  the  summit  of  the 
cnrve,^  reoeding  fh>m  the  equator.    It  then  fol- 


China  Sea,  appear  to  be  subject  to  ilxed  laws  for   lows  this  summit  in  a  tangent  to  the  meridian, 


each  hemisphere^  whether  as  regards  their  move- 
ments of  translation,  or  their  gyratory  move- 
ments. These  laws  have  been  carefully  de- 
duced from  observation,  and  verified  by  the 
experience  of  vessds  exposed  to  storms  at  all 
seasons,  and  in  aU  the  known  hurricane  r^f^ions. 
It  is  now  Adly  ascertained,  that  in  both  hemi- 
spheres the  air  hi  the  cyclone  rotates  in  a  dirso- 
tioa  eontrwy  to  that  of  the  sun.  Thus  in  the 
northern  hemisphere  the  course  of  the  sun  is  from 
the  £.  by  the  S.,  W.,  and  N. ;  and  the  move- 
ment of  the  air  in  a  hurricane  is  in  the  oppodte 
direction,  or  from  the  N.  by  W.,  S.,  and  E.  In 
tiie  seathem  hemisphere  the  oourM  of  the  sua 
bdng  from  E.  by  N.W.,  and  8.,  that  of  the 
eydone  is  from  the  N.  by  £.8 ,  and  W.  f^mn 
the  observationa  aUuded  to,  the  following  genersl 
laws  have  iMen  derived : — 

1.  Cydones  originate  In  the  space  between  the 
equator' and  the  tropics  near  the  equatorial  limit 
of  the  trade  wind,  during  winter,  when  the  winds 
an  imgular,  or  at  the  change  of  the  monsoons. 
These  is  no  instancs  on  record  of  a  huiTlcaae  hav- 
ing been  encountered  on  the  equator,  nor  of  any 
one  having  erosBsd  the  Une,  ahhougfa  two  have 
known  to  rage  at  the  same  time  on  the 


and  turns  eastward,  the  second  half  of  its  course 
bdng  at  the  greatest  distance  from  the  equator. 
The  cydones  or  typhoons  of  the  China  8ea  are 
occasionally  exceptional,  since  they  follow,  in 
certain  cases,  an  oppodte  direction,  *.  «.,  they 
approach  the  equator  instead  of  receding  from  it. 
4.  The  rate  at  which  cydones  travd  varies 
greatly,  not  only  in  difiisront  parts  of  the  world, 
but  even  in  the  same  localities,  and  at  the  same 
season.  The  cause  of  this  difference  of  motkm  is 
not  yet  ascertained.  Ib  the  West  Indian  and 
North  American  cyclones,  the  highest  rate  is 
statsd  by  Bedfidd  to  be  48  miles  per  hour,  and 
the  lowest  9*5  miles  per  hour;  mean,  26  miles. 
In  the  South  Indian  Ocean  the  rate  is  estimated 
by  Mr.  Thom  at  from  10  miles  to  little  more 
than  2  miles  per  hour,  and  by  Colond  Beid  at 
from  7  to  12^  miles  per  day.  Mr.  Piddhigton's 
researehes  show,  that,  about  the  "  storm  path," 
the  rate  of  progression  is  only  from  2J  to  1^ 
miles  per  hour.  In  the  Bay  of  Bengal  the  rate 
varies  fivm  2  to  89  miles  per  hour.  In  the 
China  Sea  the  observed  rate  is  fivm  7  to  24 
miles  per  hour,  and  in  the  Pacific  Ocean  probably 
from  10  to  12  miles  per  hour.  Some  cydones 
move  so  vecy  dowly  that  they  may  be  almost 
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^  considered  sUtipfnary,  like  waterapoots  or  de- 
sert whirlwinds.*' 

6.  Cydooea  rarj  in  size  from  60  to  500,  or 
even  1.000  miles  in  ^ameter,  a  medium  size  being 
most  common.  Tliey  oocasionaUy  dilate  and 
contract  in  their  progressi  and  while  contracting 
they  often  aogment  fearfully  in  violence.  In 
the  West  Indies,  near  the  islands,  they  are  some- 
times as  small  as  100  or  150  miles  in  diameter ; 
but  on  Fsacbing  the  Atlantic  they  dilate  to  SOO 
or  1,000  roiles  -,  the  wind  blowing  a  severe  gale 
over  the  whole  area ;  of  true  hurricane  viol^ce 
towards  the  centre;  and  the  entire  vortex  so 
whirling,  travels  over  thousands  of  miles  of 
tracic.  In  the  South  Indian  Ocean,  Mr.  Thorn 
thinlcs  that  hurricanes,  when  first  discovered,  are 
from  400  to  600  miles  in  diameter.  Mr.  Pid- 
dSngton  shows  that  they  may  be  as  small  as  150 
miles,  and  he  agrees  with  Colonel  Beid  in  sup- 
posing them  to  extend  to  600  miles.  In  the 
Arabian  Sea,  cydones  are  supposed  to  be  under 
240  miles  in  diameter.  In  the  Bay  of  Bengal 
the  usual  size  is  from  800  to  350  mUes,  but  they 
sometimes  oontraet  to  150  miles,  at  the  same 
time  augmenting  in  force.  The  typhoons  of  the 
China  Sea  appear  to  vary  in  size  from  60  or  80 
miles  to  3  or  4  degrees  in  diameter. 

East  winds  are  characteristic  of  a  oommendng 
hurricane;  while,  in  general,  west  winds  occur 
only  in  the  latter  portion  of  the  storm,  as  decreas- 
ing winds;  hence  in  the  northern  hemisphere 
the  most  dangero^  part  of  a  hurricane  is  the 
advancing  border  of  the  right-hand  semicirde, 
while  in  Uie  southern  hemisphere  it  is  the  advanc- 
ing quadrant  of  the  left-hand  semidrde.  The 
only  chance  of  safety  in  navigating  the  hurricane 
regions  lies  in  a  careful  observance  of  the  indica- 
tions of  the  barometer  and  simpiesometer.  There 
is  no  authentic  case  on  record  of  the  occurrence 
of  a  cyclone  in  or  near  the  tropics  without  some 
depression  of  the  barometer,  nor  does  any  case  of 
remarkable  depression  <^  the  instrument  ever 
occur  without  being  followed  by  a  storm.  The 
amount  of  this  depression  sometimes  amounts  to 
2^  inches,  the  lowest  indication  bdng  at  the 
centre  of  the  storm. — The  eflfoct  of  the  rotatory 
movement  of  a  cydone  is  to  accumulate  the  air 
around  its  outer  margin,  with  a  pressure  increas- 
ing as  it  recedes  firom  tiie  centre;  consequently 
the  barometer  is  lower  at  the  middle  of  a  storm 
area,  and  highest  at  its  extremity.  Ttie  baro- 
meter and  simpiesometer  oscillate  before  and 
during  a  hurricane,  rising  and  fiidling  rapidly, 
owing  to  the  inequality  of  the  pressure  of  the 
atmosphere  which  causes  the  storm,  so  that  great 
barometric  osdllations  almost  always  annoonoe 
the  approach  of  a  tempest.  During  a  typhoon  in 
the  China  Sea  in  October,  1840,  In  which  the 
transport  Golcondah,  with  800  troops  on  board, 
foundered,  liie  simpiesometer  in  another  sliip 
which  avoided  it,  was  observed  to  oscillate  for 
24  hours  before  the  cydone.  The  barometer  is 
obser\-ed  to  ri^e  before  the  strength  of  the  cydone 
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is  over,  and  Ais  beaotiftil  indiealioii,  as  Kr. 
Piddington  observes,  is  often  to  the  tmmtm.  a 
rainbow  of  hope  in  the  depth  of  his  distnas. — 
Two  daases  of  cytlooea  hav«  been  observed,  one 
in  which  the  fall  of  tlie  barometer  is  nsofe  or  kai 
gradual,  and  another  in  wbich  the  fall  is  saddm 
and  Excessive,  and  the  tempest  fnrkias  in  propor- 
tion. This  rapid  taSL  appears  to  begin  at  from 
3  to  6  hoars  before  the  passige  of  the  centre. 
The  fkll  of  the  barometar  varies  aooordn^  to  the 
intensity  of  the  storm  $  in  an  extreme  ease  it 
fell  more  thim  2^  inches,  or  from  29-9  to  26'96l 
— Fkevioos  to  the  commencement  of  a  cyiskmt, 
the  wind  is  observed  to  be  moderate  or  eehn,  tfas 
air  dose,  sultry,  and  oppressive.  The  wind  thm 
rises  and  ftSia  with  a  moaning  aoond,  and,  a  few 
hours  after  its  oommenoement,  it  is  soeoeeded  br 
a  lull,  which  lasts  for  an  hoar  er  more^  ate 
i^^iich  the  wind  blows  from  the  same  qjoarter 
with  increased  violeooe.  The  horricane  is  osaaSy 
accompanied  by  an  excessive  aocumalatioo  of 
aqueous  vapour,  devdopfaig  electrical  exfMum 
in  incessant  flashes  of  lightning.  In  cydoces  of 
considerable  extent,  the  swdl  of  the  ocean  is 
often  f^lt  as  a  doable  sea,  one  prece£og  the 
track  or  the  wave  of  pregressioa,  which  is  drirea 
befbre  the  stornif  and  the  otlier  tlie  cydonal 
wave^  or  that  which  is  occasioned  by  the  wind 
on  difl^nt  parts  of  the  storm  drde. 

SeatoM  of  CycUme^. — Little  is  yet  known  of 
the  exact  times  at  whidi  hurncanes  occur  in 
difibrent  parts  of  the  world,  except  in  tlie  West 
India  regions,  where  they  appear  to  be  iaflo- 
enced  by  season,  both  as  to  their  frequency  and 
their  direction.  It  has  been  observed  that  ther 
occur  most  frequently  near  the  dose  of  tlie  rakiy 
seasons,  when  the  son  fe  vertical  to  the  plane  of 
their  origin.  In  the  North  Atlantic  tbejr  occor 
from  the  end  of  June  to  the  mid^  of  Deoambv, 
but  the  greatest  number  occar  in  August  la 
the  Indian  Ocean  the  diief  period  of  thefe  oecar- 
rence  is  from  November  to  June;  they  aie  nosi 
frequent  in  January  and  Mardi,  and  least  so  ia 
June  and  November.  The  cydone  season  of  the 
Bay  of  Bengal  is  in  October  and  November, 
the  N.E.  monsoon  blows  with  greatest 
Storms  slso  occur  during  the  S.W.  moaeoon  ia 
May  and  Jnna  In  the  China  Sea  tiie  typhoon 
cydones  occur  nearly  at  the  same  season  as 
the  West  India  hurricanes,  from  Jane  to  No- 
vember; the  maximum  being  in  Septanber, 
and  the  minimum  in  June.  In  the  Arabian 
Gulf,  cydones  oocur  during  both  moosoooa. 

III.  Physical  IsFUTBNCES  OF  TBsDiFnn- 
BUT  Wnn>s.~It  ia  evident  that  the  Tarioas 
winds  must  be  distinguished  by  vacioas  attri- 
butes as  to  heat,  humidity,  and  the  Iwi^ls  el 
the  barometer  by  which  they  are  aDoookpaaiBd. 
The  south-west  wind  of  tliese  northem  latitadss, 
being  the  equatorial  current,  must  be  coatpara- 
tively  warm  and  moist:  while  its  oppasile,  the 
north-east,  descending  from  polar  ngioos,  most 
be  comparativdy  cold  and  dry.    Qeoeral  fiKts  of 
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this  description  bave  long  been  disceraed,  bat  it 
was  reeforved  tor  "hL  Dov^  to  OBtabliah  the  exis* 
tenoe  of  a  regular  wind-rose  or  wind-card-oom- 
]ia«,  indicative  of  a  regular  dependence  alike  of 
the  temperature,  humidttYf  and  atmospheric 
pressure  of  a  place,  on  the  direction  of  the  irind. 
As  to  tempenUim^  for  instancCf  that  element  is 
lowest  with  a  north-east  wind ;  it  rises  gradu- 
ally as  the  wind  veers  to  the  south-west,  where 
it  attains  its  maximum  again  approaching  to  its 
minimum  as  the  wind  pssses  through  west  and 
north  to  north-west.  Ttie  mean  tension  of 
vapour  follows  the  same  law,  while  the  course  of 
the  changes  of  atmospheric  pressure  is  rigorously 
the  inverse.  The.importanoe  of  this  remarkable 
discovery  can  scarcely  fidl  to  be  estimated } — it  is 
tho  key  to  almost  aU  the  faregular  variations  of 
the  meteorological  elements.  The  periodioa/  va- 
riations of  these  elements  depend  of  course  on  the 
periodic  (dafly  and  annual)  changes  in  the  rela* 
tions  of  the  earth  and  sun.  Somethmg  is  due  also 
to  tlie  influence  of  atmospheric  waves  or  tides ; 
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and  at  length  these  apparently  nrtguktr  changes 
are  thrown  back  on  the  phenomena  of  the  vinds* 
It  is  to  the  laws  of  ikeae  then,  that  we  must 
look  for  the  ultimate  resolution  of  meteorological 
problems.  Their  succession  cannot  yet  be  pre- 
dicted ;  but  to  know  that  with  this  succession  all 
other  atmospheric  phenomena  are  bound  up,  is  of 
itself  to  have  achieved  a  most  important  ad- 
vance. The  student  is  again  referred  to  the 
excellent  manual  by  Kaemtz;  to  memoirs  by 
Quetelet  in  the  Annates  de  tObservatoire  de 
BrtueeUea ;  and  to  a  recent  tractate  by  Professor 
Manuel  Johnson  of  Oxford. 

WlM«r«  Those  three  months  of  the  reai 
during  which  the  sun  is  lowest  Astronomi- 
cally, midwinter  is,  when  the  sun  enters  the  tropic 
of  Capricorn..  But  owing  to  the  time  occupied 
by  the  globe  in  cooling  and  heating,  the  tnio 
meteorological  winter  in  these  northern  climates 
ought  to  include  the  months  December,  January, 
and  February. 
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XipUaa.  Anamefortheoofw^e2b<ibfiDorado.|     Tear.    See  BissExtXLfi,  Cai^exdar,  Sea- 
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■  Zealtli*  Tlie  point  in  the  heavens,  vertically 
above  us,  that  is,  the  prolongation  of  the  earths 
radius  to  meet  the  celewtial  sphere. 

Zosltli  SectMT.  An  astronomical  instru- 
ment of  a  special  character,  but  of  great  im- 
portance in  former  times,  and  still  frequently 
employed.  It  is  a  telescope  fixed  as  nearly  as 
possible  in  the  zenith,  with  micrometrical  motions 
and  apparatus  fitted  to  determine  accurately  the 
de^'iation  of  certain  stars  firom  the  zenith  point. 
It  is  of  signal  use  in  detecting  certain  small  ap- 
parent motions,  and  checking  or  verifying  certain 
physioo-astronomical  theories. 

2«4lttc«  A  belt  whose  centre  is  the  ecliptic 
or  path  of  the  sun  in  the  heavens.  The  twelve 
most  prominent  constellations  through  which 
the  sun  moves  during  the  year,  lie  along  this  belt, 
and  ars  called  the  ttguM  of  the  zodiac. 

Zo4iac«l  lilckt.  A  remarkable  appearance 
in  the  sky,  seen  regulariy  after  sunset  or  before 
snnrise  in  tropical  countries,  although  only  at 
suitable  seasons  m  zones  of  the  latitude  of  ours. 
It  is  a  triangle  of  light  corresponding  in  Uiten- 
sity  to  the  brightness  of  the  Milky  Way,  and 
atretching  up  through  the  sky  nearly  in  the 
direction  of  the  sun*s  equator.  Being  thus  in- 
clined about  eight  or  nine  degrees  to  the  ediptic, 
it  is  plainly  only  about  Mareh  and  April  at  one 
season,  And  about  October  at  the  opposite  season. 


fore  snnrise— sufficiently  high  in  our  skies,  to 
be  free  fh>m  the  usual  mists  of  the  horizon,  and 
firom  the  efiects  of  twilight  and  dawn.  Neverthe- 
less, even  with  us,  under  favourable  circum- 
stances, this  meteor  shines  so  brightly  that  the 
crescent  moon  in  the  heart  of  it  does  not  obscure 
its  lustre.  The  Zodiacal  Light — although  seen 
before — was  really  discovered^  t.  e.,  brought  out 
as  a  substantive  and  constant  fact  by  Dominic 
CassinL  It  was  long  accounted  the  exterior  part 
of  the  solar  atmosphere ;  nor  did  the  vast  amount 
of  its  extension  suggest  to  observers,  as  it  did 
comparatively  recently  to  Laplaoe,  the  dyna- 
mic impossibility  of  sudi  a  solution.  No  solar 
atmosphere  oould  reach  fisrther  fipom  our  lumi- 
nary than  one-third  way  towards  the  orbit  of 
Mercuiy :  the  centrifugal  force  (to  speak  popu- 
lariy)  of  its  extreme  particles,  would,  at  such 
a  distance,  dissipate  them  through  space.  But 
the  Zodiacal  Light  appears  to  stretch  beyond 
the  orbit  of  Yennsi  A  solar  atmosphere,  too, 
would  lie  rigorously  in  the  plane  of  the  solar 
equator :  not  only  does  the  position  of  the  Zodiacal 
Light  not  conform  exactly  to  that  pUne,  but  its 
pluie  shifts,  and  there  b  every  reason  to  believe 
that  the  line  of  its  Nodes  is  tforiablo.  No  hypo- 
thesis, indeed,  appears  adequate  to  satisfy  known 
dynamic  conditions,  but  the  one  at  prsMnt  gene- 
rally received.    It  is  now  recognized,  that  the 


that  such  a  cone  can  stretch — after  sunset  or  be- .  larger  planets  are  not  the  sole  constituents  of  our 
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nIv  lyitcoi,  bnt  thit  in  all  probaUlily,  innMa 
of  plaaetolda  or  meteoHta— too  (mill  to  b«  di*- 
cvned  ladlvlduallv — dnulaU  around  our  lumi- 
naiy  in  atraanu.  The  tone  of  th«  uletDlds  ia  an 
induUtabla  ciunple.  We  migbt  refer  alao,  aa 
an  analogous  inatance,  to  Satum'a  Rings.  Tb« 
periodic  aboweis  of  Rideora  tetxive,  in  inch  an 
hypothaiis,  their  bat  explanation!  and  in  the 
eonteptlon  of  audi  a  ring  of  meleon  nearer  the 
ann,  we  dad  a  k^  to  all  Mtablished  jihenomena 
eonnecled  with  the  Zodiacal  IJgtat  A  nor  (beoi; 
liaa  ncentl;  b«en  broadied  in  Amslca,  fonndcd 
on  obaervition  of  tbia  ain^lat  aieteor  in  eqna- 
lorial  regiona — the  theory,  »ii.,  that  iotead  of 
encircling  die  ton,  ths  ring  in  qaeatlon.endrclaa 
the  earth.— We  fcar  wo  am  ti»t  yet  in  a  condi- 
tion to  accept  of  any  theory,  ai  part  and  punl 
of  pMiUve  astnmonikal  adence.  Much  nnulna 
to  Iw  aocompliihed  by  obawatloa.  Kdlher  the 
termlnadoa  nor  die  position  and  afaiftinga  of  die 
axis  of  the  Zodiacal  Light,  have  beat  rigorooaly 
nscertained.  Its  iJaolute  brilliancy  ia  alio  un- 
known,  nor  la  It  to  be  expected  that  an  accurate 
determination  of  it  can  be  obtained  nnleea  in 
tm^c  conntriei.  The  degree  of  that  biilUan^ 
CCTtainly  variee  fnxn  the  edge  of  ifae  cone  towanta 
It*  axb,  and,  a>  we  liare  aaid,  the  axla  of  great- 
eat  briglitneaa  appean  to  change.  S9  Boon  u 
inch  facta  are  rightly  deflned,  we  alull  expect  an 
indncticm  coneluaive  aa  to  the  geometrical  Ibnn  of 
tbe  COM*  irtiicli  tnuamlu  the  light.    Stil 
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colonn  of  the  cone,  and  eecentl  oiher  attribatB. 
—It  dnea  not  appear  that  the  inqairy  is  at  all 
beyond  onr  readi;  bnt  the  exlatence  •£  tb^ 
and  similar  detijfraaja,  oompela  one  bt  te- 
cnr  to  the  dtnre,  that  mstead  of  encdnf  ■*■- 
Obeerralorice  at  home,  our  BrilUi  (!iiiiii«iii< 
wonld  take  advantage  of  the  neimtiaa  ofcii  bij 
the  apread  of  ita  Empire,  and  acatter  aoA  eMat- 
liiluDenla  tbroogb  Tarjoua  laUmdea.  Hw  phw 
memn  DOW  andtrGODaidCTatiaii,  haa  •  a^itftaaiB 
br  wider  tbait  what  eoDcetna  Ua  mm  afiatid  p»- 
cnUaritka.  The  ^ogten  of  Fby«i(al  Sdawa  kaa 
coneeted  it  and  gimilar  poRkoa  of  aa-  pbatM; 
airai^tCDMSta  whk  Ibe  profaatile  cuae  o(  tlw  baM 
of  tlw  Stm,  and  nidi  qnaatiina  iotlinalrij  nbari 
te  Uw  biatory  and  deadnlea  of  oar  aytUa.  Ho* 
Btrangdy  tbe  ^tota  nanalljopnul — Watacr 
Ikat  we  haTB  teadied  aoaaa  bourne,  and  mba  k 


tetminated.  BiH  no  tBm  iaattatoablabya  Wtt 
partaking  of  tbat  Kkmut  iriiidi  ia  m 
'■'     Infinite.   Some  apfianaidy  Iriitag 
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If  Phncti*  From  tlie  doM 
analogy  at  the  other  phmeta  with  the  earth,  and 
from  the  fliel,  almost  iiroved,  of  their  haviiig^  with 
it  a  ooimnoD  origin,  there  is  etvong;  d  prion 
reeeoo  to  believe  tliait  tbqr,  too^  are  aidorad  in 
gaeeons  enTolopee,  or  atnoepherea.  Aooording  to 
the  hypotlMBis  of  oar  planetary  system  having 
originated  from  tiie  oondensation  of  a  previoosly 
diiFuaed  mass  of  gaseooa  matter  possessing  a  slow 
bat  deaaite  motion  of  rotation  in  the  dirsctioa  of 
what  has  now  beoome  the  plane  of  the  planetary 
orbits  and  of  tiie  san*s  equator,  the  atmospheres 
woold  merely  be  sodi  portions  of  each  of  the 
separate  masses  which  went  to  the  formation  of 
the  individnal  planets,  as  rsmalned  fan  the  gaseoos 
form  after  the  otiisr  parts  liad  assaroed  the  liquid 
or  solid  statSL  The  aroonnt  of  each  gaseous  poi^ 
tlons  would  mainly  dspend  on  tlie  temperature 
and  premnre  in  each  individual  ease.  Thus  it  is 
easy  to  suppose  changes  of  the  temperafure  of 
tlie  aarth,  such  that  its  atmosphere  would  be 
incrsased,  by  tlie  whole  of  the  water  on  its  sur- 
face assail  ling  tlie  gaasous  form,  or,  on  the  other 
hand,  by  the  oxygen  and  nitrogen  of  the  air 
beeombig  Uquificd,  or  even  solidified,  so  as  to 
render  the  earth  destitute  of  an  atmosphere.  It 
b  thas  easy  to  conosive  portions  of  the  originally 
cHAaed  mass  of  the  solar  system  separated  in 
tfie  pioeem  of  ngregatioo,  wliicfa,  at  the  tern- 
paraturss  now  prevailing,  would  be  altogether 
aoUd,  aa  appears  to  be  the  case  with  the  moon, 
or  altogethisr  gmaoue  as  is  azempliiled  by  comets, 
aa  so(^(eBtad  by  Dr.  Taylor  of  GIas|pvw,  fai  a 
paper  oo  the  theory  at  odinets,  in  which  he  points 
oat  tlie  origin  and  motioo  of  these  bodiss,  on  the 
sopposition  that  they  are  atmoephens  without 
worlds^  in  the  same  way  as  the  moon  is  a  world 
without  an  atmosphere.  Independsntly,  however, 
of  coiifeeturs,  aetaal  obeervation  ehows  that 
aereral  of  the  otiier  planets  have  atmospheres. 
Tim  telescope  exhibits  soeh  diangee  of  appear- 
ance on  the  surfooe  of  the  planets,  more  parti- 
cularly Mars,  Jupitsr,  and  Satan,  as  can  only 
be  easily  explained  on  the  supposition  of  an 
atmosphere  varying  in  its  transparsncy  at  dif- 
ferent tines  and  i^aoas  similarly  to  our  own.  The 
aatroQomer,  Sduroeter,  came  to  the  oondusion, 
that  the  small  planet  Ceree  had  an  atmosphere 
668  mOss  in  height,  while  that  of  Pallas  was  not 
less  than  466  miles.   The  exlstanee  of  an  atmo- 


ATBI 

sphere  smrounding  a  worid  seems  to  us  to  be 
essential  to  the  existenos  of  life  on  its  surfooe ; 
and  to  those  who  believe  it  probable  that  such  a 
world  as  Venus,  with  the  same  extent  of  suifaoe, 
and  the  same  period  of  rotation  as  the  earth,  would 
not  be  left  without  a  living  inhabitant,  while  the 
earth,  its  immediate  neighbour,  has  been  in  every 
part,  and  in  so  many  of  its  geo&qgie  ages,  crowded 
with  animated  forms,  it  is  easy,  even  in  the  ab- 
sence of  poeitive  proof,  to  assume  the  existence  of 
a  covering  of  atmosphere  on  the  surface  of  such  a 
worid ;  but  even  then,  there  still  remains  a  diffi- 
culty in  the  way  of  peopling  the  diiferent  planets. 
This  difflcolty  consists  in  the  great  diversity  of 
distances  from  the  sun,  and,  oonsequsntly,  In  the 
amounts  of  heat  which  they  receive  from  this 
source  of  radiation.  The  great  worid  Neptune, 
for  instance,  being  at  thirty  times  the  earth's 
distance  from  the  sun,  would  only  receive  ^^th 
of  the  amount  of  heat  by  rsdution,  on  a  surfooe 
of  the  same  extent  i  while  the  planets  Venus  and 
Hereary,  being  nearsr  t^  the  earth,  would  be 
heated  to  a  modi  greater  degree.  The  tempera- 
ture of  planetary  space^  the  obUquity  of  the  axes 
of  the  diflReirent  planets,  by  giving  rise  to  varia- 
tions of  sessons,  akmg  with  diversity  of  conduct- 
ing power  ibr  heat,  as  also  vailsties  in  the  thermal 
capacity  of  the  materials  forming  their  oater 
crusts,  might,  to  a  considerable  extsnt,  modify  the 
dimatee  directly  due  to  the  solar  power;  but  there 
is  reason  to  believe,  that  the  atmoephere  surround- 
ing each  globe  would,  more  than  any  other 
caose,  contribute  to  regulate  the  temperature  of 
its  surfooe.  The  reader  is  rsferred  to  RADiAirr 
Hbat,  for  a  description  of  the  means  by  which 
it  has  been  discovered  that  media  dUfor  greatly 
in  their  power  of  transmitting  rays  of  heat  from 
souross  of  high  or  low  tempentnre.  Tnms- 
parency  for  beat  is  called  diathermancy;  and  it 
is  found  that  atmospheric  air  is  neariy  completely 
diathermaaoua  to  heat  from  a  source  so  liii^  hi 
tempenrtore  as  the  sun,  so  that  the  sunbeams 
traveree  the  atmosphere  of  the  earth  neariy  in 
undiminished  intaneity ;  whereas  the  heat  which 
must  emanate  from  the  surfoce  of  the  moon 
along  with  the  light,  ie  almoet  completely  inter- 
oept«L  Mr.  Hopkins  of  Cambridge  has  reosntly 
shown  the  bearbigs  of  that  power  of  air,  and 
probably  other  gassous  mixtiues,  in  absovbing 
hsat  from  low  temperature  sources,  on  the  question 
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of  the  dimftte  of  the  difl^rent  planets.  His 
reasoning  Ib  ss  follows : — The  solar  heat  arrives 
at  the  lower  strata  of  the  earth's  atmosphere 
nearijr  in  undiminished  intensity,  and  is  spent 
heating  the  surface  of  the  earth  itself;  but  as 
this  heat  then  becomes  that  of  a  low  temperature 
source  it  cannot  again  be  radiated  off  into  space, 
because  the  air  is  athermanous  to  this  spedes  of 
heat  ray.  The  only  means  by  which  this  heat 
can  again  escape  into  space,  is  by  the  lower 
strata  of  air  becoming  heated  by  contact  with  the 
earth,  and  rising  by  expansion,  or  by  partial 
radiations  through  smaU  distances.  In  this  way 
the  heat  must  find  its  way  again  to  the  upper 
limits  of  the  atmosphere,  and  be  thence  radiated 
into  space;  but  for  this  convection  upwards  of 
heat  by  currents,  &c,  it  is  evident  that  the  lower 
strata  of  the  air  must  be  hotter  than  thoee  above 
them,  and  this  to  a  greater  degree  in  proportion  as 
more  heat  Is  to  be  carried  upwards ;  and  also,  that 
throughout  the  whole  height  of  the  atmosphere, 
tilts  decreasing  temperature  must  prevail ;  so  that, 
if  the  atmosphere  be  high  enough,  any  degree  of 
heat  might  be  maintained  in  the  lower  strata  in 
contact  with  the  surface.  The  temperature  of 
the  upper  limit  of  the  atmosphere  must  be  deter- 
mined  by  this  condition,  that  the  quantity  of  heat 
which  is  radiated  from  it  into  space,  must  equal 
that  which  reaches  it  from  the  surfoce  of  the 
earth.  This  temperature  is,  therefore,  indepen- 
dent of  the  height  of  the  atmosphere;  whereas 
the  temperature  of  the  surface  is  greater,  the 
greater  the  height  of  the  atmosphere,  to  enable 
the  heat  to  be  transmitted  upwards.  The  same 
effect,  viss.,  an  imprisonment,  so  to  speak,  of  the 
heat  rays  received  from  all  the  other  radiating 
bodies  in  space  besides  the  sun,  would  be  caused 
by  the  atmosphere;  so  that  the  sur&ce  of  a  planet, 
thon^  receivmg  none  of  the  solar  radiation, 
might  maintain  on  its  surface  a  temperature  hi^ier 
than  the  general  temperature  of  space,  and  higher 
in  any  degree,  the  depth  of  atmosphere  being 
correspondingly  increased.  By  the  general  tem- 
perature of  space  is  meant  the  temperature  which 
would  be  indicated  by  a  thermometer,  composed 
of  some  heat-absorbing  material,  held  in  space 
remote  from  the  sun  and  eveiy  planet,  and  shel- 
tered from  direct  solar  rays,  but  exposed  to  the 
radiation  from  all  other  sources  of  heat  in  the 
universe.  This  might  be  greater  than  the  tem- 
perature indicated  by  a  thermometer  held  in  the 
upper  strata  of  atmosphere,  as  the  atmospheric 
particles  radiate  heat,  but  do  not  absorb  it  from 
external  space;  so  they  would  be  colder  than 
the  thennometer,  and  would  cause  depression  of 
temperature.  A  thermometer  carried  deeper  into 
the  atmosphere,  by  reason  of  meeting  with  greater 
density  of  atmospheric  particles,  would  be  more 
cooled,  or  would  sinlc  further,  and  so  on,  as  it  is 
made  to  descend  deeper  in  the  atmosphere,  till,  on 
reaching  a  certain  point,  the  increasing  tempera- 
ture of  the  air,  by  reason  of  nearness  to  the  sur- 
face of  the  planet,  would  compensate  for  this 
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cause  of  obHIing;  and  beyond  this  m  dcaeoit  the 
thermometer  would  begin  to  riae ;  so  that  then  h 
a  level  in  the  atmosphere  where  a  minimum  of 
temperature  would  be  ezperienoed.  An  atas- 
sphere  of  less  depth  than  to  give  this  itiinimwB. 
would  causQ  a  diminution  of  temperstoie  to  tbe 
surface  of  the  planet  This  latter  part  of  die 
argument  used  by  BIr.  Hopkins  seems  to  be  tbe 
weakest,  as  the  question  whether  or  not  tbe 
thermometer  would  attain  its  minimnm  in  the 
upper  stnta  of  air  (admittedly  tbe  coldest),  or 
would  require  to  be  sunk  to  greater  depdi,  iHat 
it  would  meet  with  less  cold,  though  more  deoie 
air,  would  depend  merely  on  the  size  and  natait 
of  the  thermometer;  so  that  it  does  not  seen  so 
well  established  that  the  diathennanoos  quaStia 
of  the  atmosphere  of  a  planet  mlgfat  kwer  tbe 
temperature  cSf  its  surfine  bdow  that  of  swrooBd* 
ing  space.  Mr.  Hopkins,  by  dednetiog  the 
effects  of  the  solar  radiation,  oondodes  that  the 
earth's  surface  would  have  a  temperatnre  of  about 
89  o,  if  exposed  only  to  the  radiatioo  of  spae^ 
and  that  no  planet,  with  a  siniilar  atmospboe, 
can  sufibr  a  greater  degree  of  ecJd  than  tina. 
And  he  concludes  that,  if  the  bright  of  the  atno- 
sphere  were  increased  by  abont  40,000  feet,  tbe 
temperature  of  the  earth,  even  in  the  totsi 
absence  of  the  sun,  could  not  sink  bdow  what  it 
is  at  present  He  flirther  compotes  that  the 
planet  Mars,  with  an  atmospbere  aboat  1&,000 
foet  higher  than  that  of  the  earth,  would  have  a 
temperature  of  about  60^  at  his  equator— that 
is,  have  a  climate  similar  in  temperature  to  our 
own ;  and  also^  that  the  planet  Venus,  with  an 
atmosphere  similar  to  ths^  of  the  eartli,  voeU 
have  a  maximum  temperature  (at  tbe  poka,  by 
reason  of  the  great  obliquity  of  the  axis,)  of  95°: 
but  if  the  atmosphere  were  reduced  in  depth  by 
about  25,000  feet,  the  maximum 
would  be  reduced  to  nearly  that  of  tite 
of  the  earth.  These  estimatea  of  tibe  efibots  in 
elevating  temperature,  produced  by  tlie 
sphere,  are  bued  upon  the  oboa  ii  atiuua 
during  the  balloon  ascents  from  tbe  Observatafy 
at  Kew.  In  confirmation  of  tliis  view,  it  has 
been  obeerved  that  places  sunk  below  tliegeDecal 
level  of  a  oouatiy  have  a  higlier  mean  iMBpei*- 
ture,  as  has  been  observed  in  regard  of  the  pistes 
of  the  Dead  and  Caspian  Seas,  where  a  greater 
depth  of  atmosphere  must  be  the  canse  of  tbe 
greater  heat  of  dimate.  A  similar  imprisa»- 
ment  of  heat  by  the  diathermanoos  qualities  of 
the  covering  medium  can  be  noticed  in  the  case 
of  hot-beds  and  greenhouses,  ftc.,  where  the  beet 
of  the  solar  nys  readily  penetrates  the  ^aas. 
and  heats  the  interior;  but,  being  then  con- 
verted into  heat  fixMn  comparatiTely  low  tsss- 
penture  sources,  it  cannot  again  escape  through 
the  glass  with  the  same  fodlity  by  reiWatiaB, 
but  can  only  escape  slowly  by  conduction  or  by 
currents,  so  that  Um  temperature  in  tlie  interior 
of  such  an  endosure  rises  much  higher  than  tint 
without 
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iglnaiT  Bz|ra«Ml«iis,    Indicated  even 
roots  of  negative  quantities,  such  as 

They  are  called  imaginary,  becanae  it  is  hnpoa- 
sible  to  conceive  of  quantities  which  they  repre- 
sent, according  to  the  ordinary  methods  of  inter- 
preting algebraic  symbols.  We  know  that  any 
even  power  of  a  quantity,  whether  positive  or 
negative,  is  always  positive,  and  it  is  impossible 
to  conceive  of  such' a  quantity  that  being  taken 
an  e\*en  number  of  times  as  a  factor,  will  give  a 
negative  residt. — Imaginary  exprouions  arise 
fn>m  correct  algebraic  combinations,  and  although 
in  an  arithmetical  point  of  view  tlieir  exact  value 
cannot  be  detennined,  they  are,  neverthdeas,  sub- 
ject U>  all  the  rules  of  analysis,  as  much  as  other 
expresBions.  From  the  greater  generality  of 
algebraic  operations,  many  expressions  result 
Tvliich  can  with  difficulty  be  brought  vrithin  the 
range  of  ordinaiy  interpretation.  These  expres- 
sions are,  however,  correct  expressions  of  analyti- 
cal facts,  and  it  only  requires  a  more  enlarged 
view  to  render  their  meaning  perfectly  compre- 
hensible. It  will  probably  be  found,  *on  a  pro- 
per analysis,  that  the  subject  of  imaginary  ex- 
pressions presents  no  more  difficulties  than  that 
of  negative  quantities,  which  is  now  so  thoroughly 
settled  as  to  leave  nothing  to  be  desired. — We 
shall  dtst  explain  the  form  to  which  every  ima- 
ginaiy  quantity  may  be  reduced,  and  then  give 
an  account  of  the  signification  to  be  attadied  to 
imaginary  expressions  generally.  'Every  imagi- 
nary quantity  can  be  rsduoed  to  the  form 

in  which  a  and  b  are  real,  and  ij  —  1  imagi- 
nary.— To  show  this,  let  us  assume  the  wdl- 
ki:own  formula,  for  the  simplification  of  radicals, 


in  which  e  =  /^  a'  —  6.  Makings  in  formula 
(1).  6  =  —  t«,  which  gives,  e  =  J  ^  +  6»i 
and  reducing,  it  becomes 


3 


+  6« 


(2). 


In  formula  (2),  the  first  radical  In  the  second 
member  is  positive  and  real,  and  may  be  denoted 
by  c;  the  quantity  under  the  second  radical 
sign,  in  the  second  member,  is  negative,  sLioe 

a  .^  ,Ja*  +  b^  I  denoting  it  by  —  d*,  and 
reducing,  we  have 

Ja-k-b  V":zT  «  c  +  rf  VTZi . . .  (8)5 

which  shows  that  the  square  root  of  an  ezpres- 
aioo  of  the  form,  a  +  6  J  ^h  !•  of  the  same 
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form  as  Hm  expression  itselil  Hence,  the  fourth 
root  of  the  expression,  a  +  b  ,J  —  1,  is  of  the 
ssme  form,  and  so  on  for  the  6th,  8th,  or  any 
other  even  root  This  shows  that  every  ima- 
ginaiy  expression  may  ultinutely  be  reduced  to 

the  form,  a  +  b  ^  —  1,  which  was  to  be  proved. 
Hence,  in  the  treatment  of  imaginary  expressions, 
we  need  only  confine  our  attention  to  imaginan' 
expressions  of  the  second  degree,  and  in  these  >ve 

shall  only  consider  the  parts  involving  J  —  1, 
as  a  foctor.    Every  sudi  quantity  can  be  placed 

under  the  form  b  ,J  —  1,  by  the  rule  for  re- 
moving a  fiictor  tram,  under  the  radical  sign.  For 
multiplying  imaginaiy  expressions  together,  we 
make  use  of  the  following  formulas : 

(V^rT)4^l=     JZTT.    ..(1); 

(^^^)M^  =  -l  .j^.  .(2)} 

(^A-l)*-^•  =  -  n/-1.  .(8); 

(^/-l)*•=l (4); 

in  which  n  may  be  0,  or  any  positive  whole 
number. — ^To  multiply  any  number  of  imaginar}' 
expresRions  together,  reduce  them  to  the  form 

b'fj  —  1;  multiply  the  co-efficients  ot  J  —  i 
together  for  one  factor  of  the  pioduct :  to  find  the 
other  foctor,  look  in  the  above  formulas  for  that 

one  in  which  the  exponent  of  ^  —  I  equals  the 
number  of  factors  to  be  multiplied  together;  the 
second  member  of  it  will  be  the  second  factor  of 
the  required  product — Thus,  let  it  be  required  to 

And  the  17*^  power  of  ^  —  a^.     Reducing  to 

the  required  form,  we  have  a  ^  —  1 ;  the  17*^ 
power  of  the  oo-effident  is  a"  \  making  n  =  4, 
we  see  that  formula  1  is  applicable;  hence,  the 

second  factor  is  ,y  —  1,  and  the  required  power 

is  a' 


IT 


1.  This  rule  will  cover  all  opera- 
tions, which  diiTer  fiiom  tho  corresponding  opera- 
tions for  resi  quantities. — With  respect  to  the 

logical  value  of  the  symbol  J  —  1,  it  may  be 
remaiked  that  there  are  two  separate  views  that 
may  be  taken  of  the  expression.  In  the  first 
place,  we  may  rq;ard  it  as  a  symbol  ci operation, 
in  which  case  it  indicates  an  operation  absolutely 
impossibles  for  no  quantity  whatever,  taken  twice 
as  a  fiictor,  can  produce  —  1.  In  this  sense,  the 
quantity  indicated  by  the  expression,  is  truly 
imaffmmy  or  impouible.  The  expression  may, 
however,  be  regarded  as  a  ij^mboi  <^  inUrpretU" 
turn;  that  is,  it  may  be  an  expression  resulting; 
firom  the  correct  applicatton  of  the  principles  of 
analysis.  In  this  point  of  view,  it  sdmits  of 
complete  and  satisfactory  interpretation.  The 
method  of  interpreution,  which  we  are  about 
to  give,  is  due  to  M.  Honrey,  a  distinguished 
modem  analyst  Before  proceeding  to  give  an 
account  of  his  method  of  interpretation,  some 
preliminsiy  explanations  are  necessary.  We  have 
seen  that  every  imaginaiy  expression  can  be  re- 
duced to  the  fonn  a  +  6  i^  —  1.   The  expres- 
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MOOi  »J  a*  +  6',  is  called  the  modiAu  of  the 
ezivreasion.  It  is  a  property  of  these  expressioDs, 
that,  if  two  of  them  he  multiplied  together,  the 
resulting  product  will  be  of  the  same  form  as 
each  factor,  and  its  modulus  will  be  equal  to  the 
product  of  the  moduli  of  the  two  ^tors.    Thus, 

(2  +  8  ^=T)  (3  —  7  ,/irT)=27  — 5  J^^. 


The  modulus  of  the  first  factor  is  ^^13,  that  of 
the  second  is  ^JbS,  and  that  of  the  product 
,j7bi=  iJlSx  JZ^  In  geoeral,  if  anj  num- 
ber of  factors  of  the  given  form  be  taken,  their 
product  will  be  of  the  same  form,  and  its  modulus 
win  be  equal  to  the  product  of  the  moduli  of  all 
the  factors. — We  may  now  proceed  to  an  exami- 
nation of  M.  Monrqr*s  explanation  of  imaginary 

results^ — If  we  take  the  expression  a+ft  ,J — I, 
and  denote  its  modulus  by  m,  we  shall  have,  for 
the  expression 


(iT+J-V-l). 


By  inspection,  we  see  that  if  -  fa  taken  fbr  the 

ooaine  of  an  angle  f,  -  will  represent  the  sine  of 

the  same  angle,  and  by  snhstitntioo,  the  expras- 
£ion  becomes 

A(oosf +  ainf  tj^t^ 


T\- 


rig.  1. 

Let  A  he  the  origin  of  a  system  of  polar  co-or- 
dinates, A  B  the  initial  Une,  and  p  the  angle  auide 
with  it  by  any  stndgfat  line  ad.  If  now  the 
length  of  the  line  a  d  be  taken  equal  to  m,  then 
will  the  Une  a  d  lUfil  two  conditions,  viz. :  it  Is 
of  a  given  length  m,  and  makes  with  the  bitial 
line  an  angle  f,  whidi  conditions  make  np  the 
re&i<»o»  of  the  Ifaie  A  D  to  the  syston. 

The  angle  p  b  called  the  terser,  and  the  given 
expression  represents  the  line  a  d,  both  in  length 
and  position ;  or,  in  other  words,  expresses  the 
relation  of  the  line  a  d  to  the  system  of  polar  co- 
ordinates. 

If  ^  =  0,  the  line  takes  the  positkm  a  e,  and 
the  given  expression  reduces  to  m,  and  we  have 
also  M  =  a.  This  corresponds  to  our  cooven- 
tional  system  of  representing  a  positive  quantity 
by  a  atnught  Kne  of  definite  length,  estimated 


from  a  fixed  point  towaida  the  ligbL  If  f  = 
ISO**,  the  expnssioD  beeoaaa  —  x,  and  the  in 
takes  the  pocition  a  f,  which  also  oofrespnadi  to 
the  same  system,  of  ^  =  90®,  the  expiesaaa  be- 
comes M  ^I^Ti^  and  the  Ihw  takes  the  poskioa 
A  G.    If  ^  =3.  270°,  the  expression  bceoaes  —  n 

,J  —  1,  and  the  line  takes  the  poaitign  ah.  In 
any  given  expression,  the  ralne  of  f  may  be 
from  the  equation 

cos  #  — 
and  this,  Uigether  with  the  valne  of 


to  detenniae^Te- 
lation  of  the  radins  vector  to  the  ayeCflBa. — ^lliis 
method  of  representation  colHbms  perfectly  lo 
every  case  of  an  i-rpwesion  of  tlie  fbrm  a  -i- h 

tj  —  1 ;  it  now  nmafais  to  explua  die  resaks 
obtained  by  operating  upon  it  by  the  rales  of 
algebriL    Let  us  consider  the  result  of  maltipiTing 

a  +  h  J  —  I  by  c  +  tf  isA-nr. 

Performing  the  mnltiplication,  we  liave  for  the 
product, 

(«?  — M)  +  (a6+6d>  J'^^ 
Now,  the  angle  which  the  line,  wiioae  lelatiBB 
is  given  by  this  prodaet,  makes  with  the  Initial 
line,  an  angle 5,  whose  oostneeqnala 

ae  —  bd 


that  is, 


^Ao«~+i;S^  ,y  c»  +  «f" 


y  = 


ac —  hd 


If  we  denote  the  angles  made  hgr  the  that  sad 
seoond  lines  with  the  initial  line,  by  «  and  ^ 
weehallhave, 

_     e 


eos«=* 


8lna  = 


eoa/}  s. 


wehavealsok 

cos  («  +  ^)  =  cos 


mfi  = 


s^ 


+  ^ 


cos/i  — cin«siBA 
_  ae —  bd 

and  consequently 

cos  7  s  €08  («  +  /I). 
Henoe^  the  product  represents  the  lelatian  ef  the 
line  A  B  to  the  system,  Yhoee  length  a  b  iseqaal 
to  the  length  a  c,  taken  aa  many  times  as  there 
m  units  of  length  in  ▲  i>,  and  making  with  the 
initial  line  an  wa^  equal  to  the  sum  of  the  angles 
which  the  lines  a  c  and  a  i>  make  with  it. 

In  general,  the  product  of  any  number  of  Ike- 
tors  of  the  given  fonoo,  rspmenti  the  rdatkn  of 
a  line  to  the  system,  which  is  equal  in  kegth  te 
the  length  of  any  one  of  the  lines  taken  as  msny 
times  as  thero  are  units  in  the  oontinoed  ivodact 
of  the  naniber  of  anite  in  each  of  the  ether  lines 
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taken  BeptnUdr,  and  which  nukm,  with  the  ini- 
tial Une^  an  angle  equal  to  the  eani  of  the  angles 


FIg.SL 

nude  by  each  line  with  the  fai'tlal  One.  When 
this  angle  is  any  multiple  of  ISO'*,  the  pivdnct 
becomes  real  The  entire  sot^ect  of  imaginarj 
quantities  may  be  dearly  ezpLdned,  and  as  we 
see,  without  any  imposslbleciicumstanees  aiidng. 
We  see,  then,  that  to  inteiprat  tba  expiession 

^  —  a%  we  have  sfanply  to  regard  it  as  the 
representation  of  a  straight  line  perpendicular  to 
the  initial  line  at  the  or^^  and  equal  in  length 
to  a.  WhUst  the  exprssslon  —  j^^  —  a%  repre- 
sents a  line  equal  and  directly  oppoeed  to  that 

represented  by  J  —  ^.  Thus  interpreted, 
CTCiy  idea  of  impGeslbillty  disappears  irom  the 
mind,  and  the  subject  becomes  as  plain  as  the 
interpretation  of  negative  results. 

Pkaae.  In  any  doctrine  connected  with  the 
ribratbns  of  particles,  the  term  pkam  is  used  to 
designate  the  position  of  a  particle  in  reibence 
to  the  entire  range  of  its  vibration.  Wlien  the 
particle  has  returned  to  its  position  of  rest,  or  to 
any  special  position  whatsoever,  it  is  said  to  have 
vibrated  through  860° :  when  it  assumes  the  op- 
poeite  position,  it  is  said  to  have  vibrated  through 
180^;  and  so  of  intermediate  places. — IthasbMn 
offcSD  stated  in  the  text,  that  the  more  delicate 
and  until  reosntly  the  least  understood  classes  of 
light-phenomena,  are  owing  to  changes  impressed 
on  the  i^iases  of  rays  or  waves,  by  reflexion,  Aa 

Phaispfc— — ccMcc  A  singular  property  be- 
longing to  an  solid  substances  except  the  metals, 
although  possessed  by  difierent  substances  in 
very  different  degrees.  It  consists  in  this, — 
taUng  as  an  instance  the  diamoml, — suppose  it 
placed  for  a  short  time  under  inflnenoe  of  the 
solar  ray,  or  of  any  other  light,  and  then  removed 
to  a  dark  room,  t^  wiU  emU  a  atrong  tight  qfiii 
owm  ior  a  brief  time, — £.  e.,  it  isjpAotpJoresMiit. 
The  cause  of  this  ranarlEable  quality— which 
has  long  been  known  alike  in  Cict  and  lUble— 
was,  until  lately,  only  guessed  at;  and  that  we 
can  now  speak  of  it  with  some  degree  of  certain^ 
is  vndoobtedly  owing  to  thoee  persevering  and 
wen  planned  researches  of  Dr.  Draper  of  New 
Tofk.  Setting  out  on  the  prindpls  that  some 
phosphflrsscent  ol^Ject  should  be  snl|)ected  to  exa- 
miniUion,  the  nature  of  which  precluded  the  pos- 
sibility of  oar  attribnting  the  pbenomeoon  to  any 
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collateral  or  non-essential  property  or  merely  oon- 
oomitant  change,  Dr.  Draper  adopted  as  the  most 
suitable  body^the  well  knowu^uor  sparf  testing 
all  special  positive  condusions  indicated  thiongli 
scrutiny  of  its  phenomena,  by  the  corresponding 
habitudes  of  other  substances  which  are  phosphor- 
escent Dr.  Draper's  general  results  are  as  fol- 
lows r^l.)  A  phosphorescent  body  when  at  its 
maximum  of  glow,  has  not  changed  its  volume 
peroeptibly.  (2.)  It  Is  most  probable,  that,  dur- 
ing phosphorescence,  there  is,  in  certain  cases  at 
least,  a  molecular  modification  of  the  shining  sur- 
ikoe.  For  instance,  vapours  condense  on  a  sur- 
hiDd  during  its  phosphorescence,  in  a  peculiar  way. 
(8.)  When  a  phflq)horBScent  body  f^ws,  there 
is,  along  with  the  light,  a  very  fiBcble  emission 
of  heat.  The  quantity  is  indeed  extremely  small, 
not  measurable  by  the  ordinary  methods ;  but  Dr. 
Draper,  by  very  ingenious  procesees  satisfied  him- 
self of  its  existienoe.  (4.)  Phosphoiescencs  is  not 
accompanied  by  any  development  of  electridty. 
(5.)  llie  intrinsic  brightness  of  a  phosphorus  is 
veiysmaU;  aflnespedmenof  chlorophaneat  its 
maximum  of  brightness,  only  yielding  a  light 
8,000  times  less  intense  than  the  flame  of  a  very 
smaU  oil-lamp.  No  wonder  then,  that  the  evolved 
heat  is  barely  measurable^  or  that  no  expansion 
of  volume  is  perceptible.  (6.)  It  has  long  been 
known  that  when  a  phosphorescent  body  is  Itoated, 
its  phosphorescent  power  is  thereby  aflected. 
Draper's  kw  is  this,  '*  The  quantity  of  light  a 
substance  can  retain  Is  inversdy  as  its  tempera- 
ture."  This  prindple  explains  many  curious 
facts.  For  instance  the  Bdognian  Stone  shines 
brighter  when  exposed  to  the  sky  than  to  the 
sun, — L  e.,  in  the  latter  case  the  temperature  of 
the  stone  rises,  and  the  quanti^  of  the  light  it 
fixes  is  less.  Under  violet  and  other  glasses, 
stained  with  sudi  coloun  as  impede  the  wanning 
efibct,  phosphorescence  is  even  mors  vivid  than 
wbsn  no  glass  has  intervened.  (7.)  The  quantity 
of  light  that  a  body  can  retain  is  directly  as  the 
intensity  and  quantity  of  light  to  which  it  has 
been  exposed.  The  quantity  of  light  emitted 
then,  by  the  same  body,  under  diflbrent  drcum- 
stances,  is  **  dtretdg  as  the  lighting  power  of  the 
body  that  has  acted  on  it,  and  wverss^  as  its 
heaUng  power."  Dr.  Draper  concludes  the  paper 
in  which  these  propositiotts  are  estabfished,  with 
the  foUowing  general  views.  We  give  them  m 
extmuo,  bceanse  they  have  an  interest  quite  be- 
yond thdr  application  to  the  special  subject  of 
phosphorescence  : — **  These  various  facts  indi- 
cate, that  when  a  ray  of  light  falls  on  a  surface, 
it  throws  the  particles  thereof  into  a  state  of 
vibratioo.  An  examination  of  the  action  of  the 
diflferently  coloured  rays  dispersed  by  a  prism, 
shows  that,  in  general,  the  greater  the  flmquency 
of  vibration  of  the  impinging  ray,  the  more  bril- 
liant is  the  phosphorescence.  But  in  snch  a  prie- 
matic  examina^on,  we  have  constantly  to  bear 
in  mind  the  disturbing  agencies  which  are  prs- 
ssot,  and  eqiedaUy  the  antagonising  efltets  of 
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beat ;  that  this  detennines  the  anumnt  of  light 
that  a  phosphorus  can  reeeive,  and  also  the  rate 
of  its  subsequent  extrication.  In  a  letter  which 
I  pnblished  in  the  PkUosopkicol  Magazmt,  Feb- 
ruary, 1847,  it  was  shown  how  the  photographic 
action  of  light  betrays  the  general  principle  of 
an  interference  of  vibratory  movements,  and  the 
production  of  antagonizing  results  in  different 
parts  of  the  solar  spectmm.  An  argament  is 
then  brought  forward  to  the  effect,  that  as  the 
violet  end  produces  phosphorescence,  and  the 
red  extinguishes  it,  this  is  a  proof  of  oppositbn  of 
action.  In  explaining  this  &ct,  M.  E.  Beoquerd 
supposes  the  darlcening  power  of  the  red  rays 
to  be  due  to  the  more  rapid  disengagement  of  the 
phosphorescence,  by  reason  of  the  heat  produced 
by  these  rays,  and  that  the  apparent  antagonixa- 
tion  is  not  attributable  to  the  superposition  of 
vibratory  movements  of  light — rays  of  diflhrent 
frequency,  hut  to  the  relations  of  caloric  and 
light  The  force  of  this  explanation,  however, 
disappears  when  it  is  understood  that  light  and 
heat,  the  chemical  and  phosphorogenic  rays  are, 
according  to  the  principles  of  thb  able  experi- 
menter, all  manifestations  of  the  same  agent.  It 
avaOs  us  nothing  to  say,  that  a  want  of  phosphor- 
escence at  the  less  refrangible  end  of  the  speo- 
tram  IS  due  to  the  heat^giving  powers  of  those 
rays,  when  that  very  heat-giving  power  is, 
under  the  hypothesis,  dependent  on  their  com- 
parati>-e  rapidity  of  vibration. — In  the  fhrtber 
explanation  of  phosphorescence,  I  abandon,  there- 
fore, expressions  derived  from  tiie  material  theory 
of  light,  and  present  again  the  \'iew8  alluded  to 
in  the  letter  in  question,  to  the  efibct,  that  when- 
ever a  radiation  falls  upon  a  snrfkce  of  any  kind, 
it  throws  the  particles  thereof  into  a  state  of 
vibration;  Just  as  in  the  experiment  of  Fra- 
castor,  in  which  a  stretdied  string  is  made  to 
nbrate  hi  sympathy  with  a  distant  sound,  and 
yield  hannouies  and  form  notes.  Such  a  view 
includes  at  unce  the  &cts  of  the  radiation  of 
heat,  and  the  theory  of  calorific  exchanges;  it 
also  ofibs  an  explanation  of  the  connection  of  the 
atomic  weights  of  bodies  and  their  specific  heats. 
It  suggests,  that  all  cases  of  the  decomposition 
of  compound  molecules,  under  the  influence  of  a 
ray,  is  owing  to  a  want  of  consentaneousness  in 
the  vibrations  of  the  impinging  ray,  and  those  of 
the  molecular  group,  which,  unable  to  maintain 
itself,  is  broken  down,  under  the  periodic  im- 
pulses it  is  receiving,  into  other  groups  which 
can  vibrate  along  with  the  ray. — If  a  hot  body 
a,  be  placed  in  presence  of  a  oold  body  6,  the 
theory  of  the  exchanges  of  heat  teaches  that  the 
temperature  of  the  latter  will  steadily  rise  nntil 
equilibrium  take  place.  The  molecules  of  a  com- 
inunicate  thdr  vibratoiy  movement  to  the  ether, 
and  this  in  its  turn  imparts  an  analogous  move- 
ment to  the  molecules  of  h.  For  as  Uie  ethereal 
medium  is  of  vastly  less  density  than  the  vibrat- 
ing molecules,  each  of  their  osdllationa  will  pro- 
duce in  it  a  determinate  wave^  which  is  piopa- 
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gated  through  it  according  to  the  ordinaiy  laws 
of  undulation,  in  soch  a  way  that  the  ether  vouki 
be  in  repose  after  the  wave  had  passed,  were  it 
not  for  the  recmrenoe  of  the  cootinning  vibia- 
tion  of  the  molecules.  At  each  ribntion  tlM 
molecules  of  a  loae  a  part  of  tlieir  tit  vkn^  by 
the  quantity  they  have  oommnnicatad  to  tb? 
ethereal  wave,  the  intensity  or  amplitode  of  the 
wave  becoming  less  and  less  as  this  ahstndioa 
of  force  is  going  on.  Bui,  the  ether  hcuig  d. 
uniform  density  and  elasticity  tfarooglKWt,  each 
of  its  particles  communicates  the  whole  rw  rira 
it  has  received  to  the  next  adjacent,  and  voold 
instantly  come  to  rest  were  it  not  again  dis- 
turbed by  the  vibrationa  of  the  material  mok- 
cules. — These  elementary  considerations  sbov 
how  it  is  that  a  wave  of  sound  passes  thzoogh 
the  air,  or  <tf  U^t  through  the  ether,  and  tbe 
partides  of  those  media  instantly  conae  to  rest; 
but  a  hot  body,  or  a  vibrating  string,  pesists  ia 
its  motions,  which  only  undergo  a  gtBdnal  de- 
cline. If  the  vibratory  molecule  was  in  a  mediam 
of  the  same  density,  it  would  impait  to  it  all  its 
motion  at  once;  and  in  the  same  way  that  a 
heavy-  molecule  gradually  communicates  its 
motion  to  the  ether,  so,  in  its  torn,  does  the 
ether  to  other  systems  of  mokcnk^ — ^Upen 
these  principles  one  may  explain  the  pbenonMoa 
of  phosphorescence.  From  a  shining  body  undn- 
lations  are  propagated  in  the  etho*,  and  these 
impinging  on  a  phosphorescent  suriaoe,  Uuvw  its 
molecules  into  a  vibntoiy  movement  Then  in 
their  turn  impress  on  the  ether  nndulatkos ;  bet 
by  reason  of  the  difference  of  its  density,  cooi- 
pared  with  that  of  the  molecules,  they  do  sot 
lose  their  motion  at  coos,  but  it  eontiinies  tm  a 
time,  gradually  dedining  away,  Ad  eeasfaig 
when  the  vir  viva  of  the  molecules  b  exhausted. 
— When  a  phosphorescent  snrihoe  is  exposed  tc 
the  luminous  source,  it  neceasaiily  undcigDcs  a 
rise  of  temperatoie,  and  the  cohesion  of  its  parts 
is  diminished;  but  alter  its  removal  from  that 
source,  as  the  temperature  dfdines  and  hnfia- 
tion  goes  on,  the  cohesion  increases,  and  a  re- 
straint is  put  on  those  motions. — ^Xowlat  the 
phosplionis  have  its  temperature  rused,  and  the 
cohesion  of  its  molecules  thereby  weakened,  and 
the  restraint  on  their  motions  limted.  At  ooee 
they  resume  their  osdllationSy  and  oontinae  them 
to  an  extent  that  heioogs  to  the  tempentiire 
used.  When  this  has  paswd  away,  a  still  h|^er 
temperature  wfll  releaBe  them  onoe  nure,  and 
the  growing  will  be  again  resumed. — ^WhatwooU 
be  the  resi^  if  we  ooidd  cause  the  sur&es  of  a 
mass  of  water,  in  which  cironlar  wav«s  are  rins^ 
and  falling,  to  be  instantaneoosly  coogealed  ?  It 
might  be  kept  in  that  eonditkm  for  a  thooaiNl 
years;  and  then,  if  instantaneously  thawed,  the 
waves  would  resume  their  andent  motteo  from 
the  point  at  wUch  it  was  anested,  and  it  woaU 
now  go  on  to  completion.  So  with  these  phes- 
phort  Exposed  to  a  light  of  suitable  intasaitT, 
theirparti  commence  to  vibrate^  but  the 
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of  thoie  modoot  ib  interposed  with  bjtbeir  oohe- 

sion.    AmpUtude  of  vibimtio&  miut  alwttys  be 

attaeted  by  ODbeeion;  and  if  the  imy  be  ramoTed, 

and  the  teroperatnie  permitted  to  dedine,  tlie 

veMreint  beeomes  greater  end  greater,  and  thej 

paae  mto  a  condition  somewhat  like  that  whioh 

haa  Just  been  illuetimted.     It  mattere  not  how 

long  a  time  may  intervene,  rise  of  temperature 

iriU  enable  them  to  icsune  their  motiona — These 

prinoipleB  give  ns  an  explanation  of  ail  the  heU 

we  observe.    We  see  how  it  is,  that  as  we  ad- 

Tanoe  from  one  tempentnre  to  anotheiv  the  phoe- 

pboras  will  resome  its  glow ;  and,  that  there  is, 

as  it  were,  for  eveiy  degree,  a  certain  amount 

of  Tibmtorj  movement  that  can  be  aooomplialied, 

or,  to  use  a  different  phrase,  a  certain  amount  of 

light  which  can  be  set  free.    It  alio  necessarily 

IbUows,  that  diffisrent  solids  will  dispUy  these 

motions  with  diflbrent  d^grtes  of  fiuality,  and 

hence  shine  ibr  a  longer  or  shorter  time,  and 

with  Hgfat  of  diffisnnt  intensities.-~Bnt  in  liquids 

and  gases,  which  want  that  particular  condition 

of  oobssaon  which  is  characteristic  of  the  solid 

state,  and  whose  parts  move  freely  among  eadi 

other,  phosphorescence  cannot  take  place,  for  it 

depends  on  the  influence  that  coheskm  has  had 

In  restraining  thevibratory  movements.  Further, 

tlie  condition  of  opacity  does  not  permit  the 

phenomenon  to  be  established.    TIm  provoidng 

ray  cannot  find  aooess  to  disturb  the  interior 

layen  of  tlie  mass,  and  even  if  it  did,  and  pho»- 

pboreeoenoe  ensued,  how  could  we  expect  to  be 

able  to  discsm  it  through  the  impervious  veil  of 

the  superficial  layen?    The  light  of  the  most 

brilliant  phosphorus  cannot  be  seen  through  the 

thinnest  gold  leat     Its  intensity  is  vastly  too 

mnalL     And  tbeee,  therefore,  are  the  reasons 

that  no  one  has  fver  yet  succeeded  in  detecting 

plMspborescence  in  metals  or  black  bodies.    It 

will  be  gathered  from  this  explanation,  that  I 

am  led  to  believe  that  all  the  facts  of  phosphor- 

eecenoe  can  be  toDj  explained  on  the  prindite 

of  the  communication  of  vibratory  motion  through 

the  ether;  that,  as  when  that  theory,  an  £- 

candescent  body,  maintained  at  incandescence, 

would  eventually  compel  a  cold  body  in  its 

presence  to  come  up  to  its  own  temperature,  by 

making  its  psitides  exerdss  movement  like  those 

of  its  own,  to  the  sunshine,  as  the  flash  of  an 

electric  shock  compels  a  vibratory  movement  in 

the  bodies  hi  which  its  nys  frdl ;  that  these 

movements  are  interfefed  with  in  the  case  of 

solids,  but  that  they  are  histantly  established, 

and  almost  as  instantly  oease,  in  the  case  of 

gases  and  liquids ;  that  reducing  the  cohesioa  of 

a  solid,  by  raising  its  temperature,  permits  a 

resumption  of  tlie  movement;  and  that  the  con- 

ditioo  of  opacity,  cither  mdantie,  or  otherwiee,  is 

a  bar  to  the  whole  phenomenon." 

PhotofpilvMMcrBphy.  Those  who  are 
fomiliar  with  the  expensive  nature  of  the  ma- 
terials used  in  common  photographic  printing  on 
paper  embued  with  a  sensitive  sab  of  silver,  and 
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with  the  tedious  series  of  washings,  fixings,  and 
toning  processes,  necessary  before  the  finished 
pictora  is  produced,  will  at  once  appreoiate  the 
value  of  any  invention  which  promises  to  pre- 
serve the  truthfulness  of  the  photographic  delinea- 
tion, and  at  the  eame  time  to  multiply  the  im- 
pressions by  the  same  species  of  prhiting  as  is 
now  used  for  common  engravings  such  a  pro- 
cees  is  that  named  Photogalvanpgraphy,  by  its 
inventor,  Mr.  Paul  Pretsdi  of  Vienna.  At  a  time 
when  it  is  beginning  to  appear  that  the  eilver 
deposits,  of  which  the  common  pliotogmphs  con- 
sici,  are  suliject  to  fade,  and  in  many  esses  en- 
tirely to  disappear  through  the  action  of  causes 
difficult  to  discover  and  still  more  difficult  to 
prevent,  this  new  invention,  which  substituiss 
printer's  ink  for  silver,  is  of  double  valne.  Mr. 
Pretsch,  while  superintending  the  Imperial  Print- 
ing-office at  Tienna,  it  would  appear,  has  also 
been,  for  many  years,  devoting  much  time  to  the 
art  oif  photography.  During  some  experiments 
on  the  difiersnt  substances  which  might  be  used 
as  the  vehicle  of  the  sensitive  materials,  he  was 
led  to  obeerve  the  singnlar  efiects  which  light 
produces  on  gelatine^  which  has  been  mingled 
with  the  bkhromate  of  potash,  and  iodide  of 
silver.  These  efliKets  may  be  doBcribed  thus: — 
When  a  plate  of  giass,  coated  with  aqueous  solu- 
tion of  gelatine  to  which  has  been  added  bichro* 
mate  of  potash  and  iodide  of  silver,  is  allowed 
to  dry,  and  afterwards  covered  with  any  snrfoce 
unequally  transparent,  and  exposed  to  light,  the 
gelatine  film,  on  the  parts  where  the  light  has 
acted,  is  bund  to  have  acquired  the  property  of 
reeisting  the  action  of  water,  whereas  the  parts 
whidi  have  been  protected  from  light  leadQy 
imbibe  water,  swell  up,  and  present  a  suifscs 
in  relie£  This  raised  part  can  be  rendered 
permanent  and  hard  by  adds  and  varnishes, 
and  might  be  used  directly  ibr  printing  from  by 
inkmg  and  the  action  of  a  press  in  the  ordinary 
way,  although  from  the  plate  bebg  of  c^ass,  and 
the  type,  so  to  speak,  of  gelatine,  great  pressure 
could  not  be  applied,  and  therefore  shaipness  of 
impression  could  scarcely  be  expected.  Pretsch, 
however,  suggests  that  even  by  this  simple  pro- 
cess a  single  impression  in  greasy  ink  could 
readfly  be  got  and  tnmsierred  to  a  stone,  and 
afterwards  multiplied  to  any  extent  by  the  well- 
known  methods  of  lithography.  Instead  of  this, 
however,  which  has  not  been  yet  much  practised, 
the  gelatine  plate  has  a  mould  taken  ffom  it  by 
partUlly  softened  gutta  percha,  so  as  to  pressnt 
a  surfiMS  exactly  resembling  the  original,  but 
with  the  picture  in  the  oppodte  species  of  nliet 
If  a  positive  glass  or  paper  photojgraph,  that  is 
one  in  which  the  lights  are  transparent  when 
kxAed  through,  be  used,  the  depremed  parts  of 
the  gelathie  surfaos  would  correspond  to  these 
lights.  Ttie  gutta  percha  mould  reverses  this, 
and  shows  the  lights  of  the  picture  in  xelSBf|  the 
shadows  behig  the  sunk  parts,  similar  to  a  oooi- 
mott  engraved  copper  plate,  the  picture  bebg  in 
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<tt%/u>,  as  it  is  cdled.    It  is  possible  now  to 
oovsr  it  with  a  film  of  blade  lead  or  odier  ooo- 
ducting  sabstanoe,  ■>  as  to  fit  it  for  the  electro- 
type apparatns.     B7  means  of  the  electrotype  a 
oomplete  cast  of  the  gotu  percha  monld  is  ob- 
tained in  copper,  having  the  parts,  however,  rfr- 
vened,  and  the  shadows  in  reliet    This  might 
be  used  like  ordinary  types  for  tmface  printmg, 
but  it  is  foond  to  be  preferable  agahi  to  pot  this 
plate  in  the  electrotype  bath,  so  as  to  obtafai  an 
intaglio  plate  of  each  thickness  as  to  stand  the 
operations  of  the  printing-press.    In  soch  a  case 
it  is  obvioas  tliat,  throu^  the  whole  of  the  oper- 
ations, the  skill  of  the  engraver^s  hand  has  not 
been  called  faito  requisition,  and  therefore  the 
parity  and  absolnte  truth  of  the  original  photo- 
graph may  be  expected  to  be  preserved.    It  is 
found,  however,  that  hi  some  cases  it  is  prefer- 
able, where  many  impres8i(»u  are  wanted,  instead 
of  employing  an  inUglio  plate  with  the  degree  of 
depth  only  given  by  the  original  swelHng  of  the 
geUtinoos  surface,  to  buOd  up  the  gutta  percha 
mould  with  ooadngs  of  wax  so  as  to  increase  the 
depth,  and  thus  by  sacrificing  a  little  of  the  deli- 
cacy of  detail  to  get  relief  enough  in  the  electro- 
type cast,  to  permit  the  plate  to  be  used  as  hi 
lurikce  printung.  Another  plan,  and  a  somewhat 
fimpler  one,  has  been  successfully  followed  by 
Pretsch,  for  obtaining  the  printing  block.     The 
gelatine  pUte,  aSist  bemg  subjected  to  the  action 
of  light  and  moisture,  so  as  to  give  the  picture  m 
relief,  as  has  already  been  described,  is  haidened 
by  adds  and  varnishes,  and  is  then  covered  by 
plaster  of  Paris,  which  gives  a  mould  from  which 
a  block  in  type  metal  can  be  cast  according  to 
the  methods  of  the  stereot}'per.  This  b!ock,  how- 
ever, has  seldom  the  degree  of  relief  which  would 
be  requisite  for  dean  printing;  and  the  lights 
have  therefore  to  be  cut  away  by  the  tools  of  the 
engraver,  thus  leaving  a  surface  as  high  in  rdief 
as  that  used  in  ordinary  types  for  surface  print- 
ing. IVom  the  outline  which  has  now  been  given, 
ttie  rationale  of  photogalvanography  is  obvious 
enough.    It  depends  on  the  fact,  that  gelatinous 
films,  in  ordbary  drcnmstances,  become  swollen 
when  mobtened,  and  that  certain  chemical  sub- 
stances set  free  trom  thdr  combinations  by  the 
action  of  light,  produce  such  a  hardening  of  the 
geUtine,  tliat  the  imbibition  of  water,  and  the  con- 
xequent  swdling,  is  prevented.    For  this  purpose, 
bichromate  of  potash,  or  chromic  add,  appear  to  be 
the  most  eligible.    The  bichromate,  or  the  diromic 
acid  alone,  have  no  such  efiect,  but  when  acted 
oa  by  light  it  would  seem  that  oxygen  is  set  ttWt 
and  tiiat  sesquioxide  of  chromium  is  produced, 
which,  by  other  experiments,  is  Jknown  to  ha\^ 
tbe  power  to  convert  gdadne  into  an  insoluble 
leather.    Under  the  photographic  picture,  then, 
Ht  the  parts  where  the  light  acts,  this  leather  is 
produced,  and  it  would  seem  that  the  action  can 
bo  so  regulated  by  temperhig  the  time  of  expo- 
^sure,  as  to  reproduce  the  flat  photograph  with  its 
moiM  lights  and  shades,  as  a  sorfkoe  m  relief  and 
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depression  tocfa  as  Is  used  In  tii0  eU  and  hog 
known  methods  of  printing.  The  Bnabcr  of 
oofdes  of  the  original  photograph  whidi  en  dm 
be  readily  and  cheaply  prodnoed  is  rnilnaitid,  ss 
the  dectrotyper  or  thestereotyper  cu  snpfily  M]r 
quantity  of  platea.  This  new  art,  which  depadi, 
as  its  name  indicates,  on  both  pimtographj  ad 
galvanism,  die  one  for  prododog  the  o^glDiI 
picture,  and  the  other  for  the  depoatioa  of  tis 
electrotype  plate,  is  but  in  its  in&nqr.  Dift- 
eolties  have  been  met  with  in  seeoring  ths  ad- 
formity  of  snrfiMS  required,  and  it  has  bea 
foond  necessary  to  cdl  in  the  aadstinwe  of  tbe 
engraver  In  perfecting  the  plates  for  printai^ 
Future  diseoveties  will  no  denbt  remedy  tiieie 
defects.  Mr.  Fox  Talbot  in  England,  and  Pdl- 
evin,  Rossean,  and  Mnsson,  in  Paris,  are  knom 
to  have  been  engaged  for  some  time  00  siadar 
reseszdies,  and  it  ironld  seem  with  marked  soe- 
oeas.  Pretsch,  however,  has  been  the  lint  to 
make  publie  Us  proceeMS,  and  lie  Is  thos  nost 
Justly  entitled  to  the  palm  of  the  discoverer.  For 
infonnadon  regardfaig  the  ordiaaiy  pbotograpUe 
printing,  tbe  reader  is  lofened  to  CauiTTPi^ 

COLLODIOH,  Ac. 

P«l7B«BM.  Referenee  has  been  mads  in 
the  earlier  portion  of  the  book  to  an  article  onder 
this  dtle,  in  wliich  the  author  designed  to 
duddate  some  btereetiog  specalatiops  of  the 
hi^er  geometry.  He  was  never  ahle  to  cany 
out  his  intention.  The  reference  was  printed  off 
before  it  was  discovered  that  the  blank  tins 
left  inhiswork  eonld  not  be  fiOed  vpbjolhc 
liands. 

P«ll«7*  ThroBgfa  oversight,  a  noCiee  of  Hds 
dmplest  of  the  medianlcal  powen  has  been 
omitted  in  our  text  B^gardii^  the  pollej  ab- 
stracdy,  whether  in  its  dmpleor  6oaipodtestat% 
whether  as  a  combination  of  simple  palleya  or  in 
blocks  or  sheaves,  it  is  easy  to  form  a  onnesptinn 
of  the  prindpkT  of  its  power.  A  single  fixed 
pulley  affords  no  atecktmioal  oAwiitope,  as  the 
tension  of  the  oord  being  at  aU  points  tlie  aaoM^ 
tbe  power  must  be  equal  to  the  rssistaaea.  A 
dngle  moveable  pulley,  on  the  other  hand,  will 
afford  an  adwmiag^  of  3  to  1,  as  the  reeistaBoe 
is  distributed  equally  on  two  folds  of  the  oord, 
the  one  of  whfch  transmits  its  load  to  a  fixed  sup- 
port, and  tlie  other  alone  is  acted  on  by  the 
power.  If  there  are  two  moveable  polkja,  ths 
odvamiageirQl  be  4,  astlierearefoar  folds  of  the 
cord,  and  eadi  fold  sustains  a  fowth  part  of  ths 
reebtanoe — three  parts  of  wluch  are  tranMnilted 
to  the  fixed  support,  the  remaining  fovth  part 
alone  bdng  taken  up  by  the  power.  By  ths 
same  rsasoning  it  is  proved  that  three  mowaUe 
pulle\*s  will  give  an  advantage  of  6,  and  » 
aUe  pulleys  an  advantage  of  2  ik  In 
systems  of  pnllejs,  when  the  onrd  Is  not 
tinuoaa,  this  fonnula  for  the  advantage  wiD  not 
apply;  but  in  all  caass  the  woriL  done  hf  ths 
power  must  be  equal  to  the  worit  uvqcuine  fa 
tbe  resistanoe. 
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•cEPew*  or  9cr«w  Pr*p«ll«r»  a  name  g«Be- 1 
nlly,  although  improperly,  given  to  all  the  forms 
of  diipe'  propeUen  which  have  any  resemblance 
to  a  true  screw.    It  is  osoally  placed  at  thestem 
of  the  vessel,  sometimes  at  the  bow,  and  always 
under  water.     The  art  of  propelling  ships  by  tLis 
moans  was  ill  onderstood,  and  made  little  pro- 
gress till  Mr.  Francis  Smith,  along  with  others, 
In  1840,  showed  its  suoeessful  application  in  the 
steamer  Archimedes,  a  vessel  of  aboat  240  tons 
and  90  horse  power.    The  propeller  originally 
used  was  a  tme  screw,  the  blade  of  which  made 
one  convolution  on  the  axis.    This  was  aftei^ 
wards  altered  to  two  blsdcs,  making  half  a  coO' 
volution;  and  latterly  it  was  found  that  the  best 
results  were  obtained  when  eadi  blade  made  only 
a  rixth  of  a  convolution.    The  British  Govern- 
ment, alter  satisfying  themselves  of  the  success 
of  the  experiments  on  board  the  Archimedes, 
introdnoed  the  screw  propeller  to  the  Navy, 
where  its  advantage  over  the  paddle  or  side* 
wbed  became  speedily  so  apparent,  that  its  gene- 
ral adoption  was  the  result    The  great  naval  re- 
view at  Portsmouth,'  o  1856,  showed  the  extent 
and  variety  of  its  application  to  the  great  line-of- 
battle  ships  of  120  guns,  to  the  little  high  pres- 
•nrs  gun-boats,  and  to  the  floating  batteries, 
with  their  thick  iron  armour.    The  adoption  of 
the  screw  propeller  in  the  merchant  service  was 
mors  gradual,  as  it  was  generally  thought  that 
the  same  amount  of  speed  could  not  be  got  with 
the  screw  as  with  the  side-wheels.     The  con- 
atmction,  however,  of  the  steam-yacht  Fire  Queen, 
Ibr  Mr.  Thomas  Ashton  Smith,  and  of  the  Queen's 
yadit  Faiiy,  proved  that  great  speed  was  obtain- 
able from  screw  propellers,  without  the  expendi- 
tore  of  more  power  than  the  paddle-wheels  re- 
quire ;  Ibr  both  these  vessels  were  at  lesst  as  fast 
as  the  fastest  paddle  vessels  of  their  size.  The  mer- 
chants are  now  satisfied  of  its  great  advantages, 
especially  for  caigo  vessels,  and  its  adoption  is  all 
butgenoaL  The  efficiency  of  propellerB,  the  reUr 
tion  between  the  power  expended  upon  them  and 
the  useful  work  they  produce  in  propdUng  vessels, 
la  found  to  vaiy  with  their  immerBion  or  the 
depth  of  water  above  them.    Their  diameter, 
and  the  pitch  or  distance  between  the  oonvo- 
lutioos  of  each  Uade  being  the  same,  the  further 
the  screw  Is  immersed  the  more  effsotive  it 
becomes;^ a  fiict  observable  in  those  screw 
vessels  which,  especially  when  lightly  laden,  are 
sailed  with  so  much  more  of  the  body  of  the 
▼easel  out  of  the  water  forward  than  aft,  or,  as 
it  happens,  drawing  so  much  more  water  aft 
than  forwaird:  Mr.  6.  Kennie  proved  the  in- 
creasing efficiency  with  the  depth  on  a  model 
aerew,  about  18  inches  diameter:  the  results 
of  his  experiments  were  laid  before  the  Britiah 
AtH^MTSflt*^  at  Cheltenham  in  1856.    It  is  stated 
by  some  authors,  and  believed  in  by  many 
makers  of  vessels,  that  a  screw  of  large  diameter, 
extending  troia  the  keel  to  the  surfisoe  of  the 
water,  or  It  may  be  above  it,  is  mota  effective 
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than  any  smalkr  screw  upon  the  same  vessel; 
but  this  requires  more  proot  before  It  can  be  ac- 
cepted as  true;  for  many  facts,  obtained  trom 
very  soocessful  screw  vessela,  lead  to  the  bdief 
that  a  smaller  screw,  immerwd  Just  so  far  below 
the  surface  as  not  to  take  down  air  in  its  nvdLa- 
tions,  and,  ta  it  were,  chum  the  water.  Is  more 
effective  than  a  larger  one,  which  takes  down  air, 
and  makes  a  great  commotion.    Had  Mr.  Rennie 
tried  screws  of  different  diametere  in  his  experi- 
mental apparatus,  it  Is  probable  he  would  have 
discovered  the  relationship,  if  any,  between  IIk 
diameter  of  a  screw,  on  a  vessel  having  a  given 
dnught  of  water,  and  its  immersion  below  the  sur- 
face, which  would  give  the  maximum  effidenc}'. 
— The  pitch  has  great  inffueoce  upon  the  effi- 
ciency of  the  propeller.    1 1  is  clear  that  if  It  were 
infinitely  small,  there  would  be  no  motion  com- 
municated to  the  vessel  in  the  direction  of  the 
axis  of  the  propeller ;  the  whole  force  of  the  en- 
gine would  be  spent  In  giving  the  water  which 
adhered  to  the  propeller  (now  a  disc)  a  motion 
at  right  angles  to  that  axis.    And  if  the  pitch 
were  infinitely  great,  the  blades  would  be  parallel 
with  the  axis ;  there  would  therefore  be  no  motion 
in  the  direction  wished.    The  power  of  the  engine 
would  be  spent,  as  before,  in  giving  motioo  to 
the  water  at  ri^t  angles  to  the  oourre  wanted. 
Between  these  two  infinite  pitches,  however,  there 
is  an  infinite  nnmber  which  would  make  the  vessel 
advance,  and  some  one  of  that  infinite  number 
most  be  the  most  efficient    But  although  this 
most  efficient  pitch  has  not  been  determfaied  for 
any  vessel,  and  probably  csnnot  be  determined 
on  account  of  the  troubk  and  expense  attending 
snch  trials,  it  appean  that  the  most  snooessful 
results  have  been  obtained  with  screw  propellere 
whose  pitch  is  about  equal  to  the  diameter.    The 
present  fiuhlon,  however,  of  driving  screw  pro- 
pellera  direct  finom  the  engine,  with  the  inter- 
vention of  large  cog-wheel  and  pinion,  (fonneriy 
used  to  increase  the  revdutions  of  shwt-pitched 
propellerB),  rendera  these  short  pitches  nearly  im- 
practicabk,  on  aoooont  of  the  injorions  speed 
at  which  the  engine  itself  requires  to  go ;  and 
much  longer  pitches  are  consequendy  used  with 
snch  engines.      It  is  therefore  an  Important 
question  for  those  interested  in  the  sailing  of 
screw  vessels,  what  are  they  to  gain  by  having 
a  direct  acting  engbe?  and  what  will  they  lose 
In  consequence  of  being  oUiged  to  adopt,'in  all 
probability,  a  lees  efficient  propeller? — In  power- 
ful sailing  ships,  making  voyages  that  extend 
through  calms  to  periiaps  a  half  the  cireumfor- 
enoe  of  the  globe,  it  is  possible  that  the  most 
economical  results  may  be  obtained  fh>m  a  high 
pressure  engine;  for,  as  it  can  be  driven  fkut 
enough  tor  the  most  efficient  screw,  the  smaller 
eflkiency  of  engine,  added  to  the  greater  effidenc}' 
of  the  short-pitched  screw,  may  be  more  efficient 
than  a  more  eooncmical  condensing  engine,  acting 
upon  a  longer  pitdied  screw.    For  works  on  the 
subject,  see  Tr(Mde  tUiUce  Propulsive,  l^  £. 
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?ari8,  Boarne;  Habtetd,  Rawton,  Atherton,  Ac., 
on  the  Screw  Propeller. 

flMcMM.  Comparison  of  the  reealt  of  lleBsn. 
FairlMim  and  Tata's  experiments  on  the  density 
of  steam,  with  those  of  the  theoretical  formula 
(26  b),  giyen  in  page  848,  Hbat,  Mbohahical 
AcnoH  OP. 
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JN— i"B»Hgr.  A  close  vessel,  in  which,  by 
the  action  of  heat,  water  is  oonyerted  from  the 
liqnid  to  the  vaporons  condition.  In  Steam- 
Emoivb,  §  2,  is  a  brief  statement  <tf  the  parts 
and  appendagiBs  of  a  steam-bofler.  The  materials 
emplojed  for  steam-boilen  are  steel,  cast-iron, 
wrought  iron,  and  copper.  The  tenacity  of  a  good 
wrought  iron  boiler  plkte  is  about  56,000  lbs.  per 
square  inch ;  tliat  of  a  double  riyetted  joint  about 
34,000,  and  that  of  a  single  rivetted  joint  about 
28,000,  per  square  inch  section  of  plate,  according 
to  Mr.  Fairbaim.  The  tenacity  of  steel  boiler 
plates  is  from  80,000  to  90,000  lbs.  per  square 
inch ;  so  that  they  are  stronger  than  wrought 
iron  plates  hi  the  proportion  of  8  to  6  nearly; 
and  the  same  proportion  probably  holds  for  their 
rivetted  joints.  The  tenacity  of  sheet  copper  is 
about  85,000 ;  joints,  18,000.  The  tenacity  of 
cast  iron  of  a  quality  fit  for  boilers,  should  be  at 
least  18,000  lbs.  per  square  inch;  but  this  mate- 
rial is  considered  dangerous  in  Britain.  The  first 
requisite  of  the  boiler  is  strength  sufficient  to 
resist  the  pressure  of  the  steam.  The  ultimate 
strength  of  the  boiler  should  exceed  the  working 
pressure  in  a  ratio  which  is  called  ibejbctor  ^ 
tqfiUjf,  The  foctors  of  safety  employed  in  prac- 
tice range  from  5  to  10 ;  from  6  to  8  may  be 
considered  a  good  medium.  The  only  forms 
suitable  for  safely  withstanding  great  pressures, 
whether  from  without  or  from  within,  are  the 
sphere,  the  cylinder,  and  the  flat  plate  bound 
with  stays. — ^To  find  the  ultimate  strength,  or 
bursting  pressure,  of  a  cylindrical  boiler,  let  T  be 
the  tenacity  of  the  material,  allowmg  for  joints; 
B  the  bursting  pressure ;  r  the  external,  and  r* 
the  internal  ridius  of  the  cylinder ;  then 

Unless  B  is  to  be  very  laige,  a  sufficiently  dose 
approximation  is  given  by  the  formula 

B~T=:i»-hr, 

where  m  is  the  thickness  of  metal.  The  strength 
of  a  hollow  sphere  is  double  that  of  a  cylinder  of 
the  same  radius  and  thickness.  According  to 
Mr.  Fairbahn,  the  flat  ends  of  a  cylindrical  boiler 
Hhould  be  once  and  a-half  the  thickness  of  the 
sides,  and  should  be  stayed  to  each  other  by  bars, 
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ortothesidesby^iMMCs.-  the  fist  smfiMeBofloeo- 
motive  fire-boxes  require  to  be  stayed  by  bohs 
at  every  4  or  5  inches,  screwed  and  rivetted;  tbs 
thickness  of  the  plates  should  be  at  least  one-hslf 
of  the  diameter  of  the  bolts:  the  tenacity  efinB 
bolts  is  60,000  Ib^  per  square  inch;  that  of  esp> 
per  bolts  86,000.  CyliBdrical  wrM^tiroafMk 
pressed  from  widiout  by  the  steam,  fend  to  gifs 
way  by  oollapsing;  and  the  working  pRBBmc 
should  not  exceed  one-sixth  of  the  ooDapa^ 
pressure.  It  has  been  found  by  Ifr.  FaiitaBi 
(PkiL  Trant^  1858)  that  the  fcrilowmg  feraiak 
gives  approximatdy  tlie  ooUi^mng  pnmanp^  m 
lbs.  on  the  square  inch,  of  a  pUte  iiob  floe,  when 
length  I,  diameter  d^  and  tUckneaa  <;  are  aH  ex- 
prened  mtk»$(uneimiiitqfmeatmrtt — 

p  =  9,672,000  f-^ld. 

As  the  resistance  of  flues  to  coHapee  depends 
very  much  on  their  being  exactly  cylindriesl, 
Mr.  Fairbaim  recommends  that  they  shoold 
be  made,  not  with  lap  joints,  like  hoSia  alwIK 
but  with  butt  joints  and  covering  sCripsw  Mr. 
Fairbaim  having  strengthened  tabes  by  rivet- 
ting  round  them  rings  of  T-iron,  or  aqg^  iroB, 
at  equal  distances  apart,  flnds  that  their  strength 
is  that  corresponding  to  the  ki^thjrom  rmg  io 
ring, — To  provide  a  suffident  exit  for  steam, 
the  area  of  the  safety-valve  should  be  at  least 
0*006  square  inch  for  each  pound  <^  watff  eva- 
porated per  hour.  Care  should  be  taken  tliat 
the  weakest  part  of  a  boiler  Is  that  whose  burst- 
ing would  cause  least  damage.  Tlie  exodlenoe 
of  the  furnace  and  boiler  oon^ts  in  evaporadng 
the  greatest  quantity  of  water  possible  with  a 
given  quantity  of  fuel ;  and  the  ratio  of  the  heat 
communicated  to  the  water  to  the  whole  beat  of 
combustion  of  the  fhel  may  be  called  the  J|^ 
cimcy  of  Ike  FkgrnoGe  and  Boiler,  The  foOo«iEi|( 
are  some  examples  of  the  total  heat  of  eombaa- 
tion  of  one  pound  of  difierent  kinds  of  Ind.  ex- 
pressed in  thermal  units,  and  also  in  foot-pounds. 

TlMRBal  Uaiu.  Tiinl  rpwih. 

Hydrogen. fiSOSS  47,88H,70* 

Porecsrbon. 14500  11.ISM0O 

OlefiaotgaiL 31344  16L4n,568 

""sMsS^r?:}    »««>    >*«««• 

Sulphur 400O  3L08MM 

Coal  and  coke,  varioosl  from  1400O  13.393.090 

kinds. J  to  10000  7,730,060 

Wood,  average-. OOOO  4,68i;«0 

The  oKxUabU  heat  qfeombtutiom  fiUb  abort  of  the 
total  heat  by  loesss  from  the  following  eaises : — 
I.  Evaporating  moisture  from  the  foeL  2.  Ex- 
ternal conduction  and  radiatioD.  8.  Imperfect 
combustion.  4.  Heating  gases  which  ascend  ths 
diimney.  The  available  heat  of  oombostian  b 
usually  determined  by  asoertainiQg  the  quantity 
of  water  at  212^  evaporated  by  one  pound  ef 
fbeL  At  this  temperature,  each  pound  of  water 
requires  for  its  evaporation,  966  thermal  unitB, 
equivalent  to  966  x  772  =  745,792  It-Oa.  L 
Loss  of  heat  by  evaporatiQg  moisture  fiun  Ifas 
friel  is  avoMed  by  using  d^  ftieL  2.  Lose  by 
extemal  oondiiotion  and  ndlation  Is  poftremed 
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bj  dodiing  Um  ftmace  with  eonoentric  sheUs  of 
brickwork ;  by  constnictiDgthe  hoSkae  so  that  the 
fomaoo  is  oontalned  within  it,  and  by  dothtng 
the  boilflr,  as  ibirmerly  mentioiied  (Stbax  £n- 
oorB>  8.  Loss  by  imperfeet  oombnstioii  is  pre- 
vented by  so  oonstnctiiig  the  fnmaoe,  and  so 
miftflgirg  the  fire^  as  to  maintain  a  regalar  and 
oopions  supply  of  air  to  all  parts  of  the  bmning 
ftieL    The  qoantky  of  aur  chemioaify  necessary 
for  the  combostion  is  about  12  lbs.  for  each  pound 
of  fuel;  and  Mr.  C.  W.  Williams  has  shown, 
that,  in  order  to  dilute  sufficiently  the  products 
of  oombostion,  double  that  quantity  of  sir  oug^t 
to  be  supplied: — ^that  is,  24  Ibe.  of  air  per  lb. 
of  fueL    The  VQlumes  occupied  by  this  air  at 
atmcspheric  prannre,  and  at  vailous  tempera- 
tures, are  as  fdUows:— 
Tempentun ...........  839  212   88S   6d2    I83S 

^!!S2f^?**^  **'''' 1  »»    *10    619    683    1806 

A  supply  of  air  exceeding  this  increases  too 
much  the  loss  of  heat  up  the  chimney.  Thorough 
combustion  of  the  fiid  is  indicated  by  the  absence 
of  smoke,  and  of  flame  in  the  chimney.  It  is 
insured  chiefly  by  having  a  large  grate,  over 
which  the  fuel  is  thinly  and  equably  spread,  and 
large  flues  and  chimney ;  by  supplying  fuel  fre- 
quently, and  in  small  quantities  at  a  time,  and 
spreading  it  well  (operations  which  require  a 
otfeful  and  oonsdentious  fireman) ;  and  by  various 
special  contrivances,  too  numerous  to  describe,  for 
aidmitting  and  distributing  air.  In  marine  en- 
gines, and  still  more  in  locomotive  engines,  it  is 
impracticable  to  have  so  Urge  a  grate  as  is  at- 
tainable in  stationary  engines,  and  careful  firing 
therefore  becomes  of  increased  imp(Mrtanceb  4. 
Loss  of  heat  carried  off  by  the  gases  which  as- 
cend the  chimney  is  prevented  by  having  a  large 
surface  for  the  conduction  of  heat  fh>m  the  flame 
to  the  water  in  the  boiler.  In  stationary  engines, 
this  can  be  attained  by  haying  a  large  boiler 
traversed  by  long  and  large  floes-,  but  in  ma- 
rine engines,  and  stiU  more  in  locomotive  engines, 
it  is  impracticable  to  use  large  boilers,  and  there- 
fore in  them  a  great  heating  sorflMe  within  a  small 
space  is  obtained  by  sending  the  flame  through 
a  great  number  of  small  parallel  tubes,  which 
traverse  the  water  in  the  boiler.  Tubular  boilers 
are  also  used  in  some  stationary  engines.  In  a 
few  boilers,  the  water  is  inside  the  tubes,  and  the 
flaoM  outside.  The  following  table  gives  some 
examples  of  the  dependence  of  the  efficiency  of  a 
boiler,  (that  is,  the  retio  of  the  available  to  the 
total  heat  of  combustion),  upon  the  area  of  grate 
and  of  heating  sutfaoe. 


ConWiMid 
LoRl  OandgnahrB.  Ttolwlar 


0^2S        0iB3 
to  0<»  to  O-Olift 


Areaofgiatelnsqaaro^      iwi 

feet  per  lb.  of  ftael  per  > 

boor.......... —3 

itreaofheatingiorfiioe,!  •««•«• 

Siss^sar-!^..^]  *"**  •-'*  -IKS? 

Efflelea<7 ............. f    ^^^    ^^       ^^ 


STE 

The  nature  and  thickness  of  the  metal  of  the 
flues  and  tubes  has  no  hifloence  appreciable  in 
pittctice  oo  the  efficiency  of  the  fiimaoe  and  boiler. 
The  folk>wfaig  table  shows  the  availabk  h$td  r/ 
oombwtUm^  of  one  lb.  of  vaiioos  kinds  of  coal,  as 
ascertained  by  the  experiments  of  Sir  H.  De  la 
Beche,  and  Dr.  Lyon  Playfair,  on  a  boiler  whose 
efficiency  a^^MacB  to  have  been  about  0*8  or  0-75. 


Unhik 

Anthracite 10000  to  9000 

Welsh  ..........10000  to  7000 

Lsneadilre. 9000  to  8000 

Newcastle 9000  to  7000 

Scotch. ........  8000to7000 


7,790,000  to  8,948.008 
7.730,000  to  8,401.000 
8.948.000  to  4,832,000 
8,948,000  to  8,404.000 
8,176,000  to  6,404.000 


YnfOL  most  boflers  a  certain  qnanti^  of  water  19 
carried  into  the  cylinder  hi  the  liquid  state: — 
this  is  caUed  fnimSng,    The  exact  amount  of 
priming  has  not  in  any  case  been  ascertained, 
owhig  to  the  difficulty  of  distinguishing  betweeo 
the  water  so  carried  over,  and  that  produced  by 
liquefiictkm  of  the  steam  in  the  cylinder.    The 
feed-pump,  in  land  engines,  supplies  Arom  1^  to 
2  times  the  water  actuidly  effective  ip  driving  the 
engine,  the  excess  providing  for  loss  by  priming 
and  by  escape  at  the  safety  valves.    In  marine 
engines,  the  brine  diwharged  fimm  the  boiler  has 
also  to  be  provided  for.   The  brine  pomps  should 
not  be  less  than  )■  of  the  capacity  of  the  fbed 
pumps,  m  cider  that  the  brine  hi  the  boiler  may 
never  be  more  than  treble  the  strength  of  sea- 
water.    BoUers  are  liable  to  beoome  encrasted 
inside  with  a  hard  deposit  of  the  minerals  con- 
tained in  the  water.    The  most  usual  deposit  is 
carbonate  of  lime ;  this  can  be  prevented  by  dis- 
solving sal-ammoniac  in  the  water;  fbr  that  salt 
and  the  carbonate  of  lime  are  mutually  decom- 
posed, producing  carbonate  of  ammonia  and 
chloride  of  caildnm,  of  which  both  are  copiously 
soluble  in  water,  and  the  former  is  volatile.    In 
some  cases  the  deposit  is  prevented  fbom  harden- 
ing by  diffiumg  some  £arinaoeons  substance  in 
the  boiler,  such  as  potatoes;  but  this  is  a  clumsy 
proceeding,  and  apt  to  lead  to  corrosion  or  over- 
heating oif  the  plates.  ~-£iqpJoiftbiis  of  steam 
boilflrs,  so  fiur  as  they  are  understood,  arise  and 
are  to  be  prevented  in  the  following  manner: — 
1.  From  original  weakness:  this  cause  is  to  be 
obviated  by  due  attentkm  to  the  laws  of  the 
strength  of  materials  in  the  designing  and  oon- 
strucdon  of  the  boiler.    The  general  prindpleo 
to  whidi  those  laws  lead  have  been  sketdied  at 
the  beginning  of  this  article.    2.  From  weakness 
prodund  by  gradual  oonos&on  of  the  material  of 
which  the  boUer  is  made. — This  is  to  be  obviated 
by  frequent  and  careful  inspection  of  the  boiler, 
and  especially  of  the  parts  exposed  to  the  direct 
action  of  the  flrsu    8.  From  wilful  or  accidental 
obstruction  or  overloading  of  the  safety-valvek — 
Thb  is  to  be  obviated  by  so  constmctiog  safbty- 
valves  as  to  be  incapable  of  accidental  obstmo- 
tion,  and  by  placing  at  least  one  safety-valve  on 
each  boiler  beyond  the  control  of  the  enginwnan. 
4.  From  the  sodden  production  of  steam  of  a 
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pnMore  greater  than  the  boiler  can  bear,  in  a 
quantity  greater  than  the  eafety-valve  can  dia- 
chaige.  There  is  macih  difierence  of  opinion  ae  to 
some  points  of  detail  in  the  manner  in  wliich  this 
phenomenon  is  produoed;  bnt  there  can  be  no 
donbt  that  its  primary  causes  are,  first,  the  over- 
heating of  a  portion  of  the  plates  of  the  boiler, 
(being  in  most  cases  that  portion  called  the 
croum  qf  ihejumace^  which  is  directly  over  the 
fire),  BO  that  a  store  of  heat  is  accnmnlated; 
and,  secondly,  the  sndden  contact  of  snch  over- 
heated plates  with  water,  so  that  the  heat  stored 
np  is  suddenly  expended  in  the  production  of  a 
large  quantity  of  steam  at  a  high  pressure.  Some 
engineen  hold,  that  no  portion  of  the  plates  can 
thus  become  overheated,  unless  the  level  of  the 
smfaoe  of  the  water  sinks  so  low  as  to  leave  that 
portion  of  the  plates  above  it,  and  uncovered ; 
oihets  maintain,  with  M.  Boutigny,  that  when 
a  metallic  sur&ce  is  heated  above  a  certain  ele- 
vated temperature,  water  is  prevented  from  ac- 
tually touching  it  either  by  a  direct  repulsion,  or 
by  a  film  or  layer  of  very  dense  vapour;  and 
that  when  this  has  once  taken  place,  the  plate, 
being  left  dry,  may  go  on  accumulating  heat  and 
rising  in  temperature  for  an  indefinite  dme,  until 
some  agitation,  or  the  introductton  of  cold  water, 
shall  produce  contact  between  the  water  and  the 
plate,  and  bring  about  an  explosion.  All  au- 
thorities, however,  are  agreed,  that  explosions  of 
this  class  are  to  be  prevented  by  the  following 
means : — 1.  By  avoiding  the  forcing  of  the  fires, 
and  the  making  of  the  boiler  to  produce  steam 
faster  than  the  rate  suited  to  its  size  and  surface. 
2.  By  a  regular,  constant,  and  sufficient  supply 
of  foed-water,  whether  regulated  by  a  self-acting 
apparatus,  or  by  the  attention  of  the  engineman 
to  the  water-gauge;  and,  8,  should  the  plates 
have  actually  become  overheated,  by  absUuning 
from  the  sudden  introduction  of  feed- water  (which 
would  inevitably  produce  an  explosion),  and  by 
drawing  or  extinguishing  the  fires,  and  blow- 
ing off  both  the  steam  and  the  water  from  the 
boiler.    For  authorities,  see  Stbax  Engine. 

Slere«ac«|pe  Tdcaoople*  A  new  form  of 
the  Stereoscope  recently  imagined  by  Mr.  EUiot. 
The  following  is  his  own  description  of  it:— **  The 
object  of  the  Telescopic  Stereoeoope  is  to  unite 
large  binocular  photcj^phs  in  a  difierent  way 
from  that  in  which  Professor  Wheatstone's  instru- 
ment does  so,  and,  as  I  think,  a  much  superior 
way.  It  is  done  by  means  <tf  two  small  tele- 
scopes, with  the  lines  of  their  axes  crossing  each 
other,  so  that  the  right  hand  picture  is  seen  with 
the  left  eye,  and  vice  verta.  The  pictures  also 
are  placed  in  a  different  order  from  that  which 
they  take  in  the  common  stereoscope,  the  right 
and  left  hand  pictures  interchanging  places. — 
When  the  instrument  is  on  a  stand,  several  ad- 
justments are  necessary.  These  require  a  little 
trouble;  and  unless  they  are  all  carefully  at- 
tended to,  the  eflfoct  isnot  fully  brought  out;  but 
the  trouble,  when  takin,  is  well  repaid,  as  the 
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effect  is  exqnisita.  The  bonglia  of  the  kavtkiii 
tree  hing  so  loose  and  airy,  yon  would  thakypa 
could  gather  the  haws  from  it. — When  the  issKia- 
ment  is  intended  to  be  held  in  the  haad,itb 
simpler,  being  then  nothing  moie  than  an  efioa* 


glass,  with  its  axes  conveiging. 
artist  may  periiaps  make  an  InstramcDt  to  89\y 
both  purposes.** — Conflicting  views  having  been 
taken  in  connection  with  Mr.  EUiot's  name  rtgu^ 
ing  the  invention  of  the  stereoscope,  we  publlsb  the 
following  letter  from  himsdf^  ao  that  these  nay  be 
set  wholly  at  rest,  and  his  name  and  merits  be 
disentan^ed  ttom  controversy.  Mr.  EOioc  has 
long  been  closely  related  by  the  best  tiea  of 
friendship  to  the  Editor  d  this  volome ;  nor 
any  doubt  rest  on  the  sligfatest  of  his 
Certainly,  last  of  aU,  is  he  to  detract  from  the 
incontestable  merit  of  Professor  Wheatatoae.' — 
*' Edinburgh,  22d  December,  1856.  The  state- 
ment of  tictB  given  by  Sir  David  Biewvler  in 
his  volume  on  the  stereoscope,  and  in  the  JVa- 
HontU  Moffosme,  was  supfjied  by  myatU,  at 
his  request,  and  I  am  responsible  for  its 


rscy ;  bnt  from,  first  to  lairt  I  have  naiBtaincd 
that  I  have  no  dalm  whatever  to  make  tmmt 
Professor  Wheatstone,  and  have,  in  tut,  pnb- 
Ifcly  and  privately,  as  oAan  aa  I  have 
asked,  conceded  eveiything  to  him.  By  n 
ence  to  my  letter,  in  the  PUlotopkieal  lfiya> 
zme  for  May,  1852,  it  will  be  aeen  that, 
when  I  believed  tiiat  my  Instmmcnt  wai 
many  yean  before  Ua,  I  oomidered  that  I  had 
forfdted  every  daim  in  conaeqnenee  of  not  hav- 
ing made  known  my  Inventiao  except  to  one  or 
two  frienddL  As  soon  as  I  learned  the  date  of 
Wheat8tone*s  invention,  which  occuiied  three  or 
four  weeks  after  the  previoos  letter  was  writtiM, 


U02 


9TE 

I  n^n  reqneited  th«  Editor  of  the  PkHompkieal 
Aiagazme  to  say  80,  and  to  withdraw  every  ap^ 
peonmce  of  daim  on  my  part  ThiB  he  did  in 
the  number  fbr  Jone.  Again  previoua  to  the  late 
dieimte  on  the  snbjecti  finding  my  name  referred 
to,  in  aeyeral  of  the  newspapers,  as  the  inventor 
of  the  instmment,  I  immediately  wrote  a  dia- 
daimer  to  the  QmnuUf  and  two  days  thereafter, 
more  explicitly  to  the  Soottmtm.  I  did  consider 
then,  however,  that  1  had  the  priority,  although 
unimportant,  in  regard  to  the  particolar  form  of 
the  instmment,  which  has  been  designated  as  the 
'Ocular  Stereoscope;*  bot,  sobeeqnently,  when 
Professor  Wheatstone  brought  forward  some  fur- 
ther information,  showing  the  very  early  date  of 
his  first  notice  of  the  sutject,  and  tkai  in  boih 
/arnuj  I  wrote  to  the  Timet,  making  a  still  more 
sweeping  concession  as  to  Wheatstone*s  priority 
in  everything;  but  ezpnssly  denying  that,  either 
In  the  first  conception  or  in  the  sulMequent  oon- 
atruction  of  my  instrument,  I  had  borrowed  a 
single  idea  from  him.  If^  after  my  own  inven- 
tion, I  heard  of  Wheatstone^s  instrument,  it  had 
so  entirely  escaped  my  memory,  that  in  185*2  I 
read  his  description  of  it  with  the  firm  persuasion 
that  it  was  newly  brought  out  I  was  led  to  the 
Idea  of  my  instmment  soldy  finom  having  been 
often  for  years  reverting  to  a  question  on  which 
I  had  formerly  written  an  essay — *  On  the  meana 
by  which  the  eye  conveys  the  knowledge  of  dis- 
tance to  the  mind.'  I  thought,  if  wnSi  are  the 
means,  the  eye  might  be  deodved  by  presenting  to 
it  fictitious  data.  I  weU  recollect  when  the  deter- 
mination first  crossed  my  mmd  to  construct  an 
instrument  for  the  purpose.  It  was  in  walking 
along  a  fbotpath  through  a  com- Add  in  Kent  1 
don*t  know  the  date;  but  as  I  left  Kent  in  1884, 
it  could  not  be  later;  and  I  gave  that  date  to  Sir 
David,  notes  the  actaal  date,  but  as  the /Msferibr 
UwtiL  I  probably  mentioned  my  intention  to  one 
or  two  individuals  at  the  time;  but  of  this  I  am  un- 
certain. Mora  serious  business  pushed  the  purpose 
aside^  and  1  never  resumed  it  till  some  time  pro- 
bably in  1888  (I  gave  1839  agafai  as  the  vUerior 
kmii  firom  predse  date),  when  my  friend,  Mr. 
Adie^  adud  me  to  contribute  a  paper  to  the  Poly- 
technic Institution.  I  proposed  that  subject,  and 
Immediatdy  constructed  the  instrument;  but 
It  gave  him  no  satisfaction,  and  I  laid  it  aside 
for  the  time,  Intending  to  bring  it  out  again  and 
to  improve  it  But  I  dways  regarded  it  as  a  thing 
that  only  a  very  few  would  take  any  interest  in; 
and  such  would  have  been  the  case  with  dl  forms 
of  the  stereoscope,  had  not  photography  come  to 
Ite  rdief^  and  ^ven  it  new  lif^  In  renouncing 
an  daim  to  the  Invention,  in  consequence  A 
Wheatetone*s  priority,  I  may,  however,  make 
one  ezceptbn.  The  first  application  of  the  ste- 
reoscope to  landscapes,  or  to  anything  beyond 
geomslricd  figures,  was  eertamljf  mine;  and, 
Indeed,  I  don't  know  that  I  ever  thought  of  ap- 
plytog  it  to  anything  else  than  landscapes.  Had 
the  lIsMi  dmen  to  publish  my  letter,  It  would 
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probably  have  ended  the  controversy;  but  (**  non 
tieplaemtdeu)y  it  pleased  the  sdd  Timm  rather 
to  let  the  great  men  fight  It  out" 

TlMrai«-Elecivlcli7,  toble  referred  to  p. 

887: 

ELECTRICAL  CONVECTION  OF  HEAT. 

InCadminm  ..PDSItlTa 
BriOT PotttlTe. 

doobtfd.     ItEk  i  «<indPQsltlT& 

Zlno FodtiTSi  sero,  or  uegallTe. 

Gold PoiltlTe,  sero,  ornegsttre. 

SOver PosltlTtt,  muot  or  mgatiye^ 

*v.,i,,_        cIroD  ..... ..Nentlve. 

doottiU.     jNlckel  Probiblj  neKiHre. 

Probablj    CPallsdlom . .  Probably  negatlTSu 
nesiiy  eqoaL  tMereorjr . .  .Negattve. 


iBstrvasaatk  The  notfce  of  this 
instrument,  hitended  for  the  text,  has  been  aod- 
dentaUy  omitted.  It  Is  virtually  an  altitude  and 
azimuth  instrument  of  great  power,  bat  whose 
ioSd  dimensfens  ars  such  that  it  is  quite  port- 
als. The  spedd  charseteristie  of  it  is  this : — 
The  tdesoope,  instead  of  bdng  a  straight  tubs, 
as  is  usual  in  this  country  in  all  such  instm- 
ments,  is  broken  into  two  arms  at  right  angles 
to  each  other.  The  break  is  in  the  middle  of  the 
length  of  the  tube ;  and  at  the  break  a  soldy 
re£ctiog  prism  is  placed,  which  turns  the  rays 
entering  the  object-glass  in  a  rectangular  direc- 
tion. The  eye-pieoe  is,  in  this  way,  placed  at  the 
centre  of  the  dtitude  drde;  and  the  tdescope 
beoomea  free  to  move  through  all  dtitudes.  This 
instrument  is  much  and  very  deservedly  prized 
on  the  continent,  dthongh  comparatively  little 
known  in  Great  Britein.  For  insUnce,  Struve 
has  employed  it  in  all  his  large  surveys.  Ite 
theory  is  not  diflScuIt,  and  its  adjustmente  dmple. 
A  full  account  and  discusdon  of  it  will  be  fbnnd 
hi  Struve's  description  of  the  great  observatory 
at  Ponlkova,  and  indeed  in  every  great  foreign 
treatise  on  Practicd  Astronomy.  Very  fine  in- 
Btmmente  of  this  description  are  made  by  Ertd 
of  Hunid),  and  Bepshold  of  HambuigiL  A  few 
of  them  are  in  this  country. 

TcMtlkulMk— At  the  cloee  of  Hbatiho  or 
Buildings,  page  481,  refiuence  Is  made  to  a 
sequd  to  it,  which  we  had  assigned  to  the  head- 
ing VsirnLATioN.  An  admirable  practicd  essay 
on  this  most  interesting  subject  has  Just  reached 
us  from  Mr.  R.  Bitohie,  Civil  Engineer,  Assoc 
Inst  C.E.L.  (the  author  of  artide  on  Hbatuo), 
which  we  should  most  gladly  have  printed  in 
addition  to  the  generd  notice  in  the  text,  had 
qiaoe  and  the  press  of  time  permitted.  It  oon- 
tdns  so  full  and  scientific  an  aodysis  and  cri- 
ticism of  all  that  has  been  done  and  proposed  on 
this  most  essentid  subject,  that  we  cannot  pass 
the  oppoKunity  of  ezpresdng  the  hope  that  Mr. 
Ritchie  will  extend  it,  and  publish  it  as  a  sub- 
stantive woric.  Mr.  Bicchie  has  alrsady  obtained 
many  distinctions  from  learned  sodetles  on  ao- 
count  of  his  labours  in  this  very  important  field. 
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LOGRAPHY. 

Navigation — Astronomy  and  Meteorology. 
Elementary  Chemistry — ^Light,  Heat,  Electricity,  &c 
Practical    Chemistry — Electro-Deposition,    Photogra- 
phy, Chemistry  of  Food,  <fec. 
The  Mathematical  Sciences — Practical  Geometry,  kc 
Mechanical    Philosophy — Properties  of  Matter,  Me- 
chanics, Statics,  Steam-Engine,  &c. 


Also  issued  in  Separate  Volumes.     Each  Volume  comprising  a  complete  subject. 


Aosted^s  Greology  and  Physical    s.   d. 
Geography,  2     6 

Breen^s  Practical  Astronomy, 2    6 

Bronuer  and  Scoffem's  Chemistry 
of  Food  and  Diet, 1     6 

Bushnan*3  Physiology  of  Animal 
and  Vegetable  Li&, 1     6 

Gore's  Theory  and  Practice  of 
Electro -Deposition, 1 

Imray's  Practical  Mechanics, 1 

Imray  on  the  Steam-Engine, 2 

Jardme's  Practical  Geometry, 1 

Latham's  Varieties  of  the  Hmnan 
Species, 1    6 

Martin's  Photographic  Art,  its 
Theory  and  Practice, 2    6 

Mitchell  and  Tennant's  Crystal- 
lography and  Mineralogy, 3    0 

Mitchell  and  Tennant's  Proper- 
tics  of  Matter  and  Elementary 
Statics, 1     6 

Primary  Atlas  of  Ancient    and 

Modem  Geography, 2    6 

Ditto,  Coloured, 3    6 
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Owen's  Prindpal  Forms  of  the   s.  d. 

Skeleton  and  the  Teeth, 1    6 

Scoffem's    Chemistry    of    Light, 

Heat,  and  Electricity, 3    0 

Scoffern's   Chemistry  of  the  In- 
organic Bodies, 3    0 

Scoffem's  Chemistir  of  ArUfidal 

Light,  Candles,  Gas,  &c., 1    6 

Scoffgm    and    Lowe's    Practical 

Meteorology, 1    6 

Smith's    Botany,   Structural  and 

Systematic, 2    0 

Twisden's    Plane    and   Spherical 

Trigonometry, 1 

Twisden  on  Senes  and  Logarithms,  1 
Young's  Elements  of  Algebra, ....  1 
Young's  Solutions  of  Questions  in 

Algebra,  1    <> 

Young's  Nayigation  and  Nautical 

Astronomy, 2    d 

Young's  Plane  Geometry, 1    C 

Young's  Simple  Arithmetic  and 

its  Applications, 1    0 

Young's  Dynamics,  Hydrostatics,  &c  1    6 
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The  Pablisbere  beg  to  call  the  attention  of  all  parties  interested  in  Edneatiooal 
'to  this  highly  popular  Series  of  Pablicationa.  adapted  as  well  for  the  use  of  Schools  as  lor  the 
Scientific  and  non-professional  Student ;  'which,  from  their  intrinsic  merit  and  noparsTWed 
cheapness,  have  had  a  drculation  far  beyond  that  of  any  similar  class  of  Woita. 
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2.-UNiyERSAL  GRAMMAR. 

3.-L0GIC. 
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5.-EARLY  CHRISTIANITY. 

«.— POLITICAL  ECONOMY. 

7.-HIST0RY  OP  THE  JEWS. 

8.-SACRED  HISTORY  &  BIOGRAPHY. 

9.--GREEK  LITERATURE. 
10.-ANCIKNT  PHILOSOPHY. 
ll.-UNIVERSAL  HISTORY. 
18.-R0MAN  ANTIQUITIES. 
13.— BOTANY. 

14.— ELECTRO-METALLURGY. 
15.-EARLY  HISTORY  OF  GREECE. 
18.-PHOTOGRAPHY. 
17.-VETERINARY  ART. 
1&-BARLY  ORIENTAL  HISTORY. 
19.-HIST0RY  OF  TBI  ROMAN  REPUBUC. 
90.-BIBLICAL  ANTIQUITIES. 
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THIRD  CENTURIES. 
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24.-ROMAN  LITERATURE. 
85.-HI8TORY  OF  THE  ROMAN  EMPIRE. 
as.— DECLINE  AND  PALL  OP  ROME. 
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28.-THE  PHILOSOPHY  OF  THE  FIRST 
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a9.-HIST0RY  OF  THE  OTTOMAN  EMPIRE. 
30.-TRIGONOM  ETR  Y. 
31.-OCCULT  SCIENCES. 
32.-GEOLOGY. 
33.-THE  CHURCH  FROM  THE  FOURTH 

TO  THE  TWELFTH  CENTURY. 
34.-CHRONOLOGICAL  TABLES.    DW.  I. 
35.-CHRONOLOGICAL  TABLES.    Dir.  II. 
36.— MEDIiEVAL  PHILOSOPHY. 
37.-PRACT1CE  OP  MEDICINE. 
38.— GLOSSOLOGY. 
39.-APPLIED  MECHANICS. 
40.-CHURCH  HISTORY  from  THIRTEENTH 
CENTURY  to  PRESENT  DAY. 
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n      /THE  LAW  OP  NATIONS. 
*^""\     AND  DIPLOMACY. 
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PRIME  MOVERS. 
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TORICAL. By  namerooB  Oontnbnfton,  with  Introdnctoiy  Essay  by  Pbofbbsob  Cbeast. 
Htp  and  Plates.    Second  Edition.    Ciown  8vo^  lOa.  6d.,  dotfa. 

IL 
CYCLOPEDIA  OF  UNIVERSAL  HISTORT;  ^xmtaining  Tabular  Views   of  Con- 
temporaneotu  Events  in  all  Ages,    from  the  Earliest  Records  to  the  Present  Time, 
ananged  Chronologically  and  Alphabetically.    Edited  by  Isaiah  M'Bubhst,  B.A^  and 
SAinrsL  Nkzl.    With  Maps.    Second  Edition,  revised.    Poet  Svo^  lOs.  6d.,  doth. 

IIL 

CrCLOPEDIA  OF  UNIVERSAL  BIOGRAPHT;  oontafaung  the  Lives  of  the  most 
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by  numerous  Contributors.  With  150  mustrations.  Second  EditioD,  revised.  Post 
8vo,  lOs.  6d.,  doth. 

IV. 
CYCLOPAEDIA  OF  PHYSICAL  AND  DESCRIPTIVE  GEOGRAPHY;  or,  Gazst- 
TEBB  OF  THJE  WoBLD.    By  Jambs  Bbtob,  M.A.,  LL.D.,  F.G.S.    ICap  and  numerooa 
Plates.    Post  8vo,  12s.  Sd.,  doth. 

V. 
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trations.    Seventh  Edition,  revised.    Poet  8vo,  7s.  6d.,  doth. 

VI 
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Sacraments,  Ceremonies,  &c. — Liturgies,  Creeds,  Confessions,  Monastic  and  ReUgkins 
Orders,  &&,  &c    Edited  by  Pbof.  Eadib,  D.D.,  LL.D.    Post  Svo. 

VIL 
ANALYTICAL     CONCORDANCE     TO    THE    HOLY    SCRIPTURES;     or,    the 
4   Biblb  presented  under  DisniicT  and  Classified  Heads  or  Tofic&    By  Pbofbsbob 
Eadib,  D.D.,  LL.D.    With  Synopsis  and  Index.    Second  Edition.    Post  8vo^  Ss.  6d., 
doth. 

VHL 
CONCORDANCE  TO   THE   HOLY   SCRIPTURES    Condenaed  and  Revised  from 
the  larger  work  of  Cruden,  by  Profbssob  Eadib,  D.D.,  LL.D.     Twentieth  Edition. 
Post  Svo,  5s.,  doth. 

IX. 
DICTIONARY  OF  DOMESTIC  MEDICINE  AND  HOUSEHOLD  SURGERY.    By 
Spbkgeb  Thomson,  M.D.,  L.R.C.S.,  Edinbms^    With  numenras  ffluatraiioos.    ^gfath 
Edition.    Post  Svo,  78.,  doth. 

X. 
CYCLOPAEDIA   OF    CHEMISTRY,    Pbactioal  and  THBOBBncAL;    indnding   the 
Applications  of  the  Sdenoe  to  the  Arts,  Blineralogy,  and  Physiology.    By  BoBBinr  D. 
Thomsok,  M.D.,  F.R.S.,  &c    Second  Edition.    With  nomeroos  Dlustzatians.    Peat  Svo, 
8s.  6d.,  doth. 

XI. 
CYCLOPiBDIA  OF  THE  PHYSICAL  SCIENCES;  oomprishig  Aoonstics,  Aatzononiy, 
Dynamics,  Electricity,  Heat,  Hydrodynamics,  Magnetism,  Phflosophy  of  Mathfmatini, 
Meteorology,  Optics,  Pneumatics,  Statics.  By  Pbofbssob  Nighol,  LL.D.  With 
numerous  Illustrations.  Second  Editikai,  revised  and  greatly  enlarged.  One  laige  vdhmMi 
Svo,  2  Is.',  doth. 

XIL 
DICTIONARY  OF  NATURAL  HISTORY;  oomprishig  Botany,  Conehology,  Entonokgy, 
Geolog}*,  Mineralogy,  Pal»ontology,  and  Zoology.  By  Wk.  Baibd,  M.D.,  FX.Sb,  British 
Museum.    Second  Edition.     With  numerous  lUnstrations.    Svo,  lOs.  6d.,  doth. 

XIIL 
THE  VOCABULARY  OF  PHILOSOPHY:  Mobal,   Mertal»  and  HnAPHTBiCAL. 
With  numerous  References  and  Quotations.    By  William  Flehdio,  D.D.,  Profensor  of 
Moral  Philoeophy  m  the  University  of  Glaagow.     Second  Editioo,  revised  and  enlaiged. 
Foolscap  Svo,  78.  6d.,  doth. 
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